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Introduction

g

The fraser is the lzrgsest and most imgporbenit river in British Lolumbia, It hes a
dgrairage area of 90,000 sq. wilss and a long-bsrm averege discharge of about 100,000 ofs,
For the lest 100 milss of in. Langth the river Tlows Chrough the lowsr Fresger Vai¢ay, an
alduvial valley, which hes bean intensively %&xua” fop aqricuitur”$ and is now increase
ingly being devaloped for commercial and vos wtisd puzposss, pearticularly in the vieinity
of Vancouvez.
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Maost ef the tunoff oricginatzs from anowwalt and, 2s 2 result, flows sre generally
low during winter, high during the snouwmsli period of May and Juse, and decreasing thare-
after, Peak Tloods GoCur in late May or June and on nccaslion thess have bsan extremely
damaging., The lazt major flood, which orcuresd in 1948, caused approximetsly $20,500,000
worth of damege, mors than 80% of which coourrsd in ths lower Fraser Vaelley, If » similer
flood were to resur now, Vam&gﬁ soirld be many Limes as great, To oombat the filood threat
in the Fraser Velley, the srsa wost subliect to damage, the dyking system is presently
heing exisnded,
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The river system aup@ﬂ@ms z vaiuable salmon Tishery and the desire to orotect this
rasource hag inhibited construction of dems and reserveirs on the river and its major trie
hutaries, despite the need for Flood cunirol and an estimeted total hydeve slsciric powsr
potential of wors than 5,000 aversge megowaiis, There ars dams on Bridge River and Nachako
River, two itributaries of the Fraser, but since these two dams together could control peak
discharges totalling enly about 5% of the total Flood pssk there is, at pressnt, no real
possibility of controlling asejor Tloods by vessrvoir storage.

Volume forecasts of the total sesmsoral runoff in the Fraser and its major iribue
tariss are mads each year by the 8, [, Weter Resources Service, Attempis have alsg besn
made at forecasting Fleood hydrographs but since there is little poseibility of controlling
floods the resources devoted te forecasting fluws in the Fresser heve baen mesger, & fore-
casting model was @rapused hy Guick {1) and was used Tor forecasting during the high
Spring freshet of 1964, znd an sspivicel method For short range forecasts from limited date
was developed by Muir (%) 1885, These msthods wers rslatively simple and dealt with el*har
the whole system or large sectisns of the river sysiem in ons stsp of ths computabtion

In the Civil Enginsering Departmant at the University of British Columbis a Water
Resources Group was recently Formed for purposesz of teschimg and research in Water Ree
spurces, Ons of the group projscts is the construction of 2 more elsborate simulation
model of the Frassr system, for use in plamning, teaching, resssarch and forecasting, The
modal is a multi~-purpose one and emphssis ls pleced on the development of tschnicguss as
well as on the building of e wmorking model., The moudel hes tws wmain components, & stream-
flow reuting, snd a runeff simulatisn compenent, The streamflow routing model will be used
for routing flows throuoh the system, snd the runoff aimvletion wodsl will be used te pro-
vide inputs to the routing model. The two componsnt models are still under developmant and
they have not yeht been combinsd, This papsr describes their present status,
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Although the ultimats aim is to develop a "multi-purpose" simulation model, it is
usually sioplsr and more effective to first concentrete on one purpose and then generails-
the model Lo meet other requirements as well., In the case of the streamflow routing compo-
nant, &fforts to date have been devoted te the development of the medel for forscasting,

The underlying concept of the stresmflow routing method iz quite slementary and
the mathad is specifically designed for streamflow routing through channel reaches in which
the time interval of measurement is of the seme order of megnitude as the travel time in
the reach. In the Fraser system flows are normally recorded en a deily basis and ons day
i¢ used as the basic time interval., This time scais is not fine enough for mest tradition-
al types of streamflow routing and a tschnique was developed to make the mest of existing
data but net place any demands for types of discharge data which are not readily availabls,

The modsl =mssumes monoclinal behaviour, namely translation through the rsach, in a
time period related to mean channel velocity., Linserity is sssumsed between day to day vare
iations in the difference betwesn ths inflow to the reach on one day and the outflow from
ths raach on the next day, i.e,

