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ABSTRACT

This study examines the impact of urbanization on peak flows in
the Lower Mainland of British Columbia. Due to the short term
of records aiaiiable for the selected watersheds, a comparative

—approaéhriS‘uéed';hroughout the study.

Fburhwatersheds'uere selected from the Lower méinland of
British Columbia: two from the City of YanébuVer and anéther'
bair fron the Municipality 6f Surrey. For fhe‘purpose of'this
studv,‘thé chosen(vatetsheds differ in terms of the/deqree of -
_ urbanization. Rainfall, sewerfiow and.stréamflow fecords;\maps
qqd aerial photographs were collécted from Qariouskdovernment

‘agencies,

The analytic tools used for determining the urbanization impact
on peak flows were the unit hvdroqraph; distribution graph and
runoff coefficient, The results obtained are then compared with

the urbanization index (impervious cover) between watersheds.

Although the principal conclusion is that urbanization does
have:a~c0nsiderable iapact oﬂ peak: flows, it should be noted
that, this is more meaningful when other things are assumed

constant, ‘This is because of the uniqueness of each individual

watershed in teras of geomorphologic and morphoioqic



characteristics. Einally;'it is suqqested that comparisons of
§éasonal variations be made on the stbrm runoff characteristics

becéuse the comparison méy improve the understanding of the

effectiveness of urbanization on peak flows.
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CHAPTER ONE

INTRODUCTION
1.1 General

In recent years, population in urban areas has been rising and
this has been attributed mainly to increased irdustrialization.
The consequent movement of people from rural to urban areas has
cause a phencmenal increase in urban spread (Sarma, et al.,
1363), It was estimated, for instance, that by the year 2000,
80% of the population in the United States of America would
reside in'urban areas {(Brater and Sangal 1969j}. In Canada, the
urban po?ulation has ig;reased from 50% to 75% of the tota%
population since 1350 (valler 1377).

The concentration éf urban population brings about not only
social and econoeic éroblems but also physical ones: for
examrple, the task of meeting a heavy demand for vater for
industrial and domestic purposes, bringing about a conconitt@nt
increase in the planninq and constréction of water supply and
d;ainaqe facilities (Savini and Kammerer 1961). Additionally,
the natural wvater balanée is altered and disposal of wastes méy

contaminate streams and groundwater.



‘From the hydroloqicalgfiewpoint, man's impact is nowhere wore
in?%nsive than in urban areas (YcPherson 1977), Urban
dg%elopnent producgg"inevitabletchanqes in lagd use and
c;nfiquration of the land surface with urban features such as
buildinqs, houses, parking lots, sidewvalks, sewers and improved
natural cbdnnels'(Roberts.1972). These urban structures
increase the impervious cover of an area and, ¥ith the
installation of sewers or imérovedfnatural channels, pfoduce‘

aQ

higher flood freqneﬁcies and flood peaks.

1.2 Literature Review _

T
Urbaﬁization may be defined as the human habitation and
development of pre#iously uninhabited land (Sarma, et al.
3969); its significance on the hydrology of the affected areas
has been intensively studied in recent decades. Most
investigators have used the time laqg, magnitude, and f:equency
:0f peak dischg:ges tbrdetect urbanization impacts, though the
use of time lag is most common, Savini and Kammerer (1361) were
azong the first to discuss the hydrological response to
urhanizationnin a general way. This review of the literature

¥ill center on peak discharges, runoff volume and time lag.

There are three major approaches undertaken to evaluate the

hydrological impact of urbanization: * a) "before-after" method;

b) synthetic method and; ¢) "paired watershed® method.



a) "Beforé-after" nethbd-—this method involves the analv;is of
long-tern streamfloi records for this reflects the changing .
trend in discharge and time lag characteristics of a drainage
basin anderqoing urban development {Fig. t.%la). The major
édvantaqe of this method is that the basinAcharacteristics such
as area, igan basin slope and basin shape will remain
relatively constant which facilitates detection of'anv chanée

in the streamflow characteristics as a result of urbanization.

Changes in peak discharges have been frequently defined irn
terms of the unit hydrograph of the mean annual flood (Esrey,
e* al, 1969). Seaburn (1969) ih a study of £§§t Meadow Creek,
Fassau County, compared unit hydrographs at different periods
{1937 to 1962) during the transition of the drainaqge basin from
the rural to*urban conditions., The average peak Qf the derived
1-hour unit hydrograph inereased from 313 cfs from 1937-1%43 to
776 cfs in 1960-1962, an increase of about 2,5 times, An
analysis of the rainfall-runoff relations for the pre-urban and
urban conditions shows direct runoff to have increased from 1.1

to 4,6 times depending on the individual storm.

The first study actually documenting the impact of urbanization
using the unit hyd:ograph was by Van Sickle in 1962. Unit

¢ .
hydrographs were derived by Van Sickle using results from Brays

Bayou (Harris County, Texas) for the period July 1939 to July
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Diagram illustrating the "before-after" urbanization
on the hydrograph.



1360 during which time the rural watershed was slowly being
transformed into an urban-one. The peak of the unit hydrograph
increased from about 1500 cfs to 4800 cfs durin§ these 21 years

with the time lag being reduced from 12 to 3 hours.,

A drainage basin of 11.4 sq. km on the North Shore of Auckland
¥as examined by Williams (1976) to evaluate the urbanization
effects on its hydrology. The mean height of the £flood
hydrographs was found to increase directly with the percentage
of urban land from 19363 to 1371, A concomittant decrease in
time laqg resulted during the same period - from 70.6 to 32.7
hours., Although only a couple 6f studies have been discussed
in detail, a large number of works héve,used the before and
after approach {Anderson 1963: Crippen 5965; ¥alling and
Gregory 13703 Hollis 1974, 1975; Ichikawa 1975). Similar
changes ocurred for all before and after hrbanizationv
hydrographs (though they may vaf? in magnitude) ﬁhere ruﬁéff
rates were accele?ated and peak-flow increased. Shorter time
lags ard larger volnmes of direct runoff were simultaneously

detected.

{b) Synthetic method-=-this involves the use of synthetic
hyvydrographs to predict thelhydroloqié conditions of the

watershed prior to urban development. This approach is

nndertaken for the major reason that data are not available



" prior to urbanization., Often, this involvgs_the,derivation df
empirical formulae to provide the values of time and magnitudes
df the peak, time base of the .unit hydrograph, and basin lag

from measures of basin characteristics.

Carter (1961) developed an empirical eguation to deternine'the
effect of urbanization on the mean annual flood for suburban
catchments near #ashington D.C.'It ¥as basea on time lagqg,
drainage grea and percentage of inpervioué cover., 'fhe equation

is: 7

4 A )

- . -0-45 ’ .

Q= 223 Kaogs T| 09.9:-..!00.(1.1)

vhere, 0 = mean annual flood in cfs A = area in sq. Ri. T;=

time lag in hours {centroid of rainfall excess to centroid of

runoff) K = an adjustment factor.

Paétor R is: *

K = 0,30 + o..odasr/o.ba ceerreseenan(112)
vhére, i,? impervious cover in per cent.

Dempster (1374) in a similar approach, derived a regional

flood freguency equation for Dallas teiating the flood peak-



for an assumed return period with storm and physi@ai watershed>
»tharacteristics ﬁéinq a Stepvise myltiple regression technigue..
The most important watershed variagle was area félloved by
impervious cover, and finally, the length-slope parameter. The

equation is:

QT= aAb\KZ ‘L/jéfi -cooattonovb:o-ooa(‘.3’

4

where, 0 = discharge in cfs; A = area in sq. mi.; L lenath of

longest collector in mai.; S = slope in ft./mi.: K

impervious factor,
Factor K is:

K=12 0.01SI oao-oaaol-aaattaacn;na(1.“)

o -

where, I = impervious cover in per cent.
o

°

A somewhat similar appfoach’vas undertaken by Espey, et al.,
{1366) to derive a relationship‘usihq data fromfﬂz arban and 11
qrural wétersheds; The eqﬂations Jyere derived_ to model the peak
discharge chatacteristics_under future.urbanlqonditiODSM'The

equations are:



a) Under urban conditions:

1

-0t -0-6!
. T

rr = 20.8¢ 1 s

o-oooooooo-o.q(‘os) :

. -‘-¢ . a ‘
Q = !.93 X ’0“' AO‘Q( Tr oA 00000’000000000(106)

bﬁ‘Under rural conditions:

3 2 -0.52
2.650%"% §7°

[}

Tr

’.........‘...I.......(173,(7”?

’ 3 . - .
1.70 x 10 AOSBTrO-BO ,,,,“sae.,ne,e(!,B)

H

.
5 ‘ . ~

vhere, Tr = time to peak from beqinning of runoff in mins.; Q

= peak discharge in cfs; A = area in sq. km; L = length of
main channel in £t,; S = slope of main chaqgel~in fto/ft.; I
= impervious cover in per cent:*¢ ,=/gh§ﬁhel roughness factor.

In a comparison of Carter's equation to the 38th and 23rgd
S+reet watersheds of Sgller Creek {Houston, ?exas) used by
‘Espey, et al, (1966), good agreement Qés obfaihéd between the
asasured and predicted mean aﬁnual flood for 'ﬁiesent'» )
kconditions. The.application of Espey's rural equations to >
/)%‘Common’s {1942) and Mockus's (1355) hydrographs from Hallef
Creek iatershed were similarly in good agreément.' Again,
conpariSonsrof £he urban équation to Bearqrass Creek

(ibqisvilie, Kentucky) by Espey, et al. (1366} showed similar

results, Hovwever, contrasting results were obtained with

ﬂk‘/\
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Deapsterts eqﬁation‘because of differences in pedology and
channel roughness as noted by Séhulz and Lopez (1374). Hence,
regional vari&hility hag/to be considered rather carefully when
applying empirically defived equations as app:ecithe;errors

may be involved in using then.

(c)'Conpaerivé‘watershedvmethodd-%his method {(also known és
"pajired watershedn method) involves the comparison of different
watersheds with similar basin characteristics (Fig. 1.1b).»

Many studiés have been done to evaluate the hydrological

- differences by comparing urban with rural watersheds. Stall and
Saith (1961) compared 2 unit hydrogqraphs derived from
watersheds in Champaign, Illinois: one completely rural while
the other, urbanized vifh.38.1% imbervious cover, Though
similar in area, mean basin slope and stream channel shépes;
the unit hydrogqraph peak discharge from the urban wvatershed was
approxisately 4 times that for the rural watershed. 1In Tokyo,
Ikxuse, et al, (1975) reported a difference in peak discharge of
5 *iwes for a developed Nagavama watershed compared to its

counterpart, Bessho watershed which is a natural one.

Yaananen (1§$9) corpared three sz2all basins over time to
determine the hydrologic changes occurring from rural to
suburban land use devélopment., These basins are located near

the foothills west of San Francisco Bay near Palo Alto
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-watershed
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Time

Diagram illustrating the comparison method.

Fig. 1.1b



1
Californié. Known as the San Francisquito project, Sh;ron Creek
and a San Prancisquito Creek tributary were the suburban ones
while Los Trancos acted as a rural control. The results showed
that considerable hydroioqic chanqes‘could be attributed to
urban development. ¥Vaananen concluded that there was an -
increase in annnal discharqé; a modification of low flow of
streams resuitinq from the importation of wastewater; and a
decrease in groundwater recharge. The incfease in direct runoff
due to urban development is shown in Fig. 1.2 which illustrafés
*he precipitation-discharqe‘rekations from 1959-1965,
From the three approaches discussed above, it abpears that the
effect of urbanization on the hydrologic conditions has been to
a very large extent carried out orn a macro level, This is to
say that contrasting iand uses were examined and evaluated,
Most of these stpdies had used the degree of imperviousness
cansed by roofs, sidevaiks, parking lots and other features as
the. urbanization index. Indeed, such features siqnificantly “

1

increase the isperviousness as a region urbanizes, Some

ipvestiqators hovever, have suggested other criteria such as
population density (Brater 1968; Hammer 1973; Dunne and Leopold
1978}, the degree of industrialisation or drainage density and

+he number of dwellings per unit area (Brater and Sangal 1963).
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Fig. 1.2  Precipitation - discharge reiations in Son Francisquito Project,”
1959-1965 . (after Waananen 1969).
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The urbanization index selected in fhis thesis is the
percentage of impervious cover: thére are several advantages in
using this criteria. Besides being the principal feature which
is increased with urban development, it provides a common basié
for measurement and comparison, It has advantages over the
other criteria menfioned in. the above paragraph. For example,
because of the different typés of premises (such as résidential
and commercial) found within and between watersheds, the choice,
of the number of duellinds would not provide a reasonab%v'
consistent urbénization index, The choice of drainage @ensity
as an urbanization facfor vould also be qnsatisfactorv. This is
so since differen® coambinations of drainage facilities are
usqﬁ: the City of Vancouver vatersheds are served Syka combined
severage systea while a conbihatioﬁ 6£ storm sewers, open

ditches and wvatercourses is used in the Surrey watersheds.

&

on & micro level,  hovwever, (meaning the use of urban watersheds
only) most of the‘studiesoare direﬁted towards storm sever
design. Such studies {Keifer and Chu 1957; Eagleson 1962;
Terstriep and Stall 1369) center around the conputation of
ranoff esiilates éna design hydrographs as this parameter forams
the basis of storm drainage deéiqn. - Hovever, others {(Viessman

1966, 1968; Brater 1968; Miller and Viessman 1972) 4did analyse

the hydrolegic conditions eapirically. Though. there is
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- substantial evidence that the hydroloqic conditions are altered

@ .

in various stages of urbanization, there are still very few
studies done to evaluate the roierbf urbanization among urban
vatersheds, A recent modelling study by Beard and Chang (1379)
in the Tulsa District, Texas, indicated that increases in
imperviousness, ﬁarticularly buildings and pavements, did‘not
seem to have affected the rapidity of runoff, Instead, they

concluded that the channel and storm sever improvements were

+*+he main cause,

Tf this literature feview is to be complete then the the
increasing importance of deterministic models for the
estimation of runoff from urban basins nust also be mentioned.
Perhaps the most popular models are the Stormwater Manaqement;
Model (SWMM) (U.S.A,), and the Road Research Laboratofﬂ
Hydrograph Model {RRL) {(U.K.). These deterministic models
attempt to mathematically conceptualize the hydrologic
processes that occur in a watershed and utilize the rainfall

Jata as a way of generating streamflovs,

Two types of models can be recognized in teres of their use; i)

2

generalféed models and; ii) specific models, The S¥WMM and RRL
models are generalized ones in the sense that they can be
applied by changing only the parameters. On the other hand, the

specific models (e.g. Chicago Hydrograph and Haan-Jchnson

»
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Hodéi)wa%e infended for application to either a single basin or
a sp c1f1c type of land or land use. To guote Larsom (1372),

If uatershed models can be made to represent the actual
h?droloqlc processes, thevy can be applied under a varietv of
conditions, Thhs, hydrologic model;inq is likely to become the
prinpipal mreans of utilizing or extending our limited data fo
predict the effects of land use changes on water resources." p, .
113, The description and use of these models have been
described by Larson (1372), Roesmer, et al. (1372), and Aitken

(1973).
1.3 Local studies

In the Lower Mainland of British Columbia, sewerflow/streamflow
and rainfall records are quite readily available in some of the
urban drainage basins., There is a fair amount of literature but
therreports done for the past number of years were mainly
concerned with urban drainage design problemsvand developaents,
Some reports on the City of Vancouver had been comprehensively
done by the Greater Vancouver Sewerage and Drainage District
{(Mechler 1977).

