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SUMARY

A mathe7.atical model of the Red River of the North Basin,

Minnesota and North Dakota, can be. used as a water quality planning

management too! to simulate time and spatial variations of flow and

concentrations of total dissolved solids throughout the Basin. Other

parameters of ,:ater quality can be included in the model with little

effort. The r cdel incorporates hydrologic and water quality data and

the Fiering-Pisano m-them:•atical wodel described in the report "River

Basin Sim Jlation Proarm" issued by the Office of Co:r:prChensive

Plantning and Progra-ms, March 1907.

Given (1) :he River Basin Sixu~atio•i Prograz.7, (2) C.is report,

anl (3) tare of operation-I l iydrolgc•y, otheir investig toe-s c•n study

various cof.bi::i:'on f - er quality r-ir.3e::iont sche.:,s.
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INTRODUCTION

Purpose and Scc,-;e of Report

This reporc describes the application of the Fiering-Pisano

mathematical r..:Del to the Red River of the North Basin. The report

describes pertinent hydrologic factors, waste loadings to the river

system, and methods of applying the model to determine effects of

water management practices in the Basin. The report presents the

model in a for.-, that is applicable to other river basin systems for

which appropriate data are available.

Need to "Model t*he Red River of the North

The Red River of the North and its tributaries are the major vater

supplies for ovar 160,000 people and several industries in North Dakota

and Minnesota. In return, treated and untreated wastes from municipalitier

and industries are added to these strea:-is at various points in the Basin.

Many of the strea::s frequently contain excessive concentrations of dis-

solved salts frc.i natural sources. Even higher concentrations of salts

will be added tr, Sheyenne River and Red River as a result of inflow of

planned irrigation return flo,:s and flushed saline waters from the

Devil's Lake Basin.

As a resul: of wastes currently added -to the systema, the Red River

of the North is polluted. Because of the pollution and because the Red

River of the North ir, an interstate and international strezam, a pollu-

tion aoatc,:.t enforcement action hns been held and the river is under

5/study by P':z'cA'- a:'d thle I.J.C. (International Joint Co;,i~ssion).--



As an interstate and an international stream, the Red River of

the North carries the wastes of dwellers in South Dakota, North Dakota,

Minnesota, and Canada. At the same time it represents a potential of

many other beneficial uses for the residents in the Basin. Water

quality standards, currently being established for the river, must be

a compromise of the desirable conditions sought by the users of the

river and the "practical limits that can be achieved by the best water

management practice.. Determination of the values representing this

compromise can be e.ccor.plishc:d by use of the miodel with greater speed

and validity thani by trial and error or by other time-consuminn detailed

evaluations. The principal purpo-se of the Wocdcl is to explore the

impact of propozed ivcter and related land resource deveouenu - on

water quality arnd co ek.c-~nstrat, tbe civ.ntes of -w:tcr qt:ality

man-.gemi:nt in rcalizing m:nciun •¢co:zý.?ation: of co',fJictiliu; interests

and de,.ires.
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WkHAT THE MODEL CAN DO

Attaining Water Quality Goals

The feasibility of attaining some set of instream water quality

goals can be investigated in the following fashion.

Given: 1. a set of water quality goals that may vary

spatially and seasonally throughout a system.

2. a configuration of economic activity which is

translatable into a set of waste loadings.

3. a tool that (a) preserves the essential charac-

teristics of the river basin under study and

(b) is capable of quickly determining the conse-

quences of imposing the above loadings on the

river basin.

Question: Will the intended goals be achieved with a low

probability of uneventful failures? If not, what

blend of preventive and curative pollution control

measures must be initiated such that the frequency

and magnitude of violations will be acceptable?

Preventive measures may require either a curtailment of some

desired activity or the installation of treatment devices. One

curative measure that could be applied would be to allow pollution

to occur and then to correct the probl e by either scheduling the

transport of waste such that wnxiwun advantage is taken of natural

dilution or, alternatively, by scheduling dilution water.

t 3



Clearly the process is iterative. A change in goals or the

introduction of a new blend of economic activity can be evaluated to

determine whether or not the goals will be met without pollution

control devices or to determine what measures must be taken to main-

tain the goals. The different sc.ts of alternatives may then be arrayed,

condensed, and subsequently reported to management.

