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GROtTI-rD W.ATZR EXCiiAKGE WITH FIDCTUATING RIVERS 

By 

J. R. Ro.ycc:r.d ru1.c D. J. 3rm-,j::/ 

Bchavioi~ of c;-.cou.nd water ad.jacen·~ to f'luctun:'vine rivers, lcl:es or rese:.--voirs 
Q 

iz ·ot: i.'1.tcres·::: to the bydrologis·~ fo:;.- ;:..ny of several. reo.scns. A suri'c.ce wc·~c:.-
Q 

body sor~::? 

othc:.- c~scs, the. ~..:."'a~-:.d ~!':::.ter c.:..."1 be alr:.ost to,.;c.ll.y co;:-rposed of wa.ter r'rom. ~.;:-:e 

T'ncse two co.-.d.iticns ( or .:. Yc.J.·iety c:J: ::edifications) rr:..::..y exfa·;; i.: 

-~he of the 

T"ne c:Z:ancin13 ele:v:::.tic::i or tile sl.U"f.:.ce wa.ter r:.:1.y cause chc.ne;c::: in. c:-oui:d 

:-;:::~er ·.:.u::lity :..'le. q_ua.'1tii:.y :::.v:::.::.l.::ble fo::..- use d.uc to river inflow or o:i:;;:Z'low. · Or, 
V 

convers~ly, t::ie fluctuc.t ions m:::.y co.use simil.::r chc.:iccs in the surface ~-rc.ter ch.:=s.c-

ICr..owlec:i:;e of ground water e;:cha.nce -...ri th v~7ing stage surface water cc..'1 lec.d 

-:o 'better and mre ei'ticient use, conservation end. control of both ground o.nd s-..:.r-

:.::ca ~,c.-:crs. ~-:iucn reseti"ch is 'ucinG done in the field o'Z hydroloc,r to study these 

y 
•• ••-:v-,":)D .,. A,., 
!.l.h .. ,.: v..;,, .1.1otu:.ORATORIES, 
tor::cd. under Contract 

General. Electric Company, Richland, Washin(rtcn. Worl: ~cr
!fo. AT(l~5-i)-1350 for the U. S. Ato:r.ic. Enercr Commi::::;ic=i.. 
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:porticulcrly· 

As o1Il e=:ru:ll)le, over 3 5 :pc.:pers ci.c::lin~ 

~.:.th this and other closely rcl~tcd s:ibjects were presented at the recent r:.cetincr 

c~ the L~ternc.tional Associc.ticn o~ Scienti~ic E'yc:.roloC:{(1). 

'i'"LliS :p::pcr will present scr~ bc.cl:;:.-rou..'"l.d ini'or==.tion on hydrc.ulics oz water 

ZJ.cw ~d~acent to a f'luctua.ti:i~ river; discuss evalua-~ion ~ethocls a.."'1.d sho,;-1 how 

these i:"~thoc:.s were u'sed for Zield. problem solution on the Ha.nf'ord Project. 

concen1ir.r:; oc-....1:. storo.ge and river wc.t.er pcnetr~tio11 into i;-.:-oun.d wc.ter c.q_uiferso 

cYc:l;.:.o:ticn iz :::12.d.e for :.n a:~e:i 1:rhere a l:;.rge ar.1.0unt of' ceolocic and aya.rologio 

~o.ta. .::.re :iv~il~ble. Fincl.17, cv~.lucticn o:i' storr.:.~e .:.."'ld eJ:cho.ncc is C::?:"Tie:d. au"~ .. 
. \ 

. \-
\r• ·v fer the :-:~i'ord P::::-cjcct side o:: the Col:imbi.:. Ri·rcr. 

tYl.)ictl ycu:r w::is 1.9 x 109 cubic feet of which 2'T percent was rivcr wo.ter. 
' .. _.-.;_/'\' 
s ~·, 

l, • ~ :•"' •I 

G--:, 

T"nis volur..e is 

equivalent to only about seven ho~s ~iver ilow, ~csu:ning an aver:1Ge flow ro.te 

!f.ethociz· exist for q_ualit:::.tive a.nd semi-(.:.U:.L.'1.tit.:::.tive ev.:?.lua.tion: o:r grou..'1.d 

~:~tcr e):chc.nce with fluctua.tin~ surf:icc w.:itcr bod.iec even iZ only r:iinimal hydro-

losic ~ta are available. Such ev~luations ccntri~ate to the ove~-all knovledce 

ct.· ere::. bydrolocr and le:id to effective end efficient use of both ground ai. .. C:.. sur-

:."c.ce vc.ters. 
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F.ydr.:.:.11 ics o-: w~:ter Flew Ad.j.:.cent to o. Fluct'i.A..:.tinrr River 

Fic.-ure ·1 (after Todd) (2 ) show:a: generalized water level contours w1der J::hrec 

dii'i'crcnt streai:i conditions.. (a) Sr..ows a. "r..orr~l" stream where suri'a.ce wc.ter end. 

cro-:ind wc.ter stages are eq_ual ui.d no water e;-:chc..--i;;e occurs. 

