
1 INTkODUCTION

Urban development is widely considered to have a significnnt impact on
the hydrological response of tl1t:1 catchment in which it occurs (Miller,
1982; Green, H:192), There is, however, some uncertainty as to the
magnitude of the affert Ul~tcatchment urbanization has on peak flood
discharpes. Most literature reviewed reflects the qeneral belief that
discharges are c;ignific8ntly Increased for all recurrence intervals but
there is a body of tl10Ugtlt that contends that the effects are localized
and small (Fourie, 1990, Alexander 1993). Chapter 2 of this report
contains a qualitative 9X8mination of tile impacts of urbanization tilat
support tile belief that there is a significant lncrease in flood peaks and
discusaes the counter argument that the impact ,Ssmall and localized

Stroam ehannet morpholo~JYis greatly impacted by urbanization and
Chapter 2 also contains a review of iheso effects.

TM purpose of this, rather detailed, ciscuselon on ti,e effect that urban
development has on catchment hydrology is to provide a backgrour1d
fCJr tho dlscusston on tho use of artificlally constructed eetentlon storag(~
tl) halp restore the balance,

The noed to manano tho impact of urbanization on stcrmwater runoff is
woll roccqnlzed and increosingly stringent centrets, for example the
U,S, r~nvir"nmontal Prctocnon Agoncy's stermwater parmit program,
oro baing imposod in n: Jny countries This lovel of ccmtrol has not yot
been r<.)[Ichoci in ~)Olhl'\Africa but many local authortnos are working in
that directicn, for oxamole, tho ~lJstQrn Metropolitan toea I Oouncil's
fochnir.al S()FVI\'~i~~[)irec:lm now roqLlires on onglneor of record for
stcrmwater as WElli as structural aspects of developments Within Its
Juri~ldlr;tlon. and the Grontor ,JohannesbLirg Tronsil,,,mol t.oeat Council
()ffom [l rnboto on bull< service eontributlons for stormwatcr to
dovelnpml)nt~l whom OIH:Hto storrnwntor management IS implemontod
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ABSTRACT

Detention storage IS a well tested, and generally accepted, method of
attenuating flood hydrographs, but relatively littlo data is available from the
monitoring of full scale instc'lations An onstrearn pond was constructed at
Sunninqhill Park and details of 15 inflow and outflow hydrographs recorded
over a single summer. The anaiysls of ti:@. 08td shows that the ponds is
effective in atten...'ating the the peaks of all events up to a maximum recorded
peak inflow of 1.25 mOlls.The attenuation ratio, and the discharge coefficients
of the pipe outlet both appeared to increase as the peak inflow increased.

Attenuation by detention storage relies on reservoir routing that has to be
analysed for design, an alternative algorithm that makes use of the stage /
surface area relationship of the pond, and avoids the need to calculate the
stage / storage curve, is presented.

It is generally agreed that urban development increases the frequency of
runoff, and the peaks of spate .flows .and·s-rnallfloods from small catchments.
The magnitude of its impact on rarer floods from larger catchments is
dlspllted, and more data is required before this question can be resolvs-:
The adverse effect that urban development has on stream channel
morphology is also not disputed, and detention storage may help to reduce
thts problem.

The cost and benefits of detention schemes are highly site specific and
cannot be generalized Peripheral issues made dominate the decision
making process. and some .JNh€Jse·er~ discLlssed with reference to case
studies of 4 implemented schemes.
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2.2.6. Counter Theory

Most of thls work is, however, based on the analysis of short data sets
from relatively small catchments. or on theorencal analyse~rLlSit1g
computer models, and reflects the impact of urbanizatio» on rulatlve:y
frequent floods, for example the mean annual flocd analysed by
Leopold. The peak discharge of rare floods is probably also increased
by urban development but this may not always be true.

In an analysts of 114 flood hydrograplls on streams in ttl!? vic'nity of

Tulsa, Texas, Beard and Ct,ang (1979) concluded that the effects of
urbanization on stormwater runoff were not as great as expected, and
that the proportion of impervious snrtace in a catchment did not
significantly affect t.ne rapidity of runoff. They conclude that 40% of tile
impervious ares created by urban development is Ii." 'f'ecl.ive in
increasing runoff from small storms.

Fourie (19::{)). In an analysis of recorded floods in tt,e ,A.pie~River basin
in Pretoria for the period 1905/06 to 19·50/51, fmmd that there was no
evidence of a trend sllowing increase in the peaft discharges of lore
floods. He concluded that urban development probably only mcrcases
the peak discharges for relatively frequent floods in small catchments,
arid litis no material effect in rare floods from large catchments.

Only nme will toll whetlior this conclueion is correct. Long data sots,
with a real time correlation between rainfail and stream flow. are
required. A system of telornetered ruin and stream gauges JS boing
established in tile Gmator Johannosburq Metropolitan area (Brooker,
19~)6).Dnta fr~1mt'us network may go soma way towards answonng the
quosucn in tho futuro

2.3. Impact of Urbanization on Channol Morphology

There may be some: (liSPlItE) over tho effect that urcamzauon tK1S on
flood flow~j, but thoro IS clear and unequivocal evrdonco that urban
development within D catchment , a 8igpii'lcant unpect on tim



subcritlcal to supercriucal will greatly reduce thl! volume of water stored
in the stream, by reducing the flow depth in the mam channel and
increasing the discharge required before the onset of overflow onto the
flo(.)d plain.

Improvements in channel efficiency, genenlllly effected to free flood
plain land for urban development, therefor\;) tends to increase pt!lak
flood discharges from the catchment in two ways, Firstly the average
velocity of flow is increased, so reducing t11( time of concentration of
the system, and secondly the volume of storage available in the system
is decreased, so reducing the potential for attenucncn of the
hydrogf'apll by channel routing.

2.2,5. Conclusion
The foregoing is a discussion of some of the mechanisms by which
urbanization can increase stormwater runoff, ano it lias been generally
accepted that urban development within a catchment can cause an
increase in the peak discharge and volume of spate flow that will result
from c particular storm. The discharge or volume for any 9iv\~n
frequency or recurrence interval therefore increases, or conversely, the
frequer1cy of occurrence "f a spate with givon characterlsucs increases.
This contention is supported by many authors Sased on flood data
collected in the USA Leopold (1968) showed that tho moon annutill
flood from a 2.6 krn2 (1 square mile) catchment may increase up to six
fold, N{)lIer (1988) found significant increases in runoff and other
hydrological parameters, and Millor (1982) quotes severa' other
sources and concludes lilt has been sufficiently established that the
rnagnitllde and frequency of flood tk)ws are lncreaseo by urbanization".

These inc.~easeddischor~les rosulting from urbanization of stream
catchments are thl? direct causa of morcascd costs to tho community.
Direct flood damage costs arise because the affected etrenm bmaks its
banks more freqlHmtly and tho oscaping flood water causes physical
damage to property, There 01'0 also indirect costs as dtscusseo later.

Page 12



agreement between computed and measured water surface levels to
be obtained using values of Manrling's n in the range 0.1 to 0.175 for
the steep channel in contrast to the values in the rangE;)0.035 to 0.05
estimated using standard texts. 'T he discharge was determined by
slope area calculatlons on a 6.4km long reach with a gradient of 0.3%
lmrnediately downstream. Tho measured water depths corresponded
to Froude numbers of about 0,4, except tmmediately downstream of the
breach where the value was found to be 0.9. Froude numbers
corresponding to the depths computed for the smoother channel were
in the range of 1.7 to 2.2.

Trieste concludes thot this effect is due to the influence of other forms
of energy loss besides boundary friction. Those mechanisms would
include extrema iurbulence, scour, dobns transport, expansion and
contraction, eddies, hydraulic jumps, and momentum transfer between
the high velocity flow in the main channel and the slower moving water
over the flood plain, All of those can be observed to be active in flood
flows in natura' streams, bLlt seldom in smooth, relatively straight and
uniform artlflclal channels.

In smooth artifiCial channels, whore boundary shear provloea the
dominant mechanism for energy dissipation and Manning's equation is
valid in its true form, the rogime WIll be sllporeritical even for vary
shallow deptbs of flow. Design standards for storrnwetcr drainage
channels seldom permit slopes flatter than 1(\/ll on tno W:Junds that tho

channels have to be self scouring to reduce malntonanco costs, At this
slope flow in 0 concreto channel with (1 Manr~ing's n (If 0,015 can be
BMwn to be super critical for all depths gmater than about 1em
(0,01101)

Tl10 impact of urbanlzotion in roplOClIl!) naturo: channels witf! ortifielol
smooth structures is tnorororo not SImply eonflFlod to tho hydn:llIilc
off~lCtGof im;roa51ng tho velocity onel (:onGof1trotinq ttlU c;lssipntion of
onorov at downstroar» oml of tho c:llnnnf'1 It may Ellso !love D

tllgnificont hydrological conscquonco. C!lf"l~WI9 tho roglfl10 from
Pa~IO 11



generally greatly reduced by the increase in density of the drainage
network, This increases the l)fficiel1cy of collection, so reducing the lag
time (defined as the dcray between tho time of the centre of mass of
the storm hyetoqraph and U1ecentre of mass of the runoff hydrograph),
Gmf (1977), in an analysis of the Impact c.f sub-urbenizatlon, as
opposed to high density urban development, on the clminageJdensity of
the South Branch of Ralston Creek in Iowa, showed that the number of
links in the draincge system anc the drainage density. (defined as the
length of Iir1kper unit area of the catchment) increased Significantly,
and that these parameters greatly influenced the) shape and lag time of
the storm hydrograph, He concluded that problems asscclated tl1e
hydrologic impacts of suburban developments on the dr:uinoge network
are eqlmlly as scrlous as those caused by changes in impervious

surtaces.

Channel Efficiency
Channel efficienc:y is often increased, Canalizath:m of streams has
frequently been used as a means of reclaiming Icmd from flood plains to
allow development of tl1Qseareas, New channel Gr<.1SSsectlons are
proportioned for thQ most effiCient use of mmterial.s, and SC) closely
approximate the n.ost efficiont hydraulic section, with tho hydrtlLllic

roughness kept to a minimum, Stops may be' construoteo in tile channel
invert in an attempt to reduce tho bed slope anc provide sitos of local
energy dissipation. but the structure of a natural stream with pools, and
riffles or cnutes is seldom mCI ~mtocJ, AvoraOQ flow'l1elocitimi are greatly
increased,

Trieste (1992), in genoral obsorvanons. fOllnd mat tt'lere are few
situations in flOCld flow III natural (;;118n, \ols whom sucercriuca: 'flow
occurs over a moclllert(Jtll greater t11W) 8m (/1;1 ft). Tl1080ob$orvoticms
were conflrmoci by hun in on analysis of tho measured water surface
,1rofilo 111 (1 natural channel 1.0 krn lon~lwith on nvornoo nmdlcnt of
3.2t}'o, following the fniluro of tho QUilil Gnat!l" Dike III Utah, US/\, Using
tho DAMBF~I( modo: of tho National V\IoatllClr servico he found the best



This initial abstraction is greatly affected by chances in the
imperviousness cheracteristics of an urbcll1izirg cmtctHTlI:mt. Paved
areas are generally constructed to be smooth and commencement 01
runoff is almost tnstantaneoue :fith only a shallow depth of precipitation
required to wet the surface find fill small depres ;,ions. Clearly this depth
will depend on the charactenstics of the surface and general
topography, but typh~ellvalues given in the literat 11'9 are about 1mm.

'"110 ground surface in pervious areas is ne: .!rall~ irregular and, where
vegetation is present, tho surface area that must bill wetted before
runoff can take place' is very much gremter, msultin'J in increased
interception. Typical values given in the literature for initial abstraction
'from pervious and undevelcped areas, for example by Green (1984) in
recommendations for pararneters to bo used with Witwat, fall in the
mngo 2 to 5 rnrn, Other values from ell,ewl1ere in thaI literature are
summarized by Torno (1992).

impervious surfaces, pavements and roofs:

Lawns

Pasture

1.0 a 2.5 mm
2.5 a 5.0 mrn

5.0 rnrn
Forest litter 8.0 rnm

In addition Horton (19'19) and others 'iave shown that the volume of
interception storage by wetting of vegetation can be significant, ranging
from 0.25 mrn to 13 mm, Torno (1992) gives 1 mm as a typicol value
for grass turf.

rhc net effect is an increase in runoff depth of about 4 mm per storm
event. whlch translates to 40 rn" volume per hectare, or 4 000 rn" per
square kilomotre {)f paved area

2.2.4. Drainogo Systom Efficioncy

Dralnago Oonsity

Tile trnporvlous areas created by urban development me frequently
conl'\oett~ddirectly to drainage ways, and tile overland flow lengths are

Page 9



A similar equation is given in the reference for rainfall intensity in tile
coastal region of South Africa and numerous other equations relating
rainfall intensity to storm duration can be found in the literature. Table
2.2, which gives the results of the simultaneous solution of equations
2.1 and 2,2 for a 100m long plain at a slope of 3%, is presented to
show the affect of increasing hydraulic roughness on time of
oo icentration and average overland waVE~ celerity.