Management then can determine what water resources management

practices should be impelemented that would allo.; North Da~kota to

develop irrigation and flush Devil's Lahe as quickly as possible while

minimizing the nunber and degree of violationz of any proposed ozster

quality TDS (total dissolved solids) standard.

S ch&'d rjrof ' E tc Dir ' cares

The consequnrces of ir,:posihg any sev.zon,- distribuotion of r:s•a

lo~di;,gs at ten different sites. in the Basin can be easily evoalvn.te?.

Although the model is limited at present to the co1'ideaeotio0 of total

dissolved solids and instream flo;..' requirc.ents, other clc::.:nts can be

prograze-med with little difficulty. M.intenance of a desired level of

D.O. (Dissolved O:,ygeni), for exaniple, Is cc¢.-:,.onl.y cxprcssed as a certain

flow that must be maintained. Earlier studies--/, in tiun, hovc, deter-

win-,d ri.t mnjinrn flo,..s need to be maintained by sup1ev:'enting nat,,rc.l

flow vith reservoir releases. Ot1h,.r elcutents can be rCJuCed to coopiaroble

terms an, evaluated.

Flushing o.r Devil's latke

Ihe BPureau of -ccl1.n7t1oa' 1 )lon is to u!'e irz - ion return fl ,..,

toieth.-r ,ith dircc it-uPort of Czn rison Resevi,'r e to raise thc

4



levels of the two lakes, thereby diluting the salt concentration of

the lakes; to an acceptable limit for the placement of game fish. The

time horizon neýcessary to accollplish this task can be evaluated by

considering th11 ceffect of different rates of import from the two major

sources. An additional. consideration may be that of storing dilution

waters in the Lonetree Reservoir for maintenance of water quality in

the Sheyenne, Alternatively or jointly different operational. release

schemes for the existing reservoirs serving the Red River of the North

may be tested with the model.

Nan.,cntof Existin. Storpa.ge

Param.eters for specifying the oj'erating rules of rule curves of

exicting and proi)oscd reservoirs are data inut to the modcl. Theose

rules define reservoir operation during any si.mulation run. Thus, if

irrigation returii flou:s together with everflom:- fro-ei the Devil's Lake

CauSe ser.ýos w.ter que, ity p-o-hle:.s, ore Cou•,se of the investigat on

would be to see if existing reservoirs could bc- operatCd, within tbc

bounds of their Cxisting funCtiols ean,? in a slightly different fasrion

to reduce tle ru•: 'er of violatiors to sa:u:c sct ef wuter quality goals.

5



The Ped' Rivc r of the AMrt, I ciuatcdý in nort LII CtrVaol Ulii Lcd States

and sou Lh ccntr~al Cranna a, be c,:IIS a S (I 1i. !age fcc(..i So'm th Dcketa , Northl

Dakota, and Ninnvscta at thO jUnCHM iiOf Via BAS Cic Sican: and O"UnatalI

Ri vers at Waý.hpetort, N. MRk., a d hr"Ika-iri Q, TNin. It co raen 400

ri lcea nor thwcad ntcveri North. Dakota an Mltims~ota through the broar

flat plaint bed of the glacial] Like, Lake P.gas~si z, pa-st theý cities, of

larg-toolicci cd Coal!bc ¼-12 ~ tCl-uad F'' an',sa cl ntcens C-inr dcc i ut

north of Pc~iitia. t. a ol deat tunm rin North iho:

The Basin of thec Red! Riiver!- of the!!-, H is rc aU vA-y flatL. Fast

anld Vvest of the ri .-,aloley',elvtosinsc ;1¾stoary

approanch 1,000O feetý z.1eav-ct:ivrcclat alc;scr

but ti~cre atrtCente .. 1 c~'e~< ~ rE ~aj-ti

the IC. suhcstC v'c-.c1 - a LaC:t!. cf 1 i " IYci]s 1 <

inI the1c atihcct c r a F cc lr SL et pni lic; n~ .ai--- 0, *ýT

po r ticu' an y tlic ffiedp is t-- he ! C, Ci a -lU C a:

ilhi5L rrctLS craa fc I he fQ 1 o: tiFc r Aev: , a s o trt

is aWort a h'l-T feot -<u :1 an tit; Ontd Sates- rnmh

flyc lro l c-clc'

