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!fr/lMMT OF RADIOACTIVI K!Bllf§ p llATVIA1, WATDS AT BANFOIW 

By 

J . I'. Honstee.d, I. F. roster , and W. 11 . lieracb.ellk'I' 

IIITR0DUCTION 

n. hazardou• qualit7 ot ra41oact1Te isotopes cannot be dattroyed except 
by aana ot natural decay. The proeea•es commonly referred to as vute 
"disposal" therefore, actually retol·,.• into systeas vbioh perfora one of 
tvo functiou . Sither the ratia.ctiTe material is inJect.ed into a path 
that 1• ot long enough dUl"atioa to ,el'llit au1tab1- decay o! the r&dio­
iaotope• before they ap,ear 1a a JOpu.lated domin, or ti..1 are •utttciently 
diluted by ennronaental •teriall to levels ot no coneern to the population. 
In actual practice, a combination ot the d1lut10D-~ca, principle• is 
1eneral.l.J •~1•4. 

At Ranford, there are two aaJor aources o~ low-level radioactive effluent 
solutions . One or these is the large volume cooling water stream dis­
charged :rroa the reactors . The radioactive m&terial 1n this wat er resu1ts 
troa the activation ot 1mpur1t1ea 1n the water and corrosion products from. 
the reactor hardware . The activation products are characterized by rela­
tively short half-lives and are generall,' :ess hazardous than t he long­
lived fission products . The cooling vater is discharged direct l y to the 
Columbia River where the very large dilution capacity and a significant 
decay interval reduce the concentration of radioisotopes to a small tractiai 
ot the maximum pera1.ss1ble dr1nk1DI water liJl.1 t tor •mbers of t he public 
11 ving in the neighborhood of control.lad areas . 

The second •jor source ot lov•level activity solutions is the complex 
system of chemical plants uaed tor the processing ot uranium fuels to 

· ·· •, re c·over the plutonium procluct. The radioactive material contained in 
':[ j1 .l tlie11e -..11•• 1~; :largely a mixture ot fission products. Typically , the 
, · re4tive haz~ ot a llixture ot fission prodUcte is determined to a major 
I) d't ant ~by" i t• .~op~entration ot strontiua-90 (28 year halt'-lit'e) . Since 
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this isotope is very toxic, the wastes must either be de,~or..tamins.ted with 
respect to sr90 Vi.th exceptional efficien~y or mu~+.; be disposed. or in a 
manner that assures a aui ta.bly long decay interval bef c,re they reach a 
point acce9sible to the public. Co~trolled ground disposal of l~w activi­
ty eolutions from Hall-ford chemical processing plants utilizss primarily 
the long decay interval concept of protecting employees and neighboring 
populations from exposure to radioactive materials. Thus, wastes are per­
mitted tc infiltrate the earth sedime~tg e.nd those compone~ts that eventu­
ally reach the water table move Blo·W"ly with the: ground water to the Cclumbia 
River. 