Tabla 2.2 : Comparison of tlmos of ecnccntratlon and offectlve rainfall Intonsity
for dlfforont surface reuqhnoss on a 100m long plain at 3%slope

I
Manning's Conccntration Effcctivo Rainfall Average Wavo
Number Time Intensity Celerity

n [min] [rom/h] [m/s1

0.01 2.23 241 0:(,5

0.630,013 2,63 :?36

0.016 3.01 231

0" 16 se 137.G

0.3 22,9 117
0.4 28,63 103

0.55

0.1

0.07
O.C)(';)

Although this is a grt)atly simplified analysis it does clearly illustrate the
point that decreasing the hydrmuliGroughness of the flow path will
decreaso the time of ccncentrauo-i of the catchment, thereby
decreaslru, the duration of tho critical storm, and iniJreasing tho peak
disclimrge resulting from the increased ir,tensity of precipitation for a
given recurrence int(lM11 With all other factors constant reducifig tho
surrace roughness will thorefore increase tho peal< flood dlscharqe for
any storm froquot'lCY

2.2.3. Initial Abstraction

Runoft does not commence 0imultcmoously with rainfall, initlor
demands, predominantly surfaco wetttnH UfKJ dopreaeion storago, have
to be sntisfioci botore water will start to flow from tile surfacu

Pogo {3



n ~;Mannmg's number

r ::~Overland flow length (m)

i. :;;:t:xcess precipitation rate (rmn/11)

,"i ~ surrace slope (m/m)

( '~;: 6,99 (n constant dopOndJngOil 1M units of tho ether

vanabtos)

Table 2,1 givus a summary of the affect of der.reasing Manning's
number, associated with cilfftzlrent ground surfaces, for an ovenano flow
length of 100", at a constant slope (if 3% (0,03 m/m), and an excess
precipitation rate of 100 mm/.1,

Teblo 2,1 : Tlmo of concentratron for a 100 m long plain at •i 3% stoeo, subject
to 101) mmrh oxceas rainfall, tor difforent Mnnnin~l's Numbot s,

Surface Type Roughness Range ttmo

[nl [min]
Concrete I Asphalt

Bore sano
Lawns

Dense shrubbery and forest
litter

0,01-0,013

0,01 a O,O1l)

0,2000,:30

0,4

32 - 37
3 2 ~ 42

191 a 24,4

29

This analysis can be taken further by solving the Equation 2,1
stmultaneously With EqLlatlon 2,2, derived by Op ten Ncort and

Stephenaon (1982), for the goneral relationship betw\;fJl1storm duration
and rainfull intensity.

Inlan(l region

(',5 u ,3·1,\ \1.11') v u: ((/,'/ uri'! Equation ~~.2

1.1 storm duratic.i (111)

vt 1/' moan annual plc'Glpltatlon (IT1I1I)

jl recurrence Interval (yr)
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2.2. Flood PeakDischarges

2.2.1. Infiltration
The proportion of impervious to pervious surface within the catchment
is increased as urban development proceeds. If It. is assumed that there
is total runoff from impervious surfaces. and that all impervious areas
are directly connected to the drainage network, this change would
increase the proportion of runoff to precipitation closely to thl?
proportion of impervious area in the catchment. A large proportion of
the impervious surface in developed catchments, particularly in
suburban areas is, however, not directly connected to the drainage
network so stormwater is given another chance to infiltrate into the soil
when it flows from impervious to pervious areas. As the degree of
saturation of the soil in the catchment increases the relative effect of
the increased proportion of impervious area will be reduced, Once all
pervious areas are saturated tile impact will be reduced as the only
abstraction will be related mainly to tile saturated conJlJction capacity
of the soil. Impervious areas may, however, still have a signific?nt
impact, particularly if the rainfall intensity is low and tile saturated
conductivity of the soil is l1igh.

2.2.2. Surface Rouqhnoss

The impervious areas are generally hydrauii(.;ally much smoother than
pervious surfaces. Typical values for effe~tive rouohness in the form of
M~mnir,g's n for overland flow are given in the literature, for example by
Green (1984) or by the American Society of Civil Engineers (Torno.
1992). The efft1ct of tile hydraulic rouphness on the time of
concentration of a small catchment can be demonstrated by calculating
the time of concentration for one dimensional overland flow using the
formula derived from Kil'l~rnatic·wave theory. Tho relevant equation is:

t. ( 'x (II (If, .v I, (1(,) (I,. (1/ .v S: ',i Equation 2.1

whore t time of concentration (minutes)



2 URBANIZATION

2.1. Introduction

Urban development changes the hydrological characteristics of a
catchment in many waY:i :;rndthese effects appearto be reflected in
changes to the peak dischar 1es of flood runoff from the catchment.
Much of the literature SUppOI (S the theory that peak flood discharge
resulting from a given storm over an urban catchment woulo be
significantly higher than the discharge caused by the same storm over
the catchment in its undeveloped state. Miller (1982) stated "It has
been sufftciently established that the magnitude and frequency of floods
~lave been increased by urbanization" But perhaps the strongest
indication that this concept is generally accepted by practising
engineers is the prevalent use of the calculatlon sheets published by
the South African Department of Water Affairs and The National
Transport Commission and other put 'lshed runoff coefflolertts for the
calculation of stormwater runoff using the Rational Method. (Alexander,
1990; Rooseboom, 198!3; Stephenson, 1981). These calculation sheets
advocate the US3 of the Rational Method:

(jr Cr IA

for the computation of stormwater runoff, and all give increasing values
of the runoff coefficient "( ,II 'for increasing degrees of urban

development.

This chapter explores, in a quantative way, some of the changes that
support this belief.

Channel morphotoqy is aff~)cted by catchment urbanizatlon and some
evidence of the rnaqrdtude of the eff~)cts is discussed.
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of the recorded hydrographs are given in Appendix A. The construction
of the detention pond in Sunninghill is described in Appendix B.

Some conclusions to be drawn from the investigation and some
recommenosu, 1'It:, are discussed in Chapter 6.
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required in the routing calculation ..An algorithm using this procedure is

described in Chapter 4.

It is not really possible to qeneralize on the costs and benefits of

stormwater management facilities because each installation is highly

site specific. Certain aspects, for example earthworks and land costs,

are common to most projects and these are discussed in Chapter 4. In

most cases land is the most costly element.

Detention storage is a management technique that is frequently

advocated, but less often implemented, for the attenuation of flood

hydrographs to reduce peak discharges. One of the reasons that

detention ponds are not widely accepted is the land area that they

occupy. To counter this resistance ponds can be designed to have

multiple uses, dry ponds may be used as playing areas for formal or

informal recreation and wet ponds are used for improvements in water

quality. The last part of Chapter 4 in this report discusses the design

and construction of some stormwater detention ponds that have been

constructed in the Gauteng area.

It is seldom that the opportunity arises to monitor the operation of any

implemented project in civil engineering, too frequently works are

designed and constructed then handed over to the owner or Local

Authority for operation or maintenance. Monitoring of stormwater

management facilities will possibly become mandatory in the future if

Local Authorities are to ensure til at their investments are functioning as

designed. The construction and monitoring of the Sunninghill facility

has therefore provided valuable data for hydraulic and hydrological

design of future facilities as well as valuable experience in the setting

LIP of monitoring programmes. The author is therefore very grateful to

the Department of Civil Engineering of the University of the

Witwatersrand for tbe opportunity afforded him to gain experience in

this field Chapter 5 describes the operation of the detention pond at

Sunninghill and gives tht:: results of the monitoring carried out. Details
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Engineering literature and practice reflects this trend Procedures and

manuals of the past that emphasized drainage systems are being

replaced by new documents that place a much stronger emphasis on

management of the storrnwater, for example the new ASCE document

"Design and Construction of Urban stormweter Management Systems"

(Torno, 1992) largely replaces the previous "Design and Construction

of Sanitary and Storm Sewers"

The introduction of the approach into South Africa was largely due to

the efforts of Miles with the publication of the National Building

Research Institute document R/Bou 61[1 "Stormwater Drainage In

Urban Areas" (Miles, 1979). There does, however, appear to be little

actual apphoatlon of stormwater management options in South Africa.

Efficient piped drainage systems, designed to remove stor. '1Vo,atp·','om

the site as rapidly as possible, being implemented in most Limen

developments. Chapter 3 discusses some of the stormwater

management options that could be implemented and looks at some .)f

the reasons these have met with resistance from Local Authorities and

developers alike. Detention storage is a viable technique for storrnwater

management and its use is emphasized in that chapter.

Reservoir routing is the numerical tecnnlque applied to calculate the

outflow hydrograph from a detention pond with a specific stage/storage

and stage/discharge relationships. All algorithms known to the author

required the prior calculation of the ~tage/storage curve for the

reservoir but this requirement appears to be an artefact of the manual

calculation procedures where graphs were plotted to facilitate the

calculation procedure. The need to calculate the stage/storage curve

can be avoided by makir use of U1e stage/surface area curve

measured directly from the contours or digitnl elevation model of the

reservoir basin. Since the numerical calcul:-tion process relates mor'1

closely to the change of storage with stage, than the actual volume of

storaqe, the use of the stage/surface area curve of the reservoir has

the added advantage of slightly reducing the computational effort
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Increased storrnwater runoff, as descnbeo in Chapter:'.. Replacin~Jthis
storage can attenuate flood hydroqraphs and reduce peak drscharaes
by increasing the critical storm duration, and by routing the resulting
nydroqraph. TM reservoirs may also reduce the total volume of runoff
by providing opportunities for infiltration and evaocration. NWnerOLJS
schemes are described in tile Proceedings of the Conference on
storrnwater Detention Faclllties (De Groot ed 1982). Some South
African detention storaqe schemes with which the author has personal
experience. or that have been describee in the literature are discussed
briefly at the end of Chapter 4.

Even small volume detention basins con have a worthwhile benefit.
Storage of 40 m;' per hectare is sufficiont to eliminate the effects of the
loss of depression and interception storage.

Although B distinction is generally drawn between retention and
detention facilities U'lem is. ir1reality, a connnuum.

Detention Storage

DelEmticn ponds work by temporarily detaining some of th\i) floodwater
in the pond and releasing it slowly after t1'8 hydrogmph peak has
passed. so redlJcing tho peak by attenuating tho hydrogroph as well as
by increasing the catchment time of concentration. They moy also help
to improve Hie quality of the rlJr,clff, 05 tho stored water has time to lose
some of its sediment load. and can be screened to remove much of tho
floating debris that it carries. The deliberate use of detention ponds for
improve mel ,t of water quality reeuires carefut design and is beyond the
scope of this report [)osifjn parameters will dopencl on many factors.
such as the nature of tho pollutants to bo removed from the
stormwater, the possibility substances proviOW31ybmmd to tho
sodimonts (CHmtonnn solunon or ausoonson if tho sooiment becomes
oneerotuo, etc

Tlms() ponds are, however. tried Dod tested stormwator management
tUlII'; with many lJdVnntduns
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despite the initial capital outlay. Each application is, ~IO\oIJl;Vm, unique

and must be assessed on its own moru, as 811 oloment in an overall

catchment wide plan.

3,3.1. Infiltration Pitches and swares

With the tmminem prornulqatlon of legislation in the USA and Oanada
requiring the control of storrnwater on site much research is being done

on the implementation of swales and infiltration pitches for example in

Adelelldo, sou; 1 Austral" by 8ekele et 01 (1993) and by Hopkins and

Argue (1993) in New Brompton, South Austraha

Swales ere shallow trenches that may be partially filled with permeable

material such as stone ballast. Th@ir purpose is to encourage infiltration

of stormwater into tile soil and to provide storage and ~,ydraulically

inefficiont drainage paths to encourage hy(Jrograph atteauatlon by

routing.

Infiltration pitches are open areas of land on v::!1ichstormwater is
allowed to spread out, again to encoLlroge infiltration and provide
temporary storage. Infiltration pitches may be provided with trenches or

ditches fill8d witll permeable mutorial to enccureno infiltration.

3.3.2. Channel Rehabllltatlon

Rohabilitation of urban waterways is taking place in many parts of tile

world, both for stermwater n1tmElgomont reasons, and for the benefits

that accrue to ttl0 community in tho form ('If Pllbllc opel) space. These
rehabilitation efforts may not always be successfui : accepteble to all
concerned (Luger & Davies 1m.l3). Brookes (1988) and Purseglove

(1988) give glliclaneo on tho cnornctcnsucs of naturei streams thot
ShOLIId uo aimed for in tho ro!1nbilitoticm proCOSB.

3.3.3. Dotontioll Storo$jo

The Pll,Nlbion of stOlo~ll1reservons wiUlin tho (im:nn~lOsystem con
r,' place some of tho stor(lgO lost as urban dovcloprnont CUUS();5



Increasing of channel and pipe ~)t()mgo by increasing the depth

of flow lIAin\.l weirs, nrifh' ' t ,I it;;!:). vortex type throttles etc,

The use of porous pavements on roads and parking areas.

The lise of permeable pavements. e,g, grmss blocks and hard

lawn pavers, whp.re .lro.ffic vclumec are low and high structural

strengttl roads L'lrE; not required.

Reduction in impervious areas by encouraging grassed or

gravelled areas and discouraging pnving whom pcsslble, for

example under utilized parking areas, or reduction in road widths

where traffic volumes are low
EnC'Ollr!agoment of dtsconnected illlpOrviollS area as opposed to

directly connecting lmpervious areas to tho drainage system.

A comprehensive list is given by Stop~1enson (1gS1 p4)

These storrnwater manaaemont practices may be difficLllt to implement.

and do 11ElVe some real and some perceived disadvantages.

in gonel'al tl1ey require space where development is most

ir1tCH1S0and land values 11igl1est.
They are SOQn by most Local Autl)(.~rity engineers as pot()f)tlal

msintenanco problem areas,
Capitol cost of construction IS often higher man fOI' a traditional

dminage system
lnfiltration of ~tOl'rnWQt(lt' into the soil is in conflict with read

dcsigr1 philosopl1y til at attompts to kemp tho atructural layers as
dryas possible to preserve their strOntltit

Careful planning, tjesign, and eeueauen can, newevor, overcome most

of those probtems. F:or example tho eluol L1tlO (If land for storrnwator
control and rocrootl(HI rnoy tlOlp to tipromi HIO IliOl1 property cost

between fundll1g [l[lonc:imi. (')( the calculation of tho total hfotimo cost of

the mcnuqcmcnt ole mont 111essoctaucn with tho downstream clrnir1DflO
elements may PI()VQ that till) mar1Cl~!ClClsystem nas n lower everan COE',t



the older conduits, currently being repaired, appear to have been

decked over at least 70 years ago.

Underground drnil1age systems have U10 major advantage that thoy

free land, that would have been occupied by surface structures, for

development. They c.:v, however, nave inhenimt problems:

Their capacity is restricted to the capacity of the inlet~i.

They are susceptible to blacking, especially at their inlets.

