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SUMMARY

A matheraatical model of the Red River of the North Basin,
Minnesota and lorth Dakota, can be used as a water quality planning
management tcol to simulate time and spatial variations of flow and
concentrations of total dissolved solids throughout the Basin. Other
parameters of'water quality can be included in the model with little
effort. The rcdel incorperates hydrologic and water quality data and
the Fiering-Pizano mathenatical wmodel described in the report "River
Basin Simulation Progrem" issued by the Office of Comprchensive
Planning and Programs, Marcn 1947.

Given (1) the River Basin Sirulation Prograu, (2) tiis report,
and (3) tepe ol operations! hydrolegy, other investigators cén study

various cowbinzzions of v.ier quality mrasgement scheumes, :

—
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INTRODUCTLON

Purpose and Sccue of Report

This report describes thc application of the Ficring-Pisano
mathematical wodel 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 managemént practices in the Basin. The report presents the
model in a form that is applicable to other river basin systems for

which approprizte data are available,

Need to Yodel the Red River of the North

The Red River of the North and its tributaries are the m2jor water
supplics for over 160,000 pcople and scveral industries in North Dakota
and Mimnesota, In return, treated and untreated wastes from municipalities
and industries zre added to these streams at various points in the Basin.
Many of the strzams frequently contain excessive concentrations of dis-
solved szlts frcm natural sources. Even higher concentrations of salts
will be added tc Sheyenne River and Red River as a result of inflow of
planned irrigetion return flows and flushed saline waters from the
Devil's Lake Basin,

As a resul: of wastes currently added to the system, the Red River
of the North is polluted. Because of the pollution end because the Red
River of the North ie an interstate and international stream, a pollu-
tion abatcant enforcement action has been held and the river is under

5
study by FUrCa zad the 1,J.C, (International Joint Coiuission).™




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
managenent practices. Determination of the values representing this
conpronise can be azecouplished by use of the model with greater speed
- end validity than by trial end error or by other time-conswning detailed
evaluations., Thz principal purpose of the m&dol is to explove the
impact of propoczd water and related land resource devolcpmanis on

*atér quality and co dexonstrate the edveontages of water quality
mantgemont in realizing maxinum reconnodations of conflicting interests

and decires.




WHAT THE MODEL CAN DO

Attaining Water Quality Goals

The feasibility of attaining somec 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 systen,

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 appligd would be to allow pollution
to occur and then to correct the problew by either scheduling the
transport of waste such that maxiwun advantage is taken of natural

dilution or, alternatively, by scheduling dilution water.




Clearly the process is itecrative., A change in goals or the
introduction of a new blend of cconomic activity can be evaluated to
determine whether or not the goals will be met without pollution
control devices or to determine vhat measures must be taken to main-
tain the goals. The diiferent scts of alternatives may then be arrayed,
condensed, and subsequently reported to management.

Management then can determine what water resourccs management
practices should bc impelemented that would allow North Dzkota to
develop irrigation and flush Devil's Lale as quickly cc possible vhile
mininizing the number and degree of violationc of any proposcd water

quality TDS (total dissolved solids) standerd,

The coasequznces of imposing any seasonal distribution of waste
losdi;zs at ten different sites in the Basin can be eosily eveluated.
(=]
Although the model is limited at present to the consideratiow of total
& P
dissolved solids and instrean flow requircaents, other elenznts can be
q »
programned with little difficulty. Maintenance of a desired level of
D.0. (Dissolved Oxygen), for exemple, is coszonly expressced as a certain
Y& ’ ple, i
, . . A R VA
N idl WS e cl 10C s -~ » b VY 3 -
flow that must bc maintained Earlier studieg -, in tuin, heve deter
mined vhict minicunm flows need to be maintained by supplevsuting natwral
flow with rescrvoir releascs. Othor elenents can be reduced to conparable
i

terms and evaluated.