The Hanford plant is located in southeastern Washington in a semi-a.rid 
region within the rain shadow of the Ce.scade Mot.m.t.s.ins. The more than 
1,500 square kilometers controlled by tee AEC at this location prcvide 
ample isolation from populs.ted areas {Figure 1) . The Columbia River 
flows through the pls.nt providing la.rge supplies of water for plant oper­
ation and dilution for lcw-level w:s. r;i,i;~ effluents. The Cc.lumbia flow measur­
ing ste.tion nearest the Hanfc,rd rea~tors is ;:,r:-J.ne 98 kilomsters upstre:a.m. 
The runof'f from 232,000 square kilometers flows by this station (33). There 
is normally cne major tE-mpera.ture cyele and one ma.Jor :f'J.cy;( cycJ..e annually 
on the Columbia River . The river generally crest.s i.u the mouth cf June 
with flovs of' I!l(.,re than 15,000 cubic me7.ers/eec. and. it has a low 'WS.ter 
period which extends :frr;;m September to April with- minimum flo'\'.-TE c,f about 
1700 cubic meters/sec. River temperatures are typica.lJ.y hi.gheat, abo-:.it 
20° C, in August a.ud September ae -the high flow reced.ee. I.o·~· river tempera­
tures, a.bout 2° C, occur rather regularly in February. Inasmuch as over 
much of its ,~curse the river bet tom is sandy or rccky, the water is ,:lean 
with turbidities generally averaging less than 7 ppm ex.cept durio.g high 
flows when they may briefly exceed 30 ppm. The hyd.rolcgy of the area is 
such tha.t all undergro'lll'ld. drainage beneath the plant ls directed. toward 
this river (l). The river thus represents the sole path whereby radie:­
active material in solution can be trar.sPorted into the public domain, 
After leaving the plant} the firzt l.oca.tiom::. at "which the vat.ers of the 
Columbia River are used for human consumption in large quantities are the 
cities of Kennewick and Pasco . A few minor a.pplir.;ations of riv-er water 
upstream 01' these cities for :i.rrigation., fishing, bathing} a...7ld boa-t,ing 
are also subjected to ra.di<;log:f.ca1 s ~udy, 

EFFUJENT DISPOSAL TO THE R:[\l'ER 

Of' the radioactive wastes gener·ated by the oper:1.t:icm. o:f the Hanford re­
actors, the predominant ones are reactor cocil.in.g water streams. Aft.er 
passing through the reactor and picking up heat and ra.•iic,act1ve contami­
nation, the spent coc,l~.v.t -- reactor ef'fluent - ·- iz ilscharged into t.he 
river following a one-tc~tl:c·~":! .. •he:u.r hold.up period in reten.t1on basir.Ls. 
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Raclioactive isotopes are formed in the reactor b1 the neutron bo:abard­
unt of material present in the neutron flui b:y mechani1u that :aay 
involve several nuclear reactiou. ror example, sodium. ia a co11110n con­
stituent ot the cooling water fed to the reactor, and a substantial part 
ot the radioactive sodiua-2~ aeaaured 1n the effluent originates fro• 
this source by meana ot an (n, l") reaction . SodiWl-24 can also be formed 
troa e.n (n,oe) reaction vith alullinua, and stnce alwainwa 1• u•ed tor 
Jackets of the fuel eleaenta and tor 10m or the reactor piping, a sig­
nificant part of the rad1osod1ua co•• from this source. Another source 
that contributes part of the aodiua-24 ia a magnesium isotope iapurity 
in the cooling water which is converted to eodiua-24 by •an• ot an 
(n, p) reaction . 

Although the exact source ot J18D1 ot the ial)Ortant effluent isotopes is 
as yet uncertain, it is known that the bulk of the radioaetive 11&terials 
are activation products of impurities present in the ve.ter, of eleMnt& 
in the tilm which foru on the reactor tubes and fuel elements, or or 
constituents 1n the •tale ot which the reactor components are constructed. 
So• ainor amounts or fission products also occur as a result ot natural 
uranium dissolved in the Colwabia River water undergoing a :tbsi,on reaction 
in the active zone of tbe reactors , 

M:)re than 6o radioisotopes have been identitied in the eftluent. Figure 
2 shove the relative abundance of those comprising moat ot tbe total 
radioactivit;y under nor11Al circwutancee at four hours and 2i. hours after 
irradiation . Since the rate of radioactive d.eeay 1• different for each 
isotope, the relative abundance ot the various isotopes is constantly 
changing. By the time the eff'luent has tra-.eled !ION 55 kilo•tera to the 
vicinity ot the city ot Pa1co, the effluent COJIJ)Olition might be expected 
to resemble that indicated by the shaded portions ot the bars i n Jigure 2 . 
Of the total number ot isotopes detected in the effl uent, 24 are or 
sufficient interest that their concentration is 1111&aaured on a routine basis. 