Their capacity to handle excess flows is very limited.

Riley st 81 (1986) blame much of the darnaqe caused by flooding from a

very severe storm in Sydney in 1984 on tile failure, either by

surcharging or blockage, of tho underqround elements of the drainage

system.

3.3. Attenuation

An alternative to increasing the efficioncy of tho drainage system to

cope with the increased runoff from ttle Llrbmnizing catchment is to

institute measures to amo:iorate tl1e impact of tho urbanization on the

catchment Those measures can also be used to reduce tl1e risk to
property developed on Sites vulnerable to natura' flooding. Attenuation

of the high flood flows allows a reduction in the captlcity of downstream

hydraulic struciures desiunod to accommodate a flood peak of given

recurrence ir,terval anc hence con diroctly roduco tho c€lpital cost of the

drainage system.

Amongst the options f?r flood attenuation are:

Detention storage ot scales v"wying from small, on site, schemes

sllr.h as roof top Btorage, t11rmlgll Imge tanks under roods, to

rIKIJClr rosorvous on tho scale of lmgo darns

TIIG Clporotlon (If eXlstino v, iter su~'ply and irng[.ltion dams to

roduco downstream fiooci p(Haks
Construetio,1 of swales and infiltration pitches or franc!) drains



The provislon of urban dr ainag{J systems to convey stormwater away

from tile area as rapidly as possible has been the prevalent design

philosophy until relatively recently. In 1979 the National Building

Research Institute conducted a survey of the stormwatsr drainage

practices of rnuruclpallnes. local and central government departments,

and consulting engineers. In their analysis (,If the results of this survey

Wotscm and Miles (1982) showed that 62('/0 of respondents designed

for

°TI,,';)most mpi(i removal of tim excess rll17(.'1ff from the individual

areas drained"

anti only 1 ~.'0stated that they rW3do aliy attempt to ameliorate the
affect!>:.'Jf urban developmont on runof to reduce flood peaks.

Tllis apprceeh has, at least in theory, been superseded by a philosophy

of "stormwater manaqernent" whore an attempt is made to control

rlmoff and recuoe peak flows. !n pam lie I with this there is often a
consclcus division of tho system into 2 components, a minor system for
convenience of"lly, and a major system to dischmrge runoff from sever-
storms safely, and with minimal damage. The provlslon of an officiant

dralllilQlll system doos, however. remain a vlUlldmanaqement optlon I

certain mstarces It is often convenient, partlcutarly where open land is
scarce and higt11ypriced, to drain stormwator 1;;1way!'.\S (~fficiently as
possiblo, and tl1en to attempt to reverse tho lrnpect of this efficient

drainape system by providing stora(le or SOnlQ other manaqen ent

element further downstream

3.2.1. Underground Systoms

LJndor~lrOlmd eJrainaflo systems. C'()!nprisin~l pipes and culverts, have

boon tllo trnciit'Cmol way of d031ino with storm water in urban areas

almost since tho boginninn of wldospronl~ urban eevelopmorr. Many of
tne main drams trovorsing tim City of Lo, don and Its bC'roLlgl's have

boon decked over for several hundred years In Jol1onnosbmg some of
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Althouqh H10 document does not specifically tnciude the limitation or
attenuation of flood peaks, or make a specific objective of the
implementation of stormwater detention facilities, it does include the

statement that:

"Post devf.1lopment rates of discharge should, if possible, be

limited to pre-development values for t1 range of recurrence

intervals"

It also makes provision for the preparation of master drainage plans
that, inter alia, identify arid reserve sites for the provision of flood and
water quality control structures including wetlands.

Control of stormwater in urban areas CE;1n be actlieved by a range of
techniques, from providing efficient systems to drain me water away as
quickly as possible, to total on-she management where development
does not increase the peak discharge or volume of runoff above tile
pre-development levels, Control of the peak dischzargesand volumes is
most often achieved by providing SOI119 form of attenuation system.

TIleS9 pubucanone. U19 later discussion on Sunninghill in Chapter 5,
and case studies in Chapter 4, Stl0W that thG.'concept of etermwater
management hes boHl popular and institutional approve] here, and
schemes can be successfully lmplemented in SmlH1/\frica wlth public
approval if eorrectly approached

~~.2. Efficient Drainage Systems

Construction of formal drains began early in tho lifo of U'IOCity of
Johannesburg Tile reportn of the Town Engineer Sl10W that by 1905 an
extensive notworl, of undergrClltrid drains had been conetruetoo in tile
SOllttl Wost District nncj parts of Newto..vrt By 1910, 47.8 krn of dmins
had been constructed in 0 total townsrnp moo of 8 325 ha, and by 1920
tile longtrl of drain 110t1mcroasod to Of).? krn in a toto I township mea of
8 500 11(;1(Wl1ltlow and Brooker, 1SWOn)
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control measures in Japan, and, closer to home, South African
Committee of Urban Transport Authorlties (CUTA) published UTG4
Guidelines for Urban Stormwater Management in draft 111 1988.
(Hay €It al 1988). Ttl0 proceedings of U19 1993 Conference on Storm
Dt'ainag~, held in Niagara, USA., include .r.:mp.9r~from Canada, France,
Japan, Nigeria, Soutll Korea, Taiwan, and the United Kingdom.

Johannesburq Urban stormwator Management Policy

In January 1983 the Management Committee of the Johannesburg City
Council approved a proposal setting out the structure of an Urban
Stormwater Management PoliCy for Ule city. The objectives this
document sets out &18 policy 91'e:

The provision of an eppropriate stormwater drainage system for

tile management of "normal" stormwater nmoffs for the
orctecticn of property from da iage.
The prevention of injury or loss of life, and the reduction of

damage to property by the run-off from abnormal storms.
The prevention of land and watercourse erosion,

The protection of water resources from pollution and the

impiementation of an integrated approach to water quality
management.
The preservation of natural water courses and their ecosystems.

rho prevennon of ill health related to water borne diseases.

The implementation of a plM for the total management of dams

wittlin tho urban envlronrnent.
Tho impiomentation of measures to guard against tile negative

aspects of rapid urbanization. where water courses are affected
In ardor to do ttlis it states that it,!) Council must be proactive in water
course manaqernont and pion nnd budHot to achlovo Ul0S0 objectives,
(l11c1 should stnvo for (I rEJglolml water quality tlnd stormwater
manaqoment approach.



3 STORMWATER MANAGEMENT OPTIONS

3.1. Introduction

Sit1Ce the late 1970's strong emphasis has been placed on the practical

implementation of stormwater management measures, and articles

referring to stormwater management have appeared in the popular

sclentific and general professional literature. For example Zukovs et cal

(1982) describe some aspects of township layout to accommodate

streams, Fowler and Wolfe (1982) discuss some practical technologies

for urban runoff control, and Miles (1984) looks at aspects of

stormwater drainage for lower income group developments. Taming the

Flood (Purseglove, 1989) is truly a popular book that looks at the

practice and malpractice in the history of stormwater, flood, and

wetland management in Britain since medieval times. Brooker ('1991)

identifies stormwater r anagement facilities as an opportunity for

co-operation between Civil Engineers and Landscape Architects, and

Rabinovttch and Leitman (1996) emphasize that stormwater and flood

management practices played a signifl ..nt role in the successful

redevelopment of the city of Cllritiba in Brazil.

In the United States of America practical implementation is common,

and frequently requred by the legislation controlling development of

land. Recent practice manueis (Torno, 1992) cover design and

constructlon aspects in detail, anc as early as 1982, sufficient practical

experience had beer) obtalnsd to jllstify a successful, dedicated

conterence on the subject of stormwater Detention Facilities

(DeGroot ed, 1982)

TI1e literature (.1111(.1I10tin9from 111[II1Ydifferont COLIn tries shown that the

concept if, well accopteo throuqhout the world, for example Geiger

(1m)O) describes work dono In the then Federal Republic of Germany,

l.oong (198()) discussos the1 use of ponds for stormwator retentton in

Kunia Lumpur. Malaysia ano criticizes the implomentation of improved

drain capacity mOOSlJr0S in that city. SO~ldC:11i(1~)90) discusses flood



erosion in urban rivers are described by Douglas (1985), and in the
author's experience erosion of the banks of the incised channel of the
Braamfontein Spruit in Craighall has exposed artefacts showing that
sediments zrn below the surface are only about 50 years old.

The gradual increase in the channel dimensions, as the cross section
adjusts to accommodate the increased frequency and peaks of
discharges, and the increasing inadequacy of the hydraulic structures
cHt:;; less direct costs, that take a longer time to be felt, and are often
ignored by the authorities until disaster forces action.

2.4. Impact of Urbanization on Water Quality

A detailed dlscusslon of the impact of urban development is beyond the
scope of this report. Q~lantity and quality of runoff are, however, closely
tied and detention storage is frequently used in the dual role of reducing
peak discharge and reducing the concentrations of pollutants. In the
overview and summary opening the conference on the Design of Urban
Runoff Quality Controls, Roesner et al (1988), commenting on the
devices available for the control of urban runoff quality state:

"Among all of these devices the most promising and best Lmderstood

are detention and extended detention basins and ponds"

M05t efficient use of resources will therefore be achieved by
considering both the quality and flood peak control possibilities of
detention ponds.
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proposed a qualitative relationship to define channel morphology of
alluvial streams, of the form:

Equation 2.3

where (j,::: Sediment discharge

d -::: Particle size

Ow:: Clear water discharge

s::! Bed slope

CI indicates proportionality

all units consistent

Early in the urbanization process the capacity of the catchment to
contribute sediment is high, because construction strips large areas of
vegetation, but this capacity is reduced as more impervious surfaces
are created and runoff becomes sediment deficient. The increased
clear water discharpe resulting from catchment urbanization will tend to
cause the stream to decrease its bed slope by degradation or to
increase the sediment discharge, resulting in a channel of increasing
depth and cross sectional area.

The impact on channel morphology of the increased runoff of
stormwater as a result of urban development begins very early in the
life of a city, Whitlow and Brooker (1996b), in a review of the annual
reports of the Jchamesburq City Engineer, found that canalization had
begun in the town of Johannesburp withln 10 years of tile
establlshment of the City. The 19'11 report referred to the construction
of a 6.1 rn wide by 3.05m deep canal to curtail the growth of the donaa
of tile sprutt in Bezuidenhout Valley that was described as being LIPto
6.7m d(')QPand 00.5m widp. The amount voted for this ccnstruction W"lS

H450 000 in '1994 to: ms.

Stratlgraphv in sediments in urban strearns can show channels inciseo
HlroUgh vory n -cent de:posits. Patterns of meant sedimentation and
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channel morphology of rivers draining that catchment. This effect 1185

been reported by several authors. Robinson (1976) and \ '/hipple et al

(1960) found that cross sectional areas of stream channels with urban

catchments were typically twice that of streams with similar sized but

rural catchments. Whitlow and Gregory (1989) found an average

increase in the width of a stream in Harare to have been 74% in a 12

year period.

Neller (1988) compared the erosion patterns of 2 streams draining

similar sized small catchments in New South Wales, 5 years after tl-e

completion of houslnq construction in one of the catchments. Despite

the relatively low density of development, 13.6% impervious area in the

urban catchment, the bank erosion rate of the channel remained 3.6

times higher and knlckpoint retreat 2.4 times great'9f, He concluded that

the urban channel was not inherently unstable, but that the increased

erosion was tile result of changes in catchment hydrology. Significant

increases in total rLinoff (7.8 times), number of runoff events (3.7

times), and peak storm runoff (3.5 times), alld a significant decrease in

the average time to produce rune~ (63%) were recorded.

Ir Johanr.esbura the author has observed that the Braamfonteln SprLlit

is increasing the cross sectional area of it channel by increr1sing the

width, and has reduced the slope as far as possible in the short term by

eroding to the point that the channel bed level I::': now larg~!y controlled

by a series of rock outcrops. These effects havfl net L~ 'ntified,

but the increasing need for bank stabilizatiJr1 to protect s..., '1,,,,,;:,-;:; and in

response to complaints by owners of riparian property ls clear evidence

that this is the case (Whitlow and Brooker, 1996a), The General Plan of

the Township of Parkhurst, compiled in 1904, clearly shows the

boundaries of a vlei where thE~reis now a deeply incised channel

(Brooker, 1901) ,

The mecharusm of Ule process is clear Stream channel gC10metry is

formed by all discharqes but the basic shape. widttl depth, and

meander pattern resuh from the bank full discl1tlrOf~, In 1£)4'7 Lane
Page 14



channel morphology of rivers d(aining that catchment. This effect has

been reported by several authors. Robinson (1976) and Whipple et at

(1960) found that cross sectional areas at stream channels with urban

catchments were typically twice that ot streams with similar sized but

rural catchments. Whitlow and Gregory (1989) found an average

increase in the width of a stream in Harare to have been 74% in a 12

year period.

Neller (1988) compared the erosion patterns of 2 streams draining

similar sized small c.atchments in New South Wales, 5 years after the

completion of housing construction in one of the catchments. Despite

the relatively low density of development, 13.6% impervious area in the

urban catchment, the bank erosion rate of the channel remained 3.6

times higher and knickpoint retreat 2.4 times grE':!7..lter. He concluded that

the urban channel was not inherently unstable, but that the increased

erosion was the result ot changes in catchment hydrology. Significant

increases in total runoff (7.8 times), number of runoff events (3.7

times), and peak storm runoff (3.5 times), and a Significant decrease in

the average time to produce runoff (63%) were recorded.

In Joh,,:1nesburg the aLlthor has observed that the Braamtonteln Spruit

is increasing the cross sectional area of it channel by increasing the

width, and has reduced the slope as far as possible in U,e short term by

eroding to the point that the channel bed level is now largely cor" 'led

by a series of rock outcrops. These effects have not been quantified,

but the increasing need for bank stabilization to protect services and in

response to complaints by owners of riparian property is clear evidence

that this is the case (Whitlow and Brooker, 1996a). The General Plan of

the Township of Parkhurst, compiled in 1904, clearly shows the

boundaries of til vlei where there is now a deeply incised channel

(Brooker, 1991) .