Flushins of Devills lake

1he Bureau of Reclanation's plan is to ure irrisciion return flous

together with direce irport of Gorrison Rescrveir water to raisc the

4




levels of the two lakes, thereby diluting the salt concentration of
the lakes to an acceptable limit for the placcment of game fich., The
time horizon nccessary to accomplish this task can be cvaluated by
considering the effect 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 Sheyennc. Alternatively or jointly diffevent operational release
schemes for tﬁe existing reservoirs serving the Red River of the North

may be tested with the model,
Managewent of Fxisting Storace
Parancters for specifying the operating rules of rule curves of

existing and proposed reserveoirs are data input to the modcl. These

5
rules define resorveir operation during any simulation run. Thus, if

o

irrigatjon return flows together with everflows frou the Devil's Lake
would bo te sce if existing reservoirs could bz operated, within the

bounds of their existiug functions and in a slightly differont fashion

to reduce the ru ber of violations to some sct of water quelity goals,




DESCRIPTION
Ceonraphy
The Red River of the Morth, located in north central United States
and south central Concdny bezlins as drefnage froa Sonth Diliota, North

Dakota, end Minnsscota at the junction of the Bois de Sicusr and Oittertail

Rivers at Wahpeton, N. Dak,, eud Brochenrid;

Oy dMinne Tt courses 409
. ,

miles northward between North Dekota and Minnccota through the broad

flat plain bed of the glaciel lake, Lake Agassiz, pret the cities of

Fargo-llvorhead &nd Grand =Fast CGread Forks, end cnters Cuncde just

town iy North Dilotes,

north of Peibin~, t
The Basin of the Red River of the Newvih is relarively flat. Fase

and weet of the river valley,

approach 1,000 feet zbove

but thise avcac 00 wet erternzive

the scuthzastery nart of the

: e P PR -1 L B . .
in the porthuzatzsra 700 sostir soet s

o
)
1
-
-y

cutarly the 1204

illuscrates intigaificact relic?, The fa) o the river, 35 @ 1teta't

is abort 2 hal? fooy weov nile in the Uriied Swotos roscl,

Rydroler s
Fater ds not ebunlant i thoe Fosfo, Avivage onneal procipiticion

varies froo a tooxicn s of aboot 25 dinctoe v the e torn ool oof the Dosig
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record (1912-1960) in 1950 for exwngple, at 95,500 c¢fs near the boundasry,
represents only about 2.4 cfsm2 runofi =-- considerably lowver

than the 10 or more cfsmz runoff common to the wore huaid regions of
the eastern United Stetes.

Highest flows corcaonly oceur during the spring, in March and April,
from snow and ice wmelt, High flows occur also during the nonwvinter
monthe as a result of stoyms. Flecoding, common in the lower reaches as
a result of these high flows, is cowpounded during the spring p:rriods by
the progressively northeard thaving of snow and ice as the winter ends,
The lower, northern rcach of the river, blocked with winter ice is
incapable of conveying, without flooding, the large flouvs resulting
from melts of the carlicr thawing soulhern sceticens of the Basin,

Low floi's occur frequently in the Basin ecel yeoar, gonevelly during

late fall aud during the winter. Sc

s::211 strcare, ualess au

by recervoir relecses, ccasc to flev doring the winter wonths.

concentratioas, is provided for severel sirveers ia the scetion deseribing
the matho-atical vodel of the bBrsin,

Thirty percent of the averaje {lov in the Ked River of the North at
Ercrson, Canad:, passecs through control sivuctures of rescrvoirs on rajor
tributaries. Five rescrvoirs on tributevies in thoe bosing with a teoved
capocity of over 2 million acve-feot, provide sonr flood relicf.  Cou-

sidcration of woter quality io ti:2 cpevation of these resorveirs could

nake the effective teools for nonagemont of vater quality in the river,

Toeble I provides informztion on thesce rescivoirs,




TABLE 1
Storage and Opcration of Five Reservoirs
in the Red River of the North Basin
USAVLE STORUGL STOLAGE TIIT
RESERVOIR SR U220 N, — (YRS