~-:rca.r:i where tne river sta.Ge. is lower than the ground water stage, ~d ground -:-rater 

is flowing into the river. ( c) Shows an inf'J..;,,;.ent stream where the surface wa:ter 

· stac;e is h~gher than ground Wtlter elevation ar..d the river is· discha::.·ging wa.ter 

into the aq_ui.fer. Figure 2 (ai'ter Todd.) ( 2 ) Sc..o:•iS ideali=ed ground water flm-1 

i.'1 rcl.::.:tion to a :'loodinG stree!:l. (a) Sho":rs t~e strear.1 hycrogrc.:ph, staGe r.,lotted 

cc~ins~ flood ~eriod. (b) Shm;s that the Yol:.:...-:s of river water in the aq_uii'er 

incrc.:.sc~ as the ;river ·rises, rea.ches a rn.a.xir:r...u:i c.t about crest stage .md then 

£7ad:itlly decreases with time. ( c) Sno-ws tne ground water floi-~ cui.,,e which is 

the dc::.~ivati--re of the vol·u-:"'" curve. Figure ·3 shows a vertical cross section or 

:m a.q_uif'er and ac.iacent river. b is the aq_:iifer thicl-~ess. The bc.se i'low is 

c-:our..cl w;:o.ter th:i-: flows to the rive::- at initic.l water table and river stage. I= 

the river level. :::-ises by a distc.nce h0 , the ite..ter table rises due to the i.--izlow 

o:r: ::-iver water and. at tir.e t rises by,'.;)_ height c:f hat :x: distance back from the 

river. T'ncrei'ore, we see that; a stre::.."1 i'luctu~:tion rrzy· produce lm:-c;e variations 

· !..'1. :=cnitude and direction of ~owid water flow. 

Bank storage is the 5enertl ter:n used for the river w:iter stored in the= 

1!.:i_:.i.·i::'cr durinc; flood st:a:.ge. In this pa:per, hc"irever, banl~ stora13e is defi.>1ed as 

•.::~:er, both river ::ind grolllld that is stored in the ::or..e above base i'J.mr sta.c;e. 

':.~i~ ia depicted at flood stage by the cross hatched zone in Figure 3. At lcn~ 

--.:.... 

; .. 
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stc.cc, this wa.ter is cont:::-ibuted to tlic river in c.ddition to the 11 e:::cn.a:'lgeclr: 

river wo.ter in t;he base t:lcm ::one ar.cl J~hus i::. t:r-J.ly stored. water. 

l-1cJ~hcd.s c.:nd Tech.'1.im.tes for Ir..vestirc.ti."lg B.:!..'11: Store r;e ~::,,cl 
~:ci1c.t19eC.. ~-lc.t,cr E~!l~.v•ior 

It is evident tho.t ;';lUCh i.-ifor:n.ation on the geolOg"J end bydrolc3Y of a reBion 

is needed fer good q_uantitative c,rc.lua.tion of' banl~ storage and wa.ter exche.nGc. 

Idec.lly, we would like river hyc'iroGrc.phs covering severc.l flood periods mid 

,:.rel1 eyd.rographa ~t vc.rying d.istz:.::.ccs j;"'rom the river for the scme :periods; ac-

curc.te values for c.~uifer cocf!ic~e:its of perr::cubility ur..d storage c.r.d detc.iled 

c;eoloc;ic inforr.-.:iticn -Zar delineation of a.q_uii'er boi.!..-idaries. ,;.mere lit-'::'_e i1;.i'or-

mat.ion is av-ailc.ble, river volu..--.e or i'low rc:tc can 'i:le n:c.:::.sured at botl1 end.s cf 

c. e;iven reach of river. T'ne da1mstrear.i vc.L.:.e co.n then be corrected for ro.:L1.i':!ll 

contrfoution, surf.:::.cc wo.ter e:it:.y or dizchc.rc;c.? .:i.ncl evapo·~rans:pirc.tion. Di:t:'c:::--

ences between the upstreru:1 a.,d downstrem:i val:.:.es ·:represent volw:1e of base floiT, 

bank storage o:.nd exchc...-i1:;e or ba..,.,J~ di:.c:i:larr;c.? c.cpendin~ on ::.-iver zt~ge. T'nis 

-;-rould be a very rough estir.u:.te e..-.::cel)t in t:i:lose cc.ses where <lQ.Uii'er inflow and 

outflow is a s i~i.ficent. portion oi' the st:..4 ema. flo~r. At Hanford, we ere fortu-

n::!te in havinG a large .:u:iount of iru:'on-.c.tion 0:1 the area 13eology :i...,d hydroloc:r. 

This h.:?.s assisted greatly in assessin~ rate .::11d direction of ground.water move-

=cnt, river c.nd ground i•io.ter e:{cnen;:;e .:::.nd c.g_uii'er coefficients. 

Fi.cure 4 shows the ~enerc..l location of the H:::..nford Project. To the ~orth 

the rfahluke Slo:pe area is sit..:.c.ted between J.;he Col:u....bi.:. River and. the SaddJ.e 

2·:0unt~ins. The land area to the east of H~nford. is pa.rt of the Colunibio. Irri

c~tion Project. This land block rises abruptly from the river level of about 
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350 feet to over 900 !eet; Dissectinc this land. block are several. coulees. 

At the southern end of the Colw:-~ia Ir:-igation Project is the City o~ Pasco. 

