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THE Eh'ECT OF GROUND-WADR MOUNDS OM THB .PUREX OPERATI<m 

By 

Willi&:1. R. Bierschenk 

HW-47728 

Waste dispos&l pl.ana for the Purex operation provide -ror the eventual discharge 

of up to 20 million gallons per day (~.) of cooling lRlter to disposal. sw.mps, 

and up to 4 nigd of lov-level rad.ioactiYe wastes to crtbs in and adJacent t<_, 200-

East Area. 

At Hanford., the regional vater table b&a been greatly in.tluenced by the large 

volUJPes of cooling vatere '11.Jcba.rged. to g:-ound; the re~ult baing the f'ormation 

ot ma.salve ground-water mbunda vhich MTI! risen local.ly as much as 80 feet above 

the o.ature.l vater ta.ble and. vhich b&Te led to rising vater levels &a mJtCh as 15 

llliles froJZJ. the diepoaa..l aitea. In ad41t1on, rad.1oact1Te w.atee hsve been disposed 

to ground in ever increaaing &m:>unta, resulting 1n contaain.ated ground and ground 

water beneath both 200-East and 200-~•t. .Areaa. 

The size, shape, and orientation of ground-water mound.s depend upon the amount and 

:-ate ot water recbtu-ged to these aquif-ers, and upon the extent and. hydraul.lc cbarac­

teristice o-r the aquifers. The mound.a inc~e and l.ccal.l.y reverse tbe nature.:l by• 

cirau.llc gradient, and thus ~ccelerate the movement of mich of' tbe ground. llllter. 

The opportunity f'or decay ot radiooct1 Ye contemtoant;s prior to reacb.1~ the Col\D!\bte 

River or other een•1t1n point• may t.beretore be -reduced . Conaeqwaatl.y, future 

large-scale dlapoaal of cooling vater aboul4 be regulated to preaerve tbe hyd.rologlc 
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conditions vhich vere used as a basis !or coatrollill8 previous disposal as vell 

as to perm.it the opti.mwn utilization of e.xiatill8 and. proposed disposal sites. 

The proper location o! disposal tnrampa vita respect to radioactive waste dis­

p.:isal si tea could :r~uce hyd...--ological cond.1 tions such that tbe movement 0£ 

pools or contam.1nat1,:>n 11JAY be te.aporarily retarded or restrained. 

OBJECTIVES 

The obJectivea o!: thia report are (1) to revtev the cb&ngeis in the size and 

shape of the ground-""ter m:>unda consequent upcn disposal or cooling vater i'rom. 

both tbe :rormer B Plant operation and tne present Purex operation, (2) to swmxar-

1z.e the results of' pertinel.!t 151"0wid-vater and va.ste inonitoring studies a.nd recom­

mendations based ther1!0n, and (3) t.o forecast future b.ydrobgic conditions attend.A.nt 

upon disposal. or Purex coo·~06 w.ter. 

Sl.MMRY AKI> CONCWSIONS 

the nortu.:- •~ e..nd aou;t;b.eru tl&uks ot G&ble Mounte.10., and. !loving aoutaea.st"8.l'd trom. 

Chemical Separat1oi;..: ~reu to'ft.t'd 3()0 Area. Coa.'tAainated. ground. w.ter :f'rom bene&th 

200-Ee.at d.iepouJ./ cri'ba ro\ltt.~ 'tot.base channels vould be re.pi~ transported to 
.' 

the Columbia. R1~/~r. Tllis undesirable rovement of contazrina.t.ion could be largely ,• 
f 

controlled hyd.r:,log1ca.ll:y by tbe torma:tion of three ground-vater m:>unda. Proper 
.( 

J.i,itr1but1on 1,f Pu.re.x cooling water to three •~, located respectively north, 
' 

east, a..nd 1'0/~thea.t. of' 200-Baat Are-a, could be expected to i.~1se underl.y1ns -water 
f 

l e"ela t.o • •~ch &n •~ent that. h,yd.""llul.1c grad.ient11 voul.d be loca.L\;y reversed, pre­
f 

···-:>!l l fr.g ~c-,.taziilr\1\-. ed gro und vt&ter '!'rom r~" " htn0 ~he h1£hly permeoble c-~~"~ls. 

fJNC I.ASS Ir!"i:D 
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DISCUSSION 

Previous Ground-Wate~ Mound 

Figure l shovs monthly ve.ter levels in veil 699-45-42 'Which beat illustrate the 

fluctuations of' the 200-Ee.st Area ground-vater mlund. In all likelihood the 

levels in this veil do not _represent the vater levels at the pea.£ or the nx)\md, 

but they do provide adequate control ror contouring th~ i:.aximum knovn elc"IUtio~ 

of the vo.ter table. 

