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T < he LowerColnibia River ]i30tatie Water5Quahsty-Prograiy (Bi-State Program) has been established to 

¼:~~~~~~~~~~~~~~~~~~g

assess the ecological health of the lo/weriColumbia Riv'er'-from Bonneville Dam-n [river mile (RM),1461 

to'the mouth~of the river (RM 0) The6 primary objective of the program in the'flrst year of the study,#

- ~~sS to conduct a reconnaissance survey of the -river for'develoiiig a baseline for, future studies. 

g t One'of fh als dnlfed as a part of the stu~d is -Taskc 3, 'Review of Physicil and Hydrologic 

Characteristics." lThe task has-been divided, ito~three subtasks to Wecoompleted in the form of the'

following reports. 

<. 1. Report on H drimlic, -Hydrologic, Sedixnent Xranisport and Geomnorphic Characteristics .

- -- of the lower Columbia Rive- - t

'2. Report on ConcepiiialModilthg and. Recoim~endations f o -uerclModels 

',Q) _ - /. F' i I - F ,FF -,P 

5 1 <F13 . Final Taskt Report and Recommendations. - ¢/r~z V\' } t 

1 ~~~~~~~~~~~~~~~~~~~~~~~~- '-. Fl- F- _ 1- ' , * L 9 -

r The inxiial hgoal of Task 3 ~Was to summarizxe the' hysical processes that control river flow, s~dimefitation 

- pollutanit Jading- and transpori, and subsequently, te-fate of pollutants. Information, required \for k 

ThunderstandLng toe h drodynamic andihydaauliac behaviotrof g ia Briver Sas been presented be the first report.

rIlne intent of this second report,is two-fbld. -First, a conceptual model is developed that describes the,
asystem of physical processeisSUCh 'as florw id fate and tramlprvfplutns eod t e conceptui

'N - ~~or'o olutnt.SKonm

_model and thechaog cteriatcs of the lower Columbia wiil befuoed to evaluate publiclyevarMable numeric)alJ

models thatmuot be applied for (RMs0 ations of flow bacid polluthnt traogpor ian th e lower Colmbiad 'Me'

repots w conductwa c a c smm endations fo r applying the specific models to~defined reaches of the river.

e rv 4 F' F. I

On o th cak.ietfe s aprt ofth sd as -Task 3,{ "Review f Phsia an -

J- ' F t - , F 'I .' ',, 'S J"
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-A suitable con~ceptufil'nodel'of ihe Columbia'-Riv'er muftst describe and laccotnvifor the physical procvsses'

