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- A suttable conceptual model ‘of the Columbta Rtver must descnbe and ‘account for the physical processes

>- <

\

=N modeltng runs, from the upstream boundary at, the Bonnevrlle Dam to the rtver mouth
1 kS “" " to— M i

4 - I . N
' . - L, - ! /’ ‘ )l‘ '{‘ M [ - LI i
v .

{mmense rtver ﬂow is the dormnant physucal feature of the Columbta Rtver The Columbla Rrver is the g X
largest rnver to empty into the Paclﬁc Ocean and* dtscharges about 260 000 cfs (cublc feet per second)
[ ~on average (Stmenstad et al 1984) Htstoncally, the maxlmum dlscharge record at The Dalles Dam 13 \

- 71,240, 000 cfs on Iunej6 1984 Us. COE 1986) Flow regulatton has lumted the lOO-year frequency T

- -

(S 5

L= I “"flood 1n the, lower Columbta Rtver to between 700 000 and 750 000 cfs, Lat:eordtng to U S Army Corps o ’;r

< ofEngmeers(COE)(Stmenstadetal 1984) J PRSP 'f‘ v ‘j;‘ " "
~ r ? T " - '-‘.

. L , A
o s J‘. PR t’t}

\o\‘

- Several tnbutartes contrnbute to total ﬂow below Bonnevrlle Dam Nearly 25 percent of the total runoff | -

N . Y %

’ o entermg the Iower reaches of the rtver ortgmates west of the Cascade Mountatns, and enters the Columbla‘ RO ,
downstream of Bonnevnlle Dam a\The lower Columbla Rrver exhtbtts a bi modal rrver ﬂow Largest r o

¢ B & J " s P A

“
A ﬂoods occur dunng the Spnng between Apnl and June 'due to- snon melt from the hrgher slopes of the —

that drtve a dynamrc system such as the Columbta «The reach of rtver under consrderatton for conceptual S
(-t AR

-~
t

R

<2 Cascade mountains: Another ﬂood peak occurs in the wmter season between November and March and Bl

AN

LR PR T

ts due o heavy ratnfall n the regton west of the Cascades Summer season, July to October,.ts the low:

N
u,» \‘ -
[ ', P Lo “~ “ ~

. flow perrod for the lower Columbla Rtver. TR AR < ey ’r e e ) E
4“' [V f N > t
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-Apart from basm dratnage and avatlabtltty of dtscharge ﬂow ls governed by other factors Hydraultc,m
features such as bed s10pe, bed roughness, and channel boundartes play 1mportant roles i in deﬁmng the B

: :local nature of. the ﬂow. In the nver estuary the rlver w1dens and the mcreased surface area can be
affected by atmospheﬂe mteracttons snch as wmd veloctty and dtrectton and barometnc preesure Wlnle ) -

Coy T N
the entrre length ‘of the river tn the study area is: affected by ttdes, the' estuary is’ most mﬂuenced by ttdes. .

""’r"\.[

L .-

{ \-,' T
duratron greater than'l hour do not occur beyond RM 75 (Snyder and McConnell 1973) N he
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. Flow reversal has been recorded upstream as far as RM 95 but durrng average ﬂows, reversals of v 7
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IRl aFor the matn physrcal processes of tlte \Iower Columbta a general ’conceptual-model framework has’ been( Ty
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- Models also vary from steady-state solutions to trme-dcpendent models. These numerlcal models provrde Iy
L U more detarled soluttons than do analytrcal solutrons N Increased resolutron and three-dunensronal ‘

\ \RM 55 However the Columbra Rrver~ exhtblts a less complex, umformly stratified” flow upstream of . 5
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|slands and the deep navrgat:onal channel gtve the rwer ﬂow upstream of the estuary a two-dlmensronal .
structure. Clrculatton is further\comphcated in” the estuary by the presence of a salt wedge and rnany ) '
sand-shoals and*’lslands that resu!t ll'l a three-dnnensronal flow. structure. -The hlgher the complextty m- -

L

Aty
¢ geometry and bathymetry, the greater is the error in the analyttcal solutton Numertcal models with a Voo

A

high Ievel of sophrsucatton and accuracy wrll be required.to s:mulate the‘complex ﬂows of the Columbaa -
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appllcatton réquire consrderable cornputtng resources. Consndermg recent advances in computer power - '