ORVELL
OTIERTAIL R. 20,400 0.1

LAKE TRAVERSE
BOIS DE S10UX K. 137,000 2.5

LAYE ASHY/BULA
SHEYERNE R, 69,100 0.9

RED LAKES
RED IAXE R, 1,905,000 6.6

HOM
S0, BR, PARK R, 3,550 0.2

OPERATING RITES

ORVIL.LL TRAVERSE ASHTARUTA RED LAKES no
USSPV CF 9 )

ocr 0.691 0.412 0.5¢5 0.5%¢ 300
NOv .635 2412 5380 545 300
bic .550 412 560 . 540 300
JAN 450 412 540 .534% 300
Ft¥h . 300 412 .510 528 300
MAR .200 436 .500 527 300
APR .156 .900 505 2545 . 180
MAY .200 .500 .595 .510 180
Jux .230 440 .600 « 5067 180
JUL L2860 420 60D 564 180
AlG 420 A7 .600 557 180
Sty .530 412 600 <95 180

NUTi':  Figoves erve proportion of totel copneity to be paintainsd, cocep:

those for Boomo Reservoir, vhich arc vonthly drafts, in cubic
per tccont,

fect




Although many tributaries contribute to the flow of the Red River
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 scction describing the model of the Bacin.
Other surface water features of the Basin include many small lakes in
the southeastern section of the Basin that drain to tributaries of thc
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 develepment in which irrigation return
" flouws vwill be routed through the Devil's Lake Basin into the Sheyenne
River will have a mzjor impact on water quality of the Red River.

The planned process of routing water through the Devil's Lake
Basin will bc accomplished by diverting about 750,000 acre-feet of
vater per year from the Missouri River to irrigeble lands north of the
Basin., Return flows from this irrigation, although expectedly high in
mineral content, will be considerably lower in cencentrations of dis-
solved solids than water in the Devil's Lake Basin (concentrations of
1DS geucrally exceed 30,000 ppm), and are expected to "freshen" the
water in the Basin lakes. By controlled releases of the freshened
lake waters and Garrison Reservoir water into Sheyennc River while
continually adding water to the lake system, the lakes are expected
to be "freshened" to the point of providing a beneficial habitat for
fish and wildlife without scriously impairing water quality in the

Sheyenne, and eventually the Red River of the Noxrth,




Water quality problems arc not limited to the Devil's Lake avea
in the Red River Basin., Concentraticus of DS and specific ions such
as chloride and sulfate frequently exceced degirable limits in several
streams in the Basin, Nigh concentretions of salts in the streans are
attributable princrily to the tarveri] conposition of the glacial drifts
and sendstone through wliich the styer pass or from which they rcceive
groundvater flow. This is conpoundcd by high evaporation rates and the

addition of municipel and industrial sastes to the streams.

Hater Use
Approuivately 23 mpd (0idlion gollons per day) of vatler was vecd
Pl Y S & 1 Y
. S . D o 2/
for mumicipa) supplics In thz Rid Rivor of the North Besin in 1904,
Of this, aboul 15 1d wie obicined {ren svriace voler souices; the
rewcinder wes obtaived from wells, Water for industrizl vee aiounts to

about 18 1yd end 6 ebtained froo wellse on? punicipal supplies.  An

additional evount of vater, ebout 40 rgd, is withdrava fron stre: .o«

and uscd for cooling purpcces by secverel thovero-electric plants.,

Pollution
Red River of the Novth end w-ay of its tributavies ece poalloiald,
Vastes freu four larpe sugar boot 0ills, saverel potato precensing
plante, other dundustries, aud mauy raaiedpalitics hove Lipaired severa)
existing and potential uses of thewe vater scvrces. Beocease of there

vastes, the water souices freguantly are Jovw ju disasolved o:yien, and

cortain excenaive eaoutts of disselved aud sugpendad solidy,

L]

—

—.
-

and pothopenic organisea, As a verult, the vater tost receive above

nor.anl trest. ont bofore it ds voel for coandeipa) supplics Lo atiurg

10




adequate safeguards to health. Also because of the pollution, scme
stream recaches are devoid of fish and the water constitutes a health
hazard to persons participating in water coutact sports.