From the beginning or operations 1n January 1944 until ah\lt.dovn in March 1952, 

B Plant etf'luent totaled some 6.5 billion gallons ot cooll.ng vater. In resPonae 

to this discharge to ground, the lllLter table beneath the B-avam;p east or the area 

rose about 15 reet and stabilized a.tan &ltitude or between 405 and 4o6 reet above 

mean sea level. The size, shape, e.od orientation oft.be ground-vater mound as or 

March 1951 are •hovn in Figure 2 (1). Aa show, the n.or:th-aouth elongation ot thP 

mound reflects directional ditterences 1n permeability- 1n. this region. Thus, it 

is indicated that ground vater moving 1n. a general northveatvard or eoutheastvard 

direction tlova at higher velocities than that 1n other clirectiou. Velocities 

estimated by dilution-velocity teats and the mow:ment ot gross beta-emitters and 

Cs137 indicated uagnitudes ot 20 to 50 teet/d&Y' (2). 

After B Plant shutdovn, only about 0.1 mgd of vater vent to the di&Posa.l aw.mp. 

As a result, by January 1956 the ground-water mound Mid • uba1ded about 9 feet to 

u.n olevat.1on or about. 397 !eot.. ·r111• t.t"oud h ehovn 011 t.he b.ydrograpb in Fl glU"e l; 

the shape or the retracted round aa of' Oct.:>ber 1955 1a abovn in Figure 3. 

UltC USSIPIED 
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Present Ground-Water MQund 

Throughout 1956 the P-'1.I'ex operation disPosed or a total of approximately 2.3 

billion gallon& of effluent; a.n e.verage ot about 5,2 mgd to the l3-a'W.111P and 

an average o! about 1. 1 mgd to d.iaposal cribs in and adjacent t..o the 200-Eaat.. 

Area. Figure l show the eft'ect the rapid rise of tbe 200-East mound had on 

water levels in veil 699-45-42. Levels as or March 1957 stand at an altf.tude 

sume 5 or 6 feet higher than those reached during 13 Pla.ut operation, and some 

20 feet higher than the January 1944 water table. Figure 4 shovs the size, 

shape, and orientation of the mound as of October 1956. 

It is est1.neted that if present dispcsal rates are maintained, the ground-vater 

mound vill approach stabilization at e.n altitude or 411 to 412 feet. If near­

constant discharge is u-,.inta1ned, the rise in vater levels will d.1m.1.n1sh with 

passage ot time as the areas in vhich measureable rises exist become broader 

and broader and cond.1t1ons approach closer and closer to equilibrium. Any in­

crease in discharge rates, however, Y1.ll upset vbatever partie.l. equilibrium 

may h.e.ve been reached and v.1.ll cauae an accelerated rise ot water levels until 

equilibrium is approached at a higher level. 

Sumnary of Pertinent Growid-Water Studies 

Channels of rapidJ.y moving ground vater have been recognized tloving eaatvard 

along the northern alld southern aid.es ot O&ble Mowitain ( 3) . Portions or the 

southern channel are appe.1·ently bounded on the south by & buried baD&.l.t ridge 

that ext~nds along the nc-rthern boundary or 200-E&at. Area rougluy par&l.l.el to 

G~b le Mountain a.ad rt~ing in po.rt above the vater table . 

UNCUSSIFDa> 
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It w.a recognized that diapoaal or the very large ~olumee or cooling 141.ter from 

Purex Plant to the existing B-evamp vould result io an enlarged ground-water 

IDOund. that would. develop a strong. nortb.weatvard gradient tending to route the 

contaminated ground water underlying 200-Eaat Area around or over the buried 

basalt ridge into the channela or rapid ground-ve.ter mvement near the flanks 

of Gt,.blc KoWlt.&iu. Contamination wuld. thence be rapidly transported ea~t-wa.rd 

to the Colum.b1& River. Conaequently , it vs.a recommended thAt Purex cooling wter 

be tLI;echarged to a nev SV8lllp to be rormcd in a OAtural depression south of Gable 

Mounta.in. A gx-ound-va~r mound rormed b.ere vould deny the conta.min.ation accesa 

to the channels of high ground-va.t~r velocities. 