. .two-dimensional models are trnrnedlately avarlable while three—dlmensronal models are fast becommg ‘a ' S
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b 1mpossrble to explam even wrth thegadvancec in numer:cal modelmg The mam physrcal processes for =)

the present study—ttdes, long waves, pollutant drscharges, shoalmg, and dtscharge—can be reproduced =
usrng a physrcal rnodel Clear three-drmensronal variations 1n currents sahruty, (density, and pollutant ' ;N
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'concentrattons can be modeled usmg a physrcal scale model Because a scale model of the Columbrax
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River was oonstructed 1n<196l and used for a number of ‘studies as recently as 1983 (McAna.llyr et al ¢ /
. 1983), the extstmg physrcal model should be consldered for use in studymg contammant and sedlment ' vl
‘transport in the river. It: should be emphas:zed that the exlstmg model as ltnuted in upstream reach o, oo
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RM 55 makmg numencal modelmg of ‘this sectton easrer For thrs reason as well ,as cost lmutatlons, : } sy
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- HECG Tl'us is a COE ‘model capable of s1mu ng sedrment transport in: nver systemst <

. and. reservmrs It is"a one—dlmenslonal open channel hydraul:cs-based model with

L )
N several sedxment transport solver equattons It has no water qua.llty snmulatton capabtltty -

\ N [ ; v
. "HEC6’ is 2 good model for. analysts of channel scour. ol Yooyt
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~ QUALZE 'I'hls I8 a U S EPA stream water quality model It 15 a one-dtmensronal model '’
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C- wndely used for waste load allocatlons Q“d d:scharge permxt detenmnauons. It 1s aquast- ~
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+ steady model'but does not- have a component for ‘sediment transport analysrs. T 7
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- WASP4 Thts |s a U S EPAs,model with pamcularly good capabtlltles for- srmulatton R
. S
- of conventlonal and contammant water quahty parameters lt needs to- be coupled w1th
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* In the mtermedlate and estuary regnon where the ﬂow and bathymetry are more complex- two- or three-
. n
dtmenstona.l vartattons must’, be consrdered TABS-Z numertcal ﬁmte element models consnstmg off
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RMA-2V (two-dtmenslonal hydrodynarmc srmulatlon) and RMA-4 (two-dlmenstonab snmulanon of -
. dtssolved pollutant transport) may;be used ('I"homas and McAnally 1985) RMA—4 whlch solves a weak

N L

form of the convectlve dlfﬁ.lSlOl'l equatlon _has genetal source-smk terms and can accept up to seven w e

\
pollutant substances whlch may be conservative or decay In ttme. Another model that s two-dtmensxonal
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but layered n the vemcal dlrectlon is PACE (CDM 1986) Thts is a pamcle trackmg model that*
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. ﬁnlte element model for amass transport/ omputatlons, espectaliy su:ted for pomt sources because it i < ’

contams “the puft" algonthm for developmg mmalv spreadlng of a pomt source analyttcally (Baptlsta

. 1987) Another code- sultable for the estuary and lntermedlate reglon IS FLESCOT (Omshl and- Trent

.. model for couphng.
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' 1982) "Thls s a sednment-contammant model whlch requtrcs a three-dlmenslonal hydrodynamnc ﬂow:

Rl
< \f‘f . e . S . RN

ty

-
' ¥ - N
A , J"s vyl o L .

For cases of non-pomt sourcos hke the urban and stormwater stream flows, - the, sources have t0 be

N ~ '"'4 ’! r

PN

pomt source. Some models are spectﬁcally desngned to compute the accumulatlon .of wash “solids or:
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“ parttculate pollutants m many storm events [e g SIMPTM (Ctty of Portland l989), HSPF (U S. EPA
-'1984) SWMM (U S EPA 1984)). T'herefore dependmg upon the complexlty of nver\reach\and the

( - L *Jl ) v L
“ - ~ - Y { [ N 4 4
w3

r

-

\,\‘
-1

‘e A
.

\
D
V

-
{

l
4

y

1y
averaged and mtroduced mto standard algonthms as many dlstrtbuted point sources or a smg]e average oo

A,
Y
L ’,

N .