T'n.e southern boundm-y of the Hanford Project is delineated. by the City of Rich-

' lc..'"ld, the Yc.kir..a River and the Rat·cle::m.1ke Hills. The upla."ld area. coraprising the 

Yal:i.m.1 Rid,6e and Umtanu..":l. Ridc;e lies to the west. T"ne location of the 300 Area is 

sho"tm iJ1 Figw:".e 4-. An exampie of river-ground ·waJ~er exchange evaluation will. be 

presented, using data from this site. 

The project area. is ilnderlain by b.:.stltic lc.vc.s and sedirnent~J i.'1.terbed.s 

o~ _the Colu:Jbia River basclt series. These volca~ics are.overlain by a series 

of :poorly consolidated lc.custri."'l.e e;r:::.vels, sru"!ds, silts, and clays ;,,.no-;m :a.i. the 

Rincold For::iation. The Ringold .For::ic.tion is ovci·lc.in by recent f'lu.vic.J~ile .md 

c:;lo.c iofluviatile sands .~md gravels. Contours 011 the . oro:.i.'1.d w:::.tcr s-:.u-f:::.ce 

(Figure 5) show that the GTO~d wc.ter origi.'1;i:..tcs from the r:o:.i."lt.1ir..cus o:e:::.::: of 

rccho.rc;e to the soutmrczt and moves in a e;cr.er::J.. ec.stw:::.rd dircct:ic::i to the 

ColUI:lbia River. Ap:pr~cic.ble modi.:'icaticn _occurs in the loccl end ·=e~ional wo.ter 

ta.ble clue to (5I'ound dislJc::ial of lcrgc voluocs ot: process cooli.'1G water. 

T"ne 300 Area was chosen as en e.."".::t.":!ple of bc.nl~ stora.c;e and wuter e:i.:char.c;e 

cvtluc.tion bec:-.use of the high well. density, (19 in an area of c.bout 1 square 

., .. -,-, 

:-:ilc) presence of sr..all cmounts of u:raniu.t1 in the eround water ·and the availability 

oi' \."ell c.nd river eydroe;raphic data over a period of several yem:s. T'ne well. dis •-

;:::.ce~ to the Columbia River vo.ry from 50 feet to 4,00Q.feet and per.nit a fairly 

co::,lctc c;colocic and hydrolo13ic evaluation of the o.reo.. The uraniUIJ. contm:ii

r..:1.tion in. the 6I'0Wld wo.ter :per.nits tracing of water flow. Fi@ll'e 6 sham~ hydro

~~::hn of' the river and two wells during flood stae;e for" a typicaJ. year (1956y. 
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Al:::o shown c=e the wa:'cer ter:1perat-.ircs · of the i..1-10 ilclls. T"nc river ( solid. 1::.ne) 

bcc;inc to rise from a 'ba.se or 334. :Ceet m. s. l. ,. dtu:-ing the latter l'CZ"~~ of !-ach, 

inc:rec.sin~ Jco about 340 feet i.."l the r.li.dclle of !~y end. rapidly rises to flood sJca.Gc 

o-Z 356 i'eet on June 26. Well ?Io. 6 ( de.shed line) is 600 f' eet froo the river c...--:cl 

rises tlcoc·~ linearly to a. stc.Ge of 354. 5 fee·:; on July 7. Well !fo. 3 ( dottccl) -

is 4,000 · feet from the river and rises lineo.:rly to a st:iGe of' 354 feet· on J-.ily 

ll. Bc:.se elevations of wells 6 a."l.d 8 are about 336 feet a.."ld. 338 :reet, res:;ective

J:y. A."qllitudes oi' the river, well 6 :md well 8 above base ct :'lead sta3e .:!re 24-, 
I, 

18 • .5 end. 16 feet_. At low sta.Ge the river ho.s c i'lc;.r rate of about 6.0 x 10..,.. 

-zt.3 / c.cc. , ru1d c:?.t flood st2.ge na.s 2. flow of o.bo:.it 5. 2 1: 105 -.z:t) /sec. Aq_ui.fer 

tnicl:nes~ in the 300 crec. 2.ve::::-:::.ccs about TO feet (effective) ·c.nd occurs in the 

clacioi'l:rri.:::.tile forI"....'.J.tion::;. 

As the rive~ water rizes, the ter.IJ?crc.ture c;:-::.clu::.lly incre::.scs and rec.enc~ 53:i' 

at ::f'lood. Na~l eround irater '-:er.-rperature remains fairly co;,1ct.:lnt thrc:ighout the 

yeo:r between 59F to 62F~ Therefore, presence of G:-os::; q_uantities of' river wat~::-

ir. the c.q_uiZer should be ea.zily detected by ten:If)erc:ture differences. Wo.t~r ter::i.-

11erc.turc in well No. 6 durin~ flood :period is il.1.dic.:.ted by the solid line i:'l 

Fic;-.ire 6. Presence of river ,10.ter is indicc.ted by the tcmperatui·e decrec.se 

i'rom .::.1Jout 57. 5E' on Mo.y 15 ta .:.bout 52F on July 10. The ter.iperature _increc.ses 

cca.in c.s the river-falls c.nd riv-er water f'lm,rc ot'l.t of the aq_uiter. T"ne dashed 

line shows water temperature in well 1Ia. 8 during the sa:e l)eriod. The· telll'9era-

...... ,. .. c oni, .. en· ""n~es -_o.., _.<,-,-r:r +:a ::;9F, indic"'t'.~"';7, t· t · .,_ ·s n .,_ ... · -. -,1 ...., ~ .i..:. ... ...,~ w ., ... w .... :.:; na river ,;-;a1.er J. 01, pre sen 1. J.n 

thi:. well., 
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Fic,u-c 7 shc't-l"S l)roi'iles · of c;roi.1.lid w.:iter clev:::.tion c.t low st<2Ge end a:~ 

i'loocl ~J.:.:ic;l:l i..-i th~ 300 Area. iUso sho~m are tc::q,er:::.tuxc :p:i.·oi'ilcs .:t i'loocl. 