The travel ti• of the river between the reactor ettluent outfall furthest 
dovn1treaa and the intake ot the Pasco city vater pl ant (about 55 lm} baa 
been •asured by float 1111tthods (30) . Minillllll trave,1 times were 22 .4 hours 
at a river flow ot 2500 cubic •ters/eee " and 11.2 hours at 10 1000 cubi.c 
meters/sec . 

The effluent discharged to the river becoMs unitorllll,y di•tributed in the 
vertical direction relatively qui ckly because ot the force with vh1ch it 
leaves the discharge pipes, its high teaperature, the turbulence ot the 
river, and the relativel,y shallow depth ~· 7 to 14 1118ters The effluent 
is slovly spread horizontally by turbu:ent diffusion through the 300 to 
6oo Nter width or the river as :1t iis traneported dow• treaa (22) . A 
typical dispersion pattern troa one reactor is i l l ustrated 1n Figure 3. 
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The tenden1;y ! 'or h.ie;h ,~Qncentrations .-, f the -ef.fluen.t ·to remain i n mid­
stream is ad·1antageou~1 to ,iownriver· ::-oa!:t~rs stn~e their shoreline in ­
takes pi c.k. up a small,:ir f.ra.ction •:>f' 1;'.tJ.e rad.Joa.~-tive 118.terial. As menti.oned 
previously , during the fall and v -1.nter irontM the river flow is at its 
lowest, whi le iluring t he sprir~ f."r!:r a-:het the flow ma;r :tnc:reage several 
times and t hus redt1ce th<, travel ti1.1.a hetlteen the r&actcrs and the city 
of Pascc, . While t.hi~ allows l.e.~~ t:'l.lhe f o·r radi,, e.ct1v~ decay of the e~:fluent 
isotopes, the patenti ai aipG<aure !'r,,m d.r t nk1ng r iver water is actually re ­
duced because c,f the greater 11·o l ume of water avts!lable tor dilution. 

The Jlleasured amount of radioact ive materiala in the river water at Pasco 
is l ess tban that -~J.l.k u. l e.ted from. t h.e quantit i es r~leased from t he raactors' 
retent i on basin1: and. the meas ured travel t i ~s. Th:l.s is ascribed to the 
scavenging ot c.ert'iin L~ot cpe~ by :i.:~_ving organ:lau, suspended dlt par·ticles, 
and bottom sedi111.en ts ., Th:ia depl e t ion may be 1mne i -iered as a typ& of "sel.1'­
pur1ficat:icn11 w'b1 ,,'.b, nae. signit:lcar1.:e i n the estimat ion of thi, radiation 
expot3uriJ to -pe1:,pl<, .thr.:, -ir::'.nk. the ·.re.t1:1r· and :tn. a 1: count1ng tor- the accumula­
t i on of radiciilotopas i n aquat tc l~re and r :iver- sedi ments. After correction 
:for radioact i ve decay _. 1;he average dapletto.o, a11.0unte: t .o about ~~ between 
the effluent dis~harge .polnt s ~mi Pas<:.c. The degree of depl etion i s 
d1:fferent tor eac-h par-t: i. cul ar is.otffp:\ , values having been measur ed for the 
16 indivi dual isotoper, whtct. t'IA!te up 9~ of' t t-e affluent a~tivity . De ­
pletion varies from : .. es~ tbar1 :-,_( ; tr., ctor-;::. t han 6o;, . 31:n.ce th::'.,3 depletion 
is largely depen.:lent u,po:p th& BcH lia ~onten.t ot the river, it :ts to be 
expected. that thl< self-puri f' i. -~:-i~'i.l'.in c, f the river will vary with stream 
cond1 tions. Losses or i nd:'.v- :i.dual 1sotopeb from the water indicate that 
chrom1um- 51 and zinc-65 ~h0uld be prominent in river ~edi Dll!tnts and this 
has been con:fir-Jldd ., No accUJ1.uj,.a.ticn of long-Uved tiss :t.on products has 
ever been found i n tbe Cc<lumb i a lU.Yez-- . 