\
In the Municipality of Surrey, the EBngineering Divisi%n»vorks

closely with Sigma Consultants Ltd., in a Master Drainage

-Program, Most of the reports were for storm sewer design
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purposes, There are, hovever, attempts in minimising the impact

A

of urbanization on peak flows. The most common methods adopted

are the increased use of natural watercourses and detention

storage basins,

Other governmental agencies, such as the Water Survey of
Canada,; and the B.C., Ministry of Environment do gauge several
watersheds in Surrey. However, most of the data are either
kept as rtecords or used fér water qualit? analyses, Perhaps
the only local studies attempting to evaluate the role of
nrbanization on the hydrological regime known by the writer is
£hat by Dr, H.C. Roberts.of the Department of Geography, Simon

Praser University,
1.4 Objectives of Study

The general objective of this study is to analyze the impact of
arbanization on peak flows using a comparative watershed
abproach (Fig. 1,1b}). To the best knowledge of the author,
this kind of study has not been done for any basins in the

<

Lower Mainland of British Columbia.

The comparative approach is used because the length of records
for local streams does not pefait the classical analysis of

using the "before~after™ urbanization method (Fig. 1.1a). This
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type of analysis is basgd‘on a long récord of runoff that
permits the investiqator:to coapare hydrographs when the
vatershed was rgral with hydrographs when the watershed was
urbanized. However, this approach demands a lengthy temporal
sequence of runoff data which is not available in the local
area, Therefore, the study will use short records of runoff but

from watersheds of contrasting degrees of urbanization. In a

sense, this is the substitution of space for time,
The specific objectives are:

a) To examine +the unit hydroqraph characteristics of watersheds
and, therefore, toc evaluate the role of urbanizaticn on peak

" flows,

Hh) To examine the relationship of runoff to rainfall in the
context of the urbanized watersheds.

The characteristics of +he study éreas are described in Chapter
2 while Chapter 3 discusses the methodology of this study.
Chapter 4 presents <he results of hydrograph and analyses while
a discussion of the resul+ts is dealt with in Chapter 5. In
Chapter 6, the findipqs are éumuarised andrsuqqestions for

further research are proposed,
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CHAPTER TWO

CHARACTERISTICS OF THE WATERSHEDS

2,1 Location

The watersheds selected for this study lie within the Greater
Vancouver Regional District (GVRD) and are situated in the City
of Vancouver and the fast=-growing nunicipality of Surrey (Figq.

2.1}z

a) City of Vancouver
12th & MacRenzie

10th & Alberta

b) Municipality of Surrey
Robson Creek

Hyland Creek

A detailed description of edch watershed will be discussed
later in this chapter, bu*t first there is a summary of the
climate, geology and soils for the general region in which the

vatersheds are located.
2.2 Climate

The lower Mainland of British Columbia enjoys a mild maritime

climate, It is dominated by the onshore flow of Pacific air
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Fig. 2.1 Llocation of watersheds in the study.
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which produces warm temperate rainy winters and cocl summers
(Hare and Thomas, 1974). The presence of the Coast Mountains
has an influential effect: the windward slopes experience very

high ptecipitation levels because of the orographic effect.

h?eathér stations close to the watersheds were selected to show
+he representative mean temperaturé {Table 2.1) andvlean
p;ecipitatibn (Table 2.2) for the period 1941-1370, The medf/
annual temperature for the Varcouver Dunbar South weather
station is 10,5°C (51°Pi‘vhile that for Surrey Newton it is 9.4
°c fu9°?). A very slight difference is also found during the
seasons: 2.8°C (37°F) in Janvary and 18.3°C (65°F) in July for
Vancouver Dunbar South while for Surrey Newton, the temperature
is 2.2°C (36°®) in January and 16.7°C (62°F) in July.
Infiltration capacity therefore is low during the Hinteré
because subsurféce fiov is constantly beinq replenished by

" precipitation,

Precipitation varies seasonally in the Lowvwer Mainland with a
maximum during winter and a minimum in summer, while the fall
has more than spring, The leéh precipifation amount for .
Vancouver City Hall is 160,00 =m (6.3‘ins.) ir January .and 32.3
nm (1,27 ins.)'in July (Table 2.,2)., Due to the relatively

larger amount of precipitation during the winter months, the

infiltration capacity is veri lov and may practically reach
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" reduced, These variations result‘in‘a higher runoff volume for

_retreat or deglaciation stage,

23
zero after a lengthy period of rain. Also, with lower

temperature levels, the rate of evapotranspiration (EVTR) is

a givern amcunt of rainfall in comparison to the summer months,
, _
2+ 3 Eeaioqv and soils
Bj‘\ .

The E.C.‘Lover Mainland is an area primarily of Quaternary
deposition With relatively low feliéf stretching 150 ka east to
Hopeé uuch work of the Eleistocehe geology of the area has
been done by John B, Arastrong' {1965, 1968, 1977) of the
Geolohicalfsurvey of'cénada. This'reqiop has been subjectéd to'
repeated glaciations during the Wisconsin Ice Age. and possibly

. " R ‘
earlier. At least 3 main stages during the Hiscoﬁsin are
sugqested (Arn;tronq 1977); an advance staqe which 'is
characteriéed{bv coalescing piednont‘qlaciefs:’a maximum stage

vhen the ice reached a thickness of 1800 m or more which'.

overrode much of the adjacent mountainous areas; and fipnpally a

During eacﬁ major glaciation, there were isostatic, eustatic’
and tectonic processes }nvolvinq changes in sea-le?els of up to
200 a or lore; This accoﬂnts for the thick Quaternary seguence
in the Lower Praser valley (300 a or more) that is a aixture. of

glacial, non-marine and marine deposits. The surficial gecloqgy

el
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of the Lower Mainland is subdivided into é groups but only 4
major groups are found in the vatershéds (Table 2.3).
Generally, fohr main groups (Fig. 2.2) are‘found in the study
areas: the Newton Stoﬁy Clay, Surrey Till, Haney Outwash and
Sunnyside Sand. The Newton S*ony Clay is glacio=-marine by
origin, It is'composed of stoney and clayey silt, pcorly sorted
till-like mixtures, and minor clayey silt, silty clay and sand.
The thickness of this léyer may be up to 200 ft. thick. ‘The
Suérev Till (qlacial deposité) is composed of sandy to silty
+ill. The Haney Outwash is qlacio-flavial by origin while
sunnyside sSand is cénposed of raised littoral or beach deposits
of medium to coarse sands., Thickness may bé up té 25 ft.
{Table 2.3). | |

Aii%onqh the detailed surficial geology and soil textures vary
ﬁ%om one watershed to another, their distribution within each
vatershed could allov a general assumption that tﬁev are

reasonably similar,

2.4 The watersheds

‘ ’ . -

The ‘watersheds uerébchosen mainly because of the availability
of daté, Geographically, the four watersheds selected are

relatively close to one another, being within an approximate



(@ 12th & MacKenzie

(b) 10th & Alberta

(d) Hyland Cresk

{c) Robson Cresk

A

Surticial geology.

2.2

g
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fl 40 -SURREY TILL
5 (5a,5b) -NEWTON STONY CLAY
6  -HANEY OUTWASH

10b ~SUNNYSIDE SAND

{glacial deposits)

- {glacial - marine deposits)

(glacio ~ fluvial deposits)

(raised littoral and
beach deposits)



27

Surficial Geology Group

Description

ba - Surrey Till
(glacial depogé.ts

Sandy to silty till and minor sub-stratified
drift up to 75 ft. thick but generally less
than 25 ft. thick. Throughout much of the
area Surrey Till Deposits are mantled by Bose
Gravel.

£

5 - Newton Stony Clay
(glacial-marine

depogits)

5a - sandy to silty and minor sub-stratified
drift up to 60 ft. thick but generally
less than 20 ft., overlain in most places
by glacio-marine stony clayey silt, and
minor interbedded marine clayey silt,
silty clay, and sand, up to 25 ft. thick
but generally less than 10 ft.;

5b ~ sandy to silty and minor sub-stratified
drift generally less than 25 ft. thick.

6 - Haney Outwash
(glacio~fluvio

deposits)

Clayey silt, silty clay, and stoney, clayey
silt, up to 25 ft. or more.

10b - Sunnyside Sand
{raised littoral

Medium to coarse sand up to 25 ft. thick;
probably includes floodplain and channel sand,

and beach and littoral and beach sand.
deposits)
Table 2.3 Surficial Geology Groups

Souzm Arwstrong and Brown (1957),

Surficial Geology,

New Westminster Area : .
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radius of 14,3 km of one another, It is permissible for us to
assume that they are ciilatically similat (Section 2.2). the
runderlyinq nate:ials of the basins are Quaterpary deposifs -
composed of alluvial, marine and glacial uaterials. It was
“hoped that the geology of the basins would be relatively
similar as this will remove some of the variance in explagninq
hydrologic response, Finally, because of the comparative
objective of this study, the urban land use intensity of the
watetshed§ varies from a high SO.USAinpervious cover to a low
11.6% {Table 2.4), The watersheds in Vancouver afe entirely

severed while those in Surrey are drained by a coabination of

: -1
storma severs, open ditches and watercourses .or creeks,

2.4, 1 12th & MacKenzie
It is located at about 10 blocks west of Granville Street in

the City of Vancouver. It covers a total area of 0.26 sq. kn

e

(Fig. 2.3). B
= !
TR

Approximately rectanqular in shape {circulatory ratio, Rc -

0.78) {Table 2.5), the mean basin slope is approximately C.02.

It should be mentioned however that the distribution of siopes

within the watershed is not even, A field survey of the areas

reveals that some parts of the basin are gently rolling while

the north uessjfn part has quite moderate slopes, It is
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Watershed Landuse :

Open Build- Pavements Total Area Impervious

Spaces ings Roads . Cover

(%) (%) (%) %) (%)
12th ¢ i
MacKenzie 54.6 20.72 25.2 100 LS5.4
10th &
Alberta 49.5 21.5 28.0 100 50.5
Robson co
Creek 71.5 12.} 16. 4 100 ’ 28.5
Hyland . ‘
Creek 88.4 y.? 7.4 100 11.6
Table 2. 4 land use of watersheds in study
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Watersheds Area Mean Basin Maximun Drainage Circulatory

" (sq. Slope Relief Perimeter Ratio
km) (m) (kam)

12th &

MacKenzie .26 0.02 11 2.06 0.78

10th & )

Alberta .74 0.03 37 5.24 0.3u

Robsaon

Creek 2.03 0.02 23 7.92 0.u41

Hyland ‘

Creek 4.71 0.02 61 10.7 - 0.52

Table 2.5 Topographic characteristics of watersheds in study
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completely drained by a combined sewvwerage system which runs>
alohq practically every block (Fig. 2.3). The total length of
the sevwers measured on the map is app:oxiaately33.21(km with a
drainage density of 12.35 km/sq. km, Measurements of other
characteristics such as the length of the longest channeli‘main

channel and slope of the main channel are listed in Table 2.6.

The surficial qeoloq? is made up of a mixture cof marine,
qlécio—narine and glacial depositg Cloverdale sediments,
Newton Clay and Surrey Till are the ma-jor Pleistocene units
found (Piq. 2.2). Texturally, they vary from clavey silt to

sandy till (Table 2. 3).

The entire area of the watershed is urban {Figs, 2,4a and
2.4b),. It consists of houses, lawns, pavements, roads and a
few vacant areas; tge aréa is entirely residential. Most of
the houses are single-storey built mainly on 33* lots; each
with a lavn, The computation of the impervious cover (Appendix
A) indicates that it makes up 45.5% of the total area (Tablé

2.4),
2.4,2 10th & Alberta
The wvatershed is located 1.5 km east of 12th & MacKenzie and 22

blocks east of Granville Street. The total area is 0.74 sq.knm

(Fig. 2.5).
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Fig. 2.4a 12th § MacKenzie: closely built residential
units. ‘ , '
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‘OUnlike theiother $§sins; 10£hA6 Alberta is rather unusually
Shaped; it is an elongated basin whiéh.tapers'to the south. The
:;;rcﬁlator7>ratio (éc) is neésured';t 0.34. The mean basin
slo;e is O.Qj, though it doesrnot slope evenly thiauqhout the
vatershed. fhe‘area is entirely drained hy a combined severage
systel vhlch also runs along practically every block (Pig'-

2. 5). Due to its shape, the nunber of severs constltutlnq the -
drainage network are far qreater than 12th & uacKenzxe, hence_;;L
explaining a hlqher drainage densxty of 15 72 kl/sq. km. Tﬁe'
total length of severs dralnlnq this area is 11.63 kn. Table

4

2.6 shows the neasurelents for other dralnage characterlslcs.
- - ¢ ) ) A-,V e
The surficial geology of this basin is made dp of glacio-marine e
and glacial deposits (Pig. 2.2). Consisting mainly of the 5b
Nevton Stony~Cl;y group, the sandy to silty till materials are -
'similar though the deposits are generally less tha} 25 ft.
. 3

\

thick (Table 2.3).

The watershed is entirely urban. Unliie 12th & Hacxénzie, this
basgn has conlérciai land uses as well as residential,
especially in those blocks flanking Main Streét along the
gasternrboundaryrtrig. 2.6a) . Residence5~occapy—a very- large -
g;Q:t on wathgﬁjﬁtezshgdharenlﬁin_aﬂditian*u:hexagisgagschnolgff ,,,,, L

(S1lon rraser School) and a connunlty park (Mt. Pleasant

Connnnlty Park) alogq 16th Ave. and a numbper of.parkinq_lots,

< - e



Fig. 2.6a 10th § Alberta: commercial premises along
Main Street.

Fig. 2.6b 10th § Alberta: parking lots at 26th Ave.
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along Main Street (Fig. 2.6b). There is a mixture of

. singlé~storey and double-storey houses which are more closely
bu;lt, especially alo;q Quebgc St, The commercial block rendecrs
up to abéut/ioo% iﬁperviousnesso This is evideﬁt as the
imperviouskcbver is 50,5%, much of vhich résults from the
commercial buildings and associated parking lots.

2.8,3 Robson Creek

Robson Creek is iocated in the Hunicipality of Surrey near (0,5
km east) the King George Highway on 104 Ave, {Fig. 2.1}, It is
a subvatershed of a bigger Whalley drainage basin ({(Fig. 2.7).

Robson Creek has an area of 2.03 s¢., knm.

