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QBSERVATIOKAL AND FIELD ASPECTS OF GROUND-WATER FLOW AT HANFORD

W. H. Bisrschenk

INTRODUCTION

At Banford, the semi-arid climate, the parmeable surficisl sediments,
and the deep wvater table combine to produce a situation vherein most of the
radioactivity of the chemical effluents is trapped by ion exchange and ad-
sorption phenomena in tha sediments as the waste percolates dowm to the water
table. Thoas wastes that reach ths water table move with the ground wvater
toward the Coluxbis River. This paper will follow this movement, {ndicating
vrat ls known about 1t and vhat needs to be found out.

OENERAL STATEMENT

Qeclogical and hydrological stulieas at Hanford have indicated vhat
sQuifers are present and their continuity. Hydraulic fleld tegtas have been
conducted to determine the field permeatility of the sediments, expressed,

cosmoaly, as the quantity of water in gallons transmitted daily through each

© sQuare foot of cross section of the material under a hypothetical slcpe of

voater level of 1 ft per ft. Fermeahility, togather with measurementa of
wvater levels in wells to give the actual slope of the wvater table, gives the

aversge quantity of water mcving per square fcct of croas se~tion of the aqui-

fer and the approximate directico iz which it is moving. Knowing tLe erfective .

porosity of the materfal and the gquartity of water flosing, the average velocity
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can bs calculated.

-

It 1s therefcre poszible to estimate the average rate at

which redicsctive wvaste would travel 1f it moved uninhibited with the ground

water, about vhers it would be dizcharged, snd the spproximate path it would

take to get there.

MEASUREMENT AND ESTIMATION OF AQUIFER PESMEABILITY

At Hanford some 200 feet of sand and gravel of glacial origin .(Glacio-

fluviatile sediments) immediately underlie the waate disposal sites. Below

this is an earlier glacial fcrmation (Ringold formaticn) as much as 800 feet

" thick, conaisting of ailts, zand, and gravels vith several clay beda.

Tha

water table, vhich 1s from 200 tc 350 feet below dispcsal sites, lies largely

within the Ringeld formatica but extends in some places into the overlying

 glaciofluviatile sediments. Belcw theae two major units is the relatively im-

permeable basalt .

The hydrauii: characteriatica of Hanford aquifers have been meszured anid

estimated by s variety of eatablished field methods. These in2lude evaluation

. of data from ptk:ping teats, specific capacity tests, tracer tests, cyclie

‘rluctunuono of vater level, and bydraulic gradients.

Mutualiy consistent re-

"sults shov that the permeability of the glaciofluviatile sediments ranges from

avbout 10,000 gpd/rt2 to more than 60,000 gpd/ft, and the permeability of the

underlying Ringold depcsits ranges from sbout 100 to 600 gpd_ftta (1, 2} A

surmary of resulta is given io the following table:
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I ) T AVERAGE FIELD FERMEADIL-TY Lgpd/fto)CALCULATED FROM:
' Pumping Specific Ca- Tracer Cyelic Gradiect
TEOTED teats pacity tepts tests fluctusations | methed
dlario- -
fluviatile 17,000-67,000 10,000-69.000 1> 64,000 7,000-57,000
Gloctsl and ————
Kingold 900- 5,000 1.00C- L,000 1,600~ &,000
Ringnld 50. 60O - 30 - 100 -+




-3«

WATER-LEVEL CONTOURS

Bince 1944 the chemical processing plsats have discharged to ground over
35 billion gallons of liquid effluents. Such large volumes have had a profound 7
effect upon the regional wvater table. Figure 1 shows the contours or the water
table interpreted from the earliest measurements of water level in wells and '
from general hydrological knowledge. Similar mape have been prepared periodi-
¢ally over the years and wvith increaaing ascuracy &s more Wells becams avail-
able. The ground-water contours as of December 1958 are shown in Figure 2.
Two dietincet ground-water mounds have been created on the water table, their
location, elevation, and shape depending upon tha location of the disposal
sites vhich fed them and upon the nature and geological attitude qr the sedi-
mentary formations in which they occur (3). It is of importance to study these
mounds aince they determine the direction and rate of flov of the ground water
and this in turn is important in the proper lcocation of disposal sites and in
following the underground movement of mobile materials.