- tbat drive a dynamic system suc'h as the Columbia T'he reach of river under consideration for conceptual 

~~~~~~+\7'9 9 , -' -- - Nl 

- modteling runs from the upstream boundary -at theBonnille Da to the er-

N r ood 99 9 a R - A C oorps

tmentein thve flowe rechs ofth roinant oryigin fatesre of the ColumbadRier Mutains CoiumbniaRieis the Colm

largest9<9. -amb-' rver flo. o a o tbe

C naverage mou imestad ent er * lo peak Hsoccricly tke maimums 'Mo ischarerec Noeme a nd Mh alles Dmi

is due240,000,cfsronnJu in the}region west of the C Fesw: Summer ioneas l, July toe Octobears the ulow,

~;t -flood peio fb te lower Columbia ivr toetwer 0,0 nd7000cs acodn oUS.Am op 

-Aar ;rmau dra~ CO)(imae nsud et aflbl. t 1984). ag. -fo is ;~e= by-oth , r k tor. Hydaiiic r

-fevaturs siuchars bacsontiue, to roughess flow belwanneli~e bnDain.- plary 25mpercent rof~i dhefttl rnoff 

la etrngature lofe -th es flw.I the riveq origatesweso the rierwdecand thentinces, iedtx tbefimi-area ian ->

dow CnstLream MODENof S AeTEvG Dam stud lower by tide s, ar bimoa ri flow. Larges. , 9

T floids ocurh duin e 9recr /edpeam- and as to 95 ow 6ut from ave oi, reslopes of t

duail Cascad e r monansI Anoubr flonot el ccursb ithwnersaond RMwwe November and Mcaonel 1973d o f 

'A sutaleoncpta merode ofo the lwrColumbia-Rivernius descib an\ccfn fo th phy1sical j,rocesses'>
r t_ n ^ t , ^ > . t } - > % ilt A 

thpat drivebasdinmi rystaem sand asaiathet Colubi Tshe reachlof risverunder cyothsxeration fo conceptailc>
fen9 e suc as -' bed slpe 99999 muhnss '999 chne9onais lyipratrle nd h

-'FIodein ruma from the usreamrbod undarys at the Bonvil DR m to, bt'durinaverag mouth. reesl -f- 

; / @,,. \ J rl f ' i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t g a ' $ 2, > < , , / w X z t . e o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,'--

.'-2-~~~~~~~~~~ - <9, -> * 

v~~~~~~~~~ - -' t , ab t 

_ y \ , s j < . g Z r Z i i \ > ' 

laget ivrtoe~tyitoth Pcfi Oea nd 9dscage 20,Ocf (ubc pe scoo
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,For the main physica} processes of the lower Coliinbiaa, a general ~cbnceptual-:model faeoi a en 

< developed (Figure~l). -" M~e desired product of sthe' zoficeptuS mel is constiuent trasprt simnulation. t

'r~r i 5- SII hefariale soniqirllcage'significantly atong the,-river, length beas thei drivmg n '

;^ > +) forces var y overthe bvntire study are.'Tosrmodel theriv'e rit is'necessay toidenttifthe; hyscllIy t, ,

t W><similar ieachesanad apply suitable governing equations. A-simplified ap~poach to modeling the processes 

, ~+,shown in Figur I ss nin'Flguri'2 -ffhii sim' lfieddmod'el is usefuliwhen shortei'reaches of-the ?t -z 'river are cosiisdered' 8>1 ny#W> *< ! 6\& 9i9r brX i+ 

Jrl x herproblenm of 'simulating river health requires simulating river flow, whicfi-then has- to be related to + 
> -constitutent traiiipo~i fo eterminain o~f it fate"o contam~inat The level, Iofrd aio fnnf ihodelingssophistication, 

>;>t/;depends~on tejprobletmidefinitibn.; TFori screemtng level 'application, a ioe-diffeiisioia minel might f r 

g <*suffic~e. 4 But forS infor ation Iwith (greaterA detail ~1such as the, spatial ,aild-tempoba icncentration 
;%^' :, 'dkistribution of flows;zsediments,-andjpolltauts",-hydroyn nc,simulationi of highoe'r spitcton(w-,t

9'6 n2 ld hee-dim~ensional mo~dels) i~s require~d i1>^rA f rirXi>tL\^2tJ4m1l 6J>^bt

t.5 ,/,lInor mation on river, flow 'afid sjoloutions to contaminant tiranispokitm~ay ,be obtained by' fou rmeans: -field *> u c 4observations, anyicalS~so utions; numricSamiodeing.,aiid physiQ.a model -ing*- 

,- ',Field 'datae> aemp'fntto any, hydrodyinic study'. r By skillfutdt' ^ cole win ad;aaysi's

, '< > possible to asse~ss'the effests of-variousitphysical-phenoomena such as'tides,/ river discharge, and wind.,f] 
t 9> , *However, obtaining sufficient tempral'and spatial data coverage is often difficut for cost and ligistidalv ) 

I . asrns, t is is the case for' th golumbia River. For,-6iarfile, thereare locations i'tervrs estuary . ' 

th e. ii(r'die iv. r

''A'J (1xwhered e data are sparse in 'Other regions. lndipeidently, the field data that existK

.: f;,,f6r ,various reat~ies'of th Columbia River 'are, i~nsufficient and Fcannot be used direcdy in developing a'>$ 
predictive tool fhr flod processes. hNeverleless, the'aiailable data-on'the river are'invaluable i de g
tA t variables shown pF ' e m. -g the sroier. h elp, in tverification ; >t
' > calibration of xthe~i numericail nibdas. gr<'ladge sigifiant t

!orialytical Solueitprovidrep studyareseant.e To ons and may be iisned cdfsardertof-magnithde pysis and r
b; # 9J -,or studying thitenoslan~d aviorac i u ey of en failto prquvidedet

'A'9 ~~~ " *'¶'~~; IA'6A I " I I / / K

' , tail; and cannuzot acceount for the, co~mplex,^ th~reeilimeiisionalk,floWs that can e-kistvin,.estuarine circ-u Idtiont e' 

.sz $,^ sarnilazeacthes; iandwntr EPduta govenig rqlativet-oii.A-impiferdb aptoc tohoeir g thi e pacese .

99 ishoii Fitee 1 as shovwn' an eot r'ex2fbr simrli m s lh e e hF1 ns. Dis vchag sov X >><9 s on) 4 e f i n spring ' - t'-
' river re cns t, ider. K T 'r li.e w 'A v -i fl ,s

in~he'thAnw4~reriscare ad tei efec

''N
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-- ' upstrea s ieiD m -In addnion periodic flow reversifs, o presence of mNny mid- el

islinds, ind the deep navigiationjl channel give the riv~er~flow% upstream of the estuary a two-dimensional

[ I - I"I if'-i - , I~ -if- ¾I

I .stusar\'Circulation is further, i th I tary by theresece of a salt w n

structue comlicte inth est9 dK an-ay

sand-sfioals an'd~isiands'aiht result" in a three-dimensional flowl structure. -'Ae higher the complexity ui- A
- - upsgeoetre as ond evieDm ine greadditio thperiod w the analytical solution. Numerical man ely mi-hane

gslmeds, and tm epnvgainlcanlgv h ~rfo~usra fteetayato-dimensionali

high level of sophlstication af d accurcocy n ii l bi rntu'redstuaimyubyathe presenc lexoflasalt wflge and i ,a

River. U < x 1 w- ' - 'if

sansNeroals modelsiadrtlom sumple oneedimensional flosto cot lex . ree-dimensionrl models. 

eModels also vary from iteady-stateisolutons to time.ependent models. T ese numerical models provwide 

0 d-,,, more,,detailed, solutions than ,do analyticall solutifons. j nrasd' resolution and three-du'men'sio-nil

apphvlicatiofn resquisret onasniderablecomputrig wi urces.Considering recentoadvalces in computer powerl -

if itwofdimensional models ire imm-eiately available, whilethree-dmensional models are fast becoming i -

t 7e St practa io r hydrodymc studies. r 

Rier ' -?'8 ' if, 7 Kt i Pl ,; '- L 2 

-Physical scale 'models 'have provsided insight -ntol many j processes\ tfiit would otherwise have been

>, tw impossible to explain even w'~ith thefadvances in hurnerical~mo'deling. The 'main physical processes for 

the present study-tides, longwavoes, pollutant discharges, shoaling, and discharge-can be reproduced r
" ffi usin a phsica mode + Cear thenninal variations in currents,^/ialinity, denlsity, andpoltn

us- a p.y-ica C -tA ifn 'i plltat

concentrations can be mbdeied using aphysical~scale model. Because a scaile model of the Colu~mbsa

3,River was consirucied in, 1961 and usidfbr'a niimber ofCstdies ai~recently as 1983 (McAnally et al. ',

"1983), the existing ptYsical~mosdel should b~e considered? for use in studying contaminant and sediment 

irianspon in the, rivcr. Iteshould bes emphasized that the exist~ing modelfis limited in upstream reach to , 

- -- -RM 55 However the Columbia Riverf exh-bit- a less iff-lex, uniforml ified fw 

-NRM ue, mari ing numcal modeling o e this section easier. - For-this reason, as, wellascost limitatio

i t 4 -constructing a physical m odel of the~remaining-90 miles up to Bonneville Dain is not recommended. 

Based of Lheseobservutions; , he fbllowmingerecomlnd ons cantbe made for predictns te flow, rate,

-and transport of contarniniants'in the eolumbiaRiver': ^> 

Model also vay Field data d-ibrated numerical model for e uppel These numerica od rove .

' more detaidThical model an y or-a field s clibraoed numerical r modelo for ade reach-dm-o l

t \ 1 _ ~downtr~eam of RM 5S. f(;SA 

if - K ' -< (^ 6 X r £ - + r 

> R S / tt \ b'if f - x K if 1 -z 

i~~ ~ ~ ~ ~~~~ if if , N ( Sf A , . F 'Fif ( a \r 
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< To seleci suitable nqumerical mbdels, it is necessary to identiiyF regiorls that can be classified~into standard 

N C categories. F6F the- lengdi of the loWir Columbia River under study, three 'ditint regions may be t

i dentifi'ed Gr E zw o' < s a@ 1 N j i _' ,

> q 1-; W ;-~Region: RM O to RM - t 8 ' 3 7 _ r_ 

w >> h2- Intermedia~te'lRegion: sRM 37,to RM 54, ,. 

_l IJ 4 f 3. Rver Region: RM5-io&t _e\r, t\;f 

WN '4
-'t-9 1 ' - - N 4' - E' u ts t8-, i -4t 1_<-. 4-> i 

These regionsdisffer fromnthe £our'segmpnets-preseiited tlE the previous report.'Ihe segmentation earlier -

' was based on te nature of existing data 'TAhat segmnain was done to identify data gapsand -assign - _

r prio~rities-,for future 'sampling iocations. The treregions iden~ifi~d above -,arp biid 6on -lthe 

i hy~drodynamnic Iblehavior'of the river. They represent'regions where~goirerning equaons for flow and 

r t-transport are disinty difterient'and'would require sep~arate models for numerical simulatiort :'r)' t \2 

. 3.1 E -STUA.RY REGION: RM 0 to RM 37H ' *

J \$;i1- ' -I - 'N_ 

-RA river estuary is a sexdi-eadosed body of water which is onnected to the open sea and ismesrbj t

t~ /ddiluted, with'freshater fromlad drainage. -In the' caseof Columbia River, the-esuaryregion is broad

rs > &ompared to the Orest of~Ae~river.' The width increases from a river Zhannel wlidth of about 2, 100 ft at d

RM 53 to a-broad esar of about 4i7000 ft 'in some transeces. , This change i~chanel width c~ompletiy

Changes ,the governing processes'kofthse flow.l The flow in the estuary regon is no longer Soverined by ~
the hydritulicstof open bamlriver flow.' 'Te sudden)bodnn ofwd eue-he velocity and 

i , v v , i _ f , -, .a > J. 4 ,, 4'

/ - A < _ /4. -1>8tf \Ftt>e+¢>l 

identifle& of 1the Iow~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~r Colwnbia 'IN', , -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~raenn fwdt'eue

, R i 1 ; 7 ' ~~~~~~~~~4. 5 i 1 -
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,~~~~ .'nJ ary-egio. RM toR 3 , ~, . , ,. ' ,2 , - f<:

- - / -~~~4

~ '-\-'½-~.~ N N , .7



t 1 W ae cotolldtbyeftidal influence and surface winds, ~well a on r ie lw ¢ 

-, L ~~~~~~~~heolraivr st h b~e n'desubject'of a numbe of inetigatin MOP mae thef
_ folloWing conclusions after analyzing feied data and the resutii of' modeling study by Hamilton (1984):

_(tt v u 42/- 8 Th t iarng 2 in th JeS stur ases inth O riv'erdir ctiondu eto decreasing

t t>l, ts; S 'fai2. 'XJMixing is~greatir,4uring ebb tide'thafi flood tide flo" due thie domnunnce oft ; ,

. ; . t 8X ariver fow under mostonitions."> lX < 

~~~~<~3, | /ilr 6 r.' li egverticail structrefof the-flow is-dtifferetnt for~ebb 6and~flood. ;' ,,s 

g ;> 1 -|> W 4. Estarbydrtili 'tron * r>4 lA j ; aa 
:\ 'J< '6 '. k5. Most of the salt eiiteis',the estuary lneii the bed" in'the northem' diiiiiiel near tie`^ l' t

g j -R t >s; i S N d;ashington shoal and'Ie ae the estuary at middet below te free surface /i}
z Sf/ i>t~e$ w2 zr 'Salifiit -in extend up to, RM 27 during low flows anfeptds tvd)- 

X F A, \ o , e intrsions I , , ind, i t ;<ides. --I,' lr 

;¢ /' r S~h'se irdinis in'dicate a'strong IthreeAliminsionala flow/siruciu~re in'te estuay Jb.e,~ Ise fIa afe%\

(i =cthe flow are 1,i)tidal inflow' andhtida iiievatilon, and 2) river flow and free surface slopei "at tfielupst , ><eam 

bojundary. The~fie strucre of esaiarineflow'v is'controlled by thetbathymetry, and the, ioufiaiej an 
. Wfurth~iJer comt~tdb umbe of~sh6als n islandts<< 2te ; ;|~ 4/,{teAgi- 

7l l X f 58 J 8 plicate byJ a i s an J!" i9 q Z/M'; t_ (I

X n>LAlthoug the ColLumbia River is a complex ihdmni~ non,-ste-yfo eln e~ goerning y4 

'er 1quations of contnity and moentu have teenJde thmabes o decribet hel rive1r, 

ss zr¢ sstem.' Th eie~eral equations that gotvern th~e estuiarmne cruainaesmasevylhn n mt 

. N(189), ap "iichidd WnA r .\,,. ' ,A 4..Q, > 2 tF 

>'"'2 'J- p ,* ,', 7 11 t e*_ , 

> :_ ; wj D ,;1; / = ,, '1> , s / o . -> :.2; 0 i S 5 :V 4



Solutions to these equationls may be obtamned by rLUmerical techniques. To repiadue and predict the 