The watershed approximates an elengated fan in shape. The amean
basin slope is 0.02 with certain paris of the basin sloping
more steeply than the rest; for example, along 129 St. The
maximum relief is approximately 37 m: see Table 2.5 for \\7
quantitativé gegrorphologic details, The entire area is
drained by a combination of storm sewers, open ditches and
¥atercourses. it is guite likely that some of the rainfall
‘excess would not reach the main channel because of pondaqe {as
a field ingpection of the open ditches reéealed); Even 1if
+here is any flow, the abundance of vegetation in most ditches

would impede a smooth passage for the flow,.thus reducing the
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- Fig, 2.7 PRobson Creek watershed.
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rate of flow, Consequently, the peak volume of runoff reaching
the main ontlet will be greatly reduced; this will be discussed

in Chapter Five.,

The sﬁrficial geology for the watershed ranges fromn marine,
glacio~marine, glacio-fluvial to alluviail deposits {Fig. 2.2).
The marine and alluvial deposits are sandy, belonging to the
Salish and Capilano groups. The reason for the presence of
alluvial materials is probably due %o its nearness to the
Fraser River w¥here the materials ma§ have been deposited during
+he post-glacial period, Texturally, the glacio-fluvial
materials range from iess important medium to coarse gravels of
+he ﬁaryhiil ou+wash deposits, to moTe important siliy
mnaterials,

The urbah landscape consists mainly of residences and
commercial actiﬁities located in clusters, e.g. along 96 Ave.
and 128 St., Unlike the City of Vancouver watersheds, the
residences have wide lawns and are on larger lots -{; clear
suburban characteristic, Thére are vacant or open spaces
,gituated sporadically over the area. The impervious cover for
Robson Creex is 28.,5% {(Table 2,4}, A larger portion of the

area, therefore, is divided among lawns and open srpaces {Figs.

2,82 and 2.8b) than in the city.



"

Fig. 2.8a

Robson Creek: rumoff storage in open ditches.

Robson Creek: moderately low housing density.

-y
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2.4%.8 - Hyland Creek

Hyland Creek is located at approximately 2 km south of Robson
Creek {Fig. 2.1}. The King George Highway runs througqh the
yatershed from 73 Ave, and 664 Ave, It is a sub-vwatershed of
the Hewiton drainage basin and is the larqest_watershed in tﬁe

study covering an area of 4,71 3q. km {Fig., 2.9%).

Approximately rectangular in shape, with an irregular drainage
divide, the mean slope is about 0,02.- The slope is generally
gentler in the northwest section, steepening as one approaches
the outlet in the southeast section of the watershed. The

naximum relief is approximately 67 m {200 fi.}o

Like Robson Creek, the, drainage systemr is made up of storm
savers, open ditches and watercourses or creeks, The main
channel, Upper Hyland Creek, is about 1,67 Xm long and is fed
by a few smaller creeks as it drains from northwest %o

4

southeast {Fig. 2.3).

A very large portion of the watershed is made up of Newton
Stony Clay and Sarrey Till {glacic-marine and glacial
deposi%s}. Harvhill Outwash deposits iqlacio-fluvial) occut
locally in the southwesz, over aven less extensive deposits of
the Salish and Capilano groups {marine and alluvial deﬁosits)

{Ffig. 2.2 and Table 2.3},
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Hyland Creek is the least developed or ufbanized of the four
-wvatersheds in the study. Commercial buildings are found along
both sides of the King George Highway {(Fig. 2.10a). There are
also light industrial premises concentrated along both sides of
72 Ave, up to 130 S5t. Residences occupy a. larger portion of the
area, vwith a mixture of small and wide open lawns, There are.
more open and vacant spaces 'in the western part ofythe
vatershed and the impervious eover is only 11.6% (Fig. 2.10b).
This area hovever, is undergoing raﬁid development which will

ensue drastic changes to the landscape in a few yvears time.
2.5 Summary

The four watersheds in the study are urbanized but with
differing degrees of land use intensity. This is reflected by
the chosen urbanization measurement in the study, i.e. thé
percentage of impervious cover, The basin physiography is
dissimilar with areas ranging from 0.26 to 4,71 sq. km. Shape
differs from an almost rectangular-type, 'elohqated' fan-type
to an elongated one, Also, the nature of the drainage systems
found in the 2 municipalities is not the same. Consequently,
al} these factors will have to be taken into account when
comparing the results from the analyses in Chapter Four and

Chapter Five.



Fig. 2.10a Hyland Creek: commercial center along
72 Ave. and King George Highway.

Fig. 2.10b Hyland Creek: wide vacant lots.
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CHAPTER THREE

METHODS OF ABALYSIS
3.1 INTRODUCTION

The purpose of this chapter is *to present the methods uséd ip
analysing the data obtained. The first part of this chapter
discusses the methods of analysis; a) urit hydrographs and:; b)
distribution grapks. The second part of the éhapter deals with

the data and its collection,
3.2 Methods used

Since this study is concerned with the comparison of several
basins, the unit hydrograph principle is the main analytical
tool used, This is becausg a common basis of comparison such )
as the unit hydrograph is fundaasental! such tha*t all runoff
;esponses will Be the result of 1 cm of rainfall excess. Also,
it is a straight forvard method to d;rive the rainfall-runoff -
reiatious from observed hydrographs., Though originally

desigred for use on lafqe va tersheds wvhere effective rainfall
could be deterained from daily rainfall records {Chov 1352), a
nusber of investigators (Brater 1340 ;Chow 1952; minshall 1960;

Eagleson 1962; Espey et al. 1366; Viessman 1366, 1368) have

1sed it successfully on saall watersheds such as “hose used in
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this study. Additionally, the distribution gqraph, which is an
advancement of the unit hydrogqraph, and obseived voluometric
runoff coefficients will be computed and incorporated for

further analysis.
3.2.1 The unit hydrograph

The basic theory Qf the dnit hydfoqraph vas proposed by L.K.
Sherman in f932. It vas defired as a hydrédraph of direct
rtunoff resulting from rainfall excess occurring in a specified
period of time. The unit hydrograph of runocff represents the
inteqrated effects of all the basin constants including area,
shape, stream pattern, channel properties, land slopes and
other physioqraphic characteristics., - However, in the course of
deveiopleﬁt and refirement, the unit.hydrogqraph has come to be
defined as the hydrograph of 1 cm ofrrainfall excess generated
uniforely in intensity within a specified period of tine.‘

The basic assumptions of the unit hydrograph theory‘nay be

suamarised as follows:

a} Por a given vatershed, storms of equal duration will produce

sarface ;ﬂnbff hydrographs vith approximately equivalent tine
P . :

bases, regardless of the intensity of rain; b) for a given

varershed, the ordinates of the surface runoff hydrographs froa
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similar storas of equal duration are proportional to the wvolume

of surface Tunoff; c) for a given watershed, the time

distribution of surface runoff from a particular stora period
is inrdependent of precipitation from antecedent or subsequent

store periods.

The wvaryving effects of channel storage, in a way, do not
exactly reflect truthfully the first assumption. However, as
linsley, et al. [Y349) noted, because the recession curve
approaches zero asysptotically, a practical coipronise is
possible without excessive errér. The second assusption is
applicable provided th&t +*+he selected time uni*t is less than
the piniaus concentrationvtile {Sherman 1340). Pinally, the
anteéedent conditions are important as the volume of rainfa}l
excess resulting from a given amount of rainfall will have to
depend on the soil irfiltration rate, depression and detention

storage (Gray 1370).

Thongh accepted by most hydrologists as a valuable hydrolegic
tool it has limitations wshich must be taken into abcount. The
ideal conditions for the derivation of unit hydrographs from

storss can be sumaarised as:

a) the rain must have fallen within *the recorded time interval

or time limit, such as a day or hour; b) Tte storm must have
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%
‘been well distributed over the watershed, with all stations

Shovinq“An appreciable deptg ?frpainfall: c) the run;ff
following the storm must not have been affected by low
te;perature or by melting .snovw and ice; d) the stora perioa
aust be conparatively isolated in record. I+ shquld follow
a period of loi strééu‘flow, and there should be no further

rainfall until the peak is well passed {Morgan and Johnson

1962).

Identical'runoff produqinq'storns‘occurriné over the same
'gétéfshed are rare, particularly over large ﬁatershéds Qr
oddéshapéaﬁbasins, espec{ally those which are long andfna;roa.
It is also not suitable for areas subjected-to orﬁqraphic
rainfall vhere areal distribution of such rainfall is usually
qui;é uheven, Héhce, unit hydrographs are best éuiféd to areas
thch are-less thén 2000 sg. hiles (Linsley, et al. 1943).

The unit hydréqraph is dee;ed to be a very suitable and
valuable hydrologic tool fdr thé comparative objectives'offtﬁis
thesis, With basin areas ranging froam 0.26 to\ﬂ.?frsq; ka, it
ié reasonable %o assume thaé'the distribution of rainf;ll is
not too uneven., Moreover, the rainfall data selected to deiivéA
the unit durqtion show relatively even intensities. fhouqh
10t£ E:Aiberta is an 'odd-shape' basin, we can safelyvaccep;
that the nnusual shape is conpeﬁsated»bj +he smallness of iis

area of 0,74 sqg. ka,
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3.2.1.1 Derlvatlon of nnxt hydroqraphs

o =

Several sieps are taken when dérivinq-a unit hydrograph froa

observed: hydrographs, The procedures are explained below:

;) Plotginq the gﬁserved_hidrddraph —,Thg‘obsérved hydroqraphs
for 12th & chenzié and 10%h & Alb;rt& vere recorded with the
percentaqe of maxiaum flow against tlne. Theseruere°converted
o) d1scharqes 1n‘cu1ecs lathela*lcally {for a further ‘ |
dlSCBSSlon, see Section 3. 3-3; P 63). The watefsheds 1n
sarrey have the stage of vater level plotted against tinme lﬁ
the . cbserved pydroqraphs. The stages were copverted to

discharges in .cusecs by means of their respective rating curves

{Appendix B).

b)4Basefloh.sepa;ation - There are several methods. for
separatiné baseflov. The accurate detérn&nation is a matter of .
uncertalnty sSince +he exact lavs Vthh govern baseflov are
anknovn (Chow 1552). It should be no*ted that the exact lethod‘
used -in the analysis is not critical to unit hydroqraph,
developnent provided +he same method is alwvays applied."Three
important pqints 0f the observed hydrographs are neede@ito
derive a nnig—hydréqraph {Pig. 3.1b}, namely, the beqinninq of
direct Tunoff (point A}, the peak discharge (point B) and the

point of the recession curve which represents the end of direct



(a) Hyetograph

*

‘Roinfoll (mm/per 174 he)

mmp (cumecs)

Fig. 3.1 - The event of March 25th, 1977 (12th § MacKenzie basin)
used in the derivation of the' unit hydrograph.
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runoff (point C). It is with the determination of the third

point 6n the recession curve that difficulties arise. Howvever,
a,consistént method of locating this point is to plot the
obseried hydrbgraph on a semilogarithmic paper {after Barnes -
1939)., A straight 1ine>u111 be producéd by the reccessional
limb. Graf (1970) comments that this will usually occur when
interflou;and groundwvater is negligible in comparison to the
contribution by surface runoff, The point where the
receséiona%plimaneeis'the baseflow line is taken to represent
the thirdlhoiht, vhichAié thelend of direct runoff. A line is

then dravn from point A to C to represent the baseflow (Piq,_

~

© 3.,1b). The en¥ire area, ABC, is therefore taken as the total

direct runoff for a particular stora.

C) Deriiinq the hydrograph - Iﬁe ordinates of the direct runoff
hydroqréph are reauqed by taking the difference between the
observed hydfograph and baseflou.‘The modified hydrograph
reprgsents the hydrograph of runoff.'

a) Caicdlation of direct runoff depth - The area of the
hydroqrqgh derived above represents the total volume of dlrect,

runoff. ?he hydrograph is plotted accordingly onto a graph .

paper and the squares below the hydrograph counted. The volume

of direct runoff is calculated:
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k]

Yy = a.,t -no.o;ooccoannns.a.aooo-o;o}ao30(301)

where, v = discharge volume in cubic‘meters; a = area as in

number of squares; t = value of each square in cubic meters.

The deﬁth of direct runoff is calculated:

D = v/A ooo.noaaccoo.;aocoooca.oo..nocfo(3.2)

where, D = depth of direct runoff in millimeters; vy = dicharge

in cubic meters; A = area of watershed in sq. km,

é) Computing the unit hydrograph - The ordinate of the directk
runoff hydrograph divided by the total depth of direct runoff
will give the ordinated of the unit hydrograph for the unit
duration for a given storm (Appendix C),

v

3.2.1.2 Determination of unit duration

-

/

There are several techniques used in deriving the unit
durations or the duration of rainfall excess, Several opinions

. ) .
have also been expressed over their use.

Ppr instance, for small watersheds (less than 10 sq.qii;); unit
hydrographs will result froama short, isolated storams vith

durations less than tﬁe time of rise. On the other hand, the
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unit duration- for larger watersheds may be less than the time
of rise but no more than half as long. -Linsley, et al, (1949)
found that the unit duration should appro;imate 1/4 of the time
lag (time from centroid of rainfall excess to peak dischazge),

¥ith a tolerance level of + 25%,

In the determination of unit duration, it has been accepted by
some that before ovériand flow can Tesume, a portion of the
initia} rainfall is stored and permanently abstractgﬁ’fron
surfaée runoff by interceptibn {vhich later eVaporafes) and
depressidh storage (v¥hich later evaporates or infil;rates below
theféoil surface)., Through experiencés in research, various
;nvestiqators_have arrived at a range of retention values.
Tholin and Keifer (1960) suqqested.valﬁes of retention of 1/16
inch for pavements and 1/4 inch for grassland. Viessman (1966)
reported retention ranges of 0.04 to 0.10 ins. for small paved

areas. Brater (1968) concluded an average initial retention of

0.02 inch for 3 urban watersheds studied in Detroit.

To estimate infiliration, depression storage and interception
loss, a wide range of technigques have been used. Some (KReifer
and Chn 1957: Schulz ;nd Lopez (1974) assumed that a por;ion of
the initial“rainfall is lost and does not contribute to the

channel, Othegs (Brater 1368; Eagleson 1962) used a decay-type

cuarve to estimate the volume lost, Hinsha11'(1960) mnade use of
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the aAntecedent Precibitation Index (API) fo: this purpose. Yet
others like Chow 1352, 1964) and Willeke (1966) drew a
hbfizontal lifie across the;hyetoqraph of a particular storh

. which, in actuality, gives a mean ordinate of the decay curve

"and the attainment of a phi-index.

In this study, the method used is similar to that of Chow
(1952, 1964) and Willeke (1966). A horizontal line is drawn
across the hyetograph suqh that the volume of rainfall above
the line equals the‘direct runoff for that particular storm
(Fiq. 3.1a). The area under the‘hvetoqraph‘houever, tepresents

the losses by infiltration, interception, retention and

® ¥ R

=

depression storaqés. Though this‘techﬁidhe qi@es only a first
approximation to rainfalllloss, it pfoves tonbe‘a,satisfactory
nethod for'derivinq unit duration in this study. The unit
duration is defined by the tinme betveen the beginning and the

end of rainfall excess.