MOVEMENT OF GROUND WATER AND CONTAMINATION

Direction of Movement

In the abseace of more precire dats, 1t 1e easumed that ground water elways
moves in the direction of the hydraulic gradient. Therefcre, the best uax.:t- of
determining the directicn of movement 18 by drawing lines perpendicular to gx'ound-
- water contours, from high to low head. (See veloccity vectors, Figure 3). Strizt-
ly, aven a perfect contour map cf the water table wculd show onlj the horlzoatal
direction ¢f mvement of the ground water at the water table. The hydraulic
gradients are three-dimensjonal, hc;'-ever, and the wa*er mcves nct only alcng t:o
wvater table but alsc 1o depths bel¢w the water table and gemerally upwari s;ai.

to the water tadble at some cther place.
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As Mgurs j indicates, the present pattern of ground-water movement
.waderlying Hanford Works has changed fundamentelly during the 1h years cf
plaat operation, owing to concurrent changes in water-table form. In brief,
the 2one snturated by i{nfiltered waste effluents creastes a ground-weter 4i-
vide, roughly concave to the south and enclosing disposal sites on the west,
north, and east. From the northern or cuter flank of this divide, the arti-
ficislly recharged water largely moves rsdially pnorthwestwsrd and northecast-
ward. From the southern or ianer flank of the divide, the infiltered ﬁtes
converpe and move generally southeastwvard and then more eastward in a rela-
tively varrov btand. |

The d.irgctionn of movement dascribed sbove are those vhich would be
taken currently by any radizactive waste products infiltering %o the nter.
table from an overlying disposal site. It must be recognized, however, that
depoaits of sand and gravel such as corprise the glaciofluviatile and Ringold

sedizents are, in varying degree, lenticular; thus in the coarse materials

~ wvastes would move more vepidly than in the fine materials. In addition, 1f

| the lenses m slongated in one direction, or the strata are inclined steeply,
the d:.nction; of flow will incline in the direction in which water moves more
easily than in another. Furthermore, a vaste contained in a streanm of éround.

water dispersss both aleng and transverse to the direction of flow. As pointed

‘:‘-
b
i
i‘.

out by Theis (), dispersal in the direction of flow reduces the concentration

.. ©of ths contaminant if the waste i3 a slug temporarily introduced, and gives o -
waming at a locality downztream of the approach of a continuously introduced
waste stream. Dispersal across the direction of flow apreads & contaminant

more widely but reduces the concentration.
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Buch factors as haterogeneity, anisctroly, and dlspersal sssume great
importance in determining the path of contaminants in the ground water.
Consequently, tha sstimated mean latersl pat™ of ground-weter contamination
ahown in Figure 3 ia taken to represent the prebable minimum distance of
travel from beneath disposal sites W and E to the Columbia River, R. Based

oa the hydxglogic conditions inferred ia Pigure 3, a minimm path from W to

- . R of about 110,000 ft {about 21 miles} and from E to R of about 95,00 £t

(about 18 miles) appears reasonable.

Ratas of Movement

The rate of ground-wvater flow is fixed by the vector quantity describing ;
the paxisum hydraulic gradient. Darcy's law for laminar flowv is applicable :
but only enables the estimation of average velocities. Variation from the
average ia likely to be considersable, eo that some small fraction of the flow
may move st several times the average velocity. For example, fluorescein
fncerl have been d;teeted in ohsefvation welle at various distances dowm-
gradient from injection wells. Rates of travel of the dye, based on the
first detected arrival, have been meaaured to be 170 £t/day through 50 ft
of travel in one case, 170 ft/day through 11,500 £t and 195 fi/day through
13,200 £4 {n » eeco;ld. case, and LhD f£t/day through 8,800 £t in & third case.
These velocities rn:'e 3 tc b times greater than the average calculated vnluea..l

On the basis of measurements and estimates of aquifer characteristics, ..

average ground-water velccities have been calculated according to the equatico -

P I
7.8 p

[TFS

_ where v 1a the velcelty in feet per day,
P is the average fieli permeabllity in gallon: per day per
square foot,
T 12 the hydrsuwll:z gradi-nt in feet per feot, and
P ir the effective perosity cr apezific yield tn psr-ent
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The flow rotes are shewn ia Figure 3. The map showa velotity vectore, with
numerical values of average rate of movement in tt/day, 83 well a3 the quanti-
ty of water in gallone flowing in 1 day th}ouah & l-mile-long section of the
aquifer perpendicular to and bisected by the velocity vectcr for those gites
vhere the field permeability ha3 been determined by pumping tests. The vclune
of flow to the acutheast in the glaciofluviatile sediments is in the ordar of
several hundred times that flowing eastward in the Ringold sediments.