One complication of waste disposal in the Red River of the Korth
system is the lo.g winter peviod in which ice covers the streams,
Wastes gencrally are held in lagoons during this period and releascd
daring the high renoff period of the spring thaw., Although flous are
high at this tire, the water often contains high concentrations of
dissolved solids. The snow, in melting, picks up and transports
saline residucs Zrom the land surface and stream banks to the reccive-
ing streaus.

At the re-uest of the Governor of Mimmesota, FWPCA began a pollu-
tion study of the Red River of the North in 196%4. Efforts are boing
made to iuprove water quality conditions in accordance vith reco :enda-

tions of the conle¢erences. (Raference to Con

Jn the Matter of

Pollution of Int:rstate {aters of the Red River of _the North, Sept. 14,

1965.)

11




THE MODEL

Backeround

A very gencral and flexible package entitled, "River Basin
Simulation Progyau' L was usced in this study., It is a.scrlcs of
prograuws which zzcept certain kinds of data, The packege end the
data attcupt to capture the pertircit underlying bohinvior or charvce-
teristics of the process{cs) being investigated, This paciage, and
data for another river basin would again becone the wodel of that
basin.

Briefly, the inforiational requirerents for the Rod Xiver of the

stations;

North mode!l include data on (1) hictorical flous &t g

dansi aitules of vater v, werte input, and resoveolr

volume

”°
[4]
-
o
[S
~~
(2t
-

veste schoduling and recorvoir vonngen 0 practicos,

ive of this repert is to Jdevalep a vold) viich presorves

sharacteristics of tonthly strec. Dlew av’ voathly

—~
n
—
-

concentrations ¢ total dissolved solids tinoush

portion of the T:d RKiver of the Novth syctoen cospriecd of 3,000 7 ler

of river droinisg 40,000 squwre niloes,  The noded twst co sider ()

P

patural sireoTlows, (2) existing rescervoirs ool thoiv corrent v e

ment piactices, and (3) enicting W thilreate and viste rotorn flose,
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Strategy

A,

lydrolegic
1, General
The hydrologic model was definced by the nonthly
flow data at twelve geges located throughout the Basin.
Ten of the gages are located at points where there has
been no flow regulation; the other two gages, at Ottertail
Rivcr below Orwell Dam, near Fergus Falls, Minnesota, and
at Park River near Grafton, North Dakota, are affected by
regulation, Backrouting was perforied on the data from
the latter two gages to restore them to the natural regiue,
It is our assumption that the system is sufficiently
described by (1) using the twelve gages to dafine the
Basin-wide hydrology, and (2) superinposiung on this all
flow regulations consistirg of (&) existing reservoirs,
(b) existing nunicipal and industrial diversions and
return flows,
2. Geges
Shown on Figure 1 are twelve gages considered to be
(1) sulficiently representative of the various distribu-
tions of runoff characteristic in the Basin; and (2)
adequately widespread as to capture the attendant
reziontl spatial correlations that exist., Shown also
on Figure 1 are the areas of ungoged portions of the
" Basin thel vore ropresented by areal transforns (adjested
in sorne fnstances by knowvn yield informmtion). Rouglily

65 percent of tlhe total arca vas not gaged,

13
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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 flowus;

(2) be représcntativc 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 from the monthly
historical flows at the twelve geges, a tape of two thousand
years of operational hydrolegy was pranred’for futurc use,
Pertinent input and output data are available on reguest,

A brief description of the techrique is previded in the
Appendix,
Systen

Shoun in Figure 3 is the system of components used in
the analysis, Note also the inset table which describoes:
(1) each cocrdinnte, (2) the supporting drainsge arec, (3)
the gagce used to define the inflow inte this coordinate,
and (4) the factor used to scale the flow at the gage. 1t
should be clear that the 50 ceovdinates shoun were worve than
cnough to define the systeam, 1t would be pocsible, at a
later tiwe, to cxpard the current systcwm to incorporate
more waste €itcs, test points, and dawsites. At preseat,

trenendous fleribility fg inhercnt in the system,

14
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4,

Regevvoirs and Rule Curves
Yedle 1 gives pertinent inforwation for the five
exisiing reccrvoirs in thoe system including the five

vecarvoir oporatircy rules used in the anslysir,

80:.2Y rulee either waointain a certain peol level

£
K

(expreczeed as percentage of capocity) or alternatively

stipilate a certeain draft to be mode during that tiue

perici. Uniec inforoation vos furnishod in U, 8§, Arny

3/ L/

Corps of Ingitcers report.’