::.11d lm, stc:.ccs. 

"· o-,.,.c.· o·"' "'· .,_111·,. - .. :::bo•" :_ o,,.00 :i.""· "'· "'t b--c~"- ""'·ro,-:- ·:-:-,.,,,, , .• ;·ve-_. were a.::...s:p ::.;-. ., • ,;;.°i: ... "' ;;.al.~e, ;:. .... -.: ..... ;;, !_ .I. .... w~.... .... ... ,- Tl1c IJro-

tile~ o:r this grou:i.d ,•rate:- co11tc-'"·1;naticn (alphc. d/r:i/liter) =.·e shown fer low 

stage, flood stc.ge D.Ild m.id.-st;c.ce during ebb flow; Uranitu:1 contar.iinc.ted. w::.ter

i-TCS pu:3hed bc.clt from entry Joint at 600 feet :::ror.1 tl:e river to a.bout 2700 feet 

by river ,-rc.ter inflow. At ::!id-stage a.urine ebb :flow, the peak hc.s r.1.crvcd to-

wm-d the river. At low ste.ge, ~ residual :::,eak ::er.::i.ir..s at about 2400 feet, but 

the grou.r.d ':·Tc.tcr flm•r is clilu.-;;;i.-:g the inflow of ccn~ar.:ir.c-.::ed. wc:ter a::.cl ca..-:--yinG 

it to the :.:-ivcr. The temper.?:ttu·e p:;.4 ofile c::.t flood. st<lSe :::news ti:l.c.t river water 

hc.s per.ctrated to a distc..'lce of c.bout 2000 feet f:•cu-:. river ~<li."'.l ... 

'l1he vcrtic~ d::.shcd 

line shews the a.ppro~~ir.:c1te extent of river watei· ini'iJ.t:;:-~·;;:::.on. 

Volume of banl•;: storo.ce and infiltrc::cd. river 1:-r::!.ter c.·~ :'load s"t.::-.c;c m:.-iy :1cw 

be est;-iT".,ted from the c.vailable field. ~ta.. 

ztora.e:;c area is l. 08 ;: 105 square feet or 5. 7 x 108 f't3 /mile of river banl;:. 

Tl1iz enJ~ire volur.1<::!, of ccur::e, is net ,;rater. The water or.ly occu:,Jicr: ~he :pore 

511~cc in the aq,uiZer. T'.ae voluoe. c.va.ilablc for wa.,;er tr::r..zr..iss ion ~ ca.lJ..ed. 

the effective :porosity er, for m:lter ~c.iJle conditions, the numeric::.lly eq_uiv::.-

lent storage coefficient. T'nc coerficient of stor~~e is ~etined. as the volu.--ce 

of' water released ~ram. ztorace !rorn. one square· i'oot of' a.quii'er 1-1hen the ny- . 

dra.ulic hec.d is reduced one foot. T"ne storcce coefficient cD.n be determined 

fror.1 pu~ine5 tests. Ei.fcctivc porosity can also be deten:w::.ed f'ron the 

' .. 
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v tile avcrcce gro:.111d wc.ter vclccit-y:, Q. the totc.l <l_uc.ntity ot flc.; trirc.:..:ch c::--oc~ 

v.:.rics :from 60 F .. In u.se an the :?roj~ct, V ~ic.Z obtained ~er. tr=.ce~ te~tc 1:.il:c 

O. 05 to O. 3 ur..dcr wate:?:" tc.ble conC:.i-~ions. S fer the 300 Arca· wc..s :::o,mci to '.;~ :.=c.:.t 

0.1, inC::.icating that about one tenth of the Yolu.r.:e ~r.:.s r~ctiYe _ ..... :.,_,._..._ 

stori:".~- ltate:-:. T"nere.fc::.-e, the "o.::::l: s~~or.:.ge ::o~-:e eq_uals 5. T :·: 108 c:.i.1.J ic :'ee:t -: ~.:::s 

0.1 or 5. 7 :: 107 cubic ::eet of T.T'r~•~"': .. ,,c.,...,\,,;_ ~"~ored. mile of 'I'"ne 
I, 

i:ifiltro.tio:l ::one wi thir1 the bc.n.k stor:.ce re Gier:. n.Q.s a... a.reo. cf 2.bout 3. 6 :: 1~·-· :c_·c:..c.re 

-"'ee·· 0.,... , oo ·r 108 -i"-'-3j,.,.;' e 4 U - ... ..,1 .... ._ t,.,, ,-..bJ.. ) coeffi~ic::t er···" 7 ,:o ... _·..LC. .. -aJ 

. ~,., 

.:..jv 

x 10 7 cubic f'cct oi' ri,rcr uc:::cr ir. 

tot-11 ba.'1.1: stor:.cre J.s river ~-,.::i:~r 

volu..--:-.e of tl::e fof.'iltre..ted zone Jc:- mile (disto.nce of ir.i'il-t;ro.t:::.or:. times efi'::c-t.ivc 

o.q_uif'cr thickness tir;:.es 5280 feet), ~-ihich is 9. 5 x 108 cubic :?eet iillll-~ipliec. by 0.:.:--i-: 

sta::.~ace coef:'.:'icicnt eq_tt:::.ls 9. 5 :: 2.0 7 cubic feet of river wc:cer pe~ of ~:.::i2-:. 