3.2.1.3  "Derivation of unit hydrograph for other than.the unit
duration of the original =storm

7N
Unit hydroqraphs for unit durations longer than the original
one is computed through the addition of the original

hydrographs from the selected-events, Since representative

unit hydrographs are to be derived, it is considered
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appropriate to ﬂevelopifhe few 15-miﬁute>uhi£vhyér6qr;phg info
30-nminute durations (30 minute unit hydroqraphskwere mostly
obtained compared to 15-minute cases). This is QOne by using
the summation technique, For examplé, the summation of two
15-minute unit hydrograph will yield a 30-minute qraph with 2
ca of direct runbff. The ordinates of this de;ived graph are

then divided by 2 to obtain a 30-minute unit hydrograph

{Appendix D).
3.2.1.4 Derivation of a mean unit hydrograph

Still a further step is needed for the common basis of
bonparison of the unit hydrographs. This is where the
development of‘a_mean unit hydroqraph’is necessary. 1In this
study therefore, mean 30-minute unit hydrographs are derived.
This is done by averaging several 30-minnte unit hyvdrographs to
derive a mean 30-minute unit hydrograph. Accordingly then,
each mean 30-minute unit hydrograph would fhéh be assumed to be
representative for the watersheds, It is gréphed by
calculaﬁinq and locating the mean peak dischérge, time of rise
and time base of the 30-minute unit hydrographs. The area below
the qraph equals 1 ca of runoff while resembling the ind}vidual

graphs as much as possible (Linsley, et al 1943),

- v
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3.2,2 The distribution graph

The distribution graph is a development of the unit graph and

. was defeloped by NMerill M. Bernard in 153“. It is a modified
unit hydroqraph to show the proportional relation of its
ordin&tes uheieby the ordinates are expressions of the total
surface runoff volume in percentaqeé. Gray (1970{ commented
that because the total area under the distribution graph equals
100% of surface runoff, differences in the runoff ,
characteristics between watersheds are reflected in the
respective shapes of their distribution graphs - a valuable
to00l for runoff analyses.'Thiﬁhnethod is used in conjunction
vith the uni¥ hydrograph since the watersheds‘in this study are
of different s}zes. Therefore, Li_is useful in the analysis to

attempt an explamatidn on the characteristics of surface

runoff,
3.2.2.1 Construction of the distribution graph

Though the derivation of the mean distribution graph froa
several similar graphs have been cited in most literature
{Brater 1940; Meyer 1940), it is considered reasonable to
construct mean distribution graphs from the already derived
mean unit hyd;ogfaphs for the vatersheds. This ié because

similar conditions of rainfall distribution, duration and other
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factors_ _required for the unit hydrograph are also assumed in -
the distribution graph. The reasons underlying this
consideration are representativeness'and consistency;
representﬁtivehess‘because‘the neaﬁ'Bpfninute unit hydrographs
are assumed *o be reptesentative’qraphs, and consistency in
order to avoid any ‘errors' that might incur during the

averaging process of the distribution graphs.

The mean unit hydrographs are interpolated into time inter;als
of 15 minutes, The ordinate values are sumned‘apd the
percentage of the total valde,occurring at every time interval
calculated, These percentaqé values are the ﬁﬁnerical
representation of the distribution graphs. It should be noted
that the time intervals selected are similar because the
percentaqé value changes accordingly if dEEEerent time
intervals are selected for each of the mean unit hvdroqrap?s.
Por exaaple, if 15-minute and 30~ninute interials'are selected

for each case, then the percentages would be different byone

half. -~

3.3 Collection of data
f{‘

:Lj g;’

The data used in this study are the rainfall, sewerflow and
streaaflow gecords—for the basins., Other information inciuded

are ®erial photos and maps needed to determine the urbanization
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index as well as for determining the quantitative geomorphology .
of the watersheds. Because of the qeoqraﬁhiCal disttihutidn of,
the watersheds, the data, aerial photos ané maps ;9re collected
from a variety of qovefnuental sources; the City of Vancouver

Engineering Department, Greater Vancouver Seuerqqe and Drainage -
District, Sigma Engineering Consultants Ltd. aﬁd'the . -
»Enqineeriﬁq pivision of the Surrey Municipality. Table 3.1
shows the respective soufces for the rainfall, severf;ou and

streanflov data.

}-,_C"’ -

3.3.1 Réinfall stations

Fach watershed in the study has a corresponding recording rain
gauge located.within or very close to the watershed (Fig. 3.2).
Thbugh some investigators have recommended at least 2 raih
gauges arerneeded for the evaluation of a representative
rainfall depth for aﬁ area, one recording rain gauge is deemed

sufficient because of the smallness of the drainage basins.

The locations of the respective rainfall gauges are shown in
Pigq. 3.2. For 12th & MacKenzie, the fecordinq rain gauge is
located on the rooftop of the GVYERD Head Office (10th S viﬂe
" 'St.) which is just outside the watershed boundary. It is a
long term (records up to periods of 30 days) tipping bﬁcget

recording rain gauge. The time resolution is 10 minutes with

,‘/\‘
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Drainage Areas Type of Data *Source Period of Analysis
12th &€ MacKenzie Rainfall GVS & DD Feb. '76-Mar. '77
Sewerflow VCED Feb. '76-Mar. '77

10th & Alberta Rainfall - VCED Oct. '76-Mar. '77
| Sesserflow VCED Oct. '76-Mar. '77
Robson Creek Rainfall SEC Jan. '77-0Oct. '77
Streamflow SEC Jan. '77-0ct. '77

Hyland Creek Rainfall SEC Dec. '76-Oct. '78
Streamflow SEC Dec. '76-Oct. '78

% GVS & DD - Greater Vancouver Sewerage and Drainage District
VCED - Vancouver City Engineering Department

.SEC - Sigma Engineering Consultants Ltd.

Table 3.1 . Data source

3
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uu,an.

(@) (2th & MacKenzie

(b) 10th & Alberta

(c) Robson Creek

Legénd

® ran gouge - '

8 sewerflow recorder

'@ streamflow Tecorder (d) Hyiand Creek

Fig. 3.2 Instrumentation of the watersheds.'



62

each 0.01 inch ({approx, 0.25 nm)rof rain caﬁsinq t he buékét to
tip. In 10th & Albérta{ the recording rain gauge is situated
on the rooftop of Vancouver City Hall, It is a.tippinq bucket </////
type with avtiie resolution of 15 minutes while each step
'£raced.over indicates a 0,02 inch of rainfall. As for Robson
Creek andwﬂyland Creek, the rain gauges maintained are of the
same design, which is § tippinq»bucket lonq term reCérdinq
gauge uith a time resolution of half hour and a tracer step of
0,01 inch, The gauge in Robson Cteek is situated just outside
the wvatershed houndarv; It is;located‘at»the south side of the
" roof of Cedar Hills School at 124 St. and 98 Ave. In Hyland
Creek, the gauge is located on the rooftoﬁ of £he storage
building at the Fire ﬁall at No. 10 on 72 Ave., near King

-y

George Highwayvy.,

3.3.2 Sewerflow and streamflovw gauging stations

-

The sewerflow measurements for the Vaﬁéouver vatersheds are
recorded by stage~discharge recorders (Manning's Portable
Dipper quu ﬁeter) installed within the sewers: these are
élockvork driven, These instrumsents are located at the junction
qf 12th Ave, and Hacxénzie‘St. and at the junction of 10th

Ave, and Alberta St.
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The eanflow measurements for the Surrey watersheds are
recorded by Type R20 Ott Water Level Recorders. These clockwork
driven, float-actuated instruaents are installed together with
stilling vells., Broad crested weirs of the rectanqular type
are used and installed across the outlet, The location of the
streanflow gauaging station for Robson Creek is at the culvert
headwall at 100 Ave., near 125 St. As for Hyland Creek
vatershed, the streaaflowv gauging statiorn is situated’in the
lainstreanjof Upper Hyland éreek at the 140 St. bridge

crossing.

3.3.3 Stage-discharge relations

The stage-discharge relation, or more siaply the rating curve

is established by current metering the creeks near the gauges

-to obtain the discharge for a given stage of the water level, A

representative line is drawn through the plotted
stage-discharge points {kppendix B). Any discharge volume to be
Xxnown vwould simply be ex*rapolated from the curve #ith a known

stage value and, in our case, from the hydrographs.

As a result of *he type of instruments nsed for sewerflovw
gJanging in 12th & %acKenzie and 10th & Alberta, a somevhat

different stage- discharge relation is noted. Instead of

1
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determining the discharge volumes froam rating curves like
Robson Creek and 8yland Creek, the discharge ordirate structure
is expressed in percentages of the paximum discharqe for the
sever, The maxisum discharge is represented as 100!..If the
discharge in cfs of, say, the peak of the hydrograph is tc¢ be
knovn, the peak discharge is then computed by a sisple
matheaatical calculation, The maxzimum flows are 0,31 cubic
meters per second {(cumecs) (8,81 cfs) and 2.32 cumecs (31,98

cfs) for 12th & HacKenzie and 10th & Alberta respectively,

3.4 Bvalgation of data

A preliminary exaairation of the available rainfall, severflow
and streamflowvw da*ta was done before deriving uni* hydrographs.
The primary events chosen vere isolatéd, clear-cu* and single
peaked eventé except for-the stors dated 11th Decemsber 1377 for
Hyland Cfeek whick was a complex one. Even *her this coaplex
storme hydrograpk is “he resultant event from the firs* of a
series of stors bursts so that it can be separated froa the
snceed ing hydroqraﬁhs by extending the recessional lisb that
overlaps ‘he subseguent hydrograph, The analysis was also
desiqned to choose those events occurring during the winter
sonths, This is important as the seasonality will have a

¢
pronounce effect on runoff response (Taylor 1377). However,

vetter and drier antecedent conditions are possible because the

1

_/
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tainfall_instiunents do not gauge dnf'ligﬁt shovwers less éhan
0.01 inch., Brnor# may even be qreazér for 10th & Alberta since
there will only be recordiﬁqs uﬁén rainfall of 0.02 inch or e
7iarger occuré. Limitations were alsorfoundrin the sewerflow
records. The time resolution has an interval of 3 hours which
is too long for akshort‘inéervaIQ(say, 5 mins.) discharge
ordinate to be caicnlated{ Convefsely, bécause events uere'f
carefully chosen to treduce 'theoretical er;orsf to0 a minimup,
oﬁ}y a very small number of qases'were used given the available

short period of records (Table 3.1).
3.5 Beasurement of impervious cover

The ilpervious cover includes rooftops, car parks, pavements,
sidevélts, roads,,and othérrsurfaceé restricting infiltrati

rhe exfent of these features was measured from aerial photd

and maps, Inforiation used for 12th & uacxenzié and_10th 12 : ~
Alberta are aerial photos of scale 1 inch to 200 ft. while, |

maps drafted fronvaerial photos of scale | inch to 400 ft. were

used for Robson Creek and Hyland Creek.

There are several ways in which the impervious cover can be

measured., among the most popular ones are the planimeter and

— 7 sawpling weth Gﬁ"'"36wef,iﬁinﬁiiftfffbﬁtééTO IﬁaCC\leCrthféni

using a planimeter may be involved,- such as, whether the



operator has a steady hand, vhether the map has a smooth or
ropgh éurface and whethe: theAafea being measured is }
conveniently located far enough from the edge of the map to

- allov tracing without the wheel of the.ihstrumént running off
the edge (Hood 1954) ., On the other hand, the‘samplin§ method
vill give a cbarsg estimate,  In this study, the means of
measuring the iampervious cover is the random dot planimeter.

It is a reliable means of measuring the in@ervious cover of the
-watersheds_-wvith an accuracy of 37% (Dept of agric. 1570).
Additionally, ﬁhiS’techniqué is fast and also siample to uge.
The random dot planimeter works on the principle that the
numaber of randosly spaced dots faliinq.within a boundary is
proportional to-the area enclosed. In other words, if a value
in sgnare»units,is assigned to each dpt, the area enclosed by
the boundary will be theinunber of dots times the value of each
dot, A positive of the randbn dots (in rectangjlar grids) is z;
placed over the area enclosed by the a#tershed.'The total
number of dots falling within the boundary is counted to
represent the total area. The next step is to count the ddts
falling within the impervious features as described earlier.
Thgsgwaye then sglleg up apd divided by @pé ﬁbtalfnu!bgr;qf”,

dots computed initially.‘ This ratio is then the proportion of

impervious area within the watershed expressed as a percentage

{Appendix A).



67

CHAPTER FOUR

THE RESULTS

4,1 Introduction
P (\ . ‘v .
é,gi the preceding chapters, the analytical procedures for thé
rainfall, sewerflow, streamflow data, and the measurements of
- basin characteristics of the'vatérsheds in the stndy:have béeﬁ
- presented., In this chapter; the results of the use of thé
-derived unit hydroqraph, distribution graph andvtherfGﬁOff
coefficiehtslin the analysis of the impact of urbanization on

peak flows will bé reported,
4,2 Urbanization and peak flows.
4,2.1 Unit hydrographs

Unit hydrographs for the Hatersheds vere derived from the
procedures dntlined’in Chapter Three. Caution was taken in
choosing the appfopriate efents (see Section 2.2) and only a
small number of events were selected (Table 4.1) for the
derivatidn 6f unit hydrbq:éphs (Tableé 4,2 éhdlu;Bi. .



Watershed Drainage Stom Stom Date -Duration Duration Rainfall Rainfall
Area

No. : of of . (mm)’ Excess
(sq. lan) ' Rainfall Rainfall (mm)
: (mins.) Excess )
‘ (mins.)
12th € : , :
MacKenzie 0.26 1 27th Feb.'76 30 15 1.27.  0.14
2 17th Mar.'76 45 30 1.27 0.11
3 16th Feb.'77 30 15 1.27 0.27 -
4  25th Mar.'77 30 15 1.02 0.37
5 27th Mar.'77 30 15 2.29 0.42
10the o |
Alberta 0.76 1  7th Nov.'76 105 30 4.57  0.36
’ 2 18th Nov.'76 60 15 3.05  0.54
3 20th Dec.'77 105 60 2.03  -0.36
4  uth Feb.'77 . 30 30 1.02  0.20
5  26th Mar.'77 30 30 2.03 0.40
Creek 2.03. 1  23rd Mar.'77 75 15 .2.29 0.47
' 26th Mar.'77 90 30 10.41 0.6u4
25th Oct.'77 105 45 5.08 , 0.58
Hyland :
Creek 4.71 1  25th Dec.'76 450 30 9.40 0.32
2 1lth Feb.'76  5u0 150 19.30 2.87
3 28th Feb.'77 285 30 9.1y 0.35
4  u4th Apr.'78 360  .135 11.18  2.07
5

20th Oct.'78 270 75 ~  9.65  0.u5

Table 4.1 Selected storm c}aractemstlcs
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-
Watershed  Storm No. Unit Peakflow Peakflow Per
~—~_/Durat ion (cumécs. ) Unit Area
(mins. ) :
12th & @
MacKenzie 1 © 15 1.93 7.42
| 2 - 7w 199 7.65
*3 15 1.37 ©5.27
L 15 1.70 6.54
5 15 1.4l T 5.42
10th € | - ﬁ -
Alberta . 4] : 30 S}Hal"”“\‘~ﬂv/ 4.72
2 15 2.55 X
3 60 C2.12 3.68
oy 30 © 3.45 7.19
#5’ 30 5,33 4.66
Creek #] 30 7.24 3.57
. 30 6.08 . .1.29
3 R 4.85 2,39
Hyland |
Creek S - 7.83 1.66
2 150 3.10 . 0.86
. - k3 130 6.58 1.40
135 8.21 - 1.4
75 . 821 . . 1..74

1

. » Selected events for deriving mean 30-min. unit hydrographs

“ Table 4.2  Derived unit hydrograph characteristics
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Wateyrshed Storm Storm Duration ka Qpk - Time of Base .
No. Date “of  (cumecs.) (cumecs. Rise Width -
Rainfall per sq. (mins.) (mins.)
., Excess . - ham)
(mins.) '
£
12th ¢ o ' .
MacKenzie 1 27/02/76 30 1.23 4,73, 30 60
- A 3 16/02/77 30 1.24 4.77 30 70
¥ 25/03/77 - 30 1.11 14,27 30 90
10th & ‘ ‘
Alberta 1 7/11/76 30 3.3u 4.51 45 105
- 4/02/77 30 2.84 3.84 - uS 105
26/03/77 30 . 3.30 °  4.u6 45 90
q —
Creek 1 23/03/77 30 6.12 3.01 . 45 210
26/05/77 30 5.75 2.83 60 225
Hyland . S
Creek 1 25/12/76 30 6.95 1.u8 60 210

28/02/77 30 6.6 1.37 - 60. - 240

Table 4.3  Derived 30-minute wnit hydrograph characteristics



4.2.1.1 Peak flows

FPig., 4.1 shovs the average 30-ainute unit‘hjdrdgraphS'that have
beeﬁ derived for ihe vatersheds under studgtibespite the '
varying degrees of urbanization, the total peak discharge is
still, to a very considerable extent, a fuhction'of the
drainage area explaining the direct relationship f12th &
MacKenzie - 1.13 cumecs; 10th & Alberta - 3. 16 cumecs; robson
Creek - 5.9# cumecs and; Hyland Creek - 6.71 cumecs)., In order
to compare ihe store rgnoff vields of these basins, the
discharge in transformed intoecuiecs per square kilometer |

(Table 4.4 and FPig. 4.2).