At the present t :i ~ radio!sct a pic deiter·runatfon of: about 20 i sotopes or 
groups or isotopes (suff:!c:lant t o deflne tn.e exposure accurat&l,- ) are 
made at weekly interval-a on iiaapl 13s o-t water collected fro• the Colulllbia 
River i1881diate}J bel ow the reactore an.i at Paaco, and from the drinking 
water supplies of Pasco, .Kennewi ck., a nd t.h,;; 111C1st downriver react~r " 
These weekl y e.nalysM arts augmented ~, anal yses of s~•l('IB obtained t ·ro•. 
autoJl8tic equipment vhi .ch ,:clle--~ta a.nd i~olllbt nes aliquots ovftr- a week I s 
period. The compoaite i:<ampfa s are espe,dall;y useful i n det(lra.ining the 
average cont"-entratt on or the l ong~r ··"i.i-v&d i.~otopen .. Tb.e contributton 
which each reactor m.akea t o t he t otal hotopt, load :in the river is deter~ 
mined from samples ot the eftl uen,t vhic1. are anal:, zed each day for gross 
beta and a l pha e11.itters , ea".:h week fr:,r- uranium, p: utorliUJI _, and polonium, 
and twice each :month fc:i" tile full 20 hot-opes or gro upB which are of 
interest to the human expci:,;1:r•1:, U.11J t. 

1'ro11 the ccmprehe:as i ve t< i ol ogica.i !.'!l.lr"!ays of t h~ river ce.r·ried out during 
the ear]J year·s (12) (26) , 1t 11&.a:\ pc11i:jBi.b1e to s:e : ,e;c~t a !ew k.ey organisms 
such as the Rocky Mountai n vbit>)f lsh, and repre.sentatlv'3 S:a:.-p11ng sltes 
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to permit continued routine assay of the concentration of effluem.t i so­
topes in the aquatic forms. Such measurements a.re now carried cut a s a 
part of the regular monitoring program which 13 use-i to eva~_;_u,a,t,e t.hF.: rer...i­
atj,on exposure associated with the operation of the Ha.nfc'.'d pl.':i..ti.ts (20) • 

LIQUID WASTE DISPOSAL TO THE GRO~ 

Operation of the Hanford chemical pro~essing plants requirec: .l. 5 to 2 . 3 x 
1010 liters of water per year, all of 1 t being sup:i-;lied from the Co.l:unibia. 
River. A small fraction of this water leaves the chemical pr oces~ing plants 
in high-level radioactive waste streams to be atored in underground tanks, 
but moat of it leaves as lcw and intermediate-level radiua~tive w.e.te~'. tc 
be disposed of directly to the ground. Some 70 metera of ssn.d and gravel 
of' gla.cia.l origin ( glac1.ofluvia.tile sediments ) inmiedi.a.tely under.Ue t he 
waste dispo1:1a.l sites (6). Below this i s an earlier fluviatile or 1.a.­
cu_,,;,trine formation (Ringold formation) whi ~h i s as mu.ch a~ 200 meters 
thick, consisting of silts, sands, and gravels •wi·~h sever &.l c lay beds . 
The water table which is from 70 to 120 meter;=. below dispcs~l s ites :Lies 
largely with.i.n the Ringold formation but exter .. d.s in some plae:ee into the 
overlying glacio:fluvia.tile sediments. Below these two majcr units is -the 
relatively impermeable basalt. 