Tt18 mechanism of the process is clear stream channel geom0try is

formed by all dtscbarqes but the basic shape, width. depth, and

meander pattern result from the bank full drscharqe. In 194"' Lane
F)age 14



stream's sediment load caused by settling within the pond will, to some

extent. counter this. As is the case with most dams, some increased

erosion immediately downstream of the outlet can be expected until the

sediment carrying capacity of the flow is satisfied.

Water Quality
In catchments undergoing urban development, particularly where

gradients are steep, the amount of sediment picked up by the overland

flow is high. Detsntion of the spate flows WId reduce the silt load carried

downstream.

The provision of on-stream storage therefore reduces the maintenance

cost of the drainage system but. unless the storage provided is large,

has little effect on the capital cost of the hydraulic structures.

Disadvantages

Storage ponds clearly have many disadvantages and constraints tl1at

may mitigate against their implementation. Some of these

dlsadvantaqes and constraints are described in detail later in tl,is report

and some will become apparent only when a specific project is

contemplated. Storage ponds are not £1 panacea for all stormwater

management problems and, as stater! previously, each application

shoulo be approached on its own merits.
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~~iltinoand the accumu'ation of debris, pmtir:ulurly at the pond outlet.

and have to be cleaned out regularly, 8fvj osp~cially immediately after

they have bssn in operation. Careful desl!J' rl~t::mtion needs to be paid

to accessibility, particularly as tile bottom of U10 pond may t1Swet and

mucdy when cleaning is most important. "

Wet ponds need careful control to maintain water qLlality to prevent the

development of smells. Mosquitoes and other pests need tt;) be

controlled.

Mairltenanco activities will depend on the nature of the storage

provided, some iSSlJOS thot 1'(;1quire consideration are:

Y;Jetoponds
maintenance of water level

control of water qllality

control of mcsquitoes

control of sedlrr :nt

Infiltration ponds

bloci<ing of surface by fine aedirnont

pollution of grOLlndweter

Porous rnedra reservoirs

c, ,)gging of voids

blocking of outlets

Dry pondI'

accumulation of sediment and clobris

clogging of outlets

maintenance of other fnc;illtlml wh (;1r0 dLlOIll~10 is OIw'§ogod

c:ontrol of clomp areas

r~nClftop and othnr parking (.',[fHlf1

clogginn \Jf ouuots

wuterprooflng

detoncranon ()f struc.ural layers
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There is also a probability of structural ':ailure of uio pond and U19

consequences of this occurrence snouo also be considered,

4.5. Design Considerations

The!'e me SQvmell athol' aspects that need to bo considered in tile
design of (;1 stcrrnwater detention system. It is these peripheral lssuea
thS1tappear to have contributed most to tho resistance to detention
systems for the control of stormwater found within many local
authorities in nout!) Africa

4.5.1. Structural Integrity
8y thoir nature detention ponds me often constructed in flood plains
wi, ere founciing conditions am ciIfflCLIIt, anel embankments may bo
subject to overtopping more frequently than is the case with ordincll'Y
dams, Detention ponds are most often in, or upstream of urban areas,
so the consequoncee of tho wave following the collapse of an
embankment euperlmpesod on tho already hIgh flood stage in tho
stream can be catastrophic, Careful attention therefore needs to be
given to tho 'esign of tho different elements to ensure their etruetura'
integrity. Steep earth embankments need particllim cam as they rTI&)'

be sllbject to rapid draw down condttlons as U10dotennon pO!1ci

empties,

4.5.2. Environmental censtderettons
Althouf)ll detention systems are environmentally boneficial on balance,
they will have some adverso envnonmonta' offocts. Wetlands ottan
provide auitable. and eeonomteally attractive, sites for tho ccnstru-uon
of ponds, and all aspoets of tl10 onvucnmonta: impact of tho projoc;ts
IV00Cj to bo ccnsidoreo.

4.5.3. ManagofTlont and Maintommco

As witt) all ongln(lOnrl~lstructures. anel stormwator structures in
particular, dotenuon ponds Nlquif'o mamtonance TIIOY are subject to



This value for tile critical 'Storm duration can be tested in the model.
and LI~;Qdto calculate now..coefficients for tho parabola if necessary.
The metnod has been found to converge rapidly,

T~Hl} iJPprOclOh is eqLltllly valid for complex, catchment wide stormwater

management planning where there may bo multiple ponds in series or
parallel, and combinations of other measures. It must, however, be
stressed that the CUI ve for a complex system is not necessarily B

pam bola with a single maximum, local maxima may exist and the model
should be tested lilt remote vallle~ to chock for this condition.

It is also important to determine the critir.al storm duration for nil ponds
in tli'" system, Typically the critiCul duration will Increase down tho
eatchment.

A sensitivity analysis must be made to determine the affect of the
assumed model parameters, such as imperviousness ratio, surface
roughness, overland flow length and slope or entry time, and
depression storage on the critical storm duration.

4.4. Probability of Failure

TI,e designer of e etormwator dotontion systom must be aware tllot
thoro is always (1 probmbiHty'thot the dosrgn flood w'tll be 't3xceeded, and
tho consequences (If this must be taken into account. Tho existence of
!] detentlen pond will distort the' eJischarge I frequoncy curve for tt1~)

water course, flood peaks LIP to tllO design recurrence interva' will be
reduced. but tim pook (jim~tlrrgos of lorgor floods may be ut1cI1(mgod.
TI)!] prosonce of tho pond may tI'l(lroforo create a falso sense of
socurity in tho flooclplnin downstroan, '1'110 mejor drnillogo route
(JOWnf1tr08l11 gf the dotentior: structure must ba idontifioci 011(1 the
llnpliGoticms of falluro of H'o PWl(! consrocreo



hydroqraph with 3 recsonably smooth curve. and ()tl was arbitrarily

chosen as 0 01m Antilysis results wore checked for votome c~hangos
by integration of tbo (lischm~JG I tlrno curves of the inflow mid outflow
hydrographs, and for mathomaucal correctness by ensuring that the
pel:1kof tile outflow hydrograph fell em tho foiling limb of the inflow
tlydrogrtlph. All errors wore found to be within acceptable engineerirlg
limits given tho other essumpuons sucn as tho linearity of tho stage I
surface area curve, and ttlO contour spacing at which this curve was

measured

4.3. Effoct on the Hydrograph

Reser/oir routing has two effects on the hydrogrmph, the peak is
attenuated and the peak is lagged, there is no effect on tho hydrograph
volum«. This makes tile dosign of eetontlen stomgo ponds C1 process of
trial and error, bocauso tho crltic-ol storm duration for the combination of
available storage and outlot characteristics cannot be calculated, and is
freqllet1t1y very much longor than the criticRI storm duration for the
catchment without storaqe.

This caieuiauon pfOl.J8SS can be snortonec by pradil';',tino tho critical

eureuon after throe trials have boon modo, Tile procedure works best if
the eritlcal duraticn is (Juossod and tho inflow and outflow l1ydmgrophs
are computed for three storm duranons, one close to the guessed
Critical eurauen. and the ethers some time shorter and longer then tho
gLJOSSO(j (JUI atlon. Tim ermfficiontn it, II, lind I' of i) parabola of U10 form:

"

UI' t:qllution 4,1 o

r storm duration

can bo calculatec ;:1ndtilt;) eloriVCltlVO sot eqtml to zero to give 0 better

uppreJXimDtion to tno cntlcnl storm (juration, 1'1 ,

(J ':al"b



4 DETENTION STORAGE

4.1. Detention Routing

Detention storage simply provides storage volume in tile continuity

equation

-Vi Vu' ;1.'1' () Equation 4,1

T'I .~
VII ::::

/1.'1' :::

Volume of inflow over time step
Volume of outflow over time step

Cllsnre If1 storage ir I the reservoir

In most flood routing cases the inflow is known, and Uiers is some
known relationship between Hie volume of storage and the volume of
outflow for the time step. The equation can be solved for the outflow
and storage hyoroqraphs using a reservoir routing algorithm such as
the modified Puis method descr'oed by Wilson (1975) pp 156 - 160, or
that developed by the author and described below,

4.2. Reservoir Routing Algorithm

4.2.1. Description
The author's prO~lramdiffered from all others tested in one major
respect. All of the commerclal programs tested required tt)e staqe
storage curve for the pond to be input as data. Oalculation of ti1i3
relationship is, however, unnecessary and appears to be an artefact of
the manual calculation technlques such as the Modified Puls Method
used in the past. The author's algoriUlnl used the stage I surface area
curve that can be measured directly off the mapping of the reservoir
basin either manually or by almost any CAD IDEM packaqe VOllm1E:~
calculations using DEM modelling packages hove, until recently,
proved tc be notoriously proolernattc. and remain time consurning.

The prf1gmm uses a Newton-Raphscn nurnertcal scheme to compute a
very good solution to tho continuity equauon. with tim only



taken up rapidly as the flood rises, and on-stream ponds make less

efficient use of their available capacity in attenuating peak discharges

of larger floods, but they do have a significant effect on the peaks of

smaller events.

Ponds may also be constructed as compound on and off stream

structures, with inlets designed to allow the bypass of botr .ie low

flows and the rare flood flows. Hydraulic design of inlet and outlet

structures can be difficult and require physical modelling to ensure

efficient and safe operation at the full range of design dischmrg9s aM
pond stages.

3.3.4. Applications

The selection of a flood attenuation technique would therefore depend

on the design objective. Small scale ponds and infiltration pitches ~re

most often used in on-site applications to control run-off from relatively

small areas, and would have to be implemented as part of a catchment

wide policy to have any significant effect on stream flow. On-stream

ponds are beneficial where spate and small flood flows need to be

controlled, for example to alleviate the effects of urbanuetion on

stream bank stability. Off-stream ponds are particularly successful in

truncating the flood hydrograph peak, to prevent the do vnstream

disct1srge from exceeding the capacity of a structure or channel, for

example the Bawden Park detention pond discussed in Chapter 4, or

the Mourt Pleasant dam on the Klip River upstream of Ladysmith in

Kwazulu Natal.

Equilibrium Channel Size

It has been shown earlier that ine hterature supports the contention ti int

equilibrium channel size is determined by all flood discharges, and tnat

a stream iyplcally creates an incised channel to accomrnodete tile :2
year recurrence interval flood. Attenuation of spate and snu f!oooj
flows by on-stream storage can. therefore, have a significant be)ndl~in
reducing the size of tho channel downstream The recuction of tne
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Acquisitio'1 of the land occupied by detention ponds is often the highest

single cost component and, for economic efficiency, the pond should be

designed to have multiple uses wherever possible. The ponds can be

designed to be dry most of the time providing park land for active or

passive recreational use, or they can remain wet, with pools and reeds,

to encourage birds and other wildlife. AltMough these wet areas may

facilitate the infiltration ot stormwater into the soil, they perform a

different funotion from retention ponds, as their purpose is primarily

aesthetic, and their benefit mainly environmental, for example me

ponds in the Sunward Park detention ponds dtscussec in Chapter 4.

Retention Storage

Retention ponds control runoff by storing stormwater until it percolates

into the soil or evaporates. They are often combined with detention

ponds in a "blue green" system.

On and Off stream

Storage can be provide on-stream, where it intercepts aU flow and

begins to fill from the start of the flood or off-stream where it is

bypassed by flows up to a certain threshold. The description is basec

on the functioning of the detention structure, and not necessarily on its

geometry.

An off-stream pond can be created by constructing a barrier across a
stream, and providing an opening to pass base and spate flows

unhindered, so that the storage only becomes effective when the

stream stage rises. Alternatively side overflow weirs or siphons can be

provided to divert some, or all, of the flow above a certain dischF.lrge

into the storage po,1d. Oft-stream storage has no effect on peaks below

a certain threshold, and therefore is of no r~nefit for spate or smaller

flood flows.

On-stream storage lies in the path of all flow in the stream, ~nd is most

frequently combined with a wet pond, as it will begin to fill whenever

there is flow in the stream The available storage capacity may be
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(Jo, .~
()O; -
It, :::

h, :::

(_)o(lz)

(jo(Iz,)

outflow rate at start of time stop

outflow rate at end of time step

water level in pond at start of time step

water level in pond fit end of time step

is known from tile previous time step or the initial

conditions

in unknown

Storage .1\' is u function of tt1e surface area of U1e pond

/1S::: (,.((II,) f A(Il,) ,I.\' (hi - 11:) /.7 Fquation 4C)

..1(11) .~

.1(11,) :::

pond surface area for water level at start of time step

pond surface area for water level at end of time step

4.2.3. Nowtcn-Raphson Iterative Scheme
A Newton-Raphson iterative scheme can be s~t up to compute 11/; tl1e

water level at thA end of the time step, because all variables are
known, either as initial conditions at the start of tho time step, or us
explicit functions of h,.

.. Vi I 1'0 ~ .IS .RII,)

II" II", " t(I1,o) f'(Iz!o)

Equation 4.2

EEqllotion4.7

A forward differteHlCOapprcxlmauen ;9 IISlld to 0stimtilto the derivative
I '(h,). with Q SLlfflciontly small \'dit, for ."

11" E: 11,,/ ~ (~1.\ .If h".) (f(h", + tl17) ~ f(h)}

Equation 4.8

[~quation 1\ 0
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aesthcnc pleasure from L1 well designed pami am intangible aM cannot
be adequatoly accountce in tho cost boncnt analysis.

Parker ot \11(1887) define 0 topology of flood losses. oqually applicable
to flaM protection benefits. as direct or indirect, and tangible or
intangible, as set out in table 4.1, (md give detailcJd techniques for

aS1"ossintl benefits under different conditions.