Prom Fié. 42, the hyérographs show that the unit peak flow is
higher in the VYancouver ;atersheds than the ones in Surrev.<
Pnrthetnbre, the Vancouver unit hydrographs appear steeper and .
narrover thaﬁ the broad based ones of Surrey watersheds (Byland
Creek in particular). Although the direcf relatibnghip between
impervious co#ér and the unit peakrflOH‘is apparent (Fi&. 4, 3),
unit yields from 10th sillberta raise some queStions. Despite
haviné theihigﬁest computed impervious cover. of 50:51, the unit
peak flow is only n.é?xcuaecs/sq. ka compared  to 4,58

cumecs/sq. ka for 12th & MacKenzie which is 45,4% impervious.

Results from Robson Creek appear to be reasonably comsistent. =

Overall, the iﬁterpretation of the data appears to be fairly
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Fig. 4.1 Mean 30-minute unit hydrographs for-
the four watersheds.:



Watershed Dunatmn of Average) Avémée Average Average

Rainfail Qpk T Qpk Time of Width

Excess (cumecs.) (cumecs. Rise (mins.)

(mins.) per sq. (mins.) .

- Jam)

12th ¢ . ¢ : , :
MacKenzie 30 1.19 4,58 . 30 73
10th ¢ ~
"Alberta - 30 3.16 y, 27 us 100
Creek 30 5.94 2.93 53 . 218
Hyland ‘
Creek 30 6.71 1.42 60 225

Table 4.4 Average 30-minute unit hydrograph characteristics -

b7
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Mean 30-minute unit hydrographs (per unit area)
for the watersheds.
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ﬁ . Fig. 4:.3 [Relationship between peak discharges (cumecs/sq. km)
-and the degree of urbanization. '
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consistent with the general assunptidh of the thesis with the

minor exception of 10th & Alberta.
4.2.2 Distribution graphs

Like the unit hzdro§;aph, the distributioi graph, however,
gives é loie explicitiguantitatifg-indication on the timing of
the rate of surface runoff, Thduqh it would define the
hydreqraph less explicitly than insténianeops flow (Linsley, gt’
al, 1958), it is deemed an ;ppfﬁiriate tool for comparison as
it shows the percentage éontribntion characteristics of the net
storm, It is also prefe;able, as mentioned earlier, since the

study includes different sized watersheds.

Pig. 4.4 illnsttates the distribution gréphs derived at
15-ainute intervals, ©Note that the bercentaqe of flow
increases rapidly for 12th & MacKenzie, uifb a peak
contribution of‘u2.3i of thé total storm runoff (Fig. 4.5 and
Table 4,5), Compared to the rest which are more gradual, the
ratios of percéntage peak flows computed are about 40:25:23:12
for 12th 5§ MacKenzie, 10th & Alberta, Robson Creek and Hyland
Creek accordinély. A gregte:reegtiqn (66.3%) of the storm

runoff is delivered out of the watershed at the time of peak

discharge for 12th & Mackenzie (Table 4.5). Slightly over 1/2

(53.3%) is accounted for 10th & Alberta, while 45.7% and 32.4% ~

-
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Fig. 4.4 Distribution graphs from mean 30-minute
unit hydrographs. :
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Time . ~ 12th & 10th &

Robson Hyland
Ordinates MacKenzie Alberta Creek . Creek
(mins, ) B — "
0 0.00 ~ 0.00 0.00 0.00
' 1’ 26.90 585 4.17 2.12
30 " 46.20 ' 20.07 16.69 © 6.55
us 26.90 26.42 24.79 10.78
60 810 23.41 18.20 12.92
75 ©1.20 | 13.38 112.10 12.52
[/ 90 0.00 ~ 7.53 7.51 11.94
105 3.34 5.09 ©10.59
\ 120 | © 0.00 3.76 9.05
135 ‘ 2.51 7.324
150 1.67 5.97
165 1.25 4,47
180 0.84 3.08
185 0.42 1.73
210 0.00 .96
225 0.00
240

Table 4.5 ' Ordinates of distribution graphs in percentages
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are sililarly corputed for Robson Creek and Hyland Creek
respectively. These figures‘qive\sone indication of the rate of
flow, which in turn implies the rate of delivery by the

drainage systenm,
3&.3_ Orbanization and hydrograph shapé

b3, Time aof rise

The time of rise {somet imes known as thexferlod of rlse) ray be

defined as the time from the beq1nn1nq oj’stotn runoff to peak
discharge (Figq. ﬂ.6). Generally, the time of rise for a small

vatershed is a function of three factors:

N

a) surface properties, which involves such factors as:
impervious cover, channel characteristics, land use, soil

" moisture and qeology.

b) qunetrv‘of watershed, as defined by area, length, slope and

e

shape.

c) storm characteristics, as expressed by size, duration and

intensity,



Discharge

7Timo

Fnéwhydrograph properties (see text for definitions).
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By the selection of storas having eésentially'similar
charcteristics, the time of rise can be considerednanuﬁction
of the surface properties and vatershed geometry. Since the
surface properties are reasonably stable over a period of time,
it is permissible for usfto assume that this factor anﬁ the

vatershed geometry is constant.

Table 4.3 shows the time of rise computed for the wvatersheds as
a resﬁlt of 30-minute rainfall excess, It is quite ciea¥ that
shorter times of rise are experieﬁced.bi the Vancouver
sﬁtersheds. Fig; ﬂ;zvnay illustrate this more clearly when thé
average 30~-minute unit hydrographs are derived (see also Table
3.8). 12th E-Eacxenzie has a time of rise of 30 minufes, which
is 15 ninuteé shorfer than 10th .& Alberta, As for Robson Cfeek -
and Hyland Creek, the time of rise is aelayed for the foreer by
a difference of only 7 minutes. The computed time of fiée
see®s to correlate quite strongly to the state of development
of the vatersheds., However, caution-should also be‘excercised
in interpreting these values as watershed size will have a
significant effect on the time of rise, Hernce, the constraiht

here 1ies‘with +t+he unequal watershed sizes.

. Despite having the highest value for the length of the longest
channel (Table 2.5), and being an unusually elongated |

vatershed, 10th & Alberta has a shorter time of rise compared
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to the basins in Surrey. The writer mentioned the above
paranéters, i.e. length ofrthe,longést channel anﬁ vatershed

' shape, because their significance lies in the distance the
storm runoff has to travel to the outlet, Additionally, the
time for peak discharge to occur will, td a very large éxfent,
depend on these 2 parameters, One possibility besides the
degree of ilpervioﬁsneés.in explaining the shorter time of rise
vould be tﬁe efficient ‘sewerage systenm fhat'10th & Alher;a is
equipped vith compared tc the partial use of open ditches and

vatercourses of the Surrey watersheds,
4,3.2 Unit hydrograph widths

The unit hydrograph widths are widths at 0, 50 and 75_pércent
of *he peak discharqe (Fiq.»u.G). Accordindly, it eay be
representéd as ¥0 (also known aé the time base), W50 and W75.
Thef are expressed in minutes, The characteristic uidths for a
qiven-unit of duration is a function of the unit peak discharge
{Corps of Engrs. 1948). The widths are determined largely by
the geometry and type of vatershed, uhiéh are therefore ‘ '
described by the shape of the unit'hydroétaph. Aﬂother way of-
looking at it is that i} the storage betveen water§heas does
not vary siqnificantly then a strong correlation among the ,

vidths would be the result,
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From Table u.s,’fhe distribution of unit hydrograph widths are
ploitéd in FPiqg. 4.7 against the maximum pghx flow per unit
area. A best fit line is drawn through the W0, ¥50 and #75
accordingly. A number of observations can be obtained from Fig.

4o 7.

/j&:::::1y, the correlation of data for WO is the weakest compared

to the other 2 width values. This is because base widths
essentially depend on 2 factors: the unit duratiqn or duration
of rainfall excess and, the. size of the watersheds. A longer

unit duration will result in longer base widths, as will those

from larger watersheds. ’ : //P‘~/>/FS

4 /

Secondly, the ‘data scatter}for R50 and>i75 varies.'bnt qﬁite
consistently uitﬁ the laqnitude of peak discharge. The
relationship is inverse between peak discharde pef unit area
and wvidths, This characteristic is attributed to the fact that
the area of the ﬁfaph is consfant (1 cm of rainfall excess),

and that the shape is fundamentally trianqular.

~Thirdly, there is a distinct differepce in the scatter of data
bétween the City of Vancouver watersheds and Surrey watershéds.‘
Unlike the rest, Robson Creek records a relatively longer base
wvidth but with very narrovw widths at w50 and 575. The narrow

vidths at ¥S50 and V75 seems to suggest the rapidity at which



85

VAN
Watershed  Storm Mo "o W Wy
(mins. ) (mins.) - (mins.)
 12th € '
MacKenzie 1 60 37 20
: 70 34 ‘V 19
Y 30 38 ' 22
. 10th €
Alberta 1 105 32 17
105 39 20
5 0 35 23
Fobson .
Creek 1 210 47 29
) 2 - 225 48 27
Hyland
Creek 1 210 127 83
‘ 240 126 76

Table 4.6 30-minute unit hycirognaph widths
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A Rebson Creek

A Hylend Croek

Fig. 4.7 Relationship between unit hydrograph widths

and unit peak discharge.
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stora runoff is conveyed to the outlet. iﬂis has actually been
revegi;;\by the sh;pe ofvthe hydrograph as stated earlier. On
the othég hand, Hyland Creek records relatively broader HSO and
w75 vié%hs, vhich seems to suggest a highetdstoraqe capacity
within the watersheds. :

Lastly, the correlation weakens as we descend to widths at W50
and W0 for all data points. The reason is perhaps not hard to
find, Since the widths are another interpretafion of the sh;éé
of the unit hydrograph, it is not suprising that this factor,
i,e. shape, is the p;incipal determinant of the width values,
T0 a very large extent, the_spape depends on the amount of |
storage that oécurs. This is éo say that a hydrograph with .
broad widths at WO, #50 and W75 will resﬁlt; Therefore,
because the storagé capacity varies for the watersheds, tﬁis is

reflected by the wider variations of data points-at ¥0 and ¥S0.
4,4 Runoff coefficients

The determination of rainfall excess or effective rainfall will
vield, in turn, the direct runoff or, indirectly, the surface

loss for a given storm,

Generally, the types of losses that occur in urban and natural

vatersheds are the same except that one may be more dominant
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than the other. Three principal types of losses can be
recoqnised; 1) depression storage; ii) infiltraticn into the

tl

subsurface soil and; iii) interception by vegetal cover.

a) Depression storage - This is wvater storea in natural
depressions as well as those that are man~made. ﬂan—ﬁade
dépressions inciude partly depfessed sideualks, vacant lots and
carefully qradeﬁ lavns, The water trabped is ultimately

disposed by evaporation and infiltratidh\nSone investigators:
have assumed overland flow to‘connence only when all ‘ %?
’depressions are'filled, but it is more. reasonable to assume

this only if the larger depressions are grouped near the
downstream end of all overland flow strips ]Tholin and Keifer

1960} . : : .

b) Infiltration loss - This is the water that infiltrates‘intoi
the subsurface soil, Infiltration losses will depend largely on
the type<gf soil within the area. Infiltration rates increase
from fine to coarse texiured soils, Geneially hovever, the
initial infiltration capacity is high, and is gradually lovered'
nntilpit reaches a constant rate as the rain continuves. The
differences in and within watersheds have been assumed to be
linilalrbecause of the distribution of the surficial deposits
(see.Pig; 2,2 and Taﬁle 2.5). Additionally, it may be

interesting to note that infiltration capacities are actually
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‘HEinq modified in urbah areas because of frequent disturbances’
from vell maintained lawns to areas used by heavy machineries.
Hence, only the open spaces which are,left undisturbed could a
geliable range of infiltration for a particular soil texture be

estimated and used.

c) Interception loss - This is storagé and retention by and on
vegetation, Of course interception for bare ground and
iupervidus su;faces is zero. Therefore, generally speaking,
interception will depend on the_alount of vegetation left in,
the urban Qatersheds.