According to Hanford definition, the radioact ive con~entr~tion of i nter­
mediate-level wastes ranges from about 10-5 to 100 fc/cc . Che.mical :proc­
essing plant wastes in this cat-egcry have included seconc.-3.ry d.econt,5Jlrl.­
nation streams, condensates from high-level ·w19,at.e con.cent.r-a-t ors, :and 
supernatant effluent from scavenging processes in aged high-level wast~ 
tank.e. Over 1010 liters of such wastes had been admit ted t o the ground 
through mid-1959- Separations :process ccoling water a.r-.d u.t.:ilit y steam. 
condensates which may occasionally be slightly contaminated, f'rom prcc'.ess 
vessel lea..'ks are considered in the r.ategc.ry of l o-;.v- .levE:l wast es ·with !"&dio­
a<!tive concentrations less than about 5 x. 10-5 /J.c/~,:.; . Abo;rt 1,.4- x 1011 
liters of such water have been di8,..:h.9.rged to gro·.m.i. 

At Hanford., the semi-a,rid climate (averaging lesd than. 18 ".'!m of rainfall 
per year), a suitable fraction (1-51,) of montmoril.lc:,nj_t.i,:-; c:':..ay d.i8tributed 
tb.~c,ugh the permeable surficial :oed.i,menti3, and the d.eep water t ,aoJ.e cr.-mtin.e. 
t c prod.uce a s ituation wherein me. s t o:r. the long-lived. ::-a.dioi ~otcpe~. in the 
waste a.re trapped by electrochemical 'bcndc or a.re jJmnc.,bilized by c,thE-:r r~ ­
act.ions as the liquid.a seep d.own:ward through the f3 c-ils . These ",re,Stes that. 
reach the water table move with the ground. w:s.te:r to~.19.rd. the Cclumb:f.a River, 
the cUrection !lnd rate of mvement being dependent UIJCn the:! hyd.:r-auli~ chs.rae­
teristj cB of the tra.n.smi~ting aquifer2. 

The hydraulic ~harar..:teristi-~s of Hanford 9,qui:" ~:r.s :t.LB.ve b~~r. meacured s..r,d 
ei:;t.imd.ted by a variety c.:f ei:!tablish13d fie.11. methods {2). The3s i nc.lude 
evalU9.tion. c:f data from pumping te.::r•:.~j .i3pe ::iffc: capa1.1i ty te~.ts, -tra.ce-:r 
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·tests, cyclic ground-water response to river level fluctuations, and hy­
draulic gradients. Mutually consistent results shew that the permeab~li­
ty of the glaciofluviatile sediments ranges from about o.46 cc/sec/cm 
(unit gradient) to more than 2.8 cc/aec/cm2 and the permeabiJ,.ity of the 
underlyin~ Ringold deposits ranges from about 4.6 x 10-3 to 2.8 x 10-2 
cc/sec/cm (2) . A summary of results is given 1n the fc,J..lowing table. 

AVERAGE FIEID PERMEABILITY, cc/sec/cm2 (unit gradient.) 

Aquif'er Pumping Specific ca- Tracer Cyclic fluctu-
tested tests ~citi tests tests ations 

A o.60 - o.46 - 2.9 0. 79 -
3.1 3.0 2.7 

B 0 .042 - 0.046 - 0.046 -
0.23 0.19 0 .28 

C 0.0023 - 0.0028 - 0.007 -
0.028 0.014 0.023 

A - Glaciofluviatile, B - Glacial and Ringold, C - Ringold 

Gradient 
method 

0 .0046 -
0 .014 

Since 1m, the chemical processing plants have discharged to grour..d over 
1,4 x 10 liters of liquid effluents. Such large vol'.lllles have had a pro­
found effect upon the regional water table. Figure 4 ~hows the contours 
on the undisturbed water table interpreted from the earliest measurements 
of water level in wells and from general hyd.rologi.cal knowledge . Similar 
maps have been prepared periodically over the years and -with increasing de­
tail as more wells became available (4). The groun1-water contours as cf 
June 1959 are shown in Figure 5. Two distinct grcund-"w--ater mowids have 
been created on the water table, their location, e!evation, and shape de­
termined by the location of' the disposal ei tee which feed them and upo:-. 
the nature and geological attitude of the sedimen.t.ary f'crmations in which 
they occur . It is of importance to study tbes€, moundf' since -f;h€y determine 
the direction and rate of flow of the ground wate:r :• ar.d tt!i8 in. turr-. is im­
portant in the proper location of disposal s:!. tes and ir. fcllow:i.ng t.he under­
ground movement of mobile materials , 