8 1 ertc~l arition m almtiiy and currents and the vtariations, in the Ihorizontal plane due to btyer n

'-,Abound effects, a three-dirnensional solution will be required -

t y >3>2 tTERMEDIAT-REGIONt ,RM 37 to RM S; r :) S

<~~~~~~. .4 I - v , .I> '> - A\y, 

& S~h mter~nedaze rglon M 37to RM55) sithe transition region bitweetheqestuary 'and the river 
| / xportlon~ofethe study area. In ihis regmon~ust beyondkthewestuary, the flow is killi strongly. influenced by,,

,the tide' hioweve'r, tie verticiii stratification nvo longer exists because salinity is not reported beyond the;

4estuary rigioi Whe flow reversa s dooccur' during periods4of low flow and high tides, in'this region

flow reversal is not as Stg ificant as iti s the estuary. *

-, Nk -, t / - 444 4 

ere are a number of islaeidsiin thm e ob ie rebiynuisuca as TeniAslahe Island,(RM 37n, Puge Island 

(RM 43), and Wallace Islaxid (RM4 49).> Most of the flow is in the navigational channel due to its 'greater 

vdepth and hydraulic efficiency. However, there is atsignifinant portion of flow in some of the lesser'
< \ ch vc snneissuch ashe Cahlm Can;A aresult oi the split ar~ound thie islindi, flowd tikes on k a

Oannels suit as amet Channepl.e Astbathmetr an

'distinct lateral structures. Given the lack of stratification in the'verticalpdirection, the fiully three ,,

;'boudimensional e seanirequations requiredin the estuary maybeimpified veical av 

4, .44.'. 4 - 47- 4% ra 4.4 w _-

-dimensioialquatioisson a horizonal plane., ,

'Me goveng equationsreferred .to a4Longwave Equations (e.g.j , Wang, and.Connw-1975) may be

| solved on a two-dimensional grid., The computations are consideal smlriad he-imensioa 

numerical modelst ideallyN required for the estiqry.- n goigom aireimensioa sur odt
* ^ t \ a~- todimensioa 1 ovriayaveraigeqmodel, rcost and oomputadional comp exity are >

4' /4~~~1na a" fo,~eri '"

* ' considerablE rducIdA However, in M doing s, vertical veloci-y distribution is lost. If re ources exist,-the

. thretgdimensioi" mdel used in the estuary ma h e extned to cover this intermdiate segment of the R

river., mne'meodel based on tw oensional gRvrniing t r itiongismay bew extndod as fuar asn h Bonnriver

tDam, but thesflow in the Ine rriierecan also be reporesentead by hydrailics of op--channel flow.

~'the ~ ~ tie hoev devrilstafcton 'o longr exst beas saint is nS reore b n th

J~~~~~~' 4 i ~ l W .! - 4 ' ' 4 - ,)S:;>v, 

4 9

tkanlr
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T' '3-.3 REGION:,'-RM SS',to RM 14C %~~~~~~~~1' t1

n n the region between RM, 55 and RM i46,. the river demonstirates a&onsistent, and dynamic open -

A.- j i chanel, umi-directioralofidp'The channelbed'slope is co istent and verysmll; -Therier

'r'ls * ,iS either a singlec ohslight mneander~orta multiple braided channel with islands l major

rribuiaries that introduce, additional rv'er flow from the west side of the Casc"deslldi'chage into te N

L j'Columbii River alongthis rUiveariegion ns are determined by relases from -

rr`the-BonnevilleDamn. > I - - - 2 p Q '\K < .ri

I' >1 9 \, 9",v t vt.' I ' ^ , 9 

-C ;y ( ,The equations tha goverute hydrodynahicrbehavio2 of theirive rflow\ i-this region can bebased on

>' K' the more'classical conceptsof conservationofmassadmoentum.In this reac knowldeofthefull

N'< N< >dtre ~inensional flow structure is' not required;-itii sufficient toiuse men-flow quantities in the ,

~] horitontal diredtiot&. 'The single, channel conditioalends-itself best to the one-dimensi6uialimodel

1 ) approach. ,.This is particularly true where no sigIuficant bickwater sloughs or protected shoreline'edyd
] ' R u t ], s j < 5 xl t i '_ , (2s , 9 9 ) ,9 S / ' ''i a .
conditions 9exist.,, In reachei'l ' b9 n lines, the, adk eieniH t " , , -? cnditons exis.i. Inrces of-,single channels and 4continubous.'bmn'lines, the b sedment i N - -,