In the event of a storm, the loss rate will dépend on the stora
characteristics, while the actﬁgl“volﬁme lost will essentiéllf'
be dependent on the néture of the watersheds in *eras of ’
storage capacity, topoqraphf, land’use, veqetatipn and

~

seaéonalitv. Fb: urban watersheds, it is reasonable to assuneia!
lesser role played by infiltration and interception in storage
capacity because of:tpe presence of roads, parking lots |
buildings and the like, which, as mentioned earlier, increases
tﬁe degree of izperviousness of the drainage basias. ‘
Conversely, depression storéqes assume a'daéinaht role in the
storage capacity; thus representing the major form of loss in
urbqn basins, This-isAnorpally aésuledvbecansé the

modifications in the initial landscape often result in qreater

areas for pondage.
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greater storm runoff volumes from urban vatersheds coapared to
raral or natural ones because of the extent of imperviousness
rendered as the affected area underqgoes development. The

volume lost could be expressed as:

Losses = Rainfall - Rainfall excess

or, if may be written as, '\“f/
»

Runoff coefficient = Runoff/rainfall (expressed'in a ratio or
%)

' Taﬁle 4.7 shows the- computed runoff coefficient for the
individual étorn events, The méan runoff coefficient f&r 12th §
MacKenzie is 19, 1%; 10th & Slberta - 16.5%; Robson Creék -
12.7%; Hyland C;eek - 9.1%, This means that the losses froa
storms are qreétervfor areas with leés»inpervious cover (Pigq.
4.8)% Thié is logical as most of the rain Hoﬁld be'expeéted to
infiltrate or be intercepted and subsequently lost. Somewhat "
suprising, 12th & Mackenzie has a leéser loss than jOth 5 .\v/)
Alberta, despite havigg a snallérrproportion of ilperviou§

cover, One possibility is‘that the depression storage 7‘\3
coaponent may bé hiqher in 10th & Alberta as a result of havinq‘

more paved areas around.
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Watershed Storm No Runof Mean
o -~ (mm) Rainfall (%)
,. . (%) :
(L (2) (3) () (5)
12th § o
MacKenzie 1 1.13 11.0
’ 2 1.16° 8.7
3 ©1.00 21.3 "18.1
Ty 0.65 36.3
/ 5 1.87 18.3
{ v
. ‘\“
10th & '
Alberta 1 4,21 7.9
T2 2:51 17.7
3. 1.67 17.7 ©16.5
M 1 0.82 19.6
5 1.63 18.7
Robson .
Creek 1 1.82 20.5
2 3.77 6.1 12.7
3 4.50 11.4
Hyland
Creek 1 9.08 3.4
2 16.43 14.9
3 8.79 3.8 9.1
4 9.11 18.5 '
5 9.20 4.7

F

Table 4.7 Ruoff-coefficients
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Fig. 4.8

5 ok | M

Raintall_{mm)

‘Relationship between rainfall and rainfall losses.
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It was élso observed that the range of the runoff coefficieﬁts
‘from individual storas is wide forpall-uate:sheds (12th &
NacKenzie - from 8.7% to 36.3%; 10th & Alberta - from 7.95% to
19,7%; Robson Creek - from 6.1% to 20.5% and; Hyland Creek -
from 3.4% to 8,5%) . This variation na;/be attributable to the
differences in antecedent conditions; that is, drier or wetter
antecedent conditions are possible even though care was taken
+o choose isolated events. As aéntioned earlier, because of
the type of recording rain gauges used (see Section 3,1.1), it
is possible that very light drizzles were not'recordéd.prior to.

t+he occurrence of a much heavier stora. '

Again, from Pig. 4.8, notice that there is a clear indication
that raigfall losses have a direct relationship H;th storm
size, It is most probable that even as +he storam progresses,
infiltration and depregs;on storage capacities are not
fulfilled but conéinue as the storms chosen are predominantly
of short durations., Nevertheless, the results alsoc infer that
the rainfall excess increases with storm size. Therefore, even
“hough most investiqators have professed the 'siqnificance"of
depression storages being filled before rainfall excess can
occur, it 'counld be'argued here that the time taken to fulfil

/
the deﬁres!&on storages will depend on the amcount of such

storages, the storam size, duration and intensity.
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4,5 Summary

Indééig, from the results of the three unit hydroqiaph
‘characteritics; i) peak flows; ii) time of rise and; iii) unit
hydroqraphé, some iiplicdtions of the effect of urban land use
on peak flows can be arrived at, However, it rust be emphasised
thatodespite the fact that the watersheds }hf; in land use
intensity, they also vary physiographically. Such
dissimilarities will also account for viriations in peak flowus,
The runoff coefficients show gquite clearly the relationship

~with the degree of unrbanization, though minor variations

betveen individual storams do occur,
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CHAPTER FIVE

DISCUSSION -

5.1 Introduction

bin the preceding chapter, the results frorm the unit hydrograph,

distribution graph and runoff coefficieng analyses haverbeen
presented., The results obtained are consistent with the
general assuaption that peak flows will vary directly with
urbanization, However, it would be naive to ignore the
important influences of the qeondrpholoqic dhara teristics on
the peak flows., This is because some control is exercised on
storaflows by the geomorphology for a given basin, which; it is
believed to be important in the present:study. Therefore, in
order to accomodate a conpiete discussion, this chapter is

divided intc two main sections: i) land use and; ii)

‘geomorpholoqgy.

5.2 Land use

Land use can have the most siqnificaht impact on hydrological
relationships, Throughout this thesis, the proportion of
irpervious cover of watersheds has been termed the urbanization
index, To a very large extent, the results ;ndicate that the

magnitude of uni%t peak discharge is difectly rélated to the



96 »

urban;;ation index, Houeéer, as shown earlier, a number ofvthe.
rg;ults do appear to be réther abnormal., It was therefore felt
necessary to have a closer examination of land use. Two aspects
will be dealt with separately, namely, the déqree of

urbanization and urban land use patterﬁ.
5.2.,1 Degree of urbanization

One of the consideratiqns in this Study is that the impervious

portions of the vatersheds will contribute a certain'percentaqe
of rainfall to direct runoff. It is also within this context |
that the peak flows will be largely influéﬂéed»by the amount of
store runoff. It is felt that this is where the runoff

coefficients are imaportant when assessing the role of the

f/”“inpervious cover on the hydroloegy of the basins.

From Fig. 5.1, tﬁefe appears to be a genetal trend whereby the
ruéoff coéfficient correlates positively with the extent of
impervious cover, However, it shduldrbe hqted that the data
points have a rather wide scatter for individual storas (fiq.

»

5.1 . .
Although several possibilities exist for explaining the
variations of runoff coefficient values have been made (see

Section 4,4), a more comprehensive assessment of the runoff
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" 20 & MecKenzie

10th & Alberte -
Rebeon Crosk

’ Nylend Crook

Ruintell encess (mm)

Relationship between rainfall excess and peak discharge
per unit area.
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cqefficients will bé made. This is done by comparing the runoff
rétios for storass in £he studies carried outvby Fagleson (1962)
in Louisvilie, Kentucky, and Beard and Chang (1379) in Austin,

Texas (Piqsx5.2) coipared with the.results'obtgined in this

study. ‘ ~

While the comparison of runoff ratios betvween these three study )
areas may have.been obscured by differences in soil types, the
wide scatter of data does not reflgct 5 strong correlation
betveen the inpervious cover and runoff ratios. Ofe explapation
may be that the effectngness of retention and depression

storages 1is eipected to vary from one place to another despite

the proportion of impervicus cover, Such a result and its

"extent will depend on the precisé pature of urban development:

for instance, larqge depréssion storage values may result from
parking lots and huge vacant spaées. It is suggested 'that such
storages may be more significant in 10th & Alberta compared to
the counterpa;t, 12th & MacKenzie in the the present study.
This is so since the computed mean runoff coefficient value for

;he former is lower than that for the latter.

Similarly, even thouqﬁ-the relationship between rainfall excess
and unit peak flows correlates {though not higqhly) with the
proportion of impervious cover (with the consistent exception

of- 10th & Alberta), the individual basin response joes not seen
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logical (FPiq,. 5.1)E instead of a direct relationship as one

would expect it to be, the results tend to be the indirect. It

may be that the variations of rainfall excess resulting from a

given storm and the poor relationship between rainfall excess

and unit peak flov are functions of the stora characteristics.
5.2.2 Orban land use patterns

Prom earlier hydrograph studies, it was pointed out that nrgjn
land use patterns can influence hydrograph shape., Before
demonstrating this inffugnce, it may be useful to present a

hypothetical situatiorn first,

For this hyﬁothetical situation {Fig. 5.3), three areas for
urban development in the watershed have been choasen to
denonstrate the effect of developaent on the hydrograph. In
case A (Pig., ©5.,31) vhere development takes place dowanstream, ’
one would expect a very quick time of rise ir the hydrograph
becanse rainfall excess froa the impervious areas
{principally), aided by the ins*talled storas sewers, takes a
shorter time and dis*ance %o travel to the outlet, Storam runoff
from forther upstreans vill take a longer time to do so., As a
result, the hydrogqraph recorded is ome which is skewed to the
left, The gen*le sloping recessional liab indicates the gradual

inflov of storm runoff from upstrean, In case B (Fig. 5.3B),
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Discharge

Time

Discharge

Time

Discharge

Time

Fig. 5.3 Hypothetical development in a watershed with
schematic hydrographs. '
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vhere défelopnent,is assuned'torhaVe taken ﬁlace in midstrean,
the resultant hydrograph peak may appear to be symmetrical with
a longer time of rise, In case C,@(Piq. 5.3C), the reverse of
case A results when develdp&ent oCC Urs upstream. The resultant

hydrograph is one which is skewed to the right.

Hyland Creek in particular, records a somevhat typical
hydrograph similar to case A in the hyphothetical situation.
Urban development is far more intensive downsireaa and portionms
of the midstream, e.g, along 66, 67, 68, 72 Avenues and 128 St,.
(Piq. 2.9)., As a result, storq runoff reaches the outlet
rather rapidly Gﬁile those further upstream will take a‘lonqer
time to\do sb. This explains partly for the relatively ﬁast’
rise for its basin size and still a proportion of 67.5% of

runoff volume after the peak (Fig. 4.4). ~ .

An analagous effect on the hvdrdé;aph will take piaée if storm
movements are tyken into comsideration. This has been
deloastrated_by aphysical model study bj»Roberts and Klingeman
1970. Depending on Vhe;location of a storm in a drainage
"basin, the hydrograph reﬁponse will be similar to that
generated by land use patterns. In other words, a similar

outcome but resulting from very different }rocesses.
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5.3 Geomorpholégical characteristics

It is noi possible within the scope of this étudy to explaink
and account for the role rlayed by all the vatershed
characteristics on the temporalrdistrihuiion of runotf.
‘Hovever, it is‘hypo;heSized»that drainage network
characteristics and haéin shapes of +the watershedé, in this

study, are major influences on the unit area hyd;oqraph.
5¢3. 1 Drainage networks: natural and man-made

Other thinqs‘remaininq conétant, the'rate at which water is
conveyed by severs for a given di;tance is much faster than the
open ditches and waterco;rses. This is a result bf'the “
hydraulic efficiency of sewersain«trénsportinq Haterafsom oqé
point to the other. -

In the Surrey watersheds, tKe open ditches ané watercourses
(the difference betveen an open ditch and uatercourSes‘is that
the former is man-made while the latter is a natural strean
channel) ére'nostly vegetated, In a fielad survef, it wa; noted
that the upper reachesvof the watercourses are hore heavily
vegetated than the lowe; reaches, For the open'ditches

hovever, the presence of vegetation varies from one place to

another, Vegetation in cpannels impedes the flow of vater
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vhich results in a less efficient drainage system. An

inspection of the open ditches also reveals an interesting

characteristic - ponding. Parts of the ditches, especially

@

those with depressions are excellent detention storage features

(Pig. 2.8a): the iate: trapped does not contribute to direct

v

runoff, Instead, it represents a loss thereby reducing‘stqrm

runoff volumes,

\

To a very large extent the storm sewvers are responsible for a

/\

faster supﬁiy%of storn ruhoff [{storm severs formApartibf the
‘draihaqe system for Robson Creék--Sl.u% and; ﬁyland‘ ‘ |
%éeek--u{.sx The perceﬁtaqés refer to thé proportion';f the
total drainaqe,networkzin severs) . From Fiqs.-u;1.and 4,2, it
is shown fﬁat th; recesgional liab of the hydrograph falls

guite sharply but then rather gradually towards the end. One

- suggestion is the pqssibleueffect of vegetation in inpediﬁq the

rate of flow so that even after the peak, water is supplied to
‘the outlet very 'slowly. Three reasons have been suggested for
this characterstic: \firs;ly, a relatively large proportion of

S

the story ranof f has\been deliverediout~of the watershed at
approxinatel} the same period of time, This is lar;ely dug to
thé-shape factor, which is diécnssed in section 5, 3,3;
se&ondly, the stora severs may have increased the rate of fids

thereby decreasing the time of rise and; thirdly, §§§retardan£

effect of the vegetation is manifested in the secofid half of

4
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the hydrograph as t£e flow.is still beinq maintained but et a
very low level, Similarly, Hylgodféreek-has a gradual but
rather unifofn teCe;Sion$1 limb, A higher proportion of store
runoff (67?5%) ZS conveyved after the occurrence of peek

discharge peak as indicaézd'by the distribution graphs (Pigqg.
u.u).‘It is'r;ééoned tﬁat, owing partly to the\slower rate of
flow, nuoo of the storm runoff is distributed ir a seemingly
constant ﬁischarge;’uhioﬁ~no£ only results in a lower peak flow
but a relativel? broader BO,¢H50 and 75 of the unit

hydrographs., ' : , .

The eiqnificant differehces of flou rdtesfin open channeleﬂ
compared to severs has been recoqnlsed by many 1nvest1qators. —'
Q»Espey, et al. (1966) 1o a study in Austin, Texas, formulated a’
phl—xndex (‘) based on the amount of veqetatlon in the channels
'for their runoff equetxons. It vas deflned tagaccount for the T
effieiencv of the conveyance systen of the drainage netvorks .
on the -other hand, from Figs. 4.1 and 4.2, hydrographs of the
eoiplefely—sewered vatercheds (12th & MacKenzie and 10th &‘

: .
Albert )-appearsﬁgo have very rapid falling Iimbs..This can be

mainly to the efficient severaqe systen where alnost
all of he direct runoff is convey%d out of the vatershed very
_quickly. Therefore, other things remaining constant, a

completely sewered watershed will not only have a relatxvaly
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much shorter time of rise, higher peak flows but also narrouef

ps

- #0, WSO and W75 unit hydrographs..
A 7

5.3.2 Drainage densit%i\
Drainage density has ofteﬁ:been recognised to be iery closely
"related to peak discharge (Langbein, and others 1947; Gregory
and Walling 1968) though there have been some contradictory
a B
results, Moreover, it has been one of the most commonly used

parameters in studies relating hydrologic and geomorphic

characteristics of :eqions.*hn*aftemptiwas made to relate this

pafanetef with peak flow in this study. The measured drainage
density for the watersheds is highest for 10th & Albetta (15,7
Xm/sq.km) followed by 12th & MacKenzie (12.4 km/sq. ka), Robson
Creek (8.6 km/sqg. km) and Hyland Creek (5.1 kn)sq/ kh) (Table .
2. 5). Hlth reference to Fig. u\v//lt appears that a hlqhé%
drainage den51ty is not strongly assocf;ted with the peak
flows. This is so for the case of 10th & Alberta. It appears
therefore, other geonorpholodical chéracﬁerisfics may be o
controlling the peak flovws, ﬁnd this outcome will be discussed

v

in the following subsection, - \ 3
5.3.3 Watershed sﬁape

Other things being equal, the rate at which water is conveyed
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to the main channel and out of the watershed is partly qovétned
by the shape ﬁaﬁtor. Thi$ assertion can be modelled by the 5
hypothetfzai bggins‘shovn in Pig. 5.4%. Basin A is an elohthed
vatershed compared %o basin B and C which are ahout,rectandul?r‘
and fanTshaped respectiﬁeiv. The effécts of such shapes on peak
flows, assuminq‘rainfaliiénd other controls éo be the sanme
thronqhout are suggested by the schematic hydrographs.
Theoretically, the hydroqréph of a u&tershed is éignificantly
correlated Vith the shape of the watershed (Seyhan 1976) . The

"shape of a watershed influences the timing of the arrival of

storm ;unoff to the mouth of the hasin.'