Tnbll1 4.1: A topology of flood losses (Parker ot a11987)
Measurement

Tt::mOible Intangible
Damago t6 buildings Loss of an

and contents orcl1aeological srto
Loss of illdlJstriai Inconvenience of

production post-ftood recovery

Form
of

Loss

Direct

Indirect

Assessment of potential flood losses, neeoseary to determine tile
benefits associated witll 0 flood aucvlation scheme, if:) difftcLllt and
uncertain. particularly where lndlr ~ct costs nrc concerned, Cost data
from prevlous floods needs to be trcatee with core to ensure thnt
collected dQ~ois reuablo (md flat inconsistent. (l,g bused an
ropl€lcomol1t vr doprecitltod costs

Potontial damago costs shoulo not be determineo for I) singlo event.
but must be assessee for tile design Iif~~of tho project and for 0 full
range of prebubto floodlit A financial analysis, llsing a tocnnlcue such
as thnt prcooscd by Annandale (1888), to ootermine tile present value
(jf 011potential flood damogo dUFIng tho IHeof tile proJoct is required.
Tl10 orcsent value of probClblo damano COGW can then be compared
with tim present value of tho alloviation scheme to aecarto!n tho cost
offt.'l:tlvonoos of HiO alloviation moosuros

4.6.3. ~nvlrOllmontollmpuct Assessment
(;octl pn'Joct tlloreforo nooes to bo IrlcHvicluallyanalysod objoctivoly anrj
mlbjo<.;tlvoly A tllOfOUOh envlronmental impact nnnlY8iQ, tnnt
omphaslees 1110S()cl(,logieol nnd envucnmental lssues em strongly as it



weco vow, i from zero to R 100 ttt«. muglJly ccrresoondlno to the range
betwopn ' (O~,t of land In a publrc park to the cost of land In an upper

eocio-economic level resid(lntial t(JWnSllip. Land costs in commercial

areas coulo be considp,iably higher

Fill costs wero t',1Ken In UH~range from R20 1m' to ROO Iml, roughly

corresponding to tho 1997 rates for cut to fill If) the immedie1te vicmity of

the wt:lll Emd fill from a commercial source

Figurlil 4.4 shows the Stmsitivlty of the cost of storage to the cost of the

lend and FigllFO 4.5 shows tt1(l sensitivity to tile cost of the earthworks.

These figures show clemly that, tor an impoundment behind ran earth

embankment, the total cost is very much more sensitive to the land

cost of the Site than to the construction cost of tM embankment.

Figure 4.4 : Rolntlonsh!p between storago cost per unit volume and wall height
for varying land cost in a valley wi~h a longitudinal slope of 2% and sldo alopos
of 6%
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":hnology fat' tll0 model vilielge. In Bawden Park thoro wan almost 110

differenco in tllO {1stimated costs of tho sell .mes. but tho poriphel'al
consrdercuons predormnated.

Grollndwater rechm~]&\wa;_,tt' pmrral'j tX>nsfd~ir3ticn~IiWostfleur ami to
a lesser degroo in Gracoland, No infiltration W:'1fJ ccnstdercc in either
'Sunward Park or f3nw(jerl Park.

Water qLmlity improvement is oxpoct8d in WostflolJr, Sunward POI'I<.
and Gracoland Tllo Bawden Park scheme is off channel ano byr;.dssod
by floods lIP to about a 10 year recurrence interval, and by tllO first
flush of lor£Jerevents This scheme thdroforo does not offer ony
lrnprovement to U)Oquality of stermwator 11ll1off, although an
accumuleton of silt and floating debris does occur In tile pond. so l.liGrO

is a small and infrequent bonlJfit.

Storm rainfall charactenstics are different, Westflfour is in the Wostorn
Capo whore long durauon. relatlvoly low intenSity I 111ghvolume, storms
are t1t)ticlpatod. TI1Qother throe r min GaLltang where flood causir 18
storms ore typieo.lIy short, intense. convection events of rolativGly low
volume.

4.8.2. Sunword Pork
In lato 1982 and or ely 1883. when tho civil engmoering dosign was
dono for tho development of Slmwmd Park and oxtcnsions in
8(1ksblll'g. it was found ti113t./10 townsnip moo was blsoct!~d by [l
surface dmimlfjO IInA lUrrnil rui'rorlH'l~Jrth to south. This'droinmge line
was typical of tim flast Hand topO(lmphy. oppcmrinq on tho nvnilablo
contour ll)npp1nn 08 u shouow doprcsstcn. (lna tno town plonnitig.
eornplotod ootorc Hl'l:3. IHid not rnado .1fJequoto provlIJlon for tl10
accommcdruren c~ftim tloocwator tlli)t would eoneontrato thore TIlo

totol catchment ,:ion (IF[lIrllflCl to t!H:\ doprOmllOt1 was moasuree to be
01 n ha at tho Il( II!!lorn boundrn y of thn tewnship and 102. t\ na WllOl'O it

()xlted through tho southern lKlllflCJmy of tim to'!"1(;;t1It) 'Tho tOWf1SI1IP



4.8. CaseStudios

roUi ('~~~dstudies of uotentron tltf)t llqo ~;e110rntl~iIfltrll(lr1I()lltud recolltly

u ~;'<"'It' Afneo me prcmontocl r10f(! EDell IllustrntUG di1foront cutena

that 1/'1(;' appliuc:i In the ooelfJlorl Oil wnathor to ImplorllOllt tho schemes

Throo, nnmc')ly Sunw;<Hd Park, Bawden Park ami Grat(~ltmd wero

cioSlonod by tile wnter TIm fourth, tho Wostfieul [Jnc!AtlantIS Industna

stcrmwator mnFI[lgomont svstom. f'oeoM?d ttm SAlCE: Wostorn COPE)

Hoglcmal Awmcllt1 Hl€ll (GIV E.ng SA W(3t1.)

Tho morke(i chffon.:m('o~\ ,lilt] smulantros between tt.p schemes arc

summanzod IJnofly 11010 [I(lforu ttlO ~,GllOrnUL~aro closcnllCl(j In semo

(Iotm! to IlilJstrnto tll0EO pClInt21

Tile Gf'ocoland emd Wostflour schemes were planned a!1(~Implofllol1tnd

DS part of now deveiopmonts DO tile requirements of tile schemes could

b(] considered as tM IClnc:j usc was detorrnmee Tl10 Sunward Pork

scheme. Oltll011gtl Implomnntoci as port of tl10 initial ccnenucnon of
townSl11!) Ht:..lrVICOO. WOSunposed on the ooveloprnont by Eil10rt slglltod

town plormmg that fnlloci to JJrOVIt10 on adoquato surroco drclI!1C1(JO route

tllFOllgfl tile proclollned stanes TI,o 1311w(j{)!1P[lfl\ scheme was

nnplernontcd m iJ 1()f1!]ostllt)(fp,t)od urban oren to resolve [] pr08SIn[J

floOl! problom tilot I1ml OIiSOll llB (1 consoqueneo of lOad devolopmont

TIlO ratchrnent areas offoeto{j by tlw flellOme~,vary greatly rho

WostfloUi BellOmu GOV(Hf\ somo ?O km . tllo Hnw(lon Park cotcnment I~;

G 1\111' III extent, UH' cntellmont clf(\i..l to tno InwO[it of tllO SllrlWClrd POIt~

eimmj If) I 1,111and tllo CirnCt'irHKi catchment It, only a fow 11octar08

Tht' pnl t IiH~ mntrvatiun tor tilt! ~\,tllWdttj Pml, Imd \/Vostflollr uetHlflHX',

'VUU1:1I~lthdVIfHl I Until ('ut\t~;jtllU 11l;1I1~1!!I!d utormw;ltw ~;etlO1Il(I (:mit

; lLiulit hO":. ot ti1v LlltUfilHtlVt' dlluetl" dlllil ,(l(1 F,ullitIOf1 II) Gir,lculaml

t\ornu nml :\(!VlIlfl WllV, ddlfl'vlHJ but tf It' pr II11my 1(\1:::\\111 for IlCCnptllHl

tt It) (It It( 'I1tt(Jll [;dll'tl1( IWim nppi (l~lr "Ih), I invu (lflflH'l1tnlly \iUllnltlve.



anaIYS'BStile financial costs and benoffts. should be considered. At very
least a scopinq exercise, as set out in the Department of th~

Environmt'lr1t GLlidelines (Dept. Envt. Affairs, 1992) should be

completed.

4.7. increased FJo'Clding

A maier oblecnon that is often raised against the provision to detention

pon-js, Elma catchment wide flood management option, is the possibility

increased flooding, if the dGtention storage alters the timil'lg of the

hydrograp!1 peaks so that U1ey colncrde. Boyd (1993) reviewed the

modQlling of eighteen regional and on site detention storage projects,

(Irld concluded thHt it was unlikely that detention storaeo would hnvo

an adverso effect Oil downstream flood peaks, but that the engineer

had an obligation to ensure tnat no adverse effects did occur, and that

the total catchment should be analysed.

A procedure, as discussed earlier in tl1is report, stl0uld be fo!loWqjd to
determine tt'le critical storm ouranons, and ensure that critical

combinations of conditions me identified and tested.

The validity of the assumption underlying most flood discl,argo

ealculntlons. thot tl10 worst condition results from a storm covering the

entire catchment, with a duration equal to the time of ccncentratlon,

should be critically reviewed for each case The probability of storms

covering smaller parts of thf) catchment, and occurring in some eritical

sequence, must b0 sssesseo.

Tho possibility of upstream flooding, pl\lrticulclrly by oaekwater effoets in

gontly slopir'l(l valleys must be ccnstdcreo. Prcpemes adjacont to tl10

pond oro also GlI'lcoptiblo to flooding ano tile affect of n fl')od

oxcoocimg tl10 dosi!:Jn event must be considcreo



Figure 4.1 : f:,ow chart for the compumtlon of the Newtou-Raphson rosorvolr
routing algorithm using pond surface area
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Figure 4.5 : Relationship between storaqe cost per unit volume and wall holqht
for various fill costs in a valloy with a longitudinal slope of 2%and side slopes
Ofb%
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All of these figures show that the unlt cost of storage diminishes rapidly

with increasing wall height, until the wall reaches a height of about two

metres TMse analyses do not tak~J into account the establishment

costs which would be propornonally higher for smaller earthworks

pr !If cts.

Wilen;: tile rage volume is created by excavation tile cost will

depend on tl. .ltur\:l of the lnsttu matenal, and be directly proportional

to the volume of storage required. EX{ililvation in hard material costs

more than excavation In soft soli but [1(.1t necessarily more tr'lan
excavation In very soft material where specialist tecnmques may be

roqwmd

Other Costs

Amongst tl10 otnor Items tl1at will affeet tl10 final ImplQrnontation CI.1St

are.

ff:'mb3nl~ment cmd structurn: four'lclln9 conditions

Inlet structures

Outlot structures IflCllldlflfJ ornor90ney overflows

Ct 111nnoll1C1nl~orotecnon within tho pone



WIlen the HP86 computer became obsolete the program was not
rewritten to run on IBM compatible machines, the availability of suitable
commercial programs, namely Hydrosim and Stormwater, for these
machines made the in-house development of software unnecessary.
The reservoir rOllting routines used bv the commercial programs were
tested against that used by the author's program and found to yield the
same results,

"

4.2.2. Numerical Scheme for Reservoil' Routing Algorithm

If it is assumed lilat all variables ctlan~Jelinearly over the time step, and
a sufficiently short time step is chosen to ensure that tile error inherent
in this assumptions is small, then the routing equation can be solved as
follows:

Continuity

-n ! ro t ,1)' ()

Vi:: volume of inflow over time stop

i '0::;: volume of outflow over time step

,,1.)':;;: Change in storage

E::quation4,3

rt
Ut, ~

{h> -
i1t ~

Inflow

l'i from inflow t'ly(Jrogi"Apl1

((ji, f ~)j,) X t1t /2

inflov'; rate ai sinrt of 1ime step

:IIflow rate et end of time step

time stop

[;quation 4.4

Outflow

t '0 (Llo, i Uo,) .X' c if 2

vo IS a fUFlctial1 of tho outlot eharactonstcs of tho system

l'(} (Uurl/) I {)(I(II,)} .X' .\t 2 Equation 4.5
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approximations being the stage / dlschsme relationship for

unsubmerged pipes, where tile inlet shape is taken as rectangular with

a given aspect ratio, and the assumption that compound stepped weirs

will act as individual rectangular weirs with no significant interaction.

The numerical scheme, as set out in Figure 4.1, is a procedure to find

the root of the equation:

Equation 4.2

fril,) is 0 function of water level in reservoir

using a forward difference numerical approximation for the

derivative p(III).

This algorithm was used as the basis of the flood routing cornr» ':er
program written by the author to run on an HP86 computer, as

presented in the code given in Appendix C.

The program was capable of computing rOLlting throunh reservoirs with

multiple pipe or box culvert outlets ano compound stepped weirs with

LIP to three levels plus spillover the wall crest. Broad, sharp or agee

Nair crests could be considered by changing the discharge coefficient,

and each crest level in cornpounc weirs could be given different

coefficients. Trapezoidal and Vee notch weirs could not be .Jnalysod

using the program as presented, but cOLIId be tnccrporateo by simply

addir)g appropriated overflow functlone to the coce. The program was

restricted in the way in which multiple pipe or culvert cutlets were

handled In that all conduits had to have the same invert level, height,

cross sectional area, and disct,arge coefficients To approxlmate tho

unsubrnerqeo discharge charactensucs of circular, or other lrreqularly

shaped, conduits U,e proqram calculated the mean breedth of each

structure as the ratio of area to hoight, an approach U1atavoided tho
computational effort requlroc to determine critical depth.
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nownstream channel protection measures and energy

diGsipation structures
Embankment protection

Peripl10ral structures e.g. fEIMing, signngo etc,

SubsC)ildrainage

Monitoring equlpment

AosU1otie improvements. landscaping, grassing etc.

Increased maintenance costs arl') often cited by Local Authority
engineers as their most preSSing objection to the construction of
detention ponds. Whilst it is true thmt ponds require maintenance their
presence localizes many of tho 8Ctivitios th<lt would have to be carried
out anyway, for example:

U1e debris and silt trapped in the pond after a storm would have

to be cleaned out of the system downstream.
reduced downstream peak ,discharges can reduce tho long term

rnalntenance rsqulrements of the downstream channel.