0j+1“'1j = K(Uj-Ij_n!)

where

o
4

outflow from reach

¥t
#

inflow to resach

X
i

proportionality constant
Jj represents day,
This can be expressed in prediction form =

Dj+1 = Ij+KGj“KIj-1,

The method is best suitsd to large river basins with many channel reaches and subject to
snowmelt floods with relatively slow day to day changes in the flow travel time, The
Yconstant" K for a particular reach is reasonably stable over a large range of flow. Best
values of "K" for each reach were determined by an optimization technique similar to that
described by 8esrd (3), using the weighted sum of the differencas betwsen the rscerded and
“predicted® discharges during the peried April to September as the objective function to
be minimized. Values af K vary betwsen 0.76 to 0.98 for different reachss of the river but
tend to be guite stable from year to year.

In using the model lateral inflows are accounted for by increasing the recordesd
inflow ordinates through ths flocd season in proportion to their magnitude inorder to make
the total seasonal inflow equal the total seascnal scutflow. For forecasting; the fectors
by which inflow ordinates are increased are obtainsd from past records. It was found that
the msthod works satisfactorily sven whers there is substantial natural lake storages such
as in the South Thompson tributary.

The method has been applied to the whole Fraser system using dete from the net-
work shown en Fig, 1. Because of the size of the basin and the number of reaches it is
posseible to get up to a 4 day forecast using only streamflow data, Typical results for
1964, the year with the third biggest river stags at Hope, ths main Fraser River gaugs,
are shown in Fig, 2. The asverage error is some 6% or less than 10,000 cfs,

The mors accurately it is desired to simulate hydrelegic phenomena the more complex
mugt Che modsl be., It is not difficult to construct a model to any desired degres of com-
plexity but the more sophisticated it is, the more difficult it is to find the best values
for the parameters in the medel with some degres of objectivity. Too simple a model may be
inherently incapable of simulating runoff to the required sccuracy whereas if the model is
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too complicated there may be so many unknowns that it may not be possible to defins the
parameters. As with most problems in life; a good balance must be maintained,

In the present study, balance is being aimed at by starting with a relatively
simple model and attempting to simulate runoff from a relatively large area, Additional
relatienships will be added to- the madel if required and a smaller, more homagsneous study
area can be used if necessary. In the course of developing the medel, considerables effort
is being devoted to techniques fer filting the best values of the paramsters, since the
more automatic these ave the simpler it will be to develop and test refinements to the
modal, »

The Model

The model is designed (o simulate runaff, which is almost entirely due to snowmelt,
" from daily temperature and precipitation data. It is similar to one which was developed
for computation of design floods for the dams on the Canadian part of the Columbia River,
The following simplifying assumptions are made:

1. There is a constant temperature lapse rate.

2, Daily welt at = point is proportional to the maximum temperature minus a
base temperaturs,

3. PRunoff can be accounted for by two components, ground water and surface
runaff, each of which follows a simple exponential decay rate with a fixed
time lag betwsen time of melt and appearance as streamflow,

4, The snowline is horizontal, and the area still covered with snow and hence
contributing to runeff is inverssely proportional to the proportien of runoff
already generated,

Caloulations are made on a daily basis for the high flow months of May, June and July, The
steps computing one day's flow are given below. "i" represents the day, "j" the elevation
band and k¢ to kg the constants which must be determinsd for the study drainage basin.

1. Compute melt rate for each elevation band -

My,5 = kq(Ty = Tg) + Py

1,] |
= Daily melt on Day i in Elevation Band j; T; = Deily maximum temperature

M
i
Daily Precipitation,

at’index station; Tg = Base temperature, and Pj
2. Allocate melt to ground water (MG) and surfacse runoff (MS),
MGi,j = k2 Mj, 5 =K3
Sy j =My 5 = MGy

3. Compute groundwater (GG) and surface runoff (SG) generated.

GGy = kg % Aj ° NGi,j )
J )
) Where Aj = area of slsvation
56y = ky 2 Aj e msi’j ) _
J } Band j