Ir~ 'the absence of more precii;;e data, it is a .::$ S'.lllled. iihat ground wat er al.­
ways moves in the direction of the hyd.raulic gradient indi~Qted by the 
water table contour map. Therefore, the best means of determining the 
dirE:ction of movement is by drawing vectors perpenii:::ular to ground­
-ws.ter contours from high to l ow head. Strictly, even a perfect contour 
map of the water table would show only the horizcntaJ. ilrection of move­
men.t. of the ground water at t.he -water table. The hydrau.li;! gradients 
are three dimensional, however, and the water moves n.ct only s .long the 
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water table but also to depths below the water table and generally upnrd 
again to the water table at 10• other place. 

As :r1gure 5 indicates, the pattern ot ground-water 110vement underl:,1ng 
the Hanford plant has changed. fundamentally during the 14 year• ot plant 
operation, owing to concurrent changes 1n vater-table tora. In briet, 
the zone saturated by intilterad vaate ettluents create, a ground-water 
divide between two well defined aound• with inter•diata-leval waste 
disposal sites located on the inner flanks ot the mounds and the southern 
slope or the saddle between them. lroa the northern or outer flank ot 
this system, the artificially recharged water largely moves radially 
northwestward and northeastward. From the southern or inner flank ot the 
divide the infiltered wastes converge and •ove generally southeaatvard 
swinging eastward as their travel path lengthens (1) . 

The directions of movemnt described above are those vhich would be taken 
currently b1 81V radioactive waste products infiltering to the water table 
from an overlying disposal lite. It 1111st be recognized, however, that 
deposits of sand and gravel such as comprise the glaciotluviatile and 
Ringold sedi•nts are, in varying degree, lenticular,and in coarse lenses 
wastes would move lllOre rapidly than in the tine materials. In addition, 
if the lenses are elongated in one direction or the strata are inclined 
steeply, the direction of tlow will incline in the direction in vhich water 
moves llO&t easily. Further1a0re, a vaste contained in a atreaa ot ground 
vater disperses both along and transverse to the direction of !lov. As 
pointed out by Theis (31), dispersal in the direction ot tlov reduces 
the concentration of the contaminant it the waste is a slug temporarily 
introduced and gives a warning at a locality dovnatreaa or the approach 
of a continuously introduced waste streaa. Dispersal across the direction 
of tlov spreads a contaminant aore widely but reduces the concentration . 

Such factors as heterogeneity, anisotropy, and dispersal asa\1118 great 
importance in determining the path ot contaminants in the sround vater . 
Consequently, the estimated 1119an lateral path or sround-water cont8Jlina-
tion derived from vater table contour maps is taken to represent the probable 
minillWll distance ot travel troa beneath dispoaal sites to the Columbia River . 
Based on the bydrologic conditions interred trom r1gure 5, a lllinilllllll path 
trom the disposal sites to the river ot trom ~9 to 34 kilometers appears 
reasonable. · 

The rate of ground-water tlov ii fixed b1 the vector quantit1 describing 
the maxillllll h)'draulic sradient . Darcy' 11 law tor laainar tlov ia applicable 
but enables the eetimation ot only average velocities . Variation from the 
average is likely to be considerable so that so• saal.l traction ot the 
t'lov may move at several times the aTerage velocity . !'or example, tluores ­
cein tracers have been detected in observation vella at various distances 
dovn gradient tro• injection wells . Bates ot travel ot the dJ'e s, baaed on 
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the first ietected arrival, have bee~ measured to be 52 meters /day through 
15 meters of travel in one case _; 52 mete.r1:: /d.£J.y through 3 .o 500 meters and 
60 meters/ day through 4,100 meters i r.1. a E.e ~on.a :~a.se ; a.r.c. 1.35 m~-ters / day 
through 2,700 meters in a third case. The;:1e vebci tie~ are 3 to 4 times 
greater than the calculate1 average va.l~~s . 

