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Intraductisn

Ab aceurate snd cheap method of monltoring ground water 1s needed
if ground disposgal of iliguld redicactive weete 12 to he sconomical
and safe. Huch monitoring should requlre e llmited mumber of welle,
gince the 1lnstallation of wells, the collection of water semples,
and the analyeis of water ssmples are all expensive. Yet the moni-
toring program mist be edequate to insurs the detsstion of the most
rapld movement of radicectiviiy,

In sresas guch a3 the Sevenneh River Flent where the scil 15 nomanl-
form, it iz Aifflcult to fwlfill thess reguiremewts becauss of the
tartucus prths which ground watfer mey follow., Accurate tracing of
ground water from the disposal ereas, far in advance of the hazerd-
g radicactive materlale, could greatly reduce the menitoring pro=
gram, A fev monitoring wells 1n the gone of most rapld wetsr move-
ment would then be sufficient for determining the usefal iife of
the dlsposal area.

Thie report presents the results of & study to determine the use-
fuiness of tritium as an eld 1n trecing grownd water near redloan-
tive-waste ground disposal areae. The seepege besine in routine
use by H fres were selected for the study.

Period Covered: The study described in this report waa conducted
during the pericd from Gotober L3958 to January 1860,

Summary

Croand water from the L-Ares seepage befine wes repdily traced by
use of tritium. Water from the baslne wasz reedily defected 1n a
nearty atream end in the ground water between the baaine and the
stream. The comparative tritium concentrations in the ground water
showed that the most rapld movement of water from the basine wae
confined to B zone sbout S0 feet wide, Monltoring wells inatalled
it thisg zome of most rapld ground wetsr movement should be adequate
for determining the useful life of the zespege boeins.



Discuasion

Requirements of a Good Tracer

Many materiale heve been used as tracere for ground weter, but most
of them hzve not been completely satiafantagy.lra The idesl tracer
would hawve the Following characterlgtlos:®s

P It should be readily determinable gquantitatively in low
concentrations.

P It ghould be entirely ehesent, or prepent in only very small
smounte, in the normal ground vater,

P It muet not react with materisls in the test environment to form
& precipiiete.

P It mast not be sbeorbed by the porous nedivum.
b It must be cheep and resdiliy availahbls,

P The test envirommeot muet not influence 1t so a8 to lnpsir the
preacigien of detesstion.

Kaufmen snd Orlet® have tested seversl matarisls in seil eolutins 4o
deternine which of them weuwld moet setisfactorily mest the reguirs-
menta of & good tracer. The materials tested Ineluded veripue saltme
and ratdicactive meterisls. Chlorides moved more rapidly through the
aoil than d1d eny other material, Of the radiomctive materisla,
fritlum wae by fsr the best; 1t moved approximataly 90 percent ee
faet ae did the chlorides. Desplte thls elight retemntlon by sotil,
it appears that tritium will serve a5 & satlefactory ground wdter
tracer. Tritiun has these sdded edventegea:

B It hes a relatively long half life {12 yesrs),

P The recent development of & commerclselly aveilebles liguid
scintilletion counter® hes made 1t poaslible to readily detect
tritium in concentrations as low as 10 muc/4. This concentration
i less then C.5% of the public zome meximum permissibls
ccncentretion.

P Btudles at the Savarmsh River Flant have shown that tritium 1a
preaent in the llquid waste from urenlum separations fasilitles.



Dascription of Sespage Basins

Basin Deslen. A diagram of the ecepage basins uesed in the study
iz shown in figure 1. The liguld weste 1 dlschsrged to tesin 1,
from whence 1t overflows to basin 2 and finslly to hesin 3.

Genlogy of the Beepage Basin Area, A detsalled descriptlon of the
HeBPAgE hasin aree geology and hydrology hes been presentsd by
Relohert.- At the bassins, the normal water teble iz 1S5 to 25 feet
below the ground surfece, Boil in the area 1s extremely heteroge-
neoue sand includes discontimucus leyers of sand, sandy clay, ¢lsysy
sand, and clay interwoven with e mesh of flesures. These fizsuree
gre f1lled with guite permeable materisl. Weter hes been cbserved
ggeping from one besin to snother through these flsgurss and on two
opoasions has outeropped throogh them onto the ground surface near
heein 1. The netursl outcrop of the ground water in the ares i5 &
gmall hranch of Four Mile Creek abput 400 to 500 feet east of the
gsepage basins. A& nerrow awempy erse horders the Transh direatly
dewnhill from the ceepsge baglne, and several very smell tributeriles
of the branch originete 1n the swamp., The ground water gradient
between the assepeage baping and the branch ie gQuite steap, averaglng
3 fast par 100 feet. The flow rete of the branch varles greatly,
depending on the rate at which water is dlecberged from E Arsa 1nte
the twe area effluente which flow into the etream,

History of the Bewpage Basine. Use of the seepage besine began dur-
ing July 18553 thus they had been in serviee for approximeileiy fthree
and ons-half yesrs at the time of thie etudy. During thls tlme,
very low level bigh volume radloactive waste wae discharged to the
bRELGE.

The rate of water loee from the basine has generslly decressed.
During the first year of cpersatlon, the total loes by eeepage and
evaporstion was sufficlently high so that there wes no overflow
fyrom basln 1 to basin 2. During thet pericd the pH of the liguld
waste was generslly 3 or lese. Slnce Jepienmber 1956, NaQl has
freguently bteen sdded to the liquid waﬁte to neuirallize the anidity.
The Na caused the basin soil to sweil,® thereby sealing the fissures
desoribed above, aud almost lmwmedlately the water begen to overilow
ipto beein 2. For about 18 monthe previcus to the study, sll three
basine contalned liguid weste.