T'1e high permeabilities indicated. by the elongation or the 200-Eaat Area ground­

vater mound (Figures 2 and 3) lfflro -:,ntirmed in the spring ot 1956 when very 

rapid r,ovement or contaminated ground water f'rom beneath 200-Eaat Area. vaate 

diapoB&l. cribs vaa observed in tb.e region aoutheaat or the Area. Trace concen­

trations or ra.d.1oact1ve vastea appeared to move vitb. velocities in the order or 

hundreda or feet per day, vbile tlle bulk of tho contaminated water move£ in the 

order or 30 to 4o feet / day. Such movement vas apparently initiated by the eub­

Ridence or the B-•"9Jl%P mowid vhich bad previowsly blocked the tlov or contamina­

tion to the aoutb.eaat. 

In Ju.ly-A~t 1956, :-.,aulta ot & large-ace.le tluonsacein tracer te•t 1n the 

area eoutheaat or 200-F.aat Area eboved that detectabl,. e.mount• or rluore~ce1n 

from ob•ervat i on vel la 8 ,8oo f pet SSV and 6,500 reet SI or the ap1~ed vell 

· had traveled at average linear voloc1t1ea or 350 and 770 feet / day , reai>f1ct1vely. 

UNC lASSrFIED 
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Thus, the d.11covery or rapid ground-w.ter movement to the southeast or 200-

East Area prompt~d a revaluatio~ ot the original. recominendat1on ror d1spoee.l 

or all cooling vo.ter south of Go.blo Mount.a.in. A tentative anal.:,s1a o! the 

hydrolog1c cba.re.cter1at1ca or the Ge.ble Mountain aite led to an esti.mate (in 

September 1956) that a ground-water mound in this location vould reach an ele­

vation o! 415 to 420 reet v1thin l year, based on an aseumed rlov rate or 1.2 

JQgd. (I+). A more detailed analya1a or the bydr&ul1c ch&ra.cteriat1.ca of the 

underlying aquifer, based on data collected d.u.ring a 4-day aquifer t ,- ~t in 

October (5), required a dovnvard revia1on o! thia preliminary estimate. At 

an assumed flov rate or 20 mgd, the water level near tho point or recharsa 

vill rise only about 12 feet in 1 year to an elevation or about 410 feet above 

sea level. A IDOWld reaching an elevation ot 410 f'eet wuld, however, at1l.l 

establish a considerable southward or aoutheaat.nt.rd. gradient routing ground 

w.ter at leaat locally over the buried ba1alt rid,ae and under the 200-Eaat 

Area. Under these condi t10n1, any contulination 1n tb.e ground vater beneath 

200-Eaat Area •Y be expected to move 1outlnlard into &Nae or high ground­

water velocities and thence could be expected. to travel rapidly aoutheaatw.rd 

toward tb.e river. 

In order to restrain or retard. this eoutllee.et"9.rd. 1110vement or ground-'Wl!l.ter 

eontamfoat1on t'rom the 200-East A.ren, !.t wa rocoimr.ende.i (4) that part ut 

the Purex cooling water be diapoaed to a natural depreanon aoutheaat 

UNCLASSIFIEt> 
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of 200-East Area {the SE-1yamp). A ground-water mound tormed beneath thiB site 

would locally reverse tbe prevailing aouthea1tvard gradient and act a~ a hydro­

logic dam tend.ing to i.mlllobili~e the ground vater beneath 200-Eaat Area.* 

It is recognized that the uae or cool11'18 towers &..nd a recirculating w.ter system 

may eventua.11:, supplant ground dispasal {6) because, in general, a aound waste 

disposal system for a nuclear chemical processing plant should avoid. the forrti-• 

t1on or large gro'Ulid-va.ter :x>und.a and the attendA.~t acceleration or ground-'Ator 

movement. Hovever, it vill not be practical to cliecontinue ground di&pos&l of 

all cooling 'Water 1.mmediately because the region&l -w.ter table is nov considerably 

higher t~ the natural va.ter table and any rapid subsidence of existing mounda 

-would result in rapid nnvement of contamination toward the river under the in­

fluence ot the exaggerated hydraulic grad.1.enta. 

Whereas it would be desirable to control the sw.mp-diacbarged volume by re­

circulating part or the Purex cooling water through cooling towers, 1t cannot 

be recolllP'!nded. that cooling towra be provided to replace all e.xiatiug or 

planned namp• (6). AHWldng, then, that Purex operation need diapoae ot a 

maxillluDl ot 20 mad of cooling water, several bypotb.etic&l. aituatiorus and their 

errecta may be conaid~red to provide for d1apoaal. 