Fic;ure 8. 

thickness) 

The aq_uifer coefficients of transi:lissibility (or ;e!':"..cc.iJili-;;.y ar:d. :::.c.:.1..:.:::..::·cr 

c.nd storaGe must be L:no.m. Evalu~tion o~ the coefficient of -•r•,... 
;;'-W 

discus~ed above. The nq_uifer trr.."lsmissibility, the ability of the porous r.~cd.ia ·.:o 

transmit 1-mter, cc.n be deterr.iined by :pLL-:rping tests, tracer tests .:ind ~:ell wc:.ter 

fluctuation observation. The latter ~et~cd is particularly ada~tcd for use r.ccr 

the fluctuatine streu."T.S. Methods develo~ed by Werner and Iforcn ( 5), Ferris ( 6)' 
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h/h
0 

= l - P(x) - - - ... ..;, - (l) 

Where h = w~ter table. rise at distance x fro:n river at time t since 
river staGe was raised a distcnce h

0 

P(x) is the error f:.mction erf (x/Jl.¥:Lt) ~ometi~.cs called the probability 
inteeral, eiven by: 

a. = Iro/S = T/S. 

K - Coefficient of ~er~eability 

b = Aq_uifer thicl:..,ess 

S = CoefZicient of storage 

T = Kb 

P(x) 
2 . 

-u d: e u 

Where V = Totc.l Yolur.c of river water i.'1. .the aq_uif'e::::- at til::e t. 

FIGURE 8 

(2). 

E~UATIOI;s FOR EVALUATIHG BANK STORAGE AfiD RIVER WATER EXCHANGE 

. 
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A n:i::ioer of' assl.I.r.IlJtions were r.1:.d.c to sir.:plify deriv~tion o'Z e,:uc.tions (1) 

c:J.d. (2). T'.nese conditi011s often ~:.~e not found :L1 fi~ld situu-t.io.1s, tllcref'ore 

( l~' 
;::)..,,""'ere"'c" 1 
~ ..... ..1. 4,;, I.,,; the ccr.:"l~tc c'leriva.tio:n. of J~he ~c_ue:Cionz. 

T'ne val..;.es of l - P(:.:) e.re obtui.~t::d fro:r:1 a t~bulation of the prcbc.biJ.i".;y inte-

(;I'ai, t>(--) .... J. , a. is calc:.il~.-cecl frcw. observed :'iclc:. 

date.. The ·.;~l:.ies cf 1 - P(x) c:r..d. th"..ls :i/h0 c::=e cleterr.1:L-:ed. f:::-or.1 vc.J.ucs of x/J l..a.t. 

T~b le I shew z c.:.2..c·..:.lat~cl bv severc.l cli:.:~::'c::.~-
y • 

The cc.lc-:.ilc.tcC: oy 

(c/c1/::-·;;)) 

1':no,-m, 

... - ~~,n. 

... ,!, wo--

~rc.tcr taole ::-ise :a c:..1, be 

c..bc~t 

follc~;. If' tl:c :-ivc:.:-

Eq_u::i.tion 2 co...."1. be used. -~o est::.1::te t~1c tot.::11 ~rol;;.,::c of :::-ivcr 

used to c::2..c;;.lc.te the wc.ter t.::.::ilc rice c.bcve r:..ver "0c.ze level L~, 000 feet frcr;:. 

Ar. a:z sur.pt icn 

days. A ":Jettel~ c.p~ro::i:.!e.tion is ::=..de if the stc.se chc.."1ce is broken ir.·;;o z:::.ll 

incre1::ents that. occur over a :-elutiircly sher·~ ti.':le. n is then cc.lculc.tc~ lo~ 

each increocnttl rise and the ind.ividu.:::.l h v.:tl:ics. s.i.-::med. to give tot.::i.l c.q_aifcr 

i'oct 

rice above baze. To.ble II shews the rccults c:f these calcalc.tions. To-t..::i.l c.:::l-

cula.ted rise is 21. 5 feet (flood stac;e l)lus 11 d.ays totc.l ti:i:c t = 101 d..:.yc) 



Rowe Ferrfo 
( m;-,,. , --) . -···- -~-,: 

Ferris 
(k:::,1. 1·::-tio) 

/' 
. C 

1.5 :r.: 10 

·------.. ·-·--- -~~..-..-

TABL3 :I 

h/h0 h/n0 

= e-··"~ (·· i✓ L,~ ... ' ---- •·/ ,.._..,, 
= l - P(:::) 

a, = T/S l.2 
4 (l, = 2:-. 3 X 107 

.... 107 

s = 0.1 
X = i~, 000 

'h ( ·""""'·) J..~-'-' 