Trittum Tracer Study

To test the femmlbillity of uging the tritivm pregent ln the pesepege
basin weate ap en aid in trecing water movement from the b=elns, an
extenslve study was conducted from Qotober 1956 4G January 1339,
The study was cerrled out 1n two phasges:

& Detection of the outerop of sespege beeln water 1n Four Mile Creelk,

@ Detecilon of the zone of nost rapld movement of seepage basin water
betwean the beelne and Four Mlle (reek,

4 preliminary study indicsted that tritium from the seepage basins
could be readily detected in Four Mile Creek and that the largest
guesntities were outeropping downstream of the intersection of the
two E-Ares effluents in the brench which flows e=zst of the basins
(sea figure 1). On Cctober 31, November I, and November 4, 1854,
water sampples were aollected from 15 locetlione ou thie branch
{lossticone 1 through & and 10 through 21, flgure 1). The concentra-
+ion of tritium 1n these water asmmplas showed theat entry of tritium
from the zespage heeing into the stream bagan between locations 3
atad 10,

Sempling at closer intervals betwesn loeatlons 3 and 10 (see locos
tiong ¢ thromgh 2, figure 1) ebowed that the firet entry of sig-
nificent amounta of tritlum wee etout 50 feet downefream from loca-
ticn 3. The average concentretion of trltlun in the stream water
et each semple locetlon 1s shoun in flpgure 2.

The alope of the curve in figure 2 ip indicaetive of the rate at
woich seepage basin water cuterops lnto the stream between the
varioue esmple loeetlone. Sigpificant outeropplng appeared 1o

ueour between sll sempls locetions except 10 and 11, 18 through 17,
and 20 and 21, The mosat rapid rate of outeropplng wee between lo-
cations 5 and 5. A comperilgon of congentraticon incresses shovwes

that spproximately 20 percent of the tritlum flewiog pset locatlcn
2} entered the etresm between locations 5 and 5, m distence of about
TS faet.

Grourd veter sutoroppling into Four Mils Creek betweepn locatlons 3
end 5 fiowed from the emsll swampy area bordering the creek. The
swamp extends from & short dlstznee above locatlon 1 to below lo-
cation 10, a distance of about 350 feet, and ls approximetely 10U
feet wlde, Beveral small stresms of water drain from the avemp
inte the cresk. IExtensive penpllop and stalysls of water freom the
awamp revesled tritium concentretione many timge es high ae in
Four Mile Crssk, Comperizon of fritium concentrations in Four Mile
Crask abtove and below the small ewamp sftreams showed ilttle or no
change attrivuteble to the streems. Thie 1lndlcates that subsurfece
gpepage atecunte for the movement of a large portion of the seepage
beelin water across the awanp.



To determine the pattern of ground water movement from the seepage
hasins into the swamp, the tritiwm content of ground watsr from 74
teat wells spaced ebout 12-1/2 feet epart and a few feet uphill
from the ewanp was determined, The locetione of thege welle are
shown in flgure L. Aloug the line of wells, the ground water wag
tever gresater than 7 feet below the surface, The tritium copgens
tration in the wall water varied greatly, af shown in figure I,
The results showed that the movement of ground water from the sesp-
age heslne wad gqulie irregular. The moet rapid rets of ground
vater movement appeared petween wells 37 and &1, =2 dieteace of
eocut S0 feet.

Below the swamp, the stresm bed of Four Mile Creek ls qulte deep
due to racent erceion bty the discherge of weter from H Ares, In
Flapes the stream bed i as much as five Test deep, as gompsred to
sbodt one Taot in the viafinity of the awemp. Very alow seepage of
ground weter, with =t coeceslonal trlekle, could be cbserved on the
bank of the cresk over 148 entlre length, Deceuse of the diffi-
eulty of collecting demples of ground watér ln this reglon, 2empling
vgs limlted to three sampies collected from eespege sloog the oreek
bank hetween locations & end 9 end two sawples from test wells. .



Conclusiom

Thia study has shown thet tritium present in liguid weste from ure-
niuwn chemicel eseparatlone facllitles cso be used ito trace the move-
ment of ground water from pespege basins which receive the wasta,
Bimilar etudles prior to the instellatlon of permanent ground water
moritoring wells should reduee the mamber of wells required and in.
aure that the wells ere properly locsted.

In sotual practice, the zone of the moet rapid ground weter move-
ment muet be determined in the vipinlty off the seespege besins by
collection of water samplss from uncased test wells. The wells
located 1n the zone of mest rapid ground water wovement would then
e selected for casing and used ss parmanant monltoring wells.

Application of the techniques used In thie study mist necesearlly
very aouoording 4o the conditicone under which they are used. Tritium
could be rezdlly pdded to liguld waste in which 1t 1a abeent or in
vhich the concentretion 15 not edecuate. The reguired coocentretion
of tritium in the liquid weste will be determined by; (1) the emgunt
by which the sespege beein weter le dilutsd by the ground weter, and
{2} the flow rate of the stream into whish the ground water cutcrops.

I+ alse appeere that some precautlons are neacssary. In cases whers
the diatance to the npearest flowing stream 1g great end the ground
water 1a near the murfece, the tritlum may be dlasipeted to the ate-
mosphere by transpiraticn from vegetetlon apd by cepilisry movement
to the ground surfece. Under such conditicne it would be inedvisable
to walt for the tritium to outerop into the stream. Also, eaven effer
tritium is detzcted in the nearest flowing efreanm 1t 18 pogeitle for
the zope of most repld weter movement 1o shift ee the result of the
affmcts upon the Boll of chemlcele in the weete. Therefors, the

zone of mexdmum cutecropplng of seepage bepin weter inte the flowlng
gtrean should be routinely zonfirmed.
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