varies froc: a cciccacor al-cu 25 iA.-Iv ii: tM ctvcrrw V: n. vf Basin

to a 1r [1 nic ý C'' - su IC r. Sirý- ii: Cc :- Cprt -f 0i:1, 1c

cvopaetni-rrtc- Ihithc :,- 7.. C-c- . :71. ý*jj: ) .- La2it

B"sin to thec- c>.: t t h ti h :-> IcW f1- I I s- Ž to. ni COlt C:

of dcc! : i'~ ~Ltt:ncx sa ... J -iI
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recuri (912190 in 1950 for n:~upe t 95,500 cis xitei-. the bOkunIZY,

represents only about 2.4 cfsm 2 runo f f -- con.-.idocrbly lo-.er

than thie 10 or more cfsm runlofF Cos110an to the iitore hutlid regions of

the eastern United Strtc.F,.

Highest flea'. co:r...o-Ily oc'cur dui-r rig the sprinog, in enarch and April,

from snow and ice uLelt. Hligh flows.- OrcurI also OLrit2- tho nonw.inltcr

months as a resul t of storms. Po odilng, co..zae.n in the lowe-r rechesic' as

a result of thcse? high) flows, is CckI)oLUnICIo during, the spring 1w r iod]s by

the progressivoly northwa-%rd thzw;irg, of snow. -.n3 ice as the winte; cid

The lowei, north~ern reach of the river, blockedi with winte-r ice is

incFspable of conveyincg, wit hoolt flo0Cdillo, thn lag fe esult ingý

from melts of theo earlicer thawi.%. so Ir ct n fteE~n

Low fi o-va occ'~r freaqztntly in thc BI~hin erCi er 'nre ydu '

late fall 1 ud dvirin,; tieo winter. Sc-&ie. sal l strc xr.' £ , un rfllC.s I21?td

by rezervuir rc leareis , ecras: to fic, ei ~r~ ng th~e wf oter teta.A eecsc:ip-

tion of flew-. charricterist.ics , iwainliw, 1- tiir~ip~btw an.1 flc-.: anrA TDS

concuntraL ioa, is provi d rdl forsecalarer ii 01 the s~ t ied~r

the rniathir: a-t!ical vo,,A: of the !'--Fn.

Thirty perccnt of tiic aver-agýc flc,.' iin ti,,c 1ýd Ki~v,: ocf thre NeatL1 '~a,

E!-r aron, CantcI;-, p.!ss-s thrul-CU ch to u ue of rese ax airc on t

tributarics. Five r'SLravol rs nt htr c ill the B iwith Is to-cr.I

Capncity 0' over 2 vill ion ce-et prov-ide -o:iv flord re i cf . C(,, i-

s ircrat ion of w.-t cr qua) it ) iin tl: o,-eja'r on of t he-.e Iyea; 'Ic ilns co-oI-

make- thc-_ f£cct5y tooel,, for .c .en of ztat-i: qua)i ty in the riv,' a

Tal. le I provid~en in for~a tloio on these reye Si-VO]rs.
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Storage and ope~ration of Five Peservoirs,

RESERVOIR YS

OM.' 'ELTL
OTIERTAIL R. 2 0, It0 0 0.1

LAKE TRAVERSE
BOIS DE S1OUX R. 137,000 2.5

LAYE AS!1TJ'A"0JLA
S11EYE"Il"E R. 69, 100 0.9

RED)IAF
RED P~KE R. 1,905,000 6.6

110.11 21
SO. BR. RA~ . 3,550 0.2

ORWEL T\E~Y AS 1 , V)j; UiA RE;)W7. i

OCT 0.691 0.1;1.2 0.5615 0. 5!;9 30,)
NOV .635 .4 12 .5 G0 .54 5 300
D1:C .550 .412 .5 6 .540 30-,
JANN .1150 .412 .5'10 .53,1 301
F Y P .300 .412 .510 .5 93 300
IMARl .200 .100 .5 0 r .52?1 3 00
APR1 .156 .900) ý.s 9ý5 .51,5
MAY .20-1 .500 .595 .510 1 L",^
JUN'ý .230 .41+0 ()OD . 5 67 1.
J~LTJ .2~0 .40 .600, l' .50!136c

A(-'.1-110 .41? .600 .557 3 F0
SEP .530 .412 0600) K)

NO'Ji,: }'~icv s -rc, pro~port ion OF t~t,ý .)Cz~~I to b .~~lc

tllrn;:- for En : JZc':.vrvoi r , v!)ic .11 Ir t onlit ly d .f , ill c?', c 1*(- t

L



Although wany tributaries contribute to the flow of the Red Rivwr

of the North, those from Minnesota have a greater impact on the flow

of the river than those from North Dakota. Information on major tribu-

taries is provided in the section describing the model of the Basin.