Verifizetion of the Hydrenlice Kovting

]

1 odel trenslates &nd router nonthly flows froo

the toelve go: throvgh the intervening diie avd con-

Ly O

current sots of flow deta For uvprireon endl dowpairo
points, the routin: end trzveletion asarrgy oocan b

veod on tho upstrean datas to

leta,  The estiroted downrntrer
date eve corpived with tho observed dovantrean data to
veriZy the vofel din the following cxa plos,

Exiople 1 - (1921-1950) Durjung this poricd, the only ¢in

in the system ves at Bed Lale,

Figure 4 ghous the corprrisea of

[

the obrorvad woon vanthly flovs,
(plure or winve) oo siantovd dovia-
tion, ond thare preluoced by thooa o1}
for the Froveon, Conndy o0 (o0

Forls, owd vorgoe, North Pelel gooes,
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6.

Example 2 - (1951-1560)

Couclucion

All reservoirs were in operation
during this pericd. Shown in
Figures 5 and 6 are the compari-
sons of the observed mouthly flows
at the Grand Torks and Eierson goges
vith thore from the nodel at the
eane locations and for the saue

tive periods,

Figure 7 prcsents the obuorvaed muar
ronthly flovs (1951-1960), T one

etandard deviztion, and theoir re-

Fargo. The drains
the three stetions is rerpoetively
40,200, 30,100, &nd 6,800 scurre
miles, 7Table 11 shews a comprricon
of the oh:crved aveorage dischare
for the piried of recosd vith thot
produced by the oiel for a putoer

of strategic points in the sy ten,

The egrocuent brtvoen eoticated and obrovved flew duta

implies that the trensiation end 2outing arcur ptions ory

valid,
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B.

Quality ~ Total Dissolved Solids
1. Natural - Background
Presented in Finure 8 arc the locations of six water
guality nmonitoring stations frow vhich date verce obtainsd

to define average monthly concentration -- discharge
relationships., Shom also are the areas vhich ave
assuined to exhibit similer leaching and disclarge behavior,
The pertincut coeffiicients for these releotionships are
shown in Teble TII.

2., Existing wasie loodings

Prescat nundicipsl and dndustricl (potato aad

diversions, warte roturn floss ond Jos

Fergo, and Crend Yovlbs

The pollutionz) coct-Ibution fron the new svger bool proces
sing plant 2t Droyton wes not covnildores
3. Verifyiug Quzliity
-~

For the years 1956-1980, cuality (fs TU3) woewnre ents

wore rocorded at Lishon, Farge, ard Granld Yorke, Neith Dolics

The rodel wis o 2

in Figure 9 are thco ceheorved tive - woighted ronthly 100
+ oue standerd doviction, ool the systes coanterpacte foo

Lisbon, cud Coead Yovkss T Figuve 10 the avevnal o

tive probebility crrves for the tiver loortican ove piven.

girated for the sov poriod of record,  Shewa

sl



TABLE 11

Comparison of the Observed and Conputed Mcoan Discharge
for Peried, Water Years 1941-1960, at Sclectcd Gages

CE

: __MEAT DISCHRGTE
STREAM AND LOCATION Obzserved Computed Differerce
Lefs) (cfs) _ (pereent)
Red River of the North at Wahpcton, 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 Forks,N.Dak, 2,193 2,187 -0.3
Red River of the North at Eumerson, Mznitoba 2,863 2,887 +0.8
TABLE II1
Cocfficients for Relationchips of Menu Meathly Concentration
and Discharge for Six Monitoring Stations
(L>C=:Qb>T, viiere C-concentration of totel dissolved solids,
in ppm, Q¥diccharge, in cfis, Leuppor limit of conceutretion
and T=lower limit of conceutration.)
Station a b L T Semple Sirzc
Breckeuridge 700 -.1780 600 200 50
Czyuvga 1240 -.2015 2250 300 42
Coapcrston 935 ~.2155 §00 200 44
Thief R. Fallsg 950 ~.200 1250 250 10