Quantitative descriptions or expressions of basin shapes have
been formulated bf various investigators and have been used
vith varying subééss. Examp1es are Horton's form factor (Rf),
Hiller{; circﬁlatory ratio, (Rc), and Schumm's elongation
ratio, (Re) (Table 5.1). Deteramination of basin shapes vere
done using all threé methods but the Rc index was found to be
kthé better basin shape neasurement-(?able 5.2), The Rfvand Re

indices require the length of the main channel, Lb, in the

~

conputation; The criticisa of these measures here l%gé with

the fact that the length of the main channel is eitﬁér man-made
as inlthe vanconver watershed or partlyvaliqnéd as fot the case
of Surrey watersheds. The point is\zhat the stornm sewefs\gfgf

convenientiy installed alongside the roads, consequently, the
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Fig. 5.4

Discharge per unit orea

Time

Hypothetical urban watersheds of ditferent shape

with schematic hydrographs.
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Measurement Equation Definition
1) Horton's Rf = A Rf = form factor
(1945) - ‘
form factop L’b2 A = area of watershed
. ) I.b = length of main channel
2) Miller's R =_A R.= circulvatory ratio
(1953) N ¢ “
eirculatory c A = area of watershed
ratio A = area of a circle
¢ having the same
perimeter as the
watershed
 Schum's R = D R = elongation ratio
- (1959) ‘ € D =/iismeter of 3 circ
elongation Ly, eter ot a ¢ o
ratio T having the same area
as the watershed
Ly = length of main channel
Table 5.1 Definition of shape measurements by:

Horton (Rf); Miller (Rc) and;
Schum (R,) ‘
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_ Shape - 12th § 10th & Robson Hyland
' Measurement MacKenzie Alberta Creek ~ Creek
‘ O DI () IR &) | (w) (5)
Re 0.35 , 0.13 4.96 2.74

R, C 0,77 0.3u 0.41 0.52

R, - 0.67 0.41 2.51 1.87

Table 5.2 Watershed shape measurement using R_, Rc and Re

>



toial main channel length7is artificially increased so that it
is longer than what one would expect fron a—natural basin.
This possibly explains the irregular results for.fornplas, RE
and Re., Secondly, Rc is qalculated by using tﬁe watershea area
and srea of a circle having the sanme pgrineter as the
wqtersheds, which, "to a veryrlarqe extent, portrafs a better
gquantitative shape expression +*han ﬁf and Re. Long and narrow
watersheds will have low ratios and-vice versa. A qgggral
statement can be made here, Because urban watersheds have been
changed so ruch in terams of the/original physioqraphy, caution
should be exercised when using guantitative measurements once
designed for natural watersheds.

The distribution of surface runoff temporal characteristic is
shovn guite clearly by the distribution graphs (PFig, 4.4),
Despite having a SO.gﬂlinpervidus cover and an efficient
drainage systea, the peakrvoluné for 10th G‘Alberta coﬁstitﬁtes
only 26.4%. However, this value is sliqhtly IOHsr due to" the
time interval chosen:‘peak discharge occurs at the SBr@ minute
vhile the peak at the distribution qraph is at the 60th minute)
of the total surface runoff, This is attributable mainly to

. its long and narrov drainage area (Rc - 0.,34) with the longest
sever nmeasured at 2.38 kn (see Table 2.6)., Since store runoff

will take a longer time to travel to the outlet, the peak is

siqni%icantly reduced as most of the stormflow in the lower
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parts would have already ﬁeen,drained before the arrival of
those fron the apper sec+10ns. Robson Creek has an accounted
peak flow of 24,8% wh1ch is gquite close +o 10th & Alberta s in
spite of its urbanization level and type of drainage systen. It
is reasone& thdat because of its somewhat elongated fah-shape,
vater is supplied from adjacent sides, i.e. n;rtherl& and
southerly directions at approximately the same tine'péniod. As
a result, the peak volunme is very much increased éVen though
the time of rise is slower during the very early stages of a

store.,

The other two vatersheds, i.e. 12th © MacKenzie and Hyland
Creek are approximately rectangular in shape. With the

installation of an efficient, high density sgwer'system, the

@ Y

‘time of rise’is reduced which partly explain§§the‘hiqher uni t

peak discharge for 12th & MacKenzie. Conversely, Hyland Creek's

lower drainage eff%ciencv and nature of land use explains the
recorded iouer peak discharge. Thérefd;e, it is important to
consider the significance of basin shape in this ﬁarticular
study because of its effect on the time distribution of runoff,
This influinces the rate of flow, affects tﬁg)time of rise and

determines the shape of‘the unit hydrograph.

In an attempt to explain the significant relationship between
i

wvatershed characteristics (apart from impervious cover) and
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hydrographs, a comparison is made with a study in Louisville
District, Kentucky, by Eagleson (1962) (Fig. 5.5), Ten minute

unit hydrographs were derived in his study. -

Though the soil conditions may be assumed to bé dissimilat,'the
differences in the results due to this circumstance say be kept
minimal éince the same general principles of the.unit
hydrograph wvere appliéd. Froms Fiqg. 5.5, it is apparent that
unit peak flows have a direct relationship with fhé'deqree of.
impervious cover {the best fit line for the peak dis;arqes in
Eagleson's étudy appears very much higher in coamparison to -
watersheds in this study because of shorter unit durations
‘used). However, even though watershed No. 4 has an impervious
cover of 70%, which is the second highest, appears well below
the 'average'. Tt vas explained that the the main cause lies
with the mean basin slope. It has/the lowest slope value of
0.0012 among other watersheds in the study area. Conversely,
even though 10th § Alberta has the hiqhest mean basin slope of
0.03 among the watersheds in this study (see Table 2.5), the
nain cause for the lovwer unit peak flov suggested is the basin
shape. The.constraiﬁts imposed by thé inte:relationship between
basin parameters on the hydrology are basically bécause_they

are closely knitted and complex.
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5.4 Samnary

This chapter Las presented the discussion and the complex
integrelationships betvween the elements of the hydrological
reqime, ihilé it is not possible within the scope of this study
to account for every basire parameter; only the ones which are
believed to be the major inflpence vere dealt with. Although
conparisons with Eagleson's) (1362) and, Beard and Chang's

(1979) studies in the United States shov relative consistency

in terms of the results ab >d in this study, there are
variations, Additionally, even £houqh it is apparent that
trbanization does have a siqnificant effect in determining the
unit peak flovws, one must be careful not to totally disregard

the intimate relationships between the surface properties,

vatershed geometry and storm characteristics.
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CHAPTER SIX *
CONCLUSION

]

6.1 Introduction

The impact of urbanization on peak flows has been examined in
four vatersheds in the Lower Héinland of British Coluabia. The
findings are in reasohablv good agreement with published
resulté of similar sgudies by Fagleson (1962), and Beard and
Chapq_(1979). It should be noted, however,that Fhese findings
are c=ubject to several important limitations: i) the small
sample size of watersheds; ii) the size variation of watersheds
and; 11i) the uniqueness of watersheds in terms of their
geonorpholoqic ard morphologic characteristics. Clearly, care
pust be exercised when making generalizations from these
results., The major findings are suamarized below,

*

6.2 Findings

The principal general conclusion is that, other things
constant, urbanization does have a considerable impact on peak
flows in the study area,

[3
S

In order to demonstrate the urban hydrological characteristics,

hovwever, it is necessary *o control for basin area. It has been
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shown that peak flow is directly related to basin size, The

. findings related to urbanization are therefore based on unit

yields., The major findings are as follows:

1, Pattérn of urbanization - development within the water;hed
is a partial determinant on the sha;e of the hyd:qqraph. This
is manifested by the pattern of deielqpment iniﬂyland,Creek.
Developaent ‘downstrear and parts of midstream hacs resulted in a
relatively early peak and a gradual and uniform recessional -

limb,

2. Imperviousness -~ in the present set of data, these

" relationships are complicated by geomorphologic and morphologic

variations between the watersheds. As such, several analyses,.'
though descriptive, were undertaken ta explain the

relationships. The findings are:

a) individual wétershed characteristics are important in
characteri;ing the shape of thé unit hydrographs: hence tle
resulting peak flows. In this s*udy, for example, the basih
shape of 10th & Alberta has, to'a very_larqe>exte§t. redﬁced
the magnitude of peak flow and conversely, the basin shape’has

caused a relatively more concentrated peak for Robson Creek.
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b) Aﬁtecedent conditions, surface and depression storages
affect the rainfall excess for a given storm. Although there
is a general pattern whereby rainfall loss éorrelates
positively with the extent of impervious cover, the important
factor lies with the effectiveness of impervious area in

influencing stora runoff.

-

3, Draiﬁaqe characterisiics - from field examina*tions and
studies onAthe ﬁnit hydrographs, it appears that open ditches
may be guite effective in reducing peak flows. Pirstly, ponding
results in derressions uithih the ditches, and seconrndly, the
vegetation has a retardant effect on flows, On the other handg,
storas severs partially account for higher magnitudes of peak

flows because of their rapid delivery of water.

4, Stora runoff - it was found that greater volumes of storm
runoff do not necessarily sean that a higher peak flow will
result, Other conditions remaining the same, peak flows will
depend on stora characteristics such as storm intensity and

duration.
6.3 Suqggestions for further research
Phis study is limited by a small data set. Additionally, the

cross comparison andertaken suffers froa dissimilarities in

terss of vatershed characteristics.



119

Nevertheless, this study has provided some insights into the
complexitiestinvolved especially vhen the geomorphologic and

morphologic characteristics are different betveen watershed

It is recon:gnded that more data be collected as they may
improve the reliability of comparisons. Another topic qiveh
little attention in this study is the comparison of seasonal .
variations on the hydrographs within and betwvween watersheds.
It is felt that this comparison may impfgve the understanding

of the effectiverness of urbanization on stora runoff

characteristics,
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Appendix A

Impervious cover data

PR
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Watershed: 12th & MacKenzie
Map No. 29
Scale: 1" to 200'
Year: 1976
Source: City Plamning Dept., Vancouver, B.C.

: 'Ibtaerrea %wus Area

Map No. Pavements + Roads
e
29 7060 ) 1423 1783
Percentage 20.2% ' 25.2%

Total Percentage 100% 45.5%
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‘ /
Watershed: 10th € Alberta —
&po tb. H 32 : :
Scale: 1" to 200"
Year 197¢
Source: - City Planning Dept., Vancouver, B.C.
No. of Dots
Total Area ==qﬁg§§T=iﬁbervious Area
Map No. Buildings Pavements + Roads
32 20020 4305 57977

Percertage 21.5% 29.0

Total Percentage ~ 100% - 50.5%
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Watershed: Robson Creek
Scale: 1" to 400!
Year: 1877 .

Source: Engineering Division, Surrey Munici

AN

No. of Dots :
Total Area wious Area
Map No mild_nﬂgg* Pavements + Roads
21 6455 775 1086
30 1670 o 14k 185
3 | 400 46 22
11 410 ' 14 66
10 100 0 12
20 5315 755, 980
14350 _ 1734 2351
Grand Total 14350 | 14085
Percentage o - 12.1% . 16.u%
Total Percentage  100% 28.5%
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- Watershed: Hyland Creek

. Scale: 1" to 400'

Year: . 1977 ) ‘

Source: - Engineering Division, Surrey Municipal Hall, B.C.

: ‘ No. of Dots |
Total Area ~ Total Impervicus Area
Map No. Buildings Pavements + Roads
50 1605 a3 50
s 5620 250 | 4us
52 2005 107  qus
80 | 385 .36 98
61 17080 - M7 1282
62 | 6US0 - 401
T 2491
Grand Total ams . 3895 |
Percentage o T S 7.4%
Total Percentage  100% o 11.6%
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Appendix B

Stage-discharge curves
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Appendix C

Unit hydrogqgraph data



. L0

Watershed: 12th & MacKenzie o /
Date: 27th Fetruary, 1976 - | : .
Unit Duration: 15 minutes .EQ‘{/»fr

Time  Discharge Baseflow  Reduced Unit Hydrograph

(mins.) Ordinate Ordinate Ordinate (1 om of rain-
(cumecs.)  (cumecs.) (cumecs.) - fall excess)

0o 0.027 0.027 0.000 0.000

15 0.027 6.027 ° 6.000 0.000

30 0.054 0.028 0.026 1.734

45 0.040 0.029 0.011 0.734

60 0.032  0.030 0.007 ' 0.133

75 0.028 0.028 0.00 0.09
Date:’ 16th February, 1977 -
~Unit Duration: 15 minutes ' L

00 0.027 0.027 ~0.000 zkgzo

15 0.064 0.027 0.037 - 1.7

30 0.060 0.7 0.033  1.171

45 0.041 0.027 © 0.014 0.486

60 0.034 0.028 0.006 0.228

70 0.028 0.028 0.000 0.000
Date: 25th March, 1977

Unit Duration: 15 minutes

00 0.023 0.023 0.000 - 0.000 ‘

15 0.086 0.024 0.0863 1.418

0 0.059 0.024  _ 0.035 ~0.795

45 0.041 0.025 0.017 0.375

60 0.032 0.025 0.007 - 0.159

75 . 0.029 0.026 0.003 v 0.068

30 0.027 0.027 ©0.000 . 0.000

105 0.023
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Date: 27th March, 1977
Unit Duration: 15 minutes
Time Discharge Baseflow  Reduced Unit
(mins.) Ordinate  Ordinate Ordinate (1 om of rain-
(cumecs.) (cumecs.) (cumecs. ) fall excess)
00 © 0.032 0.032 0.000 0.000
15 0.055 0.032 0.023 0.520
30 0.091 0.033 © 0.059  1.340
45 0.055 0.033 0.022 Y 0,490
60 0.046 0.033 0.013 - 0.290
75 0.041 0.034 0.008 0.170
90 - 0.036 0.034 0.002 0.050
105 0.03% 0.034 0.000 0.000
Date: 17th March, 1976
Unit Duretion: 30 minutes A
00 0.019 0.000 0.000 0.000
15 0.019 0.000 0.000° 0.000
30 1 0.027 0.019 0.008 0.660
45 0.041 0.020 0.021 1.830
60 0.023 0.021 1 0.002 0.330
75 0.022 0.022 0.000 0.000



Watershed:

Date:

10th € Alberta
4th February, 1977

(hit Diretion: 30 minutes
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A

0.085 .