Other surface water features of the Basin include many small lakes in

the southeastern section of the Basin that drain to tributaries of the

Red River, several small lakes and "pot holes" that offer no direct

surface water contribution to the river system, and the closed Devil's

Lake Basin that, at present is not continuous with the river system.

Planned water resource and land developcant in which irrigation return

flows will be routed through the Devil's Lake Basin into the Sheyenne

River will have a major impact on water quality of the Red River.

The plancd process of routing water through the Devil's Lake

Basin will be accomplished by diverting about 750,000 acre-feet of

water per year from the Missouri River to irrigable lands north of the

Basin. Return flows from this irrigation, although expectedly high in

mineral content, will be considerably lo*:cr in concentrations of dis-

solved solids than water in the Devil's Lake Basin (concentrations of

TDS generally exceed 30,000 ppm), and are expected to "freshen" the

water in the Ba.s.in lakes. By controlled -eleases of the freshened

lake waters and Garrison Reservoir water into Sheyenne River while

continu.lly adding water to the lake system, the lakes are expect'd

to be "freshened" to the point of providiug a beneficial habitat for

fish and wildlife without seriously irmpairing water quality in the

Sheycinnn , and eventually the Red River of the North.

9



Water quality prob~lciý ;ire niot I irite~d to) tile IDcviisLak 1azon

in the. Red Fi~ver Basin. Concecrtrat i can; of '±'1)t and specific ions such

as chloride mid sulfi!te frvcj,%cntI ly xC(-c- (ILr irable lirdits inl several

stre'u.s inl tlcý Bas in. 1hhil;1 cwwtiiliý I i on;, of' sal ts in the- streav:s arYC

aIt ribUtabi e prirh ri ly to- ':,c 1111 ily. c;.iUo of theC Fglcizii drifts

and sonclstcn,n throv:)z vhtichz t he ter ! past or fro-m wqhich they )eceC(ive.

grounc'vater flow. THis is e:o;d iby h1igh evapora1tionl ra`teS ani the

addition of zunnicipci and inr~hstrij wa.jc to the strceom.s

Appro-Jv-7itely 23 mrcl (-ni li1Aon 1,;ellonn- pc-r clcay) of vItcr vyea

for znii:. u,)ý,Iic:r in th.sa R:O L,*ive of the NorthI ~aj in j 9(li

Of Liii s, &c1.15 ii;d v Carie mad frc:c vfecvec sou-,Ccs ; tho

rcsar.indcr ob ctainrc l : vi V1atcr for in'sti1t~rC~i o ji to

aboutl- IS vgd --nd io edit a i c." frocr vel nr3 :;-v-pjiac~lics. All

ad~t onl 'c½ntof w:tc r , P'bout. 40 rdis wi deafroc stirt:ýF

and used for cvolivg purpc-.ci. by scvorcl thLcev; --clectric p art-ts.

Poll iLi on

Fed Pivcer of thec 'North a nc? in-y Of i t.s, L r i lwt' Lic-,ecr c

V!AstLL3 frc.. fcur,. te~esu-rer-l b,'Ct tc Ills, pot aýto w'

plazntr, ot her indius tries, an1 ri n m cpa Ic a hVei C; ri

eXiSt-114,, Ind potent iaL. u~,eCs of 01.tLws v'at cr scrcslea cz-o of tI%(!cc

vwnstes., theafiSnne fj(rcr'ckztjy nre, ILI,' in ll I,!oVC-J o :\-.Cen alln

COl't;,ili C.;:C~c.-.iJ~ Z, !, t'; te Of dissl'lxI-k! ,; Eli-.J~ L.cl Lc,

and ptahoy, ci 'otnic s': a ; It, tt 'a i.st zceccive C1,o

nbc :1-- Lrc.t. a cit bai.it is a ý fco:. ipl t, c OC

10



&!

adequate safeguards to health. Also because of the pollution, soe!e

stream reaches are devoid of fish and the water constitutes a health

hazard to persons participating in water contact sports.

One coniplfcation of waste disposal in the Red River of the North

system is the lo:.g winter period in .hich ice covers the streams.