£ e e Coe L




. . i - l Ty T 7 A, v -
-y R P TN 2T TRV ol . v, e ‘
- Y fs L . D ) <N My ¥y oot A -~ j:r\ L £} N - L -
. ;j Ao 3 fd*fc* bt e ~ l"‘\\’: 1 Ml »\\{, ; - o . \'f." , { PR v [ .- R -.‘_J(
. i o . ' '
D N A A SRR o T oae A a7t Ay ' Y w1y T P S At ey -
e b < NEAY vy Wy = k‘t : f;n» wE Wt M SD \l N v . \ ‘1‘ voe o {,‘
e e S L ; bR B AR o ST R . | .
¢ Lt £y . A ! ’ o v e tov > ¥ R A AN * - £ ' Pk
n . L w7 £ 4 . P s Mot ( ~ ~ EPE
[ A e o PR -} i P l!\[" coon Ty L e i [/ P A
Foo v LTS - e -y Z =
- ! S S*’ PERELE AT Y L_[f N A S 5 ?\kv‘ - o "‘_, » »-J Tea T L ‘\’Cﬁ
L EeT . A e : - b A e I - ' ¥ z"\‘
N B - '\»l
I € ’b'{ 4 03 A ’ I B I RV - 1. \av"f"‘ "]s'

. ﬂow 3 suitable ]pollutanit transport model may be selected and applted on‘dlscrete segments and coupled SR

. ,-czr

PR .:“7 ;(~ . fi r:1 E‘\ P P N toE :' . ‘)Ji
ST _runth the:ﬂow models S SNy }‘} .;;,‘f ’jﬁr,_,k‘”?f: 2.0 r,’/\ﬁ. £ ~‘J.;A L,‘: M 'i L
L s J Py A . R . - . i 7 '*' P . 3‘ -~ r?: I . = ~ o,
~ R ST ! ,‘ L wr " [ (‘r‘,* 2 A iy ﬁ’,—it - o -
. ; LN .\3‘ Al i 1 or]ef- “\ . (\:_, -y 4 ‘}_.:J)‘ [ ‘L‘ oWl s . I X - o ., | i
TR AP P N T B N A TR S I ) y 4
aat P ”i\”x h / iy T Gy L W ? $e TN ~ r

i\— gﬂ:l" J/’,E:E““}v ““,\w ,'\.e , f{e-’c‘; ’._. ;‘; (‘, \; & -“% 5] L. ”"_ l\ ’ ‘\\l -'l h )‘J’f{
WL a3 rSEDlMENT TRANSPORT oo f st e e TR T Ty T
- P e . e [ oo i Ly b . y e

1 LT e 7 @t ' - ! et L -y N . - A » (“, ot L 4o . ’ r..'\ _‘ u v’

L ﬂ,“ s 1“1 i{\ \"i:«f, (‘, L :w,‘ ‘ %Jg NP ‘,( - f;‘M{r, . “\/(L e . g _\r . (Q’* s
. — t"f ‘» l ,:”,,’F“.»(l v\‘h? /. LR £ PN . ‘, i
A e Sedtment transport is an mtegral part of a dynatmc rwer system such Py the lower Columbta Rwer The A
sﬂ"" :‘(\‘,\. xi’ r”i" \1 A - . LJ{ s L . .
C, e e flow of water over a movable bed causes th§ smotton "of bed sedtmenm Lack of sedrments mduces RO
- tf“w“‘ N Rt s N - T
A ’*’g < mcreased scour and bank erosron &n excess of sedtment causes shoalmg m a manner. such that the -
e / . A N ! ~ Fote
S e turbulentfenergy avarlable for*transport rs aiways balanced by the sed:ment loadx Dependmg on the ..
EA T . - L
ooy / ‘ -1 .