N predominantly a; silty-sand sodimrs Pollutant material that bindi to fine sedimentsin' r
~~~,v~~~~l V rl I a~ I"s - I 9 

suspension, or t;on h bwil betrpoed'beyond these rbe e.; 'onfiminsioti> n, l moei sn

-7 'N' -ap 16ble towthe multiplchannel conditions because bf flow separation and'limtnations in addressing K < "- - 4;'

C-I ch zornztal flowi mortha one directionunles the model alidwa sbranched networkapplicatin. A.

-Y~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
The degree of modelmg sophistc ion apriatc fortheriver region musube decided,.ot one-. nd -an

r, , -wo-1iiyensioialn smodewsqucon effiitivelasrqtio of iWater movement, seduent fate and

V ; , <subsequently;tllutant fate..'?A general appication'would'favoruse -wof thko-dimemsional model that ,'

;) 2>1 tkt( > ~esesflowq y, but useof @edimensional ni6dels can provide a lescostly mnethod 9,- "

- F9~ ~ of~analysis. I In~ thirivei'region,$,certain'locations of multiple channtelsloi'signifiic'ant'tribtr MifoS 

require'theuseofwoi nsio modela jroach, andy hesamenuniericalmodel 

M methodology' alon the etire river region is important. f1 't 2 j t -/ p t, 

J1 ~ ~ ~ ~ ~ 9~

r~~~~~~ N' > (9R zs1SJ A'P z6)> 4ts\{ r' -* 9 -, a' ( C r 1 9, ' 9 

\ t*/ iC r -~t' '',A1;{ .'9 3 ;tt < _ } - J. 9) - 19.99 , 9 j1 -
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dscharg'lb r T pollutantsare transported downstream by several'

Dissolved chemicals are transported downrstreamlby diffusion' and advection, while settleable solids find, ;

, their way downstream~either as suspended load or bed load Some ,of the chemicals are adsorbed by the,,

bed sediment and are transported'throtigh fluvial sediment trgansport A , _, -,

; There are nuine'rical- models foi, Al three'types of Kcontalrnant transport &dssoived, suspended load, or 
bed load '. These models vary from6the simple one-dimensional tptoeremey,cmlatdhre, 

; dimensional models Themodels" are ',often capable of being' int'egrated- with ,their, hydrodynamnic 

k counterpars. Often the selection of, transport models governs the selection of hydrodynamic flow models. -

1.~~ - i 9 .9 "' t ' 4 * -<>va)ts 

In rver pollution anal mostmdels follow-the-concep tat rverflow drives the transport,
;dispersion, and dilution of~contammnants and contarninaint transport:> Althoug ineedn outinar .

' not valid in cases where-contamiant transport islass-ciated with the transrt of -large amounts, of

, sediment, satisfactory results can 6e obtained byselecting'suitably short time steps' 'The questioris,

f .wregarding fate and transport of sediments and contaminants that need to be answered through numerical'.

.. modeling dictate-the complexity of yansport models chosen , Coihplexity of transport models decides~ thet ' 

rlevel of hydrodynamic flow s-mulatin models to e used' 

;4.i PO Aof"toPIVE PEOLLUTANTTypS N.

Pollutants discharged to~the lower Cofumbi&atare ch~aiacterized in Tetria ITech (I 9'9 ). 'Pollu'tant sources . >

hav'e been assified, into three broad categories 1) Point Sources, 2) Non-point Soures, and 3) In-Place 

Pollutants. Point sources t pollution are defined as discrete sorces, isuchs as outfalls) thata disclarge
directly, into the waters of the'lower River. 'Non-point sources refer to poIu, t ht ee r

[^ dischage into- th livers Thfesloer Cpolutbant arietransortedn downcs refeh by pseerl'utmnechat ntesm -'$

Dissolb ed chmcl ar '~soe dontra b diffusion and< adetin whl s al soid find

J d : I F ; Z t t r, v1 t ? ; B (% X ; I \ ,.'.N * _J



> Z v i 3, the rver frdih dispese-wk~rbs or laiiduse acttvities. Inilc poltnt -r e land based sources r)

> 8/* i' o poluaits (such asthazardous Qwaste sites) Which aycnrbute to hon-point pollutant loaing to the9

A ' tT ^Atotal of 54 pointtsoorces were' identified that discharge .wastewater dirrectly ini6 the lower Columbia

. River v'ia pipes or chaInneis, The type's ofi point -source discharges are ,claisiifld's. 1) Domestic Facilities, 

X } 92> k 2}'Ifdu'strial-facilities, and,3),-A; rculturalFacilities. o esicif a itiesware muicpa wastewater f

; 0 '5,''q + ,t~plnts tat¢8schae treti wstewa<r; ndxuia fa ilities' are private industrial'plants that'

r ! discharge treated proceiss wasite'water, sanitary, wastewater, stormwater_ runoffs,,'or coolin lwater 

v ;0 so 8isAgricultdril fic'fi es,are~ those'dilscharges resulting from pIait or animal husbandry..t^N 

Q 4,, H cNon-point sources were identifiedby sumrzp l),land u'sern counties bordermng the ie,2'vlal 

-7, ;' > polltantdata from tributaries'enemfh rer, 3) availabileinfornaition. on urban storrnwater and. 

f ; combined, sewver flw n jifrnto narop epsition-to the Ioe Columbia'River. i 

Ini-place'pollutans ml teanferl hzdousf easte,,sites and kandfilli' -4Ilieseare indircy t

< bsonnictldto non-pooint sources.r f(\ i 4 r'\>f fX=4 

tt ft/,_ .T~e Purpose' of E`m-odeling pollutant dispersio ,is to predict -,water,, quality under varioues-hyptheticaPlp'

'';} t v itloadings. >Tle~physical'quantities 'of linerest~are-known as water-qufalty-varia les., Ihe inclkude:,t

> 9 > z 4 ~ , s f , 'Quantity of ,dischargeV, \S r;, [w^ !,1Ti t 

t r'; s h> f 1l? tt x<<AssozciatedvtQuality-Vrariables't,~ t <lle 4S> l >Styi9 > )i>/2

@~~~~~~~~~~~~~~V Y7,r~sw|KP >)tb>t Qn
,, ^ <*z;* 5 dh\ tSeS - eTs ,{ tf} \Q 2' \t .- >(1 <( D etW <N v Xf *\ -I J' 

v r x r Fh Gd ¢ ; -K gBOD, (bioc ce dema ) , 4 e 

/g 2 v+, < , r ] X~ > <} f> t>3s tI 12r , t/yt '^

t~~~~~~~~~~~~~~~~~~~~I -4 12 Cl+ /T e;tr 
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h > v- - + ~~~DO dissolved oxygen)- 0- << > 1t 

z e r S ~ <z Trace metal ions r7, , ' -

jK '> ; ,Conductivity- -t 
Radioactivity, f7' NN-N.

II- ' '- S{>Ssr ytl

Oth'er variables include specific toxic compounds or mine~rais ' >,{ , <v r ,

' *fDue to computational, constraints, Inumerical models'are~ capable of handling, some of the variables,-bu~t 

*- not s imultaneousl y The avail able data ,fromn various pollutant surces will be' used, for'cal ibration of te 

/ , models Once the model IS properly calibrated to reproduce data,,'it may be used as a predictive tool for > 

the selected pollutants,beig sctdied. '-< 

E X r ~~ s _ -< \A , - - 'A Fr2Jet_

4.2 -POLWTANT TRANSPORT f

The dispersson of pollutants from point'sources such asioutfalls occurs in three steps: 1) Itial Dilution, 

) Depositomu of Setio eableSotr dss, and 3) Advection Dcffusalo Process s Iniotial Dmlutoe is tth rapide

t 'wbule mixing that occurs beoeenltheuefflu-nt and thesurrounding r ater resulting from the velocity,_

of the jet and the buoyancy inlthe plume relative,nto su undng waters. Followibu gthe initbal dilution, o t

oe plume of diluted pollutant is lcarlyed dowtstrepm by dimdle miss tra sport (advection) andv dilutes f

further by turbulent and fichian'diffusjoin.,'86t , 

The isltia dilution and the zone g f inital ixing have beentudied by the U.S. Environmental Protection 

r¢Agency for regulator ups s*Four- initial dilutibn-'and mixing m~odels UPLUME, IUOUTPLM, *1 

- UMERG¾E, and -KHDEN, which are applicable to point sources, are presented in Mullenhoff et al.

r L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(1985). 'More recently CORMIX has been'developed, as the result'of a search fortai more universal', .

- Thmodel especially suited foro applicationus$is bounded s channelso CORMIX allows1various initialo

configurations of dischlrgebdensity profilesa aAd uiform currents as th imital conditions for prdictronsa

of inithal dilttiond g (U.oS EPA 199n). All these moels are applwcable onls o stewidy state flow conditions

<~~~~~~~~~~ N', A N N t, N 

; > 9 ; Nr } -tt.

!t -- N ' -> gI IA N rit+ 
/, - Agency for regqlatrj purp~es., Four~ inital dilutub~aiid mix~.~0 ,.-~~-iUPLU vOUTPLM,\ i

'N -N~~~~-' ,~~ A N3



t~~~~~~~~~~~~~~~~~~~~N ' ,i 8 ssUt ii if tKw ' v 9 A r ' -r s- r ) > 'v.

After application of one of these initial dilutiondmodels, another model must be'applied to the diluted

P' 'piuiip e of effluent inithe river Thbe plumecontainsdi teddissoJveacontamin a
~") inepiulO C~fltafls dilutd~disso s ,ciis tatfli se agland,, othea r tprtles of

Numefical models h beendeveloped toaddress dof slids from sewa a

'-'4 discharke, \these modelsisolve' the dispersionof dissolved contaminants using-theadvection diffuiii h

r)if > equationiAppfldixA). !SEDOD,'a model based on the method in'EPA ((982) 301 () Technical Suppoft A

l -' DoRw~lXcument, and"SEDDEP, asmodel forisettleable, solidstbas~eonifHendricks(1987), ay be. used in,,

conjunction with flow models to predictntlie'disttibucion of seteabie particles inthe bottom sediments.
j F ( >\- 1 \ ; 9 f / M s rea * ) \ A K ws, d # / A i J L R

A, '>Thus after initial mixing, and after havmg' r h steady-state,-the pollutiits may be patitioned, into & V

'dissolved, suspended; and sedient phase's fo 'e flow transpots the contaminants via these . Lsediment pbase iodeinvnthes

phases downstream and eachi phase needspzo be iddressed separately .in the models that simulate the fate ' '

oif.;othe contami nantsfr 'f1 q - - f, ii/f

Toils n pft,'ia if ,vr syfs te, tsffiptto in [ 2eraspro, it a e a 'i s 

dimensional steady-state condition This approach would p , results fromBonneville Dam

to the-estuary. But c6ntaminant transport around ie mid-channeisllandsior slo'ughs cannot be simulated A

X i aictly with the one iimensonal'approach; a brhnched oiie-dmensional model is tequired.'In addition, i -

a one-dimensional approach would be, ineffective foi simulation of wntaminant transport m the estuary

- K N Conversely, a nidel cabable of simuiatinj co iitions in the estuary would be needlessly comjlicated and