Wastes generally are held in lagoons during this period and released

during the high rLnoff period of the spring thaw. Although flows are

high at this tir:e, the water often contains high concentrations of

dissolved solids. The sn~ow, in melting, picks up and transports

saline residues fror.n the hLIId surface and stream banks to the receiv-

ing streams.

At the re-uest of the Governor of 3,{innesota, FI-PICA began a pollu-

tion study of the Red River of the North in 1964. Efforts are boing

made to i.Iprove ".-ater qualilty conditions in accordance with reco, ,enda-

tions of the co:'ferences. (l1,feren:c to Con.e.cniecos In the W-tter of

Pollution of Intrstate Uaters of the Red River of the North, Sept. 14,

1965.)

11



Background

A very genc-ral a~nd fle::i ble package enlt Li cýIi, "River "basin

Simulat-ion Progr-:c:a" j/was, used in t~il ,. study. It is a' Ss--ris of

prograiis wliich azccept ceartaWn Iziwld (of datan. Vic paclkngc' enld tihe-

data at te:upt to :Cipture the pert irc~~j underlying; bc!davi or or chctrze -

teristics of thc: prociess(c~s) being, investigatoed. This p~ec;-iige, and

dat-a for encotber r i\'ei basSn would, zl.g ýaSn Ibeco:.iv the~ mode I of thlat

basin.

Briefly, the infori t-IS (n1.requi Srmev-ts for tie Rec' own-' or tie,

North tiodjý inc 2:dc, data on (1) hi!t oricci] f o;-::a Za g : statioSear

(2) geo:-.etri~c czrat-irn of ru:crvoirs, W:výtL 1.: 11pzic'tf5, ~ i~V'

usrs ; (3) bick- rv-xi ccl atcr ctualiv y rv let ccsi~ ; Vf) cx:.: ace at:

da;:aiton; (5) ; itu:5 ea of imatr u n, va cc inpq , endi,: rrYwdor

Volunic-s, n (6) iet ehc.lln e'd exrar1?Ac :. piact ice

T'hF obiocV': of thIis S pr isqC~- tod;caol .5ep:u:ve

the sztatist ica4 r!ie Lc ctics of .iot liy ,,Lcl,. 7 1. ' ai h Y

concrtrtt i, cE total di SSl ,oi~ l i'ci- t hi oi,!u ~'t ti h : t -I SL

portion of t he FA 1ii var of the No"s I h syp tea: Cu. pco`i F. - ' e:- 3,0'10 1

of river disw n• *:-ý !;0 ,093 sT;uro ribs. Tic mm`3 tont c" Ad"v U)

matunra swrc. 'fice, (2) mi: stfin, ici"r veirs zp I t~wir ncý cotrn c

plent 1); act .aO . (3) C:j l,,c O :t



A. Ilydrol cgic

1. eneral

The hydvologic model. was decfina~d by flhe nonthly

flow data at twelvec gzages located throughouit the Basin.

Ten of the gages are locited at points whcre thcre has

been no flow regulation; the other two gages, at Ottertail.

River below Orwell Dama, near Fergus Falls, M-innesota, and

at Park River near Grafton, North Dakota, are. affected! by

regulation. BackrOutinZ a pcrforiaed on the data from

the latter two gagen to restore tiicm to thec naýtural regi~mv.

It is our aSsuLMptiOn that thec systeai is sufficiently

dcscribedc by (1) using the, tvelve F~gcgas to deafi nc. the

Basi n-wide hydlrology, am! (2) suporlinjo.Sing on this all

flow regulations consistirg. of (a) existing, reservoirsý,

(b) cxisti ný nuni espal and induntrial- O..ivers ions and

return flows.

2. Gag;es

Sho-wn, on Figare. 1 are twe.,lve gageIs consloidere to be

(1) sufficien~rtly rcpresentative, of the various itiu

tions. of runoff characteristic in the hasiJn; 'rnd (2)

acdfequate Iy %.:idCeSpread( aIS t~o captuire tho. attcnkdant*

rc--i onr 1 spat ial Correl a ti ciw; tint exi st . Shown,71 al So

on Yigurc- I ire thy areas of ungagecd porjt iro,-s of thc

Basin t hA t z' r proesn tedr by area I trannsfor; s (adjust ed

In no:-' e i;.nc by nC. y i eld in forr t i n) . Rou"gh IIY

65 percent of Ll.e, total. erc a 110s nt fgnj:Ud
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Record length between years 1941-1960 was chosen to

(1) reduce the effort and the associated errors, inherent

in record extension and backrouting of regulated flows;

(2) be representative of wet and arid periods, and (3)

provide a period when each of the twelve gages, save one,

recorded information. The data gap, located at Cooperstown,

North Dakota was filled in with graphical analysis of an

adjacent point. The mean monthly discharges and standard

deviations for each gage are shown on Figure 2.