Eastvard movement from disposal site W (Figure 3) occurs under an average
hydraulic gradient of sbout 20 ft/mile in the Ringold aquifer of permeability
sspumed to be 300 gpd/rte. Average ratea of movement are therefore only about
1-1/2 to 2 ft/dny. Subsequent southeastwerd movement in the highly permeable
glaciofluviatile sediments occurs chiefly under shallov gradients of only a
few tentha of a foot per mile. Average velceities of about 7 ft/day were
computed for most of this stretch. Dirsst eastward movement to the Columbia
River through glaciofluviatile szedimertc <3 Zphibited by the acuthern end of
the eastern ground-water mound. Instead, general movement OCcure more to the
south through Ringcld depcsits under the irfluence of a moderate gradient of

roughly 5 ft/mile, ot an average veliccity cf 1 £t/day cr lezs.

Travel time. -- Based cn the average grousi-wster velocities chown in Figure 3,

& "travel time" of about 180 years i, calculated for grouwnd-water flow froo W

_to R. end about 175 years from E to R. 1t must be emphasized, however, thar

the maximum rate of movement cf the ground water ard even ¢f &rnie materiale
dle:olved 1r 1t {e.g. ruthonium-10€ 8rd nivrate:) ray ©- oan, tips:- t
while the-r di-aclved sor-tituent: that rrver Inotq wl Srptacn rw-otior

strontium-90 and cestwn-137) Wiy move {1f‘ Irwer thun i
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"{gotope tiavel time™ is suggested as & more descriptive term for ths actual
oocourrence of concern inAsmuch as several factors other than mmd-ﬁtor zove-
ment affect the available decay interval. Btudies at the University of Californis
Banitary Pangineering Research ladoratory have shown that (a) hydraulic phenowmens
produce veloecity variations that bring sbout a longitudinal mixing of selected
intrudzng‘l.nd digplaced flulds. A d4ffuse zone or "ccacentration freat™ forma
rather than & sharply dsfined interface. The dspth of this zone increases in
proportion to the distsnce traveled dus to portions of the intruding contaminspt
moving at velocities exceeding the average; and (b} ion exchangs reactiocns may
modify the propagation of & rediocontaminent in two ways: l).thn sedien velocity
of the contaminant froant will be predictably less than that of the liquid front,
end 2) the depth or diffuseness of the front may be modified over that resulting
froon purely hydraulic phencmens. When the radiccontsminant {8 not selsctively
sorbed by the oxéh.mgo madiuzm, {ts front will become increaaingly diffuss as it
progresses through the wedium. When the radiccontszminsnt has & selective affinity
for the medi{um, as may be the case with strontium or cesium aa the dilpln:ixig cat:.oﬁ,
the front way not become more diffuse with distance but rather may tend tc sharpen
as propagation continues (5,6).

Empirica;._' data obtained frem radiologic monitoring of wells at Hanfcrd have
shown that the chemical form of Ru'00 {n Hanford vastes 1s 1ittle affected by
ion exchange, and anionic components of waate, such ss nitretes, are appareatly

not affected at all. In one case radicoruthenium moved southeaztwmrd atout £

niles from an saitern dispoasl site {onear E, Figure 1) in less tha: 1 year at

rates appreaching 160 feet per duy. Nitrate concentration increased to at:zut

500 ppm 1n woll 699-20-20 {Figure >} befcre traze concerntraticr- .ip the crior

1
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of 10-7 /uc/cc ot Rum6 appeared. This follcwed an approximately l&-ﬁ:n‘:h
period of negligible supply of cooling water to the easterr rwamp, during
vhich the eactern mound subsided to the extent that a favcrabtle hydraulic
gradient existed from site E to well 699-2C-20. As menticred previcusly,
subseguent tracer tests in this area showed that firat arrivals of fl.uc.ruco.-
in in wells downgradient from the injecticn well had traveled at average
linear rates of 170 and 195 ft/day over distances of spproximately 2.2 and
"2.5 miles, respectively. Cbviously, preciae determinations caanct nocv be
mada at Hanferd of the varicuz "isctope travel times"™ based ou.tlm present
qualitative knowledge of the varicus complicating factora.