pable of simulating cofiditiifons ifii

, bexpensive for we rest of the study. It cis lear from the extrem'e changesin the river from temouth to ,

'4 B eville thatone numerical mtpel wouldnot beeappropriate for the entire study area -i if ,,
if ,r i, , _' A t'if r if K" if if if if | <+ ? >t ] ) i,

1 'if * '_ The fowing are some of the models that could'simulate contaminant transport in the Columbia River:-'

.SMUOX -s is a plug'flow ohe-dimeniional model that simulat the fate of the V

/ < >;y ~-2 ¢;transprof'toxics axid-oollutants from,, 'point ditscharge 11 thfei'partitioned p4ases ,l >v 
ifd ' 'A;r taner iously (Lf

can bein., I I 1990).I i

t < > ("-- '7 C ifs) if i f zssFd$j 

if tHECiQf Tbis is a COEmodel> capabieofsimulat'ng multiple reservoirs and river, if i

'if-' ififX~ if if sysems. HEC5Qi-canfgenerate only oie-dimensional hyzdr namicsland conservative,

if ' ' SM OX'Th pglo oea mterSTuoityosimulation t 'geratmuelongrn stm'ulatsimnustheate simulate, ' ,"

< - ) ~~~~~f i r J f (7 <' I.2+ 

%~~~~~~~~~~~~~~~~~~~~i V if- y- ,, f' |> ""~l< 2' -I5' ' 'i"' f 4t2ise sr*oo 

"'* ) ^| & 9k transpor toftxics a olluant f pont d s A t p p e 

i 0 f i if if - , - > ' r i , T _

ii > I ''~cnbesimuat~iziu~taeousy(LI 190) f 'I' > '< c '

A9,if'4if 'Th / IA
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- s , HEC6 - This is a COE model capable of edim-enttrans-port,inxriversys ems

N ~~~~'4' ' -. rp'"ba ed od l it

and, reservoirsj Itjis'a ore dimeniiontl open ch"anfel, hydraulics
i several sediment transport solver equations It has no hraulis-as od apa'litwater quality simui'ation cap'bulity.,

'HECSisa' oodminddel foranalysis ofchannelscour.,-.)
HE1i &go for d Jf scu> u -' 2~r '< - ,, 1

4 '444 - QUAL2E, This is a U S.EPA stream water quality model 'It is a one-dimensional model

widely used 'for waste load allocatioins and discharge permit determinations. It iS a quasi- ;

steady model'but does not~have a component for 'sediinent transport analysis.' 
/~~~~~~~' ". '4 4 4. I , p

"-4 f " - A Z 4 f / 4. -'' 44. .4' 'Ik/ 

WASP4 4 This is a U.S EPA=mbdel with particularly good capabilities for simulation ' ' '

r of cdnventi'nal and contamhinant, water quality parameters: It neds, to~be coupled with

-J-DYNHYDE, a flow simulanion.model ,'4 . 2 r ,.
d , g / /} At 8 ^ > > X n t + \ F } \~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 5 4 '-, -"'

In the intermediate and estuary region-,where theflow and bathymetry are more complex; two or three- 

, dimensional variations mustibe, considered. TABS-2 numericalfinii eltment models consisting of:
RMA-2V (w-dieninal hydrod'imj 4 

s RsIA-2V (two imensio ~ yna ) rnic simulation and RMA4 (two-dimensional>simulation of

dissolved pollutant transport) may1 be usedC omas and Mcnally 1985); RMA4, which solves a wea

- form of the convective diffusion equation, has general source-sink terms and can accept up to seven ' 

polluiant substances, which may be conservative oi deay in tinie. Another model that is two,-dmensiona

but layered h the vertical' direction-is PACE (CDM 1986). This is a particle acking mo~dle that'

- f simulates the fate and transport of dissolved contaminants and efflueiit solids ELA is rtwo-dlmensiohal

> ) - ffnite elementlmodel-for mass transpo-rtcoiputtains',;es1pecially -suited for' pomt sources because it -

contains the "puff' algorithm for developing mimti'a spreading of a point source analytically '(13aptista'

- I987) Another code-suitable for the estuary and interniediate region is FLESCOT(Orshi and-Trent

M2)'192)is is a sediment-contaminant model, which requires a threedimensiona hydrodynamic flow,

nmodel for coupling. < , < , I -' '' - -

,For ca'ses of non -poinit sources like the urban and -stormwater stream flows,,thevsour'cei have to be i

, averaged and introduced into standard'algorithms as many distributed point sources or atsmgle avaverage

point source. - Some rnodels are specifically-desi 'pod towco~npute the acc~umulafion.of~wash-solids or. v4

' particulite-pollutants in many storm evnts [e.g., SXIMPTM (Citysof Porft and 1989), HISPFp (,S. EPA

' -d984), S WMMrfU.S. EPA'1984)]. Therefore, depend'/gupon the complexity of riVer-reach~and the

'4 '4-44- 45 41r

A ) 8 J , t , < w r v~~-. ~ -3 4 '



j r t t # _ tf w 1l/; ~~~~~n ic rete, seIgments and couple

, flow,'a suitable polluta~nt transport model may be selecjted ad applied on'disrt emn adculd <

W dr ith jthe~ flow oqdelsS < 9;b\- ts{fvi>> Q, wt-Jr~ +¢A sg\ 

? ¢ > > / 5 J > g r J , \, Et < r 1¢ / w of d e 4 8 + i5;<s o w I S X < j t tI / I *; e t p~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4-~4~ --

44 >4 1 '4. A G 9 4 4> )- A' X 14 'W J ,dtM > = 

1 4.3 1 SEDIMENT TRANSPOIRT, t1 . s r_ S r 

>< 9;7 Sediment transprrt~is atfintbeirad,,pa of a dyia iri system h as a River The' 9

over~~~~a' m4.4'orv'' induces,' 4

4' 4 -~~~~~ t~ -' ti fbdsiet ako eiet

so4'<Ein<creased icobe and bank eoion. An excess of'sseiment tcause~s tshoaling, in a 'manner, such, th ditbe t' 

'uleni 'gy4 ailable>fr,,tr port is always b.anced b i tevi load' e n t

flow a suitaby of polltandeditrent mgoain sizel particles may ae transportedicete segmend oupled'

wsedithentloa od '' 4 4/1 > 44 2 ,' /A jc 8 iif' Nc

A x<>, C

z a k, The study~and quantification of'sidinieni transport procesies~leads to a better under'standing of pollutant' 

teansQpoP~',4.4'"''' 44-:' 74-4 i ustr'M ge4

< t" ) trrt and bed shoal ipg scouring proce~ses' -Coniahnat fro o indus ial and muniipal discharg 
8 X afe~the ater qu~ality~and also the ~sed ietts$Tefl~eable. solids portion of the effuen eo at,';

<N ~~~ffect th am t T entbecmespar

oi i/rto-he bed sediments' " Hubbel-'and Glen t(1973), [anid'kaslil kat 193 97)hvsow fhatf 

, '.discharge from Jth Hanford reser~vation',caused'formtion "of radionucl~ides tat li bnc entaite, in bed f,

s , * aliments zadeedistribsuted downstream bysdm'nttasport.- i ,, t , , 

' -l 2\f|Mafy ch'emi~s md 'r~ace, metas a re adsorbed from ft dissoe isf teit ot fii sedimen't surfac. Studie

^ O'f Ric crtet ial. (1917)onlt'race meW'distributioii-intsediiezits in' Willameite FRiver-and.Yout~ngS.R. x

4;2 personial commuunicati~orl; 20 &kber. 1989) ofi~pollution,,in'sedimnents n-ear mdustrial,ouifallspindicater

if .l>cley;atolttra wttrute en phase cannt be'neglect in i(the Columba River., 
'l One ieasonfifor~ssudyingj sedimien tr spr6sta seste esoln behavo of the 'riv~er; h tta 

. > isuspended load of the'river is estimated at in blo tons/yr lay adGood 19iadushild et aSE<%196, 

; J' t- A8shrwooi and Cra~eger 1990Y 4etoi6 e loJ>is estimated, at I -to, 2 million tdns/yr (Oj'din Beeman. I 

13 ~yFt984). Theese est mates -o not include the pr-esence'of additional sediment'brokughtrdown by lthet mud-' .

Y^ ^ < @' , flows caused by~theMt`St4 Helens e~ruption. * Xn . ' jttE . > ) 2 is < ' t F ; 4 s {>* ) > F!4- > / > e--

About 20,io 33_percent f -the sand transportedas bed load into the'tt4ary is 4rapp< witin e

/ y s ^ > S I ev # n Z § r J rt S> $ r / 49. 4r ; - 't^ 

(A r / , W y f;' k t S i > i a r A 1 q 1 ' % % ' t ^ F > ~ E -44
D > e I j a c K D,; I : - .), , _ r , f

(Gross,19721, Hubbel'd ', , 1 T' '13 ' r, 4Kel , ps a * -'enr|os\,

-c 'CQ 6 r 4-'~~Y v '16' 4
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burden on'mainte~nance ofithe navigational channels, whichted to shoall with-the transporte sand rAn *,

average of 'more thian 78 million m3 of materala i s dre~dged ' very yWa (Clara in et al. 1979, Eriksen and .

-Fong ' 99I >from the 'lower ColumbiiRiver - Dredging activities are often supported-by sei ment

transport modeling efforts to determine the rates' at which the/drekigeE Xchannel will refill wit~h shoalingt _ 

sediments Activities such as buddidmg iJe~tiegsand breakwaters', can cause undesir~able effects, as well as 

-ts . -> , , . ), ,,

the desired -stabltz2 e ffect-s on shoalng Numencal modeling fordredg1ng, jetty, and 6reakwater'

constrnction provides nnseghtoto the effects of engnlneewing activdtoeshonithe flow, and sedtment shoaling

t' N characteristics. Flow is the/ppinary driving force Depending on bed materalL, bathymetry, and flow, 

-the concentration of suspended sediment is determinel by a thiiie-dim-ensiorial mass balance iiiiatio'n for

K~~~~~~ ,- , ¾ r r 

suspendedtsedimfents (see Appendox vA).,tBed load- rwhich has been identified as 10 to 20 percent of the 

* suspended load (Ogden Beem'an 1984, Sheiwood'annd Craeger.19) -a eaccounted for by calibrating

,the model~with physicil data t> 3IVj9 

The sate of the arthin sediment transpof t modelingis ed reveryl rebvand

models exist. Oepth-averaged 6ne-diminsional~models, such' aiGFLO:WSED (Johnson 1982), HEC-6

(U S Army COE 19177, and IALLU VIAL CKart "m et ;1 1>987) have been used successfullyl for pred icting 

sediment scour and transport in river channel flow sectonst Models which are two-dimensional im then

hoizonta pln,-bt (SU s

i horzonta plan,-butverticallyaeritied, include'SDUIH (T1>hb 's and McAnally -085),, and~a, t> 

.'+-formulation by Boer~etaI. (1989) 117Three-dimensional approavcheseaire now~beicoming, popular especially 

in the estuarine regions. Approaches as apple by Sheng (1983), O'Conner adNcosh(18) a 

Rijn and Meijer (1988) are' examples of the successful~thriaimensionai models. Most sediment transport' 

models are constructed to'be compatible With thesr flowhhmodeldcounterpd c thel wl selection of ashoalin

sediment transport model depends sb omewhat on the seaection of the hydrodynamibc flfw modea. w a , , '

t i / t /- 1t < N ' . , -

Co/ct; prvie insgtnoJ th effect-\s of eng-eersg aciiteow' flo an sein sha/n