Along the estimated hydraulic path f :r-om grc,ULd dispcs8.l sites t1J the river, 
ground-water movement occurs ur1c1:r an a.verae;e hydrau1i~ gradient of 13.bo-ut 
0.004 in the Ringold aquifer of pennee.bilit.y e1:1t.:l.mat ed to b~ 1.4 x 10-2 
cc/sec/cm2 . The effective porosity of this e.q_uifer is eatima.ted to be 10'1,, 
therefore the average rates cf mcv2.ment are calcul~ted to be about 0 , 5 
meters/day . Movement in the highly penneable. gla.ciofluviatile sediment.a 
occurs chiefly uncl.6r shallow gradients of cr.ly about 0 .0001 and the average 
permeability i~ assumed to be 2.5 c:!/cm2/sec . A·1crt:J.ge v-elocit.ies of a.om.it 
2 meters/day are ce,lcula.ted for this portion of the path. a.f.euming a.n ef­
fective pcrosity ~f 101,. 

Direct movement tc the Colunfuia River tr.a-ough glaciof'luviatilE: sediments is 
inhibited by the relative positions of the g:rcund.-·water mcuna..s. Instead, 
general. movement occw;s more to the s c uth through Ringcl1 d.epo2i ts. Based 
on the average ground-water ·v-elcci ties l'. ':i.l•.:u..1..a.tea. from measured. gradien.ts 
and estimate:d permeabilities and po:,:-cs :tt :.es of' +.he a.q_uifE:rs affect ed, a 
"tr9,vel tirae" of about 180 years i s calcula:;t"=d fGr ground-water fl,,w frc.,m 
ground disposal sites to the river. It i s recognize& h,::iwever that the ma.xi­
mum rate of movement of the ground water and. even cf some mate.rials d.iiasolve:d 
in it (e . g . , ruthenium-106 and niti·atef.) may be severa.l times the a.verage. On 
the ct.her band, those disEolved constituents th.at er1ter in.to adsorptio~ re­
a.ctione (e.g., strontium-9() and -~esium-13] 'Will move far slower than the 
water, the chemical nature cf each ion establis hing the deg:-ee of re­
tardation. Consequently, "isctope travel time" is suggested as a more 
dE,scriptive term for the actual occurrence of concern, the ground-water 
movement rate: being of signi:f1~>9.?l-::e s.s it repre:-3E:::,ts a ::n.s.ximum conceivable 
isotope travel rate. 

Studies a.t the 'Gni versi ty of CalifrJ::-rd.a Sani t .1.ry Engineerir~g Re,3earch L&bo­
ratoY-y hav·e shown that hydraulic phenomena prodUL~e velo-::ity Yariat i ons t;bat, 
bring about a longi tud.inal mi."{ing of sele::!ted. ir.. trc..1.ding and di!:lpla~ed. fluids. 
A d.i:f1use zone or "concentration frcc:t '' fcrm,$ rat hE:r th9.n a snsrply defined 
in1_.erfa.ce (23) (2~(). The depth r;f this zone iu~rea1:1e::s in proportion tc: the 
distance traveled due to pc.n:•tior.,s of the iri.trud.ing c:,:,r,.~.a.mir::.ani:, mcvi:n.g a.t ve­
locities exceeding t he average. They a.lso p:):!.,nt out that ion ex:::bange: re­
action8 may modify the propagation of a ra~..ir.;,;;c:n~-a.mi.r:a.nt in two ways: 1.) the 
.median velo:!ity of the cc.,n-tam.inaut front w~ll be predJ. ~-ta.bly l e s s t h.'3.n that. 
c,f t ;he li1uid front, and 2) the d!:!p'th c,r d:iff\1s~nes~ of th:: front ma.y be modi­
fi.e:i over that re ::ultl..nf:, frc,:m 2ure:y t( l".lr'l-uJ.i ~ :r,~e::-1(J~ner,a. When. the rad.i :,­
~ont a.minar.t i s not .e.elect.ively so:-bei ·?y t.he ex~;b.ange med_:.um:· the :front •will 
becc...me increas ingly diffus.e e,s it pr ogrea.::i;, ,:'( t.h ::::-c,ugh the me.-iium. Whe:c.. the 
:radioccntam:i.rlf.l.n't h!'l.s s, selective: affJr...i t y fc;,r tb.e UJAdium, as ma.J' be +he ca~e 
with strontium or ces ium a.e the d.:'.. e·pJ.&.:·i r;,g ,::at:L-n, t he frc;nt may r a ther tend 
to sharpen a.;:; propagation ccnt.ir:.u.!;;S . 