*Reae&rch conducted by D. J. Brovn and. reported to the e.uthor by privat49 com­
ruum.ieation 1nd.1catee that under aome circ\UIUltancea h1.i}:L density -vaetea {those 
v1 th large total ll&l. t content) 1111y actually be sinking to the bottom ot the 
pert.icu.l&r aquifer and moving ap.1.nat tt. prevail~ ground.-w.ter gradient aa 
a result or a dene1ty gradient . Thi• etr~ct ahould be a recognized poefl1b111ty , 
but 1 t Yill oec\lr ocuy 1n apec1&1 cue• tor vhicn. tbe proposed 11110und aught not 
be tol.&1.l.y ertecttv• 1.n r••t.n,.lnln& w.•t.• mYe•nt. 
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{l) If 20 mgd 1e discharged to the Gable .. ,oWltain &V8lllp north of 200-

East Area, after 1 year the maximum expected rise of water level 

vill be about 12 feet and the peak of the ground-vater mound vill 

be at &n elevation of about ~10 feet above sea level. The vater 

level beneath the B-aw.mp vi.ll fall rapidly icti"lll11~h !!.9 !'ec!large 

to the ground here will have ·eo.aed. Figure 5 show t.he shape and 

or1ect~tion the ground-water contour, lll&Y aasume under such condi­

tions, and the probable direction or ground-water flow tor vhich 

concern ia expressed. 

(2) If 14 mgd 18 discharged to the Gable Mountain swmp and 6 ingd 1s 

discharged to the existing B- BV8lllP east of 200-East Area, at'ter 

• 
(3) 

1 year the Gable Mountain IIX)und v111 rise an estimated maximum of 

about 8 feet to an elevation of around 4o5 feet and the B-1110und 

peak v1ll be at an elevation ot about 412 feet. Figure 6 shovs 

the effects of such disposl\l . 

If 1~ ~d le discharged to the Gable Mountain B"8JIIP, 2 mgd to the 

B-svamp, and~ .aig~ to the SE-ave.mp to be located doutheaat oi 200-

East Area, af'ter l year tl1e pe&ka or the underlying mounds may 

possibly each reach an elevation or about 4o5 feet . These cond1-

t1ona are ehovn 1n Figure 7, and aa such may be aaeumeci to be capable 

of prevent1ng or retardl.ng 200-Eaet cont.am.1o.at1on rrom reaching the 

highly permeable Gable ilowitain channels and the highly permeable 

channel to the aoutheaat . 

UNCLASSIFIED 
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The success o! this disposal plan for 1.rm:llob111z1ng ground va.ter beneath 200-

Ea.at Area vill de~d to a. large degree upon proper x::e.nipu.l&tion ot the rates 

ot disc.barge ot cool1na vater to the three nam.pe. As discussed in (3) above, 

an inittal d1etr1bution or the eventual 20 mgd ot Purex cooling water ay pro­

vide t~r the d.1vers1on ot 2 mgd to the B-svam.p, 1~ m.gd to the Gable Mountain 

BVILlliP, and the remaining~ agd to the SX-na.mp . Adeq,.aate metering or the three 

strca::m ,aoul.d aae1.et in h,drc)logical eva1uat1on of the reaul.ta or auch disposal. 

and J>t"nlit rate a4Juatments in order to properly control the ground-water mounds. 

UllCLASSD'IXD 
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Map ot the B&ntord Woru ~ •~vi.D.S general1&e4 contour• on the vater 
table, 111 reet o.uon mean IC!'& l.evel, u ot N&rch 1951. 
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Mdp PboY1'16 genera.11z:.ed con6:.our:.1 on tbe vat.er "bl" ~ or 0-..:t.o~er 1955 
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FIGURE 4 
• 

Map shoving generalized contowe on the vate:- table a, ot October 1956 



J'IGURK 5 

Map ehovtng expected contours on th-, water table l year atter d1acba.rge 
or 20 lltgd.. ot Purc.x: cooling 'Ater to Ge.ble Mountain aw.mp. Arrova ind.1-
c&te direction& er gTCun~-·.ratar mcvei:-.ent ot concern. 
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1'IGURI 6 

Map ahoving expected <:ontoura on the •ter table 1 year &f'ter discharge 
ot 14 mgd to Ge.ble Mountain aw.mp and 6 mgd to B-nup. Arrow indicate 
cUrectiona ot ground-vater 110Titlllmlt of concern. 
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Map •'boviJ:18 expected contoun on the water table l year a.fter di•charge 
of' 14 mgd to Gable Mountain namp, 2 mad to J-nu;,, aa4 ~ mgd to SE-namp. 
A1TOV8 indicate directiou ot ground-water 1110Vel118nt ot concern. 