Using statistical parameters derived frooi the rontbly

historical flows at the twelve gages, a tape of two thousand

years of operational hydrology was prcparcd for future use.

Pertinent input and outpul data are available oM requecst.

A brief description of the teceLIque is provided in thc:

Appendix.

3. Systemi

Shown in Figure 3 is the system of components used in

the analysis. Note also the inset table which dcscrilcs:

(1) each coerdiie.tc, (2) the supporting drainage arec, (3)

the gage used to define the inflow into this coordi natc,

and (4) the factor ueed to scale thi flow at the gag•. It

should be clear that the 50 coord-i'nates shown Wore .ore tOh.wn

enough to definc the systcm. It would be potsible, a a

later ti,i,c, to c:-qpni- the cur'ent- systtciii to Incorp 'rakt-

more wttstc sit(r, tc, t points, and daw.,ites. At pre•t,

trce:_72ndou,.5 flc:-ibilily it. inlýh,,r t in the sy~.tcit.

I 4
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TJa*31c gI is t.rt~i nnt infoxr1,-Ation for Unho five

exis LŽ. r--,c C:voi is in thc! syste ix 1--cIudijný thle f ive,

WEt cf iecrwoir opynotij rutles toed in the :irw-ys

TIhc E .: I ru 1± c. itIor itlna cor tnis pooI lve I

(cxrc-i~e'Psi pcrccoa'zqs "cf ~c4%.city) or al ternativc-ly

stipolatt. a ccit. tsn eirrft. to bct i,.nle duxinr thlat tilse

per tcf:. Ahir info'; Li on ifns G"AN5 iv n U * S. Army

Cori): _)f h'~ ~ rs1cp Y !, -1

5. Voii~ o; f tic ,ý. r o."n

I:e1c:'ei trc.;l Iratcf m' rout(. vc .m:.thl~y f w

tlic: t-SlvC jc. thncv' rw imervc~yP &IT P1 S c.0:--

cv!rr:-.: S-*, Of & L'.- ýt for vl~rtri . -. - ( ,..

v 0 11 r~. ci ':;rc is 05> on ý1tr t IC.Ia t¶ ý' ir 0. c~t to! :

c St i I e to I c Ft r c,.z.0.,-! Z'. 'J'i)C CSLV!.týLlcu:s e

Vol, if Yb ti- 00o1 in 010c f 01 Icy! 1.. c:. Ný a S.

Ewr'le 1 (1904-1950) INHUr, this pc !iC., tlha solyc

ill the oyt: vs t Yd J~

11 ino4 ixo::tI cC': 171-isoi of

( cu r I1111w's) o~s:2-: .

Lion, tho': 1''.O y tol I

f (,I t I; I - .rs : .:' ~ ) C
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Ex,,;ýp]c 2 -(1951--1960) All reservoirs vwere in opcertion

during this peri-O~. Shown in

Figures 5 and 6 are the coi,,pari -

sons of the- obsirvc cl rionthly or

at the Grvncl ror-,±s and El--c~rson tag-es

with thone( from thez noclel rt the

Faai locations and, for the saio

ti:,ý pel' io½.

Figcure 7 prc ce-nt~s theob;rcII'f

ir.ont~hly 0110i1-16) i n

tacirdclcvi,-tioi, and t1.cir rc-

~c-C3A" ~ c~cl cC':~c~jJts or tl,.2

thetarco. St'e dlo it-,rc'g:c~b

40,20C1, 30,100, t:d6,F.C0 !cc'-rc

mAu i. I c s ~' Ir r) 1 1

of the cd:rcia~rQc c::

for the p; rl o '~ rccod-:Lii tiicý t

proeduc.rcd by tll ý e for a 1,!u:

of vtrate.L(,c po5.nt~.- in th- vy. cc I.