Tho overall balance of maintenance costs and benefits therofore needs
to bo considorod. and not only tho immediately apporent additional
burden placod by tho pond itsolf,

4.6.2, Benofib.i

Bonefits teo are highly slte spocific. Ponds may be constructed to
protect the high value contents of a ptlrticlilm oL1ilding, for example tl,e
WlereJo Volley pond in Sondtol1, or to obviotlJ tho need to construct a
costly culvert under a busy vend, as was tim case with b<)Ul tho Bawden
Pork dotontion pond in BooY6ons, which gmatly distorts tllo firwllciol
bonents

(,)tl1or bonofit@.such HS tim re(!rootionol opporhmitios offorocl by mllitiplo
lIS0 ponds. nmuro conservation areas. improved water quality, onorgy
dissipation reducing tho oreslvc power of tho flowing water, and tho
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Figure 4.2 : Unit cost of storaqo for different valley topography, land cost
R100/m~ and fill cost R50/rn'.
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Further' analysis showed that the Ulllt cost of storage IS totally
tncependent on valley side slope. and f':igure 4.3 shows that cost
variation with longitudinal slope is sman, even when the nmge of slopes
is exaggerated.

Figure 4.3 : Unit cost of storago for oxaggeratodly different valloy longitudinal
slopes, land cost R100/m~and fill cost R60/m3•

'I:' ),1,\),) •

(
Lllno 8lupo 1'::,
Limn Gk)I){' G%

= Lonq t)lOPI' 12°,;,

1~(1

II 01

W,IIIHI'lqht\111)
"

Tne same analysts showoo that ttW) cost per urut volume of storage was
sensitive to bott) ttm cost of tho land that would bo muncatod by tho

pond and the: cost of tth' fill tm()ci to buud tho embankment Land costs
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For the purpose of this report the land occupied by the wall and the
verge required fOI" freeboard around the pond can be ignored, The
relationship between storage volume and surface area for a triangular
valley is then:

A 3xt',//1 Equation 4.13

..I Pond surface area

The total cost is then:

('7' RI.'),·A : RFx f:.

('1' - Total Cost

RI, ::;: Unit cost of land

RI .- Unit cost of fill

Equation 4.14

The C()St per unit volume of storage is then:

('1" I', Equation 4.15

Valley Topograptw
The effect of valley topography is shown in Figures 4.2 and 4,3. Valleys
in tile Johannesburg area typically have longitLldinal slopes of between
1o and about 4%, with side slopes ranging between 3%) and 10%,
Figure 4,2 shows that, with~n,these rangas tho unit cost of storage is
neml: . .dependent of valley longitudinal and side slopes.
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Storage Per Unit of Fill
Where the storage volume is created by impoundment be:1ind an
embankment the fill and land costs are likely to dominate, and cost per
unit volume of storage can be taken as the ratio of storage volume to
wall plus land cost. Hextraneous costs such as founding conditions,
Inlet and outlet works, and downstream protection are ignored, then a
simple expression for cost per unit of storage can be developed ,and
used to identify those factors that influence this unit cost most heavily,

For the purposes of this report the analysis was carried out for a valley
with uniform longitudinal and side slopes, because a simple algebraic
formula could be derived for the wall volume and the storage volume, A
similar analysis could be done analytically for a valley with any
geometrically definable shape, or numerically using at digital terrain
modelling package for a randomly shaped surface,

For a uniformly sloping valley the following relationships apply:

Wall volume

Equation 4 1

Storage volume

Equation 4,12

1'\1' ~. Volume of waHm~.abovevalley floor (rn3)

V ,~ Volume of storage in pond to top of wall (rri')
"

w .... width of wall crest (m)

It - wall height above valley floor (m)

:,,)'\1' ~, wall slope equal tor both faces (rn/m VH)

.....·1 ,~ valloy longitllcJirial slope (rn/m V: 11)

S/, ""'" valley side slope equal both sides (mfm V,H)
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4.S.Ei. Aesthetics

Engineers often do not have a keenly developed aesthetic sense and
specialist advice, from a Landscape Architect or other suitably qualified
professional. should be taken to ensure that the pond fits into its
context and does not become an eyesore (Brooker, 1992). The inlet
and outlet structures, that are 'often the most offensive, can either be
disguised, or changed in form and emphasized to make an artistic
engineering statement It is as easy, and no more costly, to build a
visually attractive and interesting detention pond as it is to build an ugly
utilitarian one, if sufficient thought goes into the design.

Investigation into public perceptions of water quality have shown that
the general public often places more emphasis on sensual indicators,
sight, smell and even taste, than on scientific test results (Quick and
Johansson, 1992). The designer of the pond needs to be aware of the
public will judge the success or failure of the project by what it '-i~esand
feels, not on theoretical engineering considerations such as changes to
flood probabiuties downstream.

4 6. Cost I Benefit Analysis

4.6.1. Costs

It is not possible to produce a generic cost I benefit analysis for
detention ponds, each case needs to be treated individually.

Typically costs per unit volume of,storage will ·depend heavily on the
major cost items:

Volume of fill or excavation

Excavation cost

Land cost

Outlet works cost

and each of Hies€;)aspects needs to be considered separately for each
lndividual site.



4.5.4. Safety and Public Health

Even if the pond does not have a dual use as an active recreational

area rapidly rising water levels in a detention pond represent a severe

threat, and the pond outlet is potentially particularly dangerous. The

rate at which the water level in the pond is expected to rise \!,Jill, to a

large extent, determine the required safety measures.

, I

Careful attention must be paid to the cutlet design to minimize the

chances of people being trapped, and the pond must have multiple

escape routes. The sides of the pond should ideally all be easily

climbed by a panicked person fleeing from rising floodwater, and not

only a rational person who can search for a strategically placed ladder.

The likely presence of young children needs to La consldered,

particularly where the pond is to be used as a playing field.

Sufficient, easily underatandable and prominently placed signage,

warning of the potential dangers, must be erected.

Urban stormwater may carry a high pollution load depending on the

land use in the catchment. The first flush of stormwater after a long dry

spell may have a quality not much better than raw sewage and, if this is

allowed to deposit its debris and silt load in an area used by people,

public health problems can certainly arise.

The design of the pond should, ideally, separate the active recreational

areas flam places where polluted material is I; ;ely to be deposited.

Where this is not possible provision should be made to Keep people out

until the necessary cleaning up is complete.

On balance, however, storrnwater ponds arE;)probably safer than the
smooth. fast flowing drains with uncnroable sides, where flow velocities

may exceed tt1at speed at which a man can run.
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The balance of tho catchrnont, about bO ha in extent that feecls

into the water course, t>itht:f overiano Of via a piped cutfall mOl'€,)

than 400 m upstream of the culvert

The stream gauge has bern in operation for ~iC'veral years and a

reasonable record of mnC:lff '€IvtJnts·rJI.JS be(:lrI recorded. The location of
tl10 weir is shown on drawing r:igure 5,1,

5.3.2. Detention Pond

During the winter of 1992 a detention pond was constructed upstream

of the culvert Linder Edison Crescent. at tho location rnarkec "A" on

drawing Figure 5,1, and tll0 stream diverted so that all but very high

floods are routed through the stcraao. Tile inflow to the pond is

measured lIsing C\ Crump weir, Clnd thQ outflow measured by L1sing the

stage/discl'large function of tno 600 mm diameter outlet pipo from the

pond, Water depths in tile headwater pond of the inlet weir and in the

detention pond iteolf were measured Lising pressure sensors and

digitally recorded on dntn loggers. Tho design and construction of this

pond is discuasco in Appendix 8.

fi.3.3. Rnlngaugos
r:ollf olltograpllic min gauges are located within or very close to the

eatehment. The portions of the Thiossen polygons representatlve of

thoso gmlges within tile catchrnent vary botwor.:f1 7,9 ha unci :r',2 11[;',

Roingflllgo 2 sitlloted In the cemro of tho catchment covers the largost

area, so tho C1t1grofl of cevercqo is regardod as good.

5.3.4. Groundwotor

Four bmol1olos are lIsed to monitor grmmd water lovels With suitable

tnstrumentanen thoso boroll{,lml could bo '.load to O'VO on indication of

mlbourfm:o fi()w~) It is prooablo tl10t tim foundatlon of f~.clison Croscent

dams trio flow of tho pOlct)od water tablo nnd ttliG eculo bo Cll0ckod by
con8tr~I(;tmo (I well ciouo to tll(' stroam gnLlOP
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of paving, and single unit residential properties of about 1 200 m" in

area make up the balance at the catchment.

The 1990 sandton 1:2 000 orthopboto shows that most of tile

residential 1 property in1he .town:;;.nlp.is deve\opf:?d but that some of the

commercial or residential 2 property is still to be covered.

5.2.4. Stormwater Drainage System
The stern .water drainage system in the catchment is efficient Roads

run gens, ally downslope and are well provided with kerb inlets at about

80 m intervals, draining into pipes that discharge directly into the water

course t.iat is not lined. From the layout it appears that no attempt had

been made during the planning and design of the townshlp to increase

flow path lengths or reduce storrnwater runoff in any ather way The

system may be described as one for stormwater dr'ailiage rather than

stormwater management.

5.3. Catchment Monitoring

The catchment is we" lnstrumentec to allow the cornputatlon of a water

belance. Inflows are rainfall and munlcipa: piped water while outflows

are surface rWloff, evapo-transplratlon, percolation into the deep

groundwater, sub-surfer-a runoff in the perched water table- and sewage

flow. Numerous projects have been conducted by the Water Systems

Research Group Wiling this instrumenteo catchment and a detailed

description of the lnsfumentaucn 'i!:, beyond tt19 scope of this report.

5.3.1. Outfall Gauge
A stream gauge in uie form of mCrump weir is located in the water

course immedi€ltely downstream of the culvert Linder Edison Crescent.

Tile catchment at this polnt is 2 11ydrolos)ically distinct elements:

The formal piped system of Edison crescent an1 Faraday

Road, about 14 ha in extent that (Jisctld! UDb intn tl1e water
course only at tho culvert.
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5.2.2. Soils

The soil units wore mapped as part elf a regional investigation by HKS
Consulting Engineers (19'79) and found to be typical of the underlying

basement granitlll geology, Three units occur within tho catchment,
hillslope, gull€lywash and gulleyt1(jad,

Hill slope.

The expected strtltigraphy would be sandy hillwash overlying residual
granite clayey sand with denclity increasing with depth. This soil
stratigraphy frequently exhibits a perched water tabl(l in the hillwash or
reworked residual soil of lower density

Gulleyhead.
Less pervious soils occur in the gulleyhead soil linit close to tile
watershed at the east cHiciof Hie catchment The soil profile typically
comprises a 0,2 m to 0,3 m thick layer of hltlwash overlying a
ferruqinous pebolo layer or"f€1r'ricrete horizon between 0,3 m and 1,0 m
thick. Tile 11i11wushis relotivoly pervious but the ferru'linised layer limits
infiltration to depth. generally resulting in a perched water table,

Gulleywash.
The soils of tho main westward flowlng drainagE:!line are typical of tile
glilleywnsl1 profile. Tho profile is genorally a silty sand topsoil about 0,3
m thick overlying a sllckonsided clay or clayey sand alluvium underlain
by claYE)ysand restdual granito, TI,e gulleywash unit is poorly drained
WIt!1 tho clayey soils allowmg littlo infiltration.

5.2.3. Development
Developmont within the catchment is typical of an upper
sccro-eeonorntc towrwtlip in Gmltcmg. Land Lise varies between high
density office and sl)opplT1gcentres with extensive paved parking areas
directly connected tC'l U10 droll1Dge system ttlroLlgh to a Significant
proportion of pm~. Townhouse devolooments with dlfforing proportions
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5 SUNNINGHILL MONITORED CATCHMENr

5.1. lntrocuctlon

Monitoring of stormwater detention ponds is reqarded as important for
several reasons, Watt and Paine (1093) in their description of ,! case
study in Ontario giVf~three:

the biological, chemical and physical processes me poorly

understood,
the knowledge base on field instrumentation is sparse,

guidelines or regLllation$ for performance monitoring are

imminent in some jurisdictions.
The biologicClIand chemical processes me not relevant to this study as
it does not deal with water quality, The physical processes are
important, hydraulic characteristics of pond outlets are not well defined,
particularly where high nAbris loads are llkely to occur. Whilst a legal
requirement for performance monitoring of stormv ier manaqernent
inst~lIations does not appear to be not imminent in South Africa at this
time, several local authontlee are developmg stormwater management
policies tnat may offer a financial incentive to dQV .Iopments where
stormwater runoff is restricted. It is likely that some form of
performance monitoring will be tntroduced in ttie future.

5.2. Catchment Description

6.2.1. Location and Topography

The Sunninghill monitorEJdcatchment is located in sancton. Gauteng,
to the north of the N3 and to the west of Megawatt Pmk. It is 65,7

hectares in extent and drains westwaro from un etovation of ~ 520 m to
1 4GO m with a maximum drairmgo route 10ngtl1of about 1 200 m. TIle
tOPO£lrapllY is gQntly rolling witll typical slopes of ~~(!t:,to 7f!/o.



4.8.5. Atlantis Industria Stormwater Management Systom

This stormwater management scheme, implemented between 1978 and
1986 in the Western Cape, is described in some detail in The Civil
Engir,eer in SA, February 1988 and will not be described again, It is
presented here as an example of a regional scheme. covering some 20
krn" witl1 1'I detention ponds, in contrast to tho 3 local schemes
described above. One of Its unique features is the deliberate recharge
of a ground water aquifer to return water to the boreholes feeding the
town water supply.



excavating a trench about 0.8 m deep and 1.2 1''1 wide 300 m long
around the soccer field, lining it with geofabric, and backfilling with
about 0.611"1 of 19 mm stor.-. Geofabric was then placed over the
stone and covered with about 50 mm of soil and the top of the trench
trimmed to trapezoidal shape. The field, and the soil over the swats
were planted with kikuyu grass. Stormwater is directed onto the surface
of the swale at 2 points on the 10119side, and escapes via a single 450
mm diameter pipe in the middle of the opposite side of the field. The
swale itself provides about 180 11"13 Of storage, equivalent to about 20

mm of excess rain on the contributing catchment, and a low soil berm
was constructed along the edge of the field to provide an additional
2 000 11"13of emergency storage.