4, Csmpute groundwater (RG) and surface runeff {RS) contributions,

RG; = k5‘RCi_1 + (1 k5) GG(i = k&)
RS; = k7°RSim1 + (4 k7) SG(i - kB)
kg = groundwater lag and k8 = surfacs runoff lag,
kg = groundwater recession factor and ky = surface runoff recession factor,

P=¥. BN



5., Compute total runoff Ri = RBGy

Beta
+
=3
£

6., Compute runnff genersted to date (RSD),

RSD; = RSDy.q » GGy » 3

Sy = ASD + RSDy/RST
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At pressnt, during the development and testing phass, ihs model is besing used to
simulate past Floods using historical dete For the Uspper Frsasr drainegs basin at Shellay,
The area is shown in Flg., 1 ond ftyplowl resulls arve shown ie Fig, 3.

sompongnt of the overall sedel will involve
ing model by providing the capebility %o correct
labls, and sxisnding it to Gthar baging,

Next steps in rafinemsni af tnis
changing it into an operabis
itself as discharge inforn

Detormining the Papsmetars

Te find ths best wvsluss of the perameters In the sbove wodel thrses basic bechniques
are being used, The first iz simply trisl snd srror in which trial values of ths vy r;aus
conshants are used and the resulis, 1.8, the computed hvdrograph values are compared with
recordsd valuss, For this spproach to bz of value "turn around” tims must be rapid and in
the present shtudy this is schieved by using an I8 1100 computer with interfersncs swilches
and an optical displsy, With the switchss any garamefmﬁ can be changsd; and the resuiting
computed hydrograph is then plotted, togsther with the recorded hydrograph, on the oscillo-
scops scraen, #ith this squipment it is poesible to make many triasl caleculations, identify
the parameters to which ths model is most sensitive and provids a2 rapid educatisn and good
“fegl® for the problem en the gart of the hydrolegist,

4

A sscond apgproach Mn¢ch is usaful whers there are interactions betwssn paraﬂeters
is one from Evolutignary Operations Ressarch {4}, a tschni fqua which was orininally develop-
ed for optimizing the opsraticn of full scale plants without interrupting production. In
this study ihs sum of the S@u&“gg of the differances between the compubted and racorded hy-
drographs is used as the ebjective functlon which has to be minimized. In each step four
computations are made with two hiogh and two low waluss of the parameters being ane?tigata
ed and all others nsld consbant; the rssulis are ﬂiﬂkb@d as shown in Fig, 4, From the
plotted results suitable waluss Tor the next trial can be determined, By itself thi
technigqus would be very alow but It is useful for showing up intersctions betwsen para-
meters and whather oz nat conatant valuss are appropriats for ths perametsrs.

Finally, Beard!s univariats optimizaiion method is used (3) again using ths sum of
the squares of the differences bDeabtwesn the computsd and recorded hydrographs as the ob-
Jective Function to be minimized. In this method the parameters ars approximately optimized
one at a time by the Newton«Raphson method and after all heve besen adjusted the cycls is
repeated. Several iterastions are usually reguired,

In the present study all of ths sbove msthods ars used singly and in combination.
Ne one mesthod on ifs own is adequate, and it has been found fhal sxpsrisnce and judgemsnt
on the part of the hydrologiast are extremsly imporiani, Paradoxicslly,ons of the most ime
portant conssguances of usi modern sfficient computer tschniques is that the hydrologist
can incrsase his understanding of hydrologic phenomena and skill in manipulating date much
more rapidly than would Qt sTwise be possible,

Summar
-

- A computer simulation model of the Frassr system is presently being constructed
in the Civi! Enginesring Department at the University of British Columbis for purpssss of
flood forecasting, planning, system evaluastisn, tesching and rsssacsch, The model has two
main components, a streamflow routing component and a runeff simulaticon component, both of
which are under activs developmant., The rouling component model is presently oriented
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towards flood forecasting using daily discharge dete as input, Reasonably good four day
forecasts are being achieved., The runoff simyletion modsl computes runoff from metesro-
iogical data for sventual use as imput te the sireemflow model, As yet the two components
have not bsen combined. Full use is being made of modern computer tschnigues in the da-
valopment of both models. Computers are of greast assistancs in helping the hydrologist te
build up his skill end judgement guickly but automatic optimization methods are not yet in
Sight ®
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