2 
2 
2 
G 
2 
2 
2 
2 
2 
l 
l 

r-, .... . • ...... ~ 
-vv~ 2£;. 

t (6-,, ... ) ---·.; - ~-.~~ ·••I I V 

101 0.06 
83 0.0635 
70 0.059 
55 0.0;"3 
51 0.078 
h3 o.08T 
30 1.1055 
21.{. O.lJ.8 
22 0.118 
2.1 0.1215 
16 0.158 

Obcerved ~ise ~bove 
river base 
Dii'f'ei·ence 

::i../n~ 

0 (','.:' . .,, .) 
0 C'·'J . .,, '-
0 01 . ,,;-
0. '.:;.1 
Q G7 

• ✓-

o.so 
0.23 
o.86 
o.86 
0086 
0.82 

= 

= 

h 

l.26 
:.. 31.;. 
1.82 
5.l:.5 
1.82 
1.80 
, rr< ..... ,c 
l. '(2 
, ~,? -· ,_ 
o.86 
0.82 

21.5 

20.0 

1.5 

F:ood. Sta(::= 

- ;;,-,. . ;,., . 
river 

;-;at,er taDl-2! ::i~e c.,jcve 
bc.se, 1~, 000 fee·;; f':.-om 
at flood :.t.:.Ge. river 

Ft. 

Ft. 



. 
J 
I 
I 
j 

.i ,. 
l 
! 
j 
] 
I 

I 
' i 
i 
Jr,;,,,. 
{' 

.J 
~ 

' 1 
I 

! 
1 

I 
I 
l 

-18-

c,:,· ::.."l clcvc.tion of' 355. 5" fee-~) r.1.::.. 1. , !~, 000 :Ccct f::.·or.1 -~i::.c r ivc:: c:~ floe:::. 

0bse:rred. ~1.:.tcr -c.::ble clcvc.".:;icn c.t the well L:., 000 feet 

::.·o:-::. -the river is 354 feet f:!.cod stu~e. c~lcalatcd. v~luc is l. 5 feet 

usecl to o~-· • .:.,.. .. -•· .. I"'\ 
.._~i,.,, ..... i....w.._ 

~.-:; i'lcocl st.:.cc ( t = 90 days). 

,,.,_ 3;.,.,-; l "' 
- u ···--\,;,; 

r~lc. 

Star:.;--::~ 

:;c:::.cn of ~i.lC 

T~ble r--:-, shows the recal~.:;s of :.hcse c.:!.lcu.l~tior..s. 

__ ..,..,.. 
......... w 9.5 

7 
:: lO I 

C::.1-

et.,....+-:-1~ . ........ \J __ 

chc.nf;cs wilich 0ccur .:.long this sec".:;ion of the rive:::-. 

:.hcrcfor~) ·.,., ..., .... :?icure 9 i:i ·C.. C.:.ic..-

c;:::..--::--... :::tic c!:ctcn shcwi.'1G the ::~.:.ch oi' the Colu:-::::i it~ Rive:· :::::o;:: Richl::.'1.d. to P:.--ic:::t 

~--:.::.s FiGurc si.101-::. the i.,~•:o rclc.tive 3.JOsit,ionz: a~ -::ic 

l'jT',.,e "!c•,·.·c·_~ ~~-: ... -r~c ("'4
_,..-- .. ""\r-••-'-""'.-1 •.. - - - ..... ~ -.;,.'.:.. ----~ .. ""'_,,,__ 

;,•,t :. colicl. lir..e) is based on o..'1. c.ve:r2.ge mini:::.urJ flow ra.tc of 50,000 z-~3 / :cc 

~;;iilc t::i~ up]?er stc.ge (re:s,resc::.ted by the dashed line) is b.:.zed on i.'1. .:.ve:·::.:;c 
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River Water in the A~uifer at Flood Stage 

V = __ (_5_2v_co ___ ("'""·?_r;,_:: __ c,) j'f:'"' 

~ 
.. 

T = 1.2 x·~o~ e/~/ft 
a, = 1. 2 ;:: .LO 

2 
2 
2 
6 
2 
2 
2 
2 
2-
l 
l 

Tatel 24 

t ( d.:::.ys) 

90 
81 
58 
43 
39 
31 
18 
12 
10 

9 
4 

ff 

9.49 
9e00 
7 ,..., 
I ,Q_ ,... _,... 
o.:;;c 
6.21:. 
5. 5~( 
4.24 
3.46 
~ 1 ,,-_,._o 
3 !"Ir, oVV 

2.00 

Obsc::.·vcd. 

Differc:::cc 

Volu."le 

lo 4'-r •o7 Ft3 .. , 
~ .1. , ..., ;.-.1u...1.e 

1.362 -- i o7 U ll . - ~( - 7 - .., ::.o II II 
.!... -)) ~= 
2o9G .:.O; 

II h 

C ~L-~ ~ ,....() II II 
,,,, .. ,,,,, .-. ..:...u~ 
o.44 :~ 10\J II II 

- ::. 
6.42 • ~v II II .. ~\.J,.' - ,.,- 7 ob II II 
),-) .. - ,-
:;.,79 l.0'3 II II .. 
? 'YI 1 r.O II II 
-•-1 i;-r l. 5:-2 II II .-. 