~~~~~~~~~U- . 2X _ 'te ,J_ 2 I A ' - t N _

f 4z R \ ~I y ,>}biAs / - 'N

- supne seiet (se Appendix A)¢e lod whc ha bee idnife as 10 to 20 pecJtoh
rs 9 r 9 ~~ t rS <> N- .' N-( --\N -

; - suspende4~oad (Ogde Beeiian 1984, Sher>wootand Ctege O), may becounted for by calibrating

- 'N 'fi r Is r m XX Is n /17 
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r tThis section examines the most recent developments in numerical m6odels as applied to estusariei and river 

> ' > systems arnd th2n reviews models that have bee3f~speiicaflyppied to the Colunibia River System.

4~~~~~~~~~~- r F' 'I ' F > ' F ' ' F z{4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4

5.1 RECENT ADVANCESIN ESTUARY AND RIVER-MODELING h w/),T 

\ / k , _ ' W 2o, 2 ? e ;F -' - F,'./

The*most important recent'developrent affectingFhydrodynamic modeling is the availability of relat-vely

w ' / ~inexpensive computmg resources, rnaking three-dimensional numerical,modeling of estuaries as) practical,,]~

>, qt y \as two-dimensional modeling vwasfa few y'ears a-go. For model application's to estuaries, fone does, not 

F04 t havelto resort to approximate two-djmensiona modes. Cheng'ahd Smith (1989) sur ey thelex'sting 

three-d llsonal. estuarine hydrodynamic and solute transport models. At the same tirne, it is important 

- ^ ~~to realize that thiee-diinensional omodteling- is still in its infancy a'ndo t~he da ai requireme~nts for a three,-'., 4 `

dimenstioniii modetiare fargreater than for tob-dimensiornal~muodels. Three-dimen~sional modeling is stilli 

/ S - performed on mainframes and the costs are higher than two-dimensional modtgo lircoptr 

v ; jThe holcebetwen iree dmensonal nd to~imnsional modeling is g'overnedlby avaifibl' resource 

/ re , and the resolutionio'fthiesoluftions'desired're- '^ ¢ f< t< V> L1 

, Traditionalli, finite difference models have u'sed'rictangular grids in horizontal directions for determining ^ 

- the hydrodlynarnics of eituaries'. The CH3D models (Sheni 1989a) attempts to <fit~tlie boundairies better 't 

*/, . / ¼ - ''-" r ,-; F' 'F~~r 

F usig a- curvilineargrid. 'It hasbeen applied to the Ja'nesF Rver-andHamplon Roads estuare system 

S Lk | by Sheng et al. (1989b), and to the study of tidal circulation and'saltmity transport in Chesaipialke Bay by 

* -lohnson et al. (1989) A simpler traditionafinodel (CELC31) using re gular grid to predict currents

i ~~~and sedirnentsdispersion was presente~d earlier by Sheng (1983). ,A fully three-dimensionaI hydrodynamic * 

co~de, TEMPEST (Trent and Eyler'1984}, solves equations(o mss, momnentum, hra nry>n d

constituent transport in-cartesia ' cordae usm fm differens eThis code wa used'b wno;7K

- Tiand sendelsohn (198) tealong wrth the sidlment contaminant model F aESCOT (Oal sht andrTrent 1982) - F

sy_.stems an then reis models that hav be spei l to the Co a Rir Sste. / I 
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to- pemlrahdisperinaalysis 'of the'DartmdouthMassachusetts m l meageKourMellor mb'del" >i -,

''\ 1,11 7i llp ' tdygzdue crcltof comb-eds' sewer lqfosnmam rbuare., , .t 

TEMET~copledwith PAEoupricetrkn Mascuet /ncpl goiff.7emdl
'e t r~;`5 A k T meS'T casouplmd have, a' part alcogt twoidet*oa-dimehsional adyective model, was umed by -

Heineman et al 18)fr~mltn ca outfalls'in3Massachusetts Harbor, '~ 

, II,, n tewentm'lel of theimulates sthnorsdt acu~ fe This nigde i ccounts ftr i,'siniultn, eywus gT
t < I < Ith regiotof sat we an mreasio the'iesinlmdlig osicessre ds btyierymue 

erosir a tion, id ttus- T'hheen i4o ver in' uth twoie

,~tjs e-- Iighyolved mdliavmoroae baisegl siz mna+iyiipiivodlutions TEA-N
{; n wr'- smultaeoul a duevelope Laiangan FinkeEleAfitTcniteuelmn Tbdeiofprive-ndeturre flw~ha 

'w- hich 'works in' a4. freq' 44'-ma-- J 59~,Bu br 4 t lQ 9) 6 'tr

v %d, imeaxntsfonalestuarine aound'coastai-m~dell, E develoop; bjRLBlumbefgcnd, Melloj(197)a, for . 1 .,4

studying mducvd irculati~ii, ofvcombrI 2 yewer 4rflo i4 .4t4- e trib tit/

21 *,< woSimefisoi modvnels have~eitdo amst~to beena~ prieusenteoi thre e-dimensional rvrmo deligsces. Hlyad ',

t ' : ' 'A new-radelofELAesimulatetfrosediments'in estuaries.isnut e Tlhit knodelaou nsrfatianeous '

; M 9- ty not cm neoureas 4 4 to 4a o'c 4 o N i, 6- fo '

, ,th; regl site of thsatwedgmedituio-,thriiqim-een'sionaI modellin unneelssoesareuls bjthapplcableto auce

1 erlosationan Meposinsion cides flcc uate bein aspaosedcomnt'dery birengisnee govaernngequation .ate '> ' '
A2>< h <- ighly eir~deveio nt- -4in'r oruora4), tes varia le' 4 4> 4 4 -