PUI‘URE SfUDIES AND CONCLL'STIONS '

Additional geclogical and hydrelogical information {3 needed in weste
d{sposal gtuites. The techniquez of ground-water studies used for eatima*ing
ground-water characteristice give sverage values--average velocity and average

path of flov. In radiocactive vaste diapcaal the average 1z ns=c:asary as &

starting point or a point of reference, but it {s not gcod :ncugh. Yor instance,

the factors of hetercgeneity and snisctrcpy of aquifers sssute great impcriance
in wvaste dispcsal. The important effectz of such irregularitiza in the varicus
gecloglc unite upon the rate and directicn of wasls mcvement rejulre that the

geology be learned in grest detall snd that many welle be 4-illed tz get theze

details. During 12 year3 of ccntinucus well drilling &t Hasfora sin-s the foroll

varitus purpose:, totslling mure than 107,000 fevr, During *ne nuat 10
"1t 18 contexplated that an average of abcut 11 well: pe= year ¢ 5 4
C,000 feer per year will be r.jaireal for reear It Sy S T

needen to {e8) zcnitor Aoy moversn®t of or-ung-lisre . 1 or

T e " - v Ll
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- (b)‘ provide structures for hydraulic inveatigations permitting further evalu-

"Stion of aquifer charscteristics, (c) provide sediment samples for laboratory

ey

evalyption of ion excharge capacity, permeability, and mineral content, and to
- ’

““furnish soil columr material for crib-life eval:stions, and (d) provids basic

‘._uulogic"ll’tmtigraphic) data. Items b, ¢, and 4 will provide data that perxit

predic‘..ionc to be mada of the probable behavior of wastes in the ground, and of

- Voe paths sad retes of travel tovard m‘Intn of possidle exposure. Item (») will

'\1

v - 0 -
’ pmvid.s infory d;*m on "‘“a actusProehavior, information that can then be corre-

atéd to o the date from vhich the predictions sre made.

.. Racause imovledge of the processes of disperricn is incorplate, this pheacms.
non must be further investigated in the field since the effective d.i..lporuoa in
the field i{s probably larger than }pdiuted by laboratory experiments. A special
¥3-well field-scale raci;utv x—.-:'ln. study of dispsrsal phencmera during moveseat
of sround vater 1s under construction st the 699-62-43 site. A calcium nitrate |
lolution lpilud. vith Br85 (65-day half 14fe) will be chargei tc ar injecticn well
undsr constant head to permit determination of strontium and nitrste breakthroczh -
¢ 8. These results will be correlated to thoas obtaloed from a lsboratory scil
;:olum u:perimnt using nq_uifor sediments from this site with the saze tracer so-
lution. The sinking of high-density waates in the aquifer will alsc be cbaerved
by sampling the ground water at various depths in the 30-foot sguifer. |

A geophysical seismic progran is also being ccosidered. It 14 hoped that
such o technique would tend to improve forezasting of drilling needs, Poaiticoing
of wells, cdi:;pletins of 4drilling projects at faster rstei, and eventually redu:-
ing overall drilling needs.

In conclusion, & hydrogeological aurvey of waste-dispcaing sites must te '
extremsly thorough. The current state of knowvledge concerning aquifer charazzer-

istics and ground-watcr mcvement at Hanford has been pr:sected rerein. Datize-=:

B e T R R RIaCHEL AN LN <1
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have been mads of the average Imte st vhich the ground water would travel, aboat

vhere nhy grownid.water contazination would discharge into the Colucbia River,

and the approximate path {t would take to get there. However, a conaiderable

exransion of basie knovledgs of ground-wmter movement and the geockemistry ic.

volved is required in order tC insurs that the geology snd hydrolcgy have been

pmﬁerly interpreted.
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