(1 -- ' 
·- .L" ov -,, . .::,; .. , -: -, .. "' ~ \., l••---1.03 

c.· . .,,) 
8 ':). 

, __ ,Q ..,.,_.;1~--1~"' 
J.' ...,...., ··•---

---..,-.-_-_-,-c-,o·-,,.., 7-'- j , \ 
. l.:; ... 1.., / r:ii:.e 

::.:.:-:i:l:.ln :flow :::..:.tc of 50:J, 000 ft.3 /sec. 

of r-5-.,.rcr .Jc.:-. .:.: 

C:.i:::cussion is limited. to the rocl~s tnroue;h ,ill.ic~ "~Le erou.."ld ,mte1· :)ercolates a:~ tneze 

T'ne subdivisio::. into ::..·ccions iz indirectly :).::,~ed. en the scolcgic 

ch.::.nc;es whici:J. are s:ilown in this di.!G::::-c.r.i. Wi"~hi1: Re13ior. I tee rccl:s .:ire preclor.1.i:.-:.c.nt-

~1 s~.nds and g-~avels of the 5lacicZl~viatile defosit. 

=-~.::cc in si:::e from boulders, seve::::-s.l feet in c":.i:::.::-:.eter, to fine zc:.r.C:.., only a few 

~tc~~~nd~hs of an inch in di~~ctcra A e;raduo.l facies cha.n(Se occurz "oet--:ieen Rcc;icr: I 
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In a~~ition to the i~crcns~d a~ount ol Gilt 

,,.,,...••o•,-; .. , ; ,... 
••• c...w,-;:;_ -"--M cc-

Ri."1,::old. "oecl..:: u.nclerlyiq; the gl:.cioi'l:ivi.:.tile d.e~csit in R.:?gicn III t!i4 e silt .:.::::.cl 

o:r silt 

:·.:ere lil:e Recic:i. ... 
.:.. } 

rccic!1.. 

c::~c. Fe:::::-

:[;Ositicn of .:~b.~ 3co /\.,.-:"!,., .. _\,,,. ..... 

.... 
1.1:lC 

c.:-.lcc.J.1.:~tc J~l1c t~c:.nsrnissibility for 3e'[;icn I. 

o-..:.-~ tnc C:cc:·ee to which the 

S:iff'icient 

c;ilctc the trar.si.'lissibility fer t:nis recicn ':,".f the Rc:-re r::.ctb.cd., 

T"ne 

III to 

I""":··'=' ...,_ scrti::g. 

9. 

~ .. :hj.ch ~-re:---~ :iscd.. to. 

c.~d by tne 

.:?.!:d G-t::.ce-r~t.io methods of :i'erris. Si:::.ilur c:::ta c.z-e a.Y2.ilc.ble c.."lcl. ,,ere useci. fo-:: 

::ll cf the Zcur regions. 

:E'ig·.irc 11 is a mc.p of t~-ie Hu."li'ord Project s~-iowing the inland boundary o:r the 
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' MILES 
2 ::S 4 5 

LEGEND 

Inland extent of water-·rab!e -f luctua-r1ons 
resulting from changes in river s·,·age. 

Inland limit· of ;iver wctsr movernent as 
defined from temperoi•ure profiles. 

REGIONAL AOUIFER CH,u,RACTER ISTI CS 
REGION I RC::G !.O~,j li i ;-(cGlON m I REG !ON TII 

Transmissibi.lity g/d/ftj2.o x 106 1.0 X 104 I 4.6 .x 104 I 1,2 X 106 

Storage CoofficiGnt ., 0.-05 0.01 I 0.1 I O.J 

.. 

I Aquifer Thic!;r.oss 70 25 10 70 
ft 

Length of Aquifar 8 9 15 16 
miles 

Permeability 
g/d/ft2 3.0 X 10 4 4.0 X 102 4.0. X 103 . 2.4 x· 104 

FIGURE ll. 

:Cn:,,1\IID BOtnIDARY OF GROIDID WA'l'..f!.:..>{ EWCTJJ,.TIO!{ A!ID RIVER WATER PENETRA':t:ION 

I • 

... 

.... 
. , ··•··. 

I 
I 
I 
I 

' I 
' • 
I 

, .. :::u 

) rr1 
G) 
~ 

0 
z 
~ 



.. ----..... ~---·- ··---- .... - . ·-~~ ... 

cc-.:l be ~.:c.tri1:n.ttocl 

7..-:.c c~:clczeC: t::.blc in ]'i~ure 11. shows the ~c.:.:.iii'er cnc.rc.cte:::-is·;;:.cs c-Z e.::.ch of the 

:::'o;.a- rce:;io11s c.ml those vc.lucs L'!.sed tc detc:CT.1inc the total bcnk. storc.ge. A brec.l~-

C. 
I-'~ c.::r.c.:-.rs sic~~ific::.r:.t th£:.-::, of the _.cot::.l las, ~{ 10✓ c·...:..:J :..c :?ec·;; of ;.r::... ~.::: .. 

~'-•• 

~:~::.·c::,, Car:::!i:::; io=: ( 8) . 