" 'piously used or'id size discusse inathesolu tionssh r

A" z1 5OiV /\ tn Euera agngia Tehnii& flo moe is TEA-NL */0 / r ; "4

4 zhII&L~~~~~~~~~44 tjI~~~~~~A~~a~~~jAL t

ed t > I-.4- '-I > r M B 4,'x4- <jK c49# f'v drevence yMain 1990nk A 985) &f Bumbrealto kiv s9 apine f, thrat -_ _ 

~~~~~~4 ~ ~ ~ ~ 4

17 S;imenloal' vnesuar'ine o and n toaralsdtbdel ECOM 3n-Ddi.....r..al Dy BlurImbdetig~sh ol and Mlo 397,I'

- tdypicl ngoedcirculatiottfucombiried bypewer overfylo4i'chniqries rouaiem.- '9 

-nsitnMof t6,vnd-iehiqi eelpdaa9bl oeio ecnq4 r o 4->''abe t all

l~ation'.',,Mutidime~onil cdei-ca rarelyiq use confidntl* byenginers who kve_'~i Oiftii4at4d

~~j ~theo-dimeeisionAvmodelsyav uex'nisted for amost twor beides Wile' dsussedo ithree-MIir "ssi ectiodes.,4
4 4-. 4, ~ -' 4 4 > 9 .4 4 4 4 4 4 4 4 44 4- 

4
j

4
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NK 9 ( ~ - sc ' 442444, 4444.

444 cura~d toaccont td strtifiatio, beondr
, at ie eifrace o the stuaies s enthe 'alt 4~edg-i~dded 

½' ~~~-' ' 1. *-' ' ~~~~~~~' '~~~44.-.47/949 .~~~~~~ '44

4$- ,~~~~ "i' r~1

C th regonofsal ~yege i sl dfrditei~sonalmodeingt~unecesaryunles bahytetryznduei 



5 . ' \- _ ; t , t\/ / J 

I 'N r- 

5.2 ONE-DIMENSIONAL-MATHEMATICAL-MODEL- OF COLUSMBIA RIVER TO "NNEN

' VILLE DAM (Callvaya 1970)- >ir ;t rw s > ~ o/

* S t /i tL-. 

> nthis miodel, the Columbi'a River from ie Paii ca oBneil a steated as a series of one- 

,dimensional, virticallyand laterially averaged elements The st 'o'diminsional conditions in the 66rizontil'

Il I I -

F 8 ~plane for flowsin the~estuary'and around the islifid arae apprdoached by masof ma branched_,netwbrk of' X4 

connel.ting chianniels and junctions> 1>H$' 

o * I I -' - / ? y 4 > k i

'WLLhePCallwymoCal a(ay97op wa IIiidzsn U. 1'as Gur n' os adCedtcSre

tide table data (IJ S. Dvepartment of Commneice 1970) for flows. AThe pollutant dispeirsionicould'not be

-- aeuteyvrl:"due to lack of data' Considering the'com leiity of the Columbia River system and,

- Sthat computatio'nal~resource'slwere-not as advan'ced in 1970o, this model does a-very~-good job of-repro- I 

ditcins the'flowsand water level at given -pocntsa enthe systemv Itelso simulates spaceavieragi o 

. concentratio~profiles (seeAppendix Arfor equations) ; , 

/ > f \ 9 A / /14 S t ) C *,_ ;t

,'53 CO]LUMB§IA RIVER ESTUARY MODEL X~milton 1984). rt> 

Vertscally averaged ewo-dimensional models are incapable of handling vertical variations of salinity, other

' processes responsible for tidal meansalt'balance, andsalinty fields. Jo investigate/the processes 

~~; < dependent on vertical, rati-fication, suhas salinity fiel~ds'; density cuffent circula~tion or verticl t~idal, -

placurrent shears, a mode wa ' developed by Haemilton (1984) as a part of the Columbia River Estwary Data

'"DevlopmetProgram (* RED) ¢

cn-nThis modelndevides the etnary g a number-of interconected channels, sanular to the modelj, of t n N 

rr;;f =tCallaway (see,'Appendix A foreeiiattons,) LHow~ever, 'the three-dimensioiWa equation's of flow, and 

. transport are onlylaerlliaeagpd, and integratid in 'timie,-,usifig'a forimulation similar to an earlier,
laterally averaged, depth'endent sml canl-oedvlped by Hamilton (1975, 1976). , 

'Me t n_ S t , ; - '%' 2 ependent' n e - : 'a e Ik

T depthN singlnn' model is'advanced to the state where it may be applied to 

hof channels Tha model(rovides for idariable cUinnelS wdths ad depths, allows farn Gows across,sand

banks between channelsUa anment of C nd time1de9fndent formuTas for eddy diffpsivities.ncu ,notb

8 -. t 4 -t ,/ r A ' - s.tt_+k*, 1 4v

j * ' / ; o r ' r - , I , .I .

_ l ,> ~~A , s -~ A >, :' IA jS~ tC -A .: N

. S ; L > > .<ESTUAR MOE (Hailo 194- - - - '4 N-'' -

/ '1 -r N I,-~~~~N1

l~
t COLUMIA r i~>,'.-~-w A0

L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~o 
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90 ,6cmaruseno the model aproimuateos the-imhCens aional atesmar3'64elin~grby twoSurmenyidataA vertlcal)

4') '~4 ~ &anr nel ii flowscopue smtynedi netevastiontesive jts! fre fullthree-dimrensional moes~~ls.ocnim many
10~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~r-A

{ * applhe dato the Coumia f R (1rEsu9Aai h yrdianswr ucsflysmltd xesv 2

ysis rsult oJa'(984) ~ 

5.A -COLMBI RIVR 4HBRA MOEIN YSE (cmAy-t l 18

L'Al r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'

A !t physic~~~almds are ' -m'ited by A2o'limo sA\Nlt6de, incldi ALe reqirmntht ,iya sae

4$ 4"A 4 A~~~~~~~~~~~~~~~~'~~~~&iingjiwl~~~~s fo"eA nAAhnoeaAobenglce ir'r A'acl~tl ~ e"Aucethlonia

'A pocese AT K\aeierilfre dpedn of orzna~eit~'cd)~d-he.rjfii~

AA ~ ~ t 4t-'' K A~~~'A~~ " A 4 L.'Y~~~~',~,- A -s IA''~~

fbrcis (4-end-e'n't on-vertical With scale) simultaneously, ~~~as in the~case'6f modeling~tides and~currinAs+-A 
A 'A I -- A~~~~~~~~~~~~~~~~~~~

in~eitu istoribd model is reSYSTEd.'HM (Mernll, a I.tote LIU.JJ o o alw,
,- ~. 5.4 OLUMBIA RIerioHYBraiDy MODeLInG the otherAhan

-AelsimuatAoi, j'of i'Aoi-dA"heAnmerial'A mdl,'majeuie

A <'Simulatin or~rieionoof flwis for anycomplex hydrodynWatirwsyste hxveriprimSatin bWEen done

A <A-~~~ ~ ~~anatio aausawaq.. mod' e moidel. Bohs etod hv advqtaes ndtimit'eatin.Tieos A

- a uingOhterA.i ntusimar,n# cur rensia1 d frenhisci er ifiA' 'Ahis e

A I' K - 'AlL~ ~ ~~~~~'nrac ee M-2 RFC ad
pThysca umerdl ardel itnited by-cnheictsiyof similltii'deA includint th weqieet'htpyia saev'.-'

A' 'gnializ'edAp A 2V o#v th' -ntgrte -A -qaio, o-fli mas' and 
dirmRA 'Adpt mom'A- -_A usA '

44 ro~nsm'atnki to hrce zomntahenomenation be- nquaetdraticAA' fl'tq~~iins 'th F oel provide
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-estimatesnof wave~conditions over the'ehtrahnce, area, by refracting and diffracting deepwater waves
di "-4 ~ ~ ~ ~ ~ niel ~effient 'mesh sdbRM2 adST

* -- rthrough the entrance to the upper limits of the fimte7 tmed by RMA2V and STUDH-

-x ' (McAnally et ia. 1983) Th& model developed by-Riszo and Viiicentx(1977) considers waves asa'

spectrumof e'nerg'es. in direction and frequency-4 It propagates the waves first shoreward and then along,

shore, over 'a uniform expli6it 'finite difference grid. The generalized sediment transport program -

STUDH solveg the depthgintegratedadvective'daspersion equation im horizontal directions' for a single

sedirnent constituent ;tt>t94-^<'<<rb>t

-Another model, RMA-4) is a water quality Zmdel that solves a form of the' c nvtlv iffuisson equaon>

with general source sinkltferms. UP to seven 'conservative substances, with or without decay, cant be,' >

i > ,transported>Fusing RMA ; , ,' ?

,_ t 8 } p < s { 8 f 5 2 r / - 4 1 "\ 4

Tbte htydraulic&louitdary conditions required bythe numerical models are p'rovided by the physc model. 

The flowv model RMA-Mi~s driven ~by currentuand water-suRface. elevation measU-rements -and jcomputes

the flows.over the grid-using-afinte element method of interpolation' The hydrodynam'ic'data. are used- 

;t t as inputs to STUDH and RMA4 models,for sediment transport and pollutant tranport computations, .

respectively.wtf= f}¢t~,-{C^^t\H 

The hybrid system for the'Columbia River',in'the'rive'r~entrance stud' of MeAnalfly et al'. (1983) was < JJ

verified by comparing the flows and elev4ati- computed by- RMA-2V with the model measurements-

- . Verificaton o ment transport s as done for sizes

to obt~ain~patterrs of shoaling similarfto' ihe'protoqty`"e.- ~In spite of limitations of, the two-dimensionW >- 

- o modetused at the estuary entiawcerwhere flow ishstrongly three f imfen sonvai, the model-resultstwere 

' ' superior to any/othertwbifmen aiidel avalable. / 7 ,

- / . Up ,o sen ~osaie subsance, wtho wihu dea; cn be'sIr

_.J 22 :' > 

',r ,- 4 '- I T ' _I

- . ) 4 , ,'- t 4 4 - 4 s

1\ , 1 f , , | XeI y 4.vare-;suac elvaio mesrm t -and c;mue

4- as innus_ to STD aM RMA moel fo s^met trnpt and ;nollucnt vramu i
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x '. ~ 6.0 RECO MMENDATIONS OF MODELS FORCOLUA4BIA RIVER'SYSTEM,
't4_, 4 ) 4 * f 