.... 

bp1r1cal data obtained from radiological monitoring of wells at Hanford 
have shovn that the chemical form o~ Ru106 in R~ord wastes prevents 
this isotope from being significantly affected by ion exchange, and anionic 
coaponents of waste such as nitrates are apparently not affected at all. · 
Much additional study is needed before the e.zisting knovledf5e of ground­
water travel rates can be applied to the calculation of isotope travel 
rates for allot the constituents of interest in radioactive wastes. 

Another factor requiring study 1~ the "sinking" of wastes. It is recognized 
that the possibility exists for high density vaates to settle in the zone 
of saturation by gravity. This concept preaUll8s that the vertical 110vement 
under gravity will be ~igniticant compared to horizontal 110ve11&nt rates 
and vi th rates of dispersion throughout the aquifer . To date, no clear 
cut evidence of this phenomenon hae been obtained in tield studies of 
waste movement . In general, irregularities in the contamination pattern 
observed are explainable on the basis of formation 1nboaogeneity and 
anisotropy, but a more systematic stud3· or the pheno•ncn is contemplated. 

C01'CLUSI0ll8 

Although low concentrations of ve.rious waste components have been found 
in wells which monitor the ground waters near diapQsal sites, ground -waste 
disposal practice at Hanford has been so managed that no m.ove•nt of t1as1on 
products to the river bas been detected. Tbs radioactive material in the 
Columbia River is monitored isotopicall.y at the points vber-a river water 
is used, and their ezposure potential ia aummed to permit their evaluaticm {20, . 
All radioactive material in the river except that natural~ present may 
be presumed to originate from reactor effluent . 

The calculated average e%l)Osure to persons near the plant a• a resul t ot 
drinking water from the Coluabia River is less than~ ot the maxillWll 
permiasible limit tor members ot the public living in the neighborhood 
of controlled areas and the ezposure received by persons from consittently 
eating some kinds ot fish caught near the plant can aaount to about t lL~a 
S&IM traction. Svianiug or boating ou the river and the irrigation ot 
crops provide only minor contributions to the total ezpo1ure. No restric~ 
t.ions on downstream use of the river have resu1ted troa the presen.~e o:f t he 
radioactive et:fluent . 

It has thus been ill ustrated that, tor an environment ot the Kan.ford t:,pe, 
low-level radioactive waste diapoeal to a r i ver and sillultaneoual;, to the 
ground in its neighborhood may be practiced v:l.th aatety . This "dilute and 
disperse" waste diapoaal polic:, is a. sound •thod ot. dealing with the large 
volu•s of low and intermediate level waste1 that necesaaril:, are generated 
b:, nuclear plants o Hanford experience illustrates a •thotl of taking 
advantage ot natural environaental features in optillizing plant operation . 
A clear understanding of the IIMW7 :factors 1nvol.Ted in dealing with waste 
disposal probleti is, in tact, necessary to wisely e~lect a site for auch 
an installation . 
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