.· .. r•·;\··· - _..., ""', 

co::cL-.C.:.-~C: 

siC:.e o:: ·:::nc 0:1.ly 27 

"'"'I 1 , ,..,.c 
:; a.:.:. ~-= .-v' 

dcter~·:.inccl in ·tniz st::t:,:,-·, ::1c,-revc:r, 

recn~~-=ccc r,rc.te1 ... 

n ::houlC::. be :9cinted. out thc.t tne bc.nl: ctor~e:;c c~lcul.::.tcc. -Zc:~ Jene H:.:..:'crd 

Col;.;.:::b i2. River cc,n~ot oc ;.i.::ccl -:-:or 

~1:·C.::cloe:;:!.c conditions pre:a:cnt there. 

l.C:::c:-!L.:2DG:-2:;ll 
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TABLE Dr 

Regional Su..··.:r.ic.ry ot Bcr.1: Sto:::-:::.Ge 3cne:i.th the Hani'ord. Project 

ReGion I Ree;:ion II Re0ion III Rer-ior. 
< "N Totc;.l 

:::..:,nl: s·::.orcc~ 
( .. ,., 'n ✓.., • .)) 

I/'-'-. - J. I.., 2.6 108 2.G 107 6.9 108 108 0 
X X :: 9.1 X 1.9 ;-: 10 .... 

G:-c~1d W .:J.t.cr 
i."1. 3;.;.r.k · Stor:::.:;e 

108 107 108 108 109 (Ye::... in :?t3) 2.3T X 2.3 X 5.0 X 6.1 X 1.37 X 

~ recic~~e.l bank 
~-t,or:.ce 91 82 72 

,..,.. 
72 Of 

1i-:rc:."' W::ter L11 
~~!'ll: Stor:?.:c 

107 107 102 a 
10

8 ( ·rol -· ··:i ·"-:- 3 ) 2.3 X. 5 X 1.9 :,: 3 X lOU - , 0 .. 
' 11 .J..., ,4 V ;, • .:.u .. 

-1 of :::-CGiC~::.l ·,, 
~' ,.. . ., , .. :;·~orr:.c;c o 9 18 28 ~3 27 V'---•"'-1-

~ot:.·l Rivc::.r.· \·lat-
er :..:i l'..cjuifer 

10
8 8 

10
8 

109 109 ( YOl. 
- ft3) in 9.27 ., l.l X 10 3.8 ;-: , - :-:: 2.56 ,,. -·) .. 

-:--,""7'~ .. 1';'•-,1•. -~ 
... ~ .. --'-"--'••\..,,·~-

-· ;\'.)~":.rr-c·::..c o:r P.'.' . .,.,cr~. Int.er:i.:.tioncl Azsociution or Scienti.fic riych-olozy, Vol. YIII, 
22u i!Il, ) Auc).z·;;., 1963. 

2. D. K. Tocl.cl, "Ground 1:·fatc:::- Flc-:-1 in. ~cl.:.ticn to u Floodin.g Streen, 11 Proc. A-:-:-.. Soc. 
CiviJ. Z::er,, Vol. 31, sep. 628, 1955 .. 

3. D. K. Todd, G::..~ou!'ld Wc.te::- nyd.rolcm•, john Wiley & Sons, 1959. 

' Li-, ? • "!:::.. Poluba.rinovu-Kochina., Theory of Ground W<J.tcr !-~ovc;.:::!nt. Tr~.slated f::-o::i. ti:c 
R-..iz::ic..'1. by J. M. Roaer D~ Wiest, Princton Un:.vcrsity ?::-e~s, 1962. 

J. ?. '.-T. Werner, und. D. Iforen, 11 Proe;ressive Wuves i.."l Non-Artesi.::m Aq_ui.:.:'c:rs, 11 
1-ir.:. 

G,:;c~·,::i:,rz. Ur.ion Tr:lns. 1 Vol. 32, pp. 238-244, 1951 . 



.,, 

-26-

R~::c.ss ( contd. ) 

6. J. G • .?crris, 
11

C-Jclic Fluctuations o-Z Wa-cer Level as a Bc..zis for Detc~r.ii::ir.c 
.. ~qui:::'cr Trc...'1.cr:ii:::.ci~ility, 

11 
Inter::c.-;;ic:::.:il A:::soci::.ticn of Scientific :iycL:.·o~.c:,:':.!._ 

Vol. 2, pp. 148-155, 1951. 

7. ?. P. Rowe, 
11

.!\n Equ.:ition for Ez-ci.r.iz.tinc '::·c...sr:iissibility ~nd 
. S~orG.::;c f.::-o:-.: Eivcr-kvcl Flu.ct,ttz..t::..or:s," Jc:..:.:;.·. Gco·.)i.::rs. ?.cs. 
::.~J. 31;.19-3!;.24, Octa be:::-, 1960. 

Coefficient o:? 
Vol. 65, Ifo. 10, 

E.. ~- C. 1~.::wco!:i:J ~d S. G. Br~m, Evc.lu.c..tiar·_ c'f 3.'.!.:.~k Stor.:iEe Alonr; the Col~:-.::Ji2. 
:1ivc:.· 3ct~rcc:1 rticb.l.::.:1C:. .::nd C"nir..1:.. 3~, '.·Tc.:: .. i.::;~ u. S. Geel. Sur-,rey ;-in:ccr
S~pply ?~~er lJ39-~, 1$01. 

9~ T~.blc::: o'f P:::-002.bilitv ?u .. '1cticr:s. Vol. I, ::-aticnal Bureau or Sta.'1de.1:"ds, 1941. 