BT mtenstty of ﬂow a?d sedtment gram srze, kparttcles may be transported etthe 3 uspended or. bed, - .
LR =, . p "k‘c el N o ’1« f\ - - L
i A :‘1\ [ smlment load Mﬁ /J :’ (‘8’( ’ \s Y hS r" (. A o :\' . j,r fE ’ M\ s ; A El)( tE .\'( ’f" ¥ ( _'*"'4 ]

5= ART O i o N I L o 4 RN oot oy .. P 7o Yoo i ¥

‘,“*\1 J}t(‘t -',‘J‘ y P O A P 1, ‘,f'— SR I'H'“"', T ,:: A . L

o . ;:‘ e pa T “”f;“w‘.{j B ’t Aot ,'\1: Jr;\ Ve 'L\) Lx:{/[ﬁl.,' ; “’1‘"; - t/f/ 1’”1 R ":/JCL\ y j
LR . ] I3 -
1y« -y aThe studyland quant:ﬁcatton of' sedtment transport processes leads to a better understandmg ot‘ pollutant b 3

e ‘\Z; - “ ‘\.-,.J ;- B . AR . B ' oa .
BRI A transport andtbed shoalmglscourmg processes Contatnmants from mdustrtal and muntcrpal dtscharges A

LY e e :
\ RS N . \

e U faffect\ the water qualtty and also ‘the sedtments . ?I'he settleable soltds portton of the effluent becomes part “j ;
EI i - bf the bed sed:ments Hubbel and Glen (1973), d Haushtld et al.l (1973 1975) have shown that f T
1 A4 - 1 " " . \, *® ) v > it
! L : - > ST
A d:scharges from the Hanford reservatron caused formatton of radtonucltdes that concentrated in bed _—
‘,(“”"n“ do e + SR VI - ,fz”"’f .
C oo sedtrnents dnd" ware d:strtbuted downstream by sedimerit transport o AU W L ¢ N
v “’7 L" q tmr: r}’e (‘\ st ‘ "":f' -. ¥ ::"! ?“‘:’\’B o ’V}Vr,,,‘,(‘il“:«c‘ ‘*) ’,‘ "‘nﬁ_( "‘ " { L ,? l‘- :T‘ A, o ‘
; \LL;/ ,: 1 - . A v ,V\h o, e Iy '"y} . )( H\\;\n*.gulql ~ s’_;l \: )‘Jl v \ ; { M d‘ ~ o \lx "
I Tt Cy ' &
Tt ~Many chemlcals and trace metals are adsorbed from the dtssolved state onto the sedtment surface Studtes :
P = wa n ‘ A t
AT A “of Rlcltertret al (1977) on' trace metal ‘dtstrtbutlon m sedtments m thlamette Rtver and Young S R: . a
RIS ST

'c‘.:;,‘ : (personal c0mmun1catton, 20 October 1989) on pollutton m sedtments near mdustrral outfa!ls mdtcate ! N

f \;-« ¢ q - | AT VI S i’ 1 ‘

SRR T clearlyathat pollutant transport through the sethment phase cannot be’ neglected in the Columbra Rwer faowT,

oy . X“r'“ r.,.l“* (h, , ,r‘T \, \“"“/ , wJ. Wl A R , O v

e $y. One reasomfor studymg sedtment transport Ais to assess the bed shoaling’ behavror of the nver The total R R

”‘s» e ,\' n fr S B - g . r

AR ,suspended load of the rrver is eetlmated at 10 mtllron tonslyr (Jay and\Good 1978 *Haushrld et al‘ 1966, ;f T

RN AN A L S "
L Sherwood and Craeger 1990) r'I'he total bed load, 18 esttmated at 1-to 2 mrlhon tons!yr (Ogden Beeman N
.< " N r" ] v ‘. -+

:‘ : ) P C ey . S s’

A “1984) These esttmates do not mclude the presence of addmonal sedtment brought down by the mud A

I:rﬂt fod - I > \: oo - U’ PR g ’/' o
3"“ . )w);f;ﬂows caused by the Mt ‘St Helens eruptton. T T ” ; \{Trk 4 E S "3 IR

- N P T R N [ ST, [ A i ' R N

PPN y J\,\ . ’"PC ‘xr e ro [ g :'ﬁ(,y te ,_\*\\ . oo v .
L . # )_ I )t . . ‘~ k] r)' ‘. :- r . reoo ok , - . o % 7 ' R , ~
L. H 'l‘_ LS r,, B ': ’J‘ :f/; v \H ‘: A >{t»;. q o "’r oo te F f LT

’ ‘, ) About 20 to 33 percent of the sand transported as bed ‘load mto the estuary is trapped wrthm the estuary N