0.0m

Time - Discharge Baseflw Redwed  lnit Hydrograph
-(mins.) Ordinate  Ordinate Ordinate = (1 om of rain-
(cumecs.)” (cumecs.) (cumecs.). fall excess)
00 0.069 0.069 0.000 0.000
15 0.069 0.069 0.000 0.000
30 0.092 0.069 0.023 0.960
45 0.138 0.070 0.068 2.840
60 0.121 10.072 0.051 2.130
75 0.104 0.071 0.033 1.380
90 0.094 0.072 0.022 0.920
105 0.081 0.073 0.008 0.330
”ég 0.075 0.075 0.000 0.000
Date: : 7th November, 1976
Unit Duretion: 30 minutes
00 ©0.012 - 0.012 0.000 0. 000
15 0.012 0.012 0.000 0.000
30 ~ . 0.013 0.012 0.010 0.280
u5 0.106 0.016 0.100 3,340
60 0.109 0.018  0.09 2.500
75 0.013 0.019 - 0.060 1.670
30 0.000 0.020 0.030 0.830
105 0.011 0.022 0.010 0.280,
120 0.013 - 0.023 0.000 0.000 -
Date: 26th March, 1977
Unit Duretion: 15 minutes
00 0.069 0.069 - 0.000 " 0.000
15 0.069 0.069 . 0.000 0.600
30 0.069 0.069 0.000 0.000
45 . 0.115 0.070 0..045 1.049
60 0.282 0.073 0.209 4,870 .
s 0.150 0.076 0,07y - 1.724
90 0.104 0.079 - 0.025 - 0.583
105 0.082 0.081 0.011 0.256
120 0.085

0.000



Date:
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_ 18th November, 1978
Unit duration: 15 minutes

Time -Disdxarge Baseflow  Reduced

Unit hydrograph

0.084

(mins.) Ordinate  Ordinate  Ordinate (1 om of rain-
' (cumecs.) (cumecs.) (cumecs.) fall excess)
- 00 0.042 0.042 0.000 0.000
15 0.096 0.025 0.016 6.850
30 0.132 0.104  0.028 1.500
45 0.192 0.146 ~  0.0u46 2.480
60 0.168 0.121 - 0.047 2.550
75 0.132 0.106 0.026 1,400
30 0.120 0.105. 0.0l 0.750
10§ 0.108 0.104  0.004 0.320
120 0.096 .0.096  0.000 £ 0.000
Date: 20th December, 1877
Unit duration: 30 minutes
00 0.048 0.048 0.000 0.000
15 0.053 0.048 0.005 6.170
30 0.058 0.053 0.010 0.330
4s 0.060 0.057 0.023 0.810
. 80 0.088 0.061 0.069 2.500
75 0,144 0.068 6.076 2.720
30 0.156 0.070 0.058 2.090
105 0.120 0.072 0.039 1.400
120 0.108 0.075 0.025 0.900
135 0.081 0.077 0.014 0.500
150 0.08Y4 0.078 0.006 0,200
0.084 0.000 0.000
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Watershed: Robeon Creek
Date: 23rd March, 1977
Unit Duretion: 15 minutes

Time Discharge Baseflow Reduced Unit Hydrograph

(ming.) Ordinate Ordinate Ordinate €1 om of rain-
(cumecs.) (cumecs.) (cumecs.) fall excess)
00 © 0.07
15 0.07 0.07 0.00 0.00
30 . 021 - 0.07 0.04 0.77
45 0.35 0.07 0.28  5.53
60 0.39 0.08 0.31 6.70
75 0.29 0.08 0.21 . 4,23
90 0.19 0.08 0.11 2.20
105 0.15 0.08 . 0,07 1.36
120 © 0.13 0.08 0.05 0.93
135 0.12 0.03 0.03 0.69
150 0.12 0.09 10.03. 0.56
165 0.1 1 0.09 0.02 0.43
- 180 01 ~0.09 0.01 .. 0.30
195 0.10.  0.08 0.01 1 0.16
210 0.09 0.09 .~ 0.00 ~0.00
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Date: 26th March, 1977 .
Unit Duration: 30 minutes

Time Discharge Baseflow Reduced Unit

(mins.) Ordinate Ordinate = Ordinate (1 om of rain-
- {(cumecs.) (cumecs.) (cumecs. ) fall excess)
00 © 0.06 0.06 0.00 0.00
15 0.07 0.06 0.01 0.13
30 0.37 0.06 0.30 . 4,50
4s 0.45 0.06 0.39 5.75
60 0.33 0.07 0.26 3.94
75 0.24 0.07 0.17 - 2.58
90 0.20 0.07 0.13 1.89
75 0.17 0.07 0.10 1.40
90 0.13 0.07 0.06 ~ 0.88
105 0.12 0.07 0.04 ~0.83
120 ©.0.10 ©0.07 0.03 0.39
135 0.10 0.08, 0.02 0.29
150 0.09 ce08 [ 0.0 0.12
165 0.08 . 0.08 0.01 0.07
180 -~ 0.08 0.08 0

.00 0.00
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Date:  25th October, 1977
Unit Duration: 45 minutes

&
1

Time Discharge Baseflow Reduced Unit Hydrograph -

(mins.) Ordinate -Ordinate Ordinate (1 om of rain-
(cumecs.) (cumecs.)  (cumecs.) fall excess)
00 0.07 0.07 0.00 0.00
15 0.0 0.07 0.02 0.38
30 0.35 ° 0.08 . 0.27 4.57
45 0.35 0.08 0.27 4.65
80  0.29 0.08 0.2 3.55
75° 0.25 0.08 0.17 - 2.83
30 0.21 ~0.09 0.13 2,11
105 0.18 0.09 0.09 1.48
120 0.15 0.09 0.06_ 1.0
135 0.14 0.09 0.04 0.72
150 0.13  0.10 0.03 0.56
165 0.12 0.10 0.03 0.46
180 0.11 0.10 - 0.01 0.17
195 o1 0.10 0.01 0.09
210 0.00 0.11 .  0.00 0.00
e
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Watershed: Hyland Creek

. Date: _ 25th December, 1976

Unit Duretion: 30 mins.

Time Discharge Baseflow Reduced Unit Hydmgmﬂ'f

(mins.) Ordinate  Ordinate Ordinate (1 om of rain-
(cumecs.) (cumecs.) (cumecs. ) fall excess)
00 0.16 0.16 0.00 0.00
15 0.27 0.17 0.10 3.22
30 0.32 0.17 0.15 4.57
45 0.37 0.18 0.19 5.92
60 0.8l 0.19 0.22 6.95
75 0.81 0.20 . 0.22 - 6.73
90 0.41 0.20 0.21 6.51
105 0.40 0.21 0.19 6.01
120 L 0.22 0.17 5.29
135 0.3 0.22 0.14 4.29
150 0.3+  0.23 0.11 3.35
165 0.31 0.24 0.07 2.25 .
180 0.29 0.25 0.04 1.25
185 0.28  0.25 0.02 0.63
210 0.27 0.27 0.00 1 0.00
a

7



Date
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: 11th February, 1977
Unit Duration: 150 minutes
Time  Discharge Baseflow  Reduced  Unit Hydrograph
(mins.) Ordinate Ordinate Ordinate (1 cm of rain-
(cumecs.) (cumecs.) (cumecs. ) fall excess)
00 0.19 0.19 0.00 0.00
15 0.19 0.19 0.00 0.00
30 0.19 0.18 0.00 0.00
45 0.22 0.20 0.02 0.07
60 0.23 0.20 " 0.03 0.11
75 027 0.20 0.07 0.24
90 0.30 0.21 0.09 0.33
105 0.33 0.21 0.12 0.44
120 0.36 0.21 0.15 0.53
135 0.40 0.21 0.19 0.66
150 0.47 0.22 0.25 .0.88
165 0.51 0.22 0.29 1.02
180 0.59 0.22 0.37 1.30
195 0.67 0.22 0.45 1.57
210 0.78 0.23 0.56 1.95
225 0.85 0.23 0.62 2.18
240 1.01 0.23 0.78 2.73
255 1.08 0.23 0.85 2.97
270 1.08 0.24 0.85 2.96
285 p.08 0.24 0.84 2.95
300 1.08 0.24 0.84 2.94
315 " 1.06 0.24 0.82 2.86
330 0.94 0.25 '0.69 2.43
345 0.93 0.25 0.69 2.39
380 0.88 0.25 0.63 2.19
375 0.84 0.25 0.59 2.06
390 0.77 0.26 0.52 1.80

»
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!

Time Discharge Baseflow Reduce Unit Hydrograph

(mins.) Ordinate  Ordinate Ordinate (1 om of rain-
(cumecs.) (cumecs.) (cumecs. ) fall excess)

405 0.75 0.26 0.49 1.72°

420 0.7 0.26 0.45 1.58

435 - 0.89 0.26 0.43 1.50

450 0.64 0.27 0.38 1.31

465 }w/,J 0.60 0.27 0.33 1.16

480 0.58 0.27 . 0.31 1.09

4gs5 | 0.53 0.27 0.26  0.90

510 . 0.51 0.28 0.24 0.82

525 0.50 - 0.28 0.22 0.76

540 0.45  0.28 " 0.17 0.60

555 0.42 0.28 0.14 0.48

570 0.41 0.29 0.13 0.4

585 0.39 0.29 © 0.10 0.36

600 0.36 0.29 0.07 0.24

615 0.36 0.29 0.07 ' 0.23

630 0.33 0.30 0.04 0.12
645 0.3 0.30 0.01 © 0.03

660 0.30 0.30 ' 0.00 0.01

675 0.30 0.30 0.00 0.00
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28th February, 1977
Unit Duration: 30 mirutes
Time = Discharge Baseflow Reduced Unit ‘
(mins.) Ordinate Ordinate Ordinate (1 om of rain-
(cumecs.) (cumecs.) (cumecs. ) fall excess)
00 0.30
15 0.30 |
30 0.30 0.30 0.00 0.00
45 0.37 0.30 0.07 1.97
60 0.43 0.30 0.12 3.52
75 0.48 0.30 0.18 5.06
90 0.53 0.30 0.23 6.46
105 0.53 0.31 0.23 6.4y
120 0.53 0.31 0.22 6.29
135 0.51 0.31 - 0.20 5.75
150 0.48 0.31 0.17 Y4.77
165 0.4k 0.31 0.13 3.65
180 0.43 0.31 0.12 3.29
195 0.41 0.31 0.10 2.83
210 0.39 0.31 0.07 2.09
225 0.36 0.31 0.05 1.34 .
240 0.33 0.31 0.02 0.46
255 0.33 0.32 0.01 0.29
270 0.32 0.32 0.00 0.00
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Date: . Yth April, 1978
Unit D.xmtion: 135 minutes

Time Discharge Baseflow = Reduced Unit Hydr@aph |

(mins.) Ordinate Ordinate Ordipate (1 om of rain-
(cumecs.) (cumecs.) (cumecs. ) fall excess)
00 -
15
30 0.27 0.27 0.00 0.00
45 1.11 0.27 0.83 3.99
60 1.49 o 0.28 1.21 5.82
75 1.79 0.28 1.51 7.24
%0 1.97 0.29 1.68 8.08
105 1.79 0.29 1.50 7.20
1200 . 1.32 0.29 1.03 4.92
135 1.24 0.30 0.4 - 4.52 °
150 .02 0.30 0.72 3.45
165 0.88 0.31 0.57 2.73
180 ©0.76 0.31 ©0.45 2.14
195 0.67 0.31 o 0.36 1.71
210  0.58 0.32 0.26 1.26
225 0.48 0.32 0.15 0.73
240 0.39 0.33 0.06 " 0.28
255 0.36 0.33 | 0.03 . 0.14

270 0.34 - 0.34 0.00 ~0.00



Date:
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20th October, 1978 -
Unit Duretion: 75 minutes

Time Discharge Baseflow

Unit Hydrograbh

, Reduced |
(mins.) Ordinate  Ordinate Ordinate (1 om of rain-
(cumecs.) (cumecs.)  (cumecs.) fall excess)

00 0.30 - 0.30 0.00 0.00

15 0.36 30 0.06 1.33

30 0.60 0.30 0.30 6.66

45 0.67 0.30 0.37 8.21

60 0.67 0.30 0.37 8.22

75 0.67 . 0.30 0.37 8.23

90 0.67 0.30 0.37 - 8.21
108 0.60. 0.30 - 0.30 6.51
120 0.u1 0.30 ' 0.11 2.33
138 0.39 0.30 0.09 1.89
150 0.33 0.30 0.03 0.56
165 0.31 0.30 0.01. 0.16
180 0.30 0.30° 0.00 0.00
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Appendix D
30-minute unit hydrograph data

by summation’ method



Unit hydroqraphs for the vatersheds veré derived from the
procedures outlined in Chapter three. As qaution was taken in
choosing the appropriate.events (see Séction 3.4) only a small
number of events were selected (Table u.}). Unit hydrograrghs
vere later derivgd from these storm events {Table 4.2).
However, while proceeding into the avergqing ;rocednre of ther
30--inute'unit hydroéraph by the summation method. Further
consideratiqn vas undertaken to examime the unit hydrograph
before doing so, Elimination of events considered not
appropriate was therefore done; The eliminated events are thase
which are caused by uneven rainfall intensities. It is detected
£

f the rlslnq limbs. Either the 1n;t1al
\-\,\/}

staqes of the t1s1ng ligk 1nc11nes steeply and tapers qradnally

ngzﬂﬂﬁﬁit peaks Oor a very slowly rising limb at the initial stages

and a steep inclination as it peaks are two formes recognised.

' The first case i-plies a high intensity storm at the early

 staqes while the second case iaplies one which .has a late high
intensity. Consequently, the events which are hk}leved to be
the result of unifora intensities are chosen for aiezaq*ﬁg the
30-ainute unit hydroqraphs for the respective watersheds.
Altbough the nuaber of cases are lilitéd, the data are \\\'\
considered to be of good quality becauSé they are well-defined

-

and consistent,



Watershed: 12th & MacKenzie

Date:
27th Fed. 1876

i16th Feb. 1977

25th Mar. 1977
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Time Ordinates of 15-min. Sum 30-min.
(mins,) unit hydrographs {(cumecs.) Unit Hydrograph
{cumecs. ) : (cumecs.)
0 0.00 0.00 0.00
15 1.73 0.00 1.73 0.67
30 0.73 1.73 2.47 1.23
45 0.13 0.73 0.87 0.43
60 0.00 0.13 0.13 0.07
75 " 0.60 0.00 0.00
0 0.00 6.00 0.00
15 1,32 0.00 1.32 0.66
30 1.17 1.32 2.u48 1.24
45 0.49 1.17 1.66 0.83
60 0.23 0.49 0.71 0.36
75 0.00 0.23 0.23 0.11
30 0.00 0.00 0.00
0 0.00 0.00 0.00
15 1.42 0.00 1.42 0.71
30 0.79 1.42 2.21 1.11
45 0.38 0.79 1.17 0.59
60 0.16 0.38 0.53 0.27
75 0.07 0.16 0.23 0.11
90 0.00 0.07 0.07 0.03
105 0.00 0.00



4s 4
, R ] & g
Watershed: Robeon Creek ’
Date: " Time . Ordinates of 15-min. Sm ° 30-min.
23rd Mar, 1977 (mins.)  wnit hydrographs (cumecs.) ~ Unit Hydrograph.
_ ‘ (cumecs.) . (cumecs.)
.0 0:00 ~0.00 _ 0.00 .
15 0.7 0.00 ° 0.77 = 0.4 .
’, ‘a0 .. 5.53 0.77  6.30  3.15
o 45 . . 6.70 . 5.53  12.23 6.12
o 80 %23 6.70 . 10.83  5.47
- 775 - 2,20 4.23 s43 . 32
d . 90 1.36 2,20 3.56 © .78
1105 0.93 ~4.36 - . - 2.29 1.15
120 0.89 0.93 1.62 0.81
135 0.56 0.69 1.25 . 0.63
150  0.43 0.56 0.39  0.50
) 165  0.30 0.43 0.73 . 0.37
. 180 0.16 0.30 0.46 0.23

195 6,00 - m\\ 0.16 0.08
210 7/ 0.00  0.00 . 0.00°

oy
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