6. Conic Ivf-i on

The bccccn : rt"Icz'c fi t i" 'I."(! avtl o r- <vcc! f Ic c,,:d.tZ

ismpli (-z- th AL tli- trc'n xr. i : II Ioztin 1'"., C ' t10 zr%

val id.
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B. Quality T 'otal. Dissolved Solids

1. Natural - Background

Presented in Ii gure 8 arc the local bus c'f six. water

quality wrlif.t orb~q nt n taton:- from it a i dz'tc xere cubtZ~iin1.0

to define average vantly cocuncnwrati o - discharge

relatuons!hips. Shor-.n also are th~e areas w:1uich are

assumed to exhibit aimilar leaching and disciarge bohavior.

The pcrtinc uzt coeffici an~c for theserela lonhi:ar

shown in Th~ble 1ll.

2. Eitn a~ oti-

Present La.nic~r I ni iutcustri ::l (rtaeca swr et)

divers~ions., icicOLe s. turw fin -.- r1Iocrh, for t::. V->

Fargo, art? ý Ir:)hc. l-i- CW ~ arc s~hot?-. inl tIsIV.

Tiic pollutinl fro-.~.ht n [c ti~c no.e-, '; c

3. Verifying Q;i

For- the~ yccrs I tC-i93 I (cs 603 :.1 C F

wore- rcecordc.I eat LiC~c't, Fr. 'o, cc 0 Gran:s !is' ks, WNc Ac k.>

The r-ode) tw:a oýrt o: tica.pýio of ecr S.c

iii F'i gu 9 ar' ti~c tW v..ii:,:- v.ciW- ' Ll: :

+ onea. it. r c!.:vb cti5on, c.Jft;l ,YsI. CC t(, V.2:

Lisbon, Fart c, Cu c ch u -g'&10 tti~c e.

Live. pro''<c lily clc ,;'s o- Ole tit).-c "hpp'5(t ~.{~I



TABLE II

Comparison of the Observed and Coi,.putcd Mc-an Discharge

for Period, Water Years 1941-1960, at Selected Gages

MEAN D) SC(' '11FCE
STREAII AND LOC\TION Observei Conqputed Differerece

Red River of the North at Walipcton, N. DAk. 480 471 -1.9

Red River of the North at Fargo, N. Dak. 590 578 -2.0

Red Lake River at Crookston, Minn. 937 928 -1.0

Red River of the North at Grand Foi-ks,N.Dak. 2,193 2,187 -.0.3

Red River of the North at EmErson, Manitoba 2,863 2,887 +0.8

TIABL.E I~l

Coefficients for Relationships of " n.. Moat hly Conccntrati on
and Discharge for Six Monitoring Stýtionis

(LWC'-ab >T, vhere C-con'entratior: of tote1i diFsso.-cd solids,
ill pp::m, QT-'di,-charge, in crs. L:-uppi.er liUit of concc:ar-2ti(•i
and T-lowvcr lirit of coinzettrE tion.)

Station a b L T Snnplc Sirc

Brecle-indgez 700 -. 1780 600 200 50

Cey'ta 121:0 - .2015 2250 300 42

Coopt rsto.;a 985 -. 2155 800 200 44

Thief R. Fells 950 -. 200 1250 250 10

Co:-.o-s. to

and Two 'ivers 590 -. 170 600 160 97

Wallialla 890 -. l118 760 275 77
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TABLE IV

Existinjg Municipal and Industrial M'onthly Diversions, Waste Return

Flows, and Loadings for L1ahpeton, FP:go, and Grand Forks, N.Dak.

tA}t'hTON FARCO GRAND 0'i'1K S

Diver- R•eturn Concc~n- DivŽr-. Return Couccn-- Diver- Return Cone-
Month sion Flo.? tration sion Flo-: tration sion Flow tration

Oct. 6.5 4.5 800 15 9 1000 17 15 10'00

Nov. 6.5 4.5 800 15 9 1000 17 15 1000

Dcc. 3.0 1.5 800 15 4.5 1030 17 15 1000

Jan. 3.0 1,5 800 15 4.5 1000 17 15 1000

Feb. 3.0 1.5 800 15 4.5 1000 5 5 1000

Mar. 3.0 1.5 800 9 4.5 1000 5 5 1000

Apr. 3.0 9.5 800 9 30.0 1000 5 5 10D0

Nay 3.0 9.5 800 9 30.0 1000 5 5 1000

Junc- 3.0 3.0 800 9 9 1000 3 3 1000

July 3.0 3.0 800 9 9 1000 3 3 1000

Aug. 6.5 4.5 800 9 9 1000 3 3 1000

Sept. 6.5 4.5 800 9 9 1000" 3 3 1000

NO']:E An c-ti._ 525 tons/year of li;ýe (sugar bc-C't) is discha11ged into thc
Red R-iver o0 the Nort:h, ZISSU,10d diStributc.i as follo,'.,:

Mjou¶. tti. or•..P~ercent .... Ljo , hiJLjr'_•s_ .}'rc2•ul ... Yonh_ Tour P'j'crccn.'t

Oct . 63.2 1.3.0 Feb. 0 0 Juto 10_) 20

Nov. 18.4. 3.5 Mar. 105 20 July 0 0

Dec. 18.4 3.5 Apr, 105 20 Aug. 0 0

Jaln. 0 0 Kay 1.05 20 Sept. 0 0

19
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COMPARISON -O BSERVED AND COMPUTED FREQUENCY
CURVES OF CONCENTRATION OF TOTAL DISSOLVED SOLIDS

W. Y. 1956 - 1960
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APPENDIX

Mathematical Model of Streamflow
in a River Basin

One scheme for a mathematical model of streamflow in a river

basin is used in a FWPCA computer program, "River Basin Simulation

Program." The program produces synthetic discharges that duplicate

specific characteristics of historical streamflow data. A long synthetic

record can provide a large variety of possible combinations, sequences of

events, extremes, and conditions not yet documented. The long record

enables the user to define a wider spectrum of discharge events than

the historical data provide, to test a design, plan a facility, schedule

an operational pattern, or otherwise consider the possible range of

conditions at selected locations.

In addition to the sample provided by the historical record, addi-

tional samples can be synthesized thereby permitting the user to better

gage the reliabilities of various alternative courses of action. In

other words, one can (1) measure various consequences for the same

course of action, (2) study the distribution or occurrence frequencies

of the consequences, and then (3) decide on the desirability of the

course of action.

Three specific characteristics of historical streamflow data are

used in this model for each gaging station and for each time interval.

The time interval (season) can be whatever is compatible with the

particular study -- monthly, bimonthly, trimonthly, semiannual, or

annual. Calendar months are usually used in river basin studies.

21



Tlhe first para:;cter is the arithietic mean, in any units, for

each season for the period of historical record comm-non to all records

in the basin. Thus, for each gaged point, a set of twelve mean dis-

charges represents the central value of the distribution for each

calendar month.

The second parameter is the standard deviation, in the same units

as the mean, for each season -hich is taken t.o b-_ the square root of

the mean of the squares of deviations from the czFman of all discharges

for each season. This parameter provides a numerical index of dispersion

of discharge magnitudes representing each of the twelve months.

The third parameter is the lag correlation coefficient. Because

each monthly discharge is dependent to some extent, however small, on

the discharge during the preceding month, the discharges are not

completely random. The lag correlatioa coeffici-1nt relates the serial

interdependence between each month and the month immediately preceding.

Thus, a set of 12 lag correlation coefficients fEzr each gaging station

record measures the temporal (sequential) relationships of the historical

data.

The hydrology of a large river basin varies with location. Some

influences causing the variation are obvious, ot'hers are subtle. The

transition from place to place may be sudden or gradual. Each gaging

station within a who]le basin is a saripling point of strea.iflow compo-

nents of the hydrology of part of the basin. Gages close to each other

tend to exhibit similar characteristics and arc therefore not completely

indepcndent ai:.ong themselves. To consider this tende.ncy, the model

estirmates anid uses a table (:.!atrix) of correlatioe-,s of each gage with

2"__
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each of t'Ce other gages for each of the twelve months. These 12

tables measure the spatial relationships among the gaged discharges

with their variation from month to month.

The temporal and spatial parameters derived from the historical

data are used to generate a multivariate distribution function which

in turn is used to generate synthetic discharges for each gaged point

in the basin. Any of three distributions -- normal, log normal, or

gamma -- can be selected. The computer then generates a large number

of synthetic discharges (operational hydrology) based on the assumed

distribution and having the same parametric characteristics (mean,

standard deviation, lag correlation, and spatial correlation) as the

historical data. The parameters of the synthetic record are computed

to provide a comparison with those of the historical data to insure

proper replication.
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