I "t x‘;,(l L_

<J 4 8
~ B ' wf
Iy - ~
; /»* (Gross 1972’ Hubbel and- Glenn 1973 ﬂSherwood et'al. 1984) The sand bed load tmposes an,tenormous - |
[ ' A ! T I — - . -
F -] s | v“ Fiow 4 ~ Te i s ~r y .
{:\,\- e - ”:—E -t il o T’\' < “J‘ 1 7 T -e‘n L ‘-a AV B -\: : \'i * b ¢
4y NPT g ‘JT‘ E7 : LJU}) IR R .f“.,‘\»' sy (9 |\E ' § ~ n\\« oy . . v ot 3 }
" @ - N v . - el T + <y ) il oe, [N Lo . Al I 4
ng S Lol L ' (N ¢ SEE T8 R P Lt B A " ; . o Mk
- - . (- LR » .t LY e i R
[ Y EAR] { o, > 1 Y R A ”’S-‘ “w .. ] o \ . \ " .
{ R TR SR PR i "\:J Tt L wmiee L N pede T RN |
e AN (s » .0t PR VELETTN i, b ” R N ) o p] v,
A UIL T SRS ki ? v = B ot I e R N R - <t A '
P * Yo ‘ RN [ e Y I, TR G STt e, T, Lt wh . f .
wt n - ¥ / % 20N s e, e [ ’l ) ° ! - P 'z - -
o T YT NS e I L o 4o £ #t # LN (
LY ty N {J PR f 1 B e [ ., B & BRI \’ I LK I ‘ ce
f+ s AN \Jn y * . ‘:”rf s AR S kt‘k \—“"M} R PR Lo RN A ) (SR
] - - . - S N r . '
\kl"e\}r\ opp N A A ‘g.?"‘\.\rx( )‘Ir“ ,?'k‘u'/‘ LD e &7 . .7 " e L ! : V“}r /s:‘r" (M
2 o + - - . Y [ouN ' O . N {
- bl Ao I £ . ! L ro PR Al - ~
- 1 -~ > -




. N
- . suspended sedtments (see Appendlx A).fBed load whtch has been 1denttﬁed as 10 to 20 percent of the :

burden on mamtenance of the navtgattonal channeis whtch tend to shoal wrth the transported sand rAn N

average "of more than 7 mtllron m of mzfterlalx 15 dredged every year (Claram et al 1979 Erlksen and
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Fong '1991) from the lower Columbla’Rtver lDredgmg acttvmes are often supported by sediment
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b transport modelmg efforts to determme the rates* at which the dredged channel w1ll reﬁll with shoaling
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sediments Acttvtttes such as butldtng jetttes and breakwaters can cause undesnrable effects as well as -
the desrred stabthztng eﬁ‘ects on shoallng “Numencal modellng for, dredgmg, jetty, and breakwater .
. constructton provrdes msrght mto the effects of engrneermg acttvmes on. the ﬂow “and sedtment shoalmg -
v 7 charactertsttcs Flow lS the ptlmary drt}nng force Dependmg on bed matertal bathymetry,aand ﬂow *

N - L
the concentratton of suspended sedtment 1§ determmed by : a three-dnmensronal mass balance equatton for
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-~ suspended load (Ogden Beerhan 1984 Sherwood‘and Craege 1990) may b be accounted for by cahbratmg .
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' The state of the art in sedtment\ transport modehng ts rthewed by Van Rijn (1989) Several relevant
Tl models exist. Depth-averaged one-dtmensnonal models such as ,FLOWSED (Johnson 1982) HEC6 v
o (U S Army COE 1977}, and lALLUVIAL (Kartm et 1987) have been used successfully for predtcttng
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- formulatton by Boer et al (1989) . Three-d:menstonal approaches are now)becommg popular especta]ly
i et

. in the estuartne regtons }\pproaches as applted by Sheng (1983), 0’Conner and Ntcholson (1988) Van . .