Benefits anticipated include:

A significant attenuation of the runoff hydrograph

Improvement of the runoff water quality by filtration through the

gre-ss and stones.
Trapping of floating debris.

A reduction on the irrigation water volume required for the

soccer field because infiltratkm from the swale will augment the
soil mclsture Linder the playing area.

Possible problems anticipated included:

Unacceptably long lived wet patches on the field reducing its use

to the cornmunity.
Gradual blocking up of tbo voids in the stone drain reducing its

effectiveness.
Unacceptable aecumutanon of debris on th.. playing fielcl.

To tim best of tho authcr's knowledge none of these problems has
materialized in tho 5 years that tho system has bsen in operation.
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The hydraulic operation of me culvert and inlet and outlet structures
was checked in a 1:30 scale mode! constructed by the Department of
Civil Engineering of the University of the WitwFltersrand.

The detention pond was completed in 1995 and operated durinj a
storm ir. October 1996, when the water depth in the basin reached
about 1 rn. Some damag':l to paving and dry stack retaining walls was
done by fast flowing, turbulent water immediately below the inlet, and a
significant quantity of sediment, mainly mine sand was deposited in the
basin. Tile necessary maintenance work is still to be done (July 199'1)

4.8.4. Graceland

The model village of Gracelanc: was developed, on behalf of a
consortium of tndustrles in the Wadev::le area of Germis+on, to house
middle income workers and supervisory staff, The project was open to
any business in t:le area, but an initial criterion was that the purchaser
of a home had to work within a reasonable bicycle ride of the township.
Any housing subsidy was a matter between the employer and the
purchaser of the horne, but the employer was required to contribute a
sum towards the communitv infrastructure in the township. A school,
clinic, and recreational facilities could therefore be developed rapidly,
and without fimncial support from the local authority.

The township is roug:1ly rectangular, about 600 m by 400 m, and
bounded by the Elsburg Spruit ::li.':mgits south western border. A
rl'lcreational complex, inclLlding a soccer field has been establisi1ed
roughly in the middle of the development. Stormwater is managed
within the township on sound hydrological prlnoiples, there are a
minimum at pipes and roof runoff is directed first onto grassed areas
before draining onto roads,

On tile side of tile township storrnwater from an area of about 8 118 is
directed into a stone filled swale that forms a shauow depression
around tt1e perimeter of the soccer field, The swale was constructed by
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An additional detention pond upstream in the catchment could

be required for the system to provide an adequate level of

protection to the downstream properties.

The outlet from the.pond.would be via a 2 m diameter pipe

jacked through the variable fill forming the Booysens Road

embankment, and the construction ot this outlet would require

the demoliti.on and rec.onstruction of the left abutment of the

existing culvert.

All of these factors were taken into account in the decision to

implement the stormwater management option, and construct the

detention pond.

Hydrological modelling was done Llsing Hydroslrn, with the catchment

discretized into about 60 sub-catchments, and the effect of the off

channel detention ponds ·analysed,using the reservoir routinq module in

that program. Numerous combinations ot lnlet.and outlet capacities, as

well as sensitivity to catchment hydroloqical characteristics were

computed and the final 50 year recurrence interval design discharges

are given in table 4.4

Table 4.4 : Booysens flood management, Bawdcn Park detention pond 50 yr ..

•'ecurrenco interval design peak dlschargos.

storm
I Duration

(min)
30
45
60
75

Upstream
Discharge

(m3/s)
87.7
86.9
82.9
79.1

Inflow OutflowBypass
Discharge
_(m3/s)
62.9
62.9
62.9
62.9

(m3{~).
24.8-_. '-24"
20
16.3

The table shows that peak discharges change relatively little with storm

duration, but that the peak inflow and outflow discharges occur for

different storm durations.
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The construction details of the old culvert were unknown,

concrete volumes and quantities of reinforcement could not be
determined, so demolition times could not easily be anticipated.
Geotechnical invest[gation showed the filt of the old Booysens

Road embankment to be very variable, so the total extent of the
5 m deep excavation could not be determined in advance.
The basement walls of the building on the left bank immediately

downstream of the culvert were very close to the abutment of
the culvert outlet.
The main Johannesburg to Cape Town telecommunication

cables crossed the culvert in the Booysens Road sidewalk.
A dry detention pond could accommodate a soccer field, so

making active us '3 of the a '?relict park.
Existing downstream flooding problems would be aggravated by

increasing the drainage capacity of the system.

In favour of simply increasing the culvert capacity were:

Abollt half of the land area r=qulred by the pond had been

leased to the SPCA for 30 years.
Of the total excavation volume of 20 000 m3 required to create

the detention pond about 13 000 m3 was hard rock quartzite that
required blasting in the close proximity of a brick lined outfall
sewer and operating businesses.
Haul distances for spoil were long, and significant traffic

disruption could be expected.
The hydraulics of the culvert, and particularly the complex

siphon outlet into the detention basin, could not be calculated
with confidence.
The hydrological characteristics of the catchment were changing

and future changes in runoff volumes could not be predicted with
confidence
Immediate maintenance requirements would be increased.
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original design calculations showed the capacity of the old culvert to be

equal to that of tne new reach, subsequent calculation showed that the

old culvert was a significant constriction in the system, with 'a capacity

of about 55 m3/s compan :d with about 90 m3/s provided in the new

culvert, Exrerience on site during the construction of the road, and later

discussions with long time residents of the area, proved that the oid

culvert was unable to pass fairly frequent floods, but that this did not

present a problem because flood water simply accumulated in the low

lying park land immediately upstream of the culvert, The construction of

the Booysens Road culvert in about 1910 had created an informal

detention pond upstream of the road embankment.

Construction of Klip River Drive with its new culvert, and the placing of

19 000 m3 of fill in the park, inadvertently removed this detention

facility, indirectly causing two floods, in December 1986 and again in

January '1990, that caused damage totalling about R30 million

immediately upstream of the new culvert inlet.

Allevletlon Measures

Two possible alleviation schemes were considered; firstly the

replacement of the old Booysens Road culvert with a new structure

matching the capacity of the new Klip River Drive culvert, or secondly a

stormwater detention pond to replace the storage removed from tile

system when the road was built. Estimated costs of the two options

were similar and intangible factors weighed heavily in the decision on

which option to implement.

In favour of the detention pond were:

Booysens Road carried about 11 000 vehicle movements per

day each way across the culvert, traffic deviation would be

difficult and the costs associated with increased trip times could

not be estimated accurately.
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Table 4.2 : Sunwarc. Park detention ponds, design discharges and dam

volumes.

Location Volume

Cost savings were also substantial. No analysis of the constructed

cost was done, but the cost estimates, as set out in the design report

for the drainage system from South Rand Road to the southern

boundary of the township, ' re given in table 4.3. The equivalent 1997

cost is based on the variation in the consumer price index, and both

estimates exclude establishment costs and taxes such as GST or VAT.

Table 4.3 : Comparison between estimated costs of Sunward Park stormwater

management system and alternative free drainage system.

Design Alternative '1983-~~id~~!e~~;l~an'ds1
~Stormwaterdrainage systsil with no '
! attenuation
r'lmpleme-nte'd 'system wltl,'three
: detention ponds R150000 R906 000

4.8.3. Booysens Flood Management

Background

In the early 1°30'8 the City Council of Johannesburg constructed

Klip River Drive down the West Tu;ff""ntein Valley, trorn Rifle Range

Road in the south to Booysens ROb r , the north. The road started very

close to the watershed in the south and closely followed the route of the

West Turffontein canal that nad been constructed in about 1935. The

canal was decked over in several places. including a reach about

200 m long immediately above the old culvert under Booysens Road,

where about 19 000 m3 of fill was placed in the park land adjacent to

the old canal to accommodate the required road grades, Although the
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therefore did not require the plotting of a SCI year floodllne in terms of

Section 169A of the Water Act

The township layout included a park stand along this water course from

culvert under South Rand Road on the-northern boundary, south to

Kingfisher Drive, from where it was expected that the stormwater would

be contained in a pipe.

The sr-rmwater management system was designed by the author.

Hydrographs were generated using a variation of the Rational Method

described by James (1981) and flood routing calculations were made

using an earlier version of the program given in Appendix C. Several

alternative designs were considered, and the implemented solution

required the construction of three shallow earth dams with gabion weir

spillway outlets. These dams operate in series as on channel,

blue-green, ponds with small, permanently wet, lakes of 4' "\ m2 to

700 m2 maintained for aesthetic reasons. 'Because of tr19 permeability

of the 0.5 m high gab ion weirs the dams drain freely down to the

operating water level of the wet ponds, but greatly retard flow from

small events with insufficient volume to raise the water level to weir

crest height.

Wall side slopes are flat, 1:6 V:H, to allow easy maintenance by tractor

mounted mowers, and to ensure st;,::bility of the embankment slopes

even under overtopping flow. The slopes and the dry area within the

basins is protected by mixed VEiid grass native to the area, maintained

by periodic mowing. When inspected by the author in 1997 the dams

were found to be in goon condition with little apparent silting uf the wet

ponds,

Significant attenuation and retardation of tile fluod peaks is attained.

the design discharges and detention pond volurres are given in

table i,
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Figuro 5.6 : Storage Ratio vs, Discharge Ratio for the Sunninghill detention

pond for tho period 14 November 1992 to 31 January 1993 Compared to

Published Design Guldelinos.
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and

where SI is the required flood storage

1.'1' is the flood volume

UP is the outflow peak and,

ip is the inflow peak

these indicators for data recorded at Sunninghilj are set out in Table 5.3

and plotted against the design gllideline curves in Figure 5.6

Table 5.3 : Stori:lge to Volume and Peak Outflow to Poak Inflow Ration for tho

Sunnlnghlll detention pond for tho poriod 14 November 1992 to 31 Jnnuury

1993.

Stored
Volume

Sf

Flood P:)al{
Volumo Outflow

Vf Qp
rn' m'/s--o;r-"""'"""'" ....""'-=\i'~;l·L""""'=-

Poak
Inflow
I~

m'/s~u1i4->

Storage Storuge
Ratio Ratio

Unsubmorged Submorged

Dlschn,rge
Ratio
Qptlp

\0'''-'" ••~cu·"o7~~"'F""",'C"::";7-" ,~~="""~"='"
-iii"' ", .~.'lU-= =uu=""~'''''!rl)';i=''
"~'nr=""="~'''7i'l[r-='"~To'u'~'''""i)T'lr"=

The gmph in Figur(' fl.6 shows that Hl0 measured results obtained from

Surmingtlill agree fairly well with the desiqn ~]Llidelinos. The POints

labelled 8, 10, 12, 15, 17 represent unronable (Jato as can be clearly

seen from Ole l1ydroqropllt) plt)tted in Appondlx A
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Inaccuracies in tile outlet stage/discharge curve because of

variations in the assumed geometry elf the pipe mouth,
particularly the abrupt changes in diameter around His socket,
The effect of ignorillg velocity heao would be proportionately

hiqher for shallower water depths.
Variations in inlet and outlet stage/discrlarge curves caused by

the build-up of debris
lnaccurate calculation of U10stage/storage curve for the pond as

a result of sparsely surveyed points. and the assurnptlcn of a
smoothly varying curve between calculated values at O.5m
contour intervals.
The assumption of a level pond in tl19 reservoir would be

incr'oasingly invalid for smaller flows.
Errors mherent in the instrumentation wOLIIdbe im::reasingly

apparent for shallow water depths.

5.5.4. Routlnq Calculation

1ns tl1eoretical reservoir rOLltingprogram was tested against tile
measured results for Event No 4, tmd the resLllting curve is plotteci on
tho hydrogrephs for that flvont in Appendix A Tho rnclOsured mid
computed curves sgrGo fairly well with tl1(.')umes of peak diBCI'Qr~Je
corresponding closely. 1'110 reversal of the peak dis~tmrg8S of tll(~
outflow hydrographs, for tho first peak the measuree value is higher

them ihe computed value but for tho second pool< the ccmputoe value
is highor, supports tl10 o8\:lurnptiClI1 that tho clischargo coefficiGl,1ts
decrease with dec:rotJsing discllorgo.

5.6. Oosign Guidelines

Sovorol o[1onclOs nave pubhshed gllidolinos tor tile prelirnlnary si2ing of
detention panels (McEnroo. 1£)t):~) Tho curves ccnteineo In those
guid(;,lInos aro mostly prosonted as rolCltlonst11psbetween tho
dlnlOl)sionlom:; ranos



These inlet coefficients agree reasonably well with values given in tile
literature, e.g. Stephenson (1981, p24G) gives Ule following values for
guidanc8:

submerged

( '/i 0.77

square bevel
( " 0.57 0.65

( '" 079 0.83

unsubmerqec

Tile outlet from the pond is a spigot and socket pipe with its socket
forming the inlet through the headwall, giving on approximately bevelled
edge. Pond deptl1s were measured using a piazo-resistivo sensor in a
housing close to the outlet. WI,ilst this housing would have reduced the
velocity somewhat it would not have been as etfective as a formal
stilling well and a residual velocity l100dwoulo have existed. Ttle €Jffect
of velocity was igllcred in tll0 measured head levels and in the
dischnrge calculations, and this probably accounts for the apparently
high lInsLlbmorged dischargE:> coofficient.

The residual velocity head would also tll.we had some effect on tI,e
calclilliltod volumes as It would tUlVO caused on under estimate of the
average water level in tho pond.