Composite
Snake, Tamzarac

and Tivo Rivers 590 -.170 600 160 97

Walhalle 8§90 -.148 760 275 77

e s e i e en s m————————




LOCATION  MAP

WATER QUALITY MONITORING STATIONS

LT 22 WA =

WATER QUALITY NONITONING STADIONS

ild Rice River nzar Cayuvge
Otteriadl River et Crochinridge
Sheyenie Rivee el Cownorstoun
Thief River at Thiel River Falls

Composite Sn~le, Yearee, and Two Pivers

Peohiny River ot Melhalle

FICUKL

7y
[9)
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TABLE IV

Existing Municipal and Industrial Honthly Diversions, Waste Return
Flows, and Loadings for Wahpeton, ¥Frrgo, and Grand Forks, N.Dak.

WAHPETOY FARCO GRAND T'ORKS

Diver- Return Concen~ Diver- Return Concen~ Diver~ Return Councen-
Month sion Flew tration sion Flow tration sion Flow tration

(cfs)  (cfs) we /1) (efs)  (efs)  (m/1)  (efs)  (cfs) (ne /1)

Oct. 6.5 4.5 800 15 9 1000 17 15 1000
Nov. 6.5 4.5 800 15 9 1000 17 15 1000
Dcec, 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 1.5 200 9 4.5 1000 5 5 1000
Apr., 3.0 9.5 800 9 30.0 1000 5 5 1000
Mey 3.0 9.5 800 9 30.0 1000 5 5 1000
June 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 g 10C0 3 3 1000
Scpt. 6.5 4.5 800 9 9 1000 - 3 3 1000

e e cn w et e ks 8 o %t P o S = S e e s A <= S fommnt =\ ot i - A S -~ <t ek e e o -

NOTE: Aun eatiunted 525 tovs/yecar of line (sugar beeot) is dischavyad iunto the
b= &

Red Kiver of the North, assvaed distributed as follows:

0 T _———— — s e o

Month  Tous Percent  Month Tors Fereent  Month  Tone Percent

Oct. 63.? 13.0 Feb. 0 0 Jur.e 105 20

Nov. 18,4 3.5 Mar, 105 20 July Q 0

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

Jan. 0 0 May 105 20 Sept., 0 0
19
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COMPARISON - OBSERVED AND COMPUTED FREQUENCY
CURVLS OF CORNCENTRATION OF TOTAL DISSOLVED SOLIDS
W. Y. 1956 - 1860
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APPENDIX
Mathematical Model of Stream{low
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, scwiannual, or

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

21




The first parawmcter is the arithmetic mean, in any units, for
each scason for the period of historical recoxrd common 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 paramcter is the standard deviation, in the same units
as the mean, for each seascon wvhich is taken to B2 the square root of
the mean of the squares of deviations from the mean of all discharges
for each season. This parameter provides a numevrical index of dispersion
of discharge magnitudes representing each of the twelve months.

The third parameter is the lag correlation coefficient, Because
each montihly discharge is dependent to some extent, however small, on
the discharge during the preceding month, the discharges are not
completely random. The lag correlation coefficisnt relates the serial
interdependence between each month and the month immediately preceding.
Thus, a set of 12 lag correlation coeificients for each gaging station
record neasures the temporal (secquential) relatioaships of the historical
data.

The hydrology of a large river basin varies with location. Some
influences causing the variation are obvious, others are subtle. The
transition from place to place may be sudden or gradual. Each gaging
station within a witole basin is a sanpling point of streauflow compo-
nents of the hydrology of part of the basin., Gazes close to each other
tend to exhibit similar characteristics and arc therefore not completely
independent awong themselves. To consider this tendency, the model

estimates and uscs a table (atrix) of correlations of each gage with

28]
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cach of the other gages for each of the twelve months., These 12
tables mecasure the spatial relationships among the gaged discharges
with their variation from month to month.

The temporzl 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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