- .The &..mbia River Estuary-wh- 4.features strongly three-dimensionalsemnstratified flow at the mouth,'>,
J. igh currents, and many small islando most difficult rivernesytems tomodel,

L - The river systemr'tself may,,be splitlnto three pa'rt's I thgio '

v z ~and 3) the river channel'flow~ region . Although there are many difficulties associated with modeling this

complex system, recently theire have be-en) 'tremnendous' sadances in computing ablixty What was 

coside/ed uneconomical ahddecade ago IS now wiihon the scope of many stuadiest Several numerical a
' / Thmodels can handlemsome rf the csoplexitnes ofpeach of the thre y regions of)the lower Columbia River ~ 

However, withencreasng complexntyo-rhere ISn ncreasunghunreyiabfiltyassociated with mthesle models'

pnless-they have-been built hsperlehay for a particular application., Givvn these lmitations, we~have'

taken a two-step npproach toarecomma nding numeroial mtdelscfo somflantion of thes lower Columbila

CASE.I. CONSERVATIVE APPROA~CH,3 * 1 t lffv2 

}~~~~~~~ V _ '' * (,1 , \.. A - />94)+<A 

'Me conservatlve a soachm s to use nodels thao have alrof d teegois onfthe Clumbia River. ieser

ppr y~~~ncasn uenreibliyascitdwehde~ oes

umodels h ave avready bien verlfiedtzrid tested and therefore are quite r1liable. ' heonly drawback is that,

the~se models may~not necessarily be the most numerically and theoreticatly advanced rnodel available ,and, 1K0 

; ' > nay yi eNer'oneousa 'lutNons if iaadvepy sed beyond th'ea r solution cohstraint . .we'have

taUnden thewconservativepapproach,-ne followumg three models are prosuoseid for appthe tion to lomb

.4'~~~~~ ~ I 
-4.~~~ ~ - - -N { , , , N * . 4. a - X '. N 

riColuer Rivr- t

rE L < # ~I _Ftstuary Region - Hamnilto'n'i` Model'(1 984'),'. 

ate , eg-4 ' -bo1

2' Interinedi n - TAB - ma ad.4nl

4. ~ . 3z / a w R-i s M - A,'1

, > - '; r 4 .' .44 1 -,' 2 ; ' f2_



' - ' In thie-orgnal a plicattonsC.lla la i ,e'lw apple.fr thie entr stecfr,'eBnvil ) '

t >\\ \ ~4 4 t heuiverut Hamilton's~modil i periot ih~eoretida.Wybecause it consl I depth depende' * 

>; and Is, theiefdre a better hoici forte estuary~ However CHaimilrton's model is a cramnel'flow mtode' -id , 

) ~~~r tg>;,f tlie vertical detail is n tecsary beyond teinfluence of the .tidal "prism (R1/ 37), Iberefbrmti 

At '44 - 4~~~~no nec¾ 'ss''re, inth

'l> - bitereate egion, ystem -s recommeried. TAS-2, including RMA-2V fo' N'e flow-.

s mu4ation, should sworkwell in the intermediate, region', which has, many small' 4ands and channe's. ',

1b J Te-ABS-2 Systern would probably be applicible-uptto BonnevillefDam,,, ut application of ia two-" >

> ws + ^ b di ie'ns to nalsstem over a. long r~each 'of 'river ln4y no~t b onomica ^InsteE eon imensina, ,

S >!g fi \ Imodel of Callawayr would be ,? more cost-effective 'choice' In situations such as diipersion of efflue~n't zl,
> ^ ', < fron~a pol t'J urce E ,oer- a 'large 6-s e,- the er~ors in Coa laway.'shmodeI should Eiimsnih

Ho- 'me4si4

# 'S1, i ;relatively quickly. Hoever,6Zallaway',s ) dei kwould, not, yield-the 6ww6-di on aplu behavior", 

<>,~~~ ,,'observed a sertain`-distancfe down the) r -before th'e fl wis-gtcompletely,,mfixedrlaterally. Itis> 

) ;s;Artreconunended'that,' when detailed distribution of thekeffu'e~nt,in'the veriical~or the~hor~zontal directionI ,is 
hI1, -'< rquiredhiiher order mVodels .sc as Hamilton's moeNlorETABS-2 mabe of

Ž4 "4'',, ' t~~~~~~~~~~~~~~~~~t Iy e s d, o ersh r es"

the roveri ginl lrnln t tl n.1A4

- i'S CASE 2~- jSTATE; OETHE A1RT AlPlPROACIHe 1 o,.t,'Y( t 

the'purpose'of the' study is1 tO obtai w best poaspble sfulationsr andif resources anedata exist for, e 
- , a i/t t0/erification e o an'untest6modefonrhe(' we 'CHoluwevebirHuvrthen'astte-o; T be pursuedr mot H e en . . 4 tr

r ,,o-r'r+t( ,> >:tkVP 4 Ap 2x ' XtS< ,1' ^ N W^1f , l "I> 

' the vRegrtdinca deftaailsbioitn cesaytabetymusthbe ipnlnce oi h-outida t thie thrM, 37)'e Tionh modefs nf the

estuary require-daa thatvsho~w'vertical is -las horizontal distributions.9 mSali'ityi tad current poiees- ,

' simwouldtbe requred on open bouiidaries, in place of the ponth measurements sneededfor a twons imensional

+/ >t < ,3mo del histdoes not ase ob~~roblem' forldhe Colurmbia Rive'r-Estuary. A physical;mde of te'

^ Th e 4-TABS-y 2a can provide pr oatb required fromiathepmouth ofntevriver up to RM 50 exists at the -

t ;t > Waterways, Experimefit, Statioh*>atVic~lksburg, Mississippi.'l This phy'sical'modei can be exploited tot ..

"a "b 4 - N 4 '\9 t. '+ 8 < N) , 44 )*)J9\ , ' 

:dimnsioalsystenfi ove H zon of hrna no be ecnmie K nst

<til K moelet ofe Caliaway wudabe ai niote r teffecdavby chenoire In hsitucatio ns suchas dispersiojo flun 1

< A z I t r b X Y ; 1 Q 2 4 7 t @ r 4,4 1 e 44 ~ -~ :
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from~apoint'sourd outall oer a ~ge d~tan~,~ theettor 'in allawy))moel shuld dminis
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-- 2 Intermediate Region -TABS - 2 (Thomas and McAnally 495S 4 -) , -

4/ - ,avt<i L I 

> 1 ~~3. River Channel FlowRegion - SEDICOUP (Holly and Rahuel 1991) ' 

CE136 is a recently deveioped model (Sheng 1986). -This fully tliree-dimensionalvmodel has been furthr.

developed to quantify long-termcalculations and water-qualit ariables in estuaries, lakes, and coastal

N -' 2/ ~~~~~~~~~ 74C' - ~ - N1 

Fowaters with complexageometries and 'complex biathyRier theA timol arying toree-imensional model of

^~~~~~~~~~ r- , S -¼ - , r N t ' 

I '¼, .4~~~~~~~~~~~~ ( I, , 

herecommended. model for the ytermediate segion is still the TABS-2 system, a finite element two-

44t - . Ir 1,J, l 

,dimensional model. The intermediatejrigion-does not require the thiee~dimensional complex simulation,

and the availability of the tested TABS-2 h~ybrid model rnakes the choici-straightforward ; 

4 , r , / N< ' . j. *f * t 

'> Many model optidn's exist m the river region In'the river region~upstream of River Mijle 54, the question

s whetherd,,to applIy a- one-dimensional or two'imensional4 model appioach, The, one-imensio" 4

rrapproach nisxore economical, but limits thie near-fielgd and isolated site analysis. Popular river models-

available include the CARlMA syste'm to simulate unsteady flow in multiple-connected networks of rivers, 
canals and inundated areasi (SO;GREA,, Grenobie, France),' and-tie'D~anish Hydruic IsiuesSV

system 2 te e i a canals. IALLUVIAL, a quasi-stedy water and sediment

routing model for long-term predictioniof water surface and bed evaluation, issalso available.- These thr~ee' 

,-444' )del TNla

, models are ball'onei-deni nal moes i aest in river flowv models IS SEDICOUP,,which iS reported' 

toeve3rcome theRieaknesses of existing modelsEandICdhere toyexistig conservation laws (H61y and)

CRahueDsa991). Therefore, SEDICOUP (s recommended as tlie one-dimensional model for th river length

-from- RM55 upstream toq Bonne~vlle DamX t f N - -- A 'I _\

& deve e to qntiy lg-tis ad w rat in et , lk a' oaS

r, _ , K t ,r i- f '. _r- 25 rs 'K; 2 * f: 

U I ~ , 2 3 4- -4 -, 4- 4J '_



-~~~~~ n to .rfediayi 6f Apollutadlpxi~s > l uat fate, aid a greaer

:-K>UjnumericalI detail .of ihe iwateray flow',,but at greater costfor fieldclt and moe dieopme tha 

1< s one-dimensional iiodil.8 It- s consideredlikely,'howe4ve-tiiat the technical -superiority of, a 6wo r>P>^ 

fs+;) }dimeinsiowil model willeventually 'make ihis'itiets'tandirdlfoi mosdeifng riveir sys~tefi suc h.' ̂̀ rilvefr v '

A /- f¢>channehftlownr'eg'o-n 'of th~elowe'r'Columbia-. Developmient of atw'o-dimensional model su'ch asthe TillDS-f 

[1<N,,system~fori~he'river,re~gionistpqreferie,'provided-'thebudg e 'avalabl,'il i~tr~-~licationof I 

[n; - ihiiirfierical rrfdel, to river management I.ssthe objeqtive. t1 / ~f ]4(R¢\ < r >twgls2r- 

# S!*/#t tW f ! Ge>k r ryr i fo: 

t \ > ' *t i t _ 5a ^i - i n rerA 

lq_, .............. ;io , v ,c>.............................................9 't| T 
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