’

SN 9 Run and Meuer (1988) are examples of the successful three-dtmenslonal models. Most sedtment transport‘ L
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models are constructed to"be compattble w1th thetr ﬂow model counterparts Therefore selectton of a~ -

r sedtment transport model depends | somewhat on the selectton of the hydrodynarmc ﬂow model \ S
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~ N A et E - 2
’\ *as two-dlmensronal modelmg was 2 few years ago For model appllcattons to estuanes one does not -
s have to resort to approxrmate two-dtmenstonal models. Cheng and Smrth (1989) survey the extsttng> P
three-dtmenstonal estuartne hydrodynarmc and solute transport models. At thé same trme, 14 ts :mportant S,
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dtmensronal model are far greater than for two-drmenstonal models. ’l‘hree—d:mensronal modelmg s sult o, -

performed on mamframes and the costs are htgher than two-dtmensnonal modellng on mtcrocomputers R
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by Sheng et al. (l989b), and to the study of tidal c1rculatton and salrmty transport in Chesapeake Bay by v
: .lohnson et al. (1989) A s1mpler tradlttonal model (CELCBD) usrng a rectangular grid to predtct currents PR
and sedtment dtspersron was presented earlter by Sheng (1983) ;A fully three-dtmenstonal hydrodynamrc R p
code TEMPEST (Trent and Eyler 1989), solves equattonstof mass {{momentut(n, thermal energy,ﬁand .F -
constttuent transport Hm cartesran coordmates usmg fimite dtfferences ‘This code was used by Swansorde w .
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- STUDH solves the depth“mtegrated advecttve dlspersron equation i hortzontal dlrectlons for a ‘single A

'

’ wrth general source smk terms Up*to seven conservatr;e substances, with or wrthout decay, can be"J -
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estrmateS\of wave\condmons over the’ entrance area; by Lrefractlng and drffracung deepwater waves
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 through the entrance to the upper Ilmtts of the fimte element mesh used by RMAZV and STUDH ‘e ;|

(McAnaily et al, 1983) The model developed by Resro and Vmcent\(1977) consrders waves as .a
spectrum of energres n dtrectron and frequency~' It propagates the waves ﬁrst shoreward and then along,

shore over ‘a umform exphcrt ﬁmte drfferenee grrd The generaltzed sedrment transport program I
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Another model RMA-4 ts a water qualrty model that solves a form of the convectrve drffusron equatron

S

,transported usrng RMA-4
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.
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The hydrau!rc boundary condltrons requrred by the numerlcal rnodels are provided by ‘the physrcal model.

J
The flow model RMA 2V 1S drrven by currentrand water—surface elevatton measurements and [computes
‘the ﬂows over the grtd using- avﬁmte element method of mterpolatton The hydrodynamac data are used.-

AN
as mputs to STUDH and RMA4 models for sedtment transport and’ pollutant transport computatrons
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The' hybrrd system for the Columbta Rrver rrn the rtver entrance study ot‘ McAnally et al‘ (1983) was |
verrﬁed by oomparmg the flows and elevatton computed by RMA 2\( with the model measurements

Verrﬁcanon of sedtment transport srmulatron was done for varrous gratn sizes and drspersron coefficients; ‘
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3 model used at the estuary entrance.\where ﬂow ts strongly three-damensronal the model- results were |
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. ‘The Columbra River Estuary—whlch features strongly three-dlmens:onal semtstratlﬁed flow at the mouth N
"4

hlgh currents and many small 1slands and shoals—ls one of the most drfﬁcult riverine szstems to‘model

T\r'

~ The river systemntself may be spht 1fito three parts

il 3

l) the estuary reglon, 2) the mtermedxate region,

(™

s

and 3) the river. channel flow, reglon Although there are man)r difficulties assoclated with modelmg this _

complex system, recently there have been tremendous advances in eomputmg abtlxty What was

{ cons:dered uneconomlcal a decade ago 1S nOW within the scope of many studles Several numencal 8

[

models can handle some of the complexmes of each of the three reglons of the lower Colurnbta River

0 €

However with . mcreasmg complexrty,«;there 1S mcreasmg unrehablllty Iassocnated wnth these models;
4 vy

Y 4
taken a two- step approach to recommendmg numencal models for srmulatlon of the lower: Columbla
ra N~

-~ + River
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models have already been verlﬁedfand tested and therefore are qunte rel:able fThe “only drawbaclt is that
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Under the conservanve approach ‘the followmg three models are proposed for apphcatton to lower
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iRrver Channel Flow Reglom Callaway s Model 1(Callaway et al. 1970)
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