5.5,3. Reasons for Scatter
Those graphs show (1 considerable scatter of data for the amaller
events, but a relatively good relationship between tho eata points for
larger flows. Some genoral causes of inaccurnctes whose effect would
be groater for smaller di~whQrnes are:

In[lCClIrClCll1S in uie inlet stoge/dlsctmrge curve as (I result of

construotlc« inaCCllfElCI05 in Hl0 crump WOII' crest

Turbulence in tho headwator ponel of tho inlet woir would cause

ClITOnOOlIS roo dings of tllEJ upstream Ilomiwotor tovels.
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5.5.2. Discharge Coefficients

Figllre 5.5 shows the relclticA1Shipbetween the discharpe coefficients

found to give Ul€1best visual fit for the tlydrograptls plotted in

I rJcrldix A and the peak measured Inflow. There is considerable

scatter of tile low f'JW data but for higher discharges that measured
data appears to be ccnsistent. A trend of increasing values of
discharqe cOi::fficieu; with increasing discharge is apparent for both tile
submer~Jed ....ld unsubrnerqed conditions, but more data would be

necessary to confirm tl1is from plots of the data alone. The shapes of
the plotted hydrographs for Event Nos. 4 and 5 in AppendiX A also

indicate decrea:"1110discharge coefficlIJ'')ts Wltl, d(),.! easing discharge In

Event No, 4 it IS the comparison with tile computed l1ydf()graptl

dlscussed below tllat gives this Indication In Event No 5 tile best fit,

obtained for tM first peak over estimates U1(1 peak outflow assocmteo

wltl1 the second inflow peak indicatiny tl1at a reduced discharge

coefficient would give a better fit for this second, tower discharge,

Figuro 5.5 : Dischargo Coofficlonts for tho Sunninghlll dotontlon pond for tlH)

porlod 14 November 1992 to 31 January 1993
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Further monitoring would be necessary to determine the ability of this

pond to attenuate hydroqraphs of greater volume.

Tabte 5.2 : Ranked events and attenuation ratios for tho Sunninghill detention

pond for the ported 14 November 1992 to 31 January 1993.

Event
Numbor

Peak

Figure 5.4 : Graph of attenuation ratio and Outflow VS, Inflow for tho
Sunnlnghlll detention pond for tho poriod 14 November 1992 to 31 January

1993
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"able 5,1 summary of computed peak Inflow and outflow discharges for tho

Sunnlnghlll detention pond for the period 14 November 1992 to 31 January

1993,

-Ev"OntTDat-e -'rStarr Timc--r-c.::1End-finiel--'peak ---I-poak-rROductlOil
Number f Inflow I Outflow I %

1 14/11/92 2148 2306 048 rn3/s 040 rnJ/s I 1(37%

45 4101191 1552 1730 1.25rn3/s 076m3/s '( 39.2%
8/01/93 17 02 19 12 0.13 rn3/s 0,10 m:1/s 23,1%

~~;~~~::~~.'~~~::~~~~~~:;:~~~::~:!I ~;::
25/01/93 06:00· 0836 061/s 04 lIs 33,3%

25/01/93 18:00 20:36 076 rn3/s 0.55 rnJ/s 2761Ya
28/01/93 . ()5:46 0922 038 rn.l/s .018 m3/s 52.6%

28/01/93

6

7
8
9
10

1856 2138 023 m3/s () 20 m3/s 13.0%

0240 0920 0.042 m3/s 0,032 rnJ/s 23,8%

1658 1846 0,8 lIs 0,6 lis 250%
1932 2~1:14 0,043 mJ/s 0.038 m:l/s 11.6%

0204 09.32 0.11 mJ/s Oil) mJ/s 9,1%

1504 17.32 3.2 lIs 1.61/5 50.0%

0222 0950 0.098 m3/s 0.079 m3/s 194%

29/01/93
13 29/01/93

14 29J01/9:~
15 30/01/93
16 30/01/93
17 31/01/93

5.5.1. Attenuation Ratios

Table 5,2 ranks the events into order of peak inflow and gives '19
attenuation ratio, peal; outnow : peak inflow (Up /1') for each event.
Figure 5.4 is a graph showing the attenuatlon ratio and the relationship
between the peak inflow and outflow, This graph shows that the
Slmningt1ill detention pond makes efficient use of the available storage
for the range of hydr':lgraphs measured. 'n,e ratio UI' /1' decreases as
the peak inflow increases, indicating that the degree of attenuation
increases with lncreasinj inflow peak.

The data eollecteo is, however, insufficient to allow more than a
superficial (IS:"" '!,sment of H10 attenuation efficiency of tl1is pond, The
11ydrograptistnat yicl(jod u£(])f',JIresuns with relatively high inflow peaks,
namely events 4, f; and 9, were all poal<ywith relatively small volumes.
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5.4.3. Calibration

Some degree of calibration of the system could be achieved without

resort to model testing of the hydraulic structures:

The volumes predicted by the measured inflow and outtlow and

by tbe stClge/storage relationship of the pond itself can be

compared.

The mathematical relationships governing the shapes of the

inflow and outflow hydrographs define the relative posttlons of

the maxima and minima. The peak of the outflow hydrograph

must lie on the falling limb of the inflow hydrograph, and for

compound events, the local minimum of the outflow hydrograph

must lie on the rising limb of the inflow curve.

In each case the discharge coefficients, ('b, ('(, and ('h, and the

submergence ratio y n, were adjusted to obtain the best visual fit in

both the hydrographs and the volume curves. The coefficients for the

crump weir at the inlet were not adjusted for each event.

5.5. Results

The data record for Uie period from mid November 1992 to early

January 1993 ties been examined and 15 useable events identified that

are summarlzec in Table 5.1. The plotted hydrographs are given in as

FigLlres A 1 to A 15 in Appendix A.
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debris and other temporary bloCKt;1ges. Further m"'1itoring, with a visual

record of the state of the outlet, would be required to determine this.

The correction for the effect of slope on discharge given by Henderson

~11)66 : p261) was not applied explicitly but as part of the discharge

CC efflolents.

Figure 5.3 shows a typical stage/discharge curve for the pond outlet

with the unsubmerged discharge coefficient ('Il ::: 0.9, the subrnerqed

discharge coefficients ('( ::: ('11 ::: 0.7, and submergence assumed to

occur at y !) :::1.2. These coefficients give a smooth transition between

the unsubmerged and submerged discharge curves but this did not

always occur in the selection of values to achieve the curve matches

used in the analysis of the data.

Figure 5.3 ~Stage discharge curve for 600 mm diameter pipo outlot from

detention pond

.\ ,__ "c~__ ~_~ ~__ ~·= __ . _~ .,

Cliill@,§!E!J~i:Z.~~Ji~l

11,
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Figure 5.2 : Stage dtschame curve for the Crump weir controlling inflow to the

detention pond.

5.4.2. 6l~tflow

Tne outlet from the pond is ill 600 rnrn diameter storrnwater pipe leading

from a vertical headwall. Outflow is calculated by measuring the water

level in the pond, and applying this to the stage/discharge relationship

for the pipe inlet. The slope of the pipe is steep so inlet control could be

assumed for all discharges,

The relationship between headwater depth and discharge for

unsubmerqed, inlet controlled circular conduits is n '.1explicit and the

solution to the equation WOLlldbe time consuming if done nLH'llerically

for each water 1;.)vOIA table was therefore set up which related the

critical depth in the pipe to the critical energy level and hence to the

headwater energy level as described by Stephenson (1981. pp 244-

246), TM table was then usee in reverse, with coefficients applied to

the: theoretical discl1arge at a Critical energy equal to U19 headwater

depth to allow for entrance losses. The coefficients ( 'It, ( '(, and ( '1/ are

described by Stephenson (p246). Analysis of the data showed that

these coefficients Wt;!'1;l not constant. but increased with the pond water

level as shown on r:igure 5 5 Tt,is variation may be constant as a

function of tll(") t1ydraulics of tile intet, or It may depend on the effects of
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5.3.5. S~wage

A sewage gauge also exists below the catchment which is monitored to

give a comparison between wet and dry weather flows as well as to

identify any response to storm rainfall.

5.4. Detention Pond Monitoring and Results

5.4.1. Inflow

The inflows to the pond are determined by measuring the water level in

the diversion structure upstream of the Crump weir and applying these

levels to the stage discharge relationship of the weir. Analysis of the

data indicates that the discharge coeff'clent of the weir may not be

constant but probably increases 1::" 8,r,nw function of headwater level.

There was, however, insufficient ",_", available to test this assumption,

and the variation in the discharge coefficient was not taken into account

in ths volume as it was felt that inherent errors elsewhere, SLIChas the

very rough conditions in the headwater pond of the weir overshadowed

this consideration. Figure 5.2 shows the stage/discharge curve for the

inlet wE'ir, calculated using equations 131 and 82.
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Build up a register of stormwater management facilities

operating in this country. As much design information as

possible, for example construction costs. multiple land use,

catchment characteristics, storage volumes, inlet and outlet

characteristics, shoulrl be recorded.

Establish a monitoring programme to record the functioning of

these facilities. The frequency with which they called upon to

operate, the frequency with which they fail, both hydraulically

and structurally and the maintenance effort required to keep

them operational should all be recorded. Quantitative, and

qualitative anecdotal information would be useful.

Poll Local ALlthority Engineers to establish reasons for their

resistance to the implementation of stormwater management

schemes. Some of these reasons, that may be real or perceived,

include:

• pervious bad experiences

• high construction costs

• difficult or costly maintenance

• lack of understanding and knowledge

• operational dangers including possibly trapping people or

increased downstream flood risk

• probability of fallure. botl1 structural and hydrological

• excessive land requirements

Poll the opinions of Councillors and Local Authority Politicians to

establish, inter alia:

• their level of knowledge

• attitudes to the environmental (iegradation reSLllting from

the impact of urban development on stormwater runoff

• et.tudes to storrnwater management ve. drainage systems

• prejudrces, including probability of failure, construction

costs, maintenance costs etc

Poll public opinion along the same hnes as Councillors and

Politicians
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The unit rost of storage behind an earth fill embankment in a triangular

valley appears to be independent of valley side slopes and relatively

insensitive to valley lonqitudinal slope,

All of the 15 events measured in the SLtnninghifl detention pond showed

a significant degree of attenuation with a percentage reduction ranging

from 9% to 50%, and the larger events generally showing a

proportionately greater reduction.

Evaluation of the data showed that discharge coefficients are not

constant but appear to increase as the discharge does. There is,

however, significant scatter in the data, particularly for the smaller

events. Further monitoring will therefore be necessary to confirm this

and ascertain the reason.

All of tile reliable data points recorded in the Sunning hill Park detention

pond yielded a relatlonshlp between storage ratio and discharge ratio

that fell within the published design guidelines.

6.1. Further Research

Stonnwater management facilities in general, and detention facilities in

particular, have not been implemented in South Africa as often as could

reasonably be expected. Traditional stormwater drainage systems still

appear to be favoured. even where projects appear to be ideally suited.

In the author's expertence ltttle nes changed since the research into

attitudes and implementation of storrnwater management systems

completed by Watson and Miles in '1979. (Watson and Miles, 1982).

The reasons for tlus resistance are not clear, but may be related to lac"

of knowledge and perceived problems on the part of design enqlneers,

local authority enqineers and councillors, and the public generally. It is,

however, clear that little progress will be made until the reasons are

understood and future research should focus in this direction,

Some suggc~stod topics oro therefore
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many factors to be explicitly solvable, and is largely by trial and error.

The process can be accelerated by using a predictor I corrector method

described in the text, but should be undertaken with care because local

maxima may be exist, and it is essential to determine the critical storm

duration for each pond individually.

The construction of flood detention ponds may, und: . certain

circumstances, increase the level of flooding downstream, if they cause

the peaks of hydroqraphs to superimpose where they would not have

done before. This situation is unlikely, but it is incumbent on the design

engineer to check unusual combinations of events to ensure that such

situations do not arlse,

Secondary issues such as structural stability, environmental

considerations, ease of maintenance, public health and safety, and

aesthetics should be accorded a design status almost equal to that of

the hydraulic and hydrological operation of the ponds. Stormwater

management facilities are generally financed with public money, and

will ;,...,.i1ldged by the public using different criteria from those applied by

the design engineer.

Detention ponds are of benefi' in attenuating flood peaks and generally

improving downstream water quality. Improvements to water quality

may not be signific.ant unless deliberately addressed in the design.

Water quality can dGlt)rio, example if pollutants bound to the

sediments 8ie released into. ~.UII.J"t.)/1.

Detention storage is genenlly cost effective. The cost I benefit
calculations are, however, higt11ysite specific and cannot be

generalized. Peripheral considerations frequently play an important role

in the decision making process

Costs are often dominated by the value of the land occupied, and,

wherever pcsslble, facillties should provide rr. iltiple Lise opportunities

on the land ihat tt19Y occupy
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6 CONCLUSIONS

It is gene,'ally agreed that urbanization increases small flood and spate
diecharqeo from small catchments, but there is some dispute as to
whether the peaks of rarer events and floods in largE!catchme= ~.re
affected, More data is required before this question can be a, -wp
with certainty.

It is well established that urbanization does have an adverse effect on
stream channel morphology. Erosion rates are increased even when
the level of development is relatively low. Stream channels do not
become inherently unstable, erosion rates accelerate in response to the
increased frequency of run off and increased spate flow peaks,

Current stormwater management techniques may not be adequate to
prevent the adverse impact (If urbanization, and measures such as
over control of the peaks may need to be implemented in sensitive
catchments.

Detention storage is an effective stormwater management technique
that has been successfully implemented in numerous schemes.
Measured data on the operation of stormwater management facilities in
general, and detention ponds in part'cular, appears to be scarce and
more monitoring of installations is required, to permit the effective
validation of computer based moe._,$, and give guidance to designers.

Monitoring of stormwater management facilities should not be restricted
to hydraulic and hydrological information, operational and maintenance
information is equally important. Local authorities often resist the
construction of detention ponds on the grounds that their maintenance
load will be increased, data ccmparlnq the relative levels of
maintenance effort required in managed and unmanaged urban
catchments is urgently required,

The determination of the critical storm duration for (1 single detention
pond. or a system of ponds within a catchment is dependent of too
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B 1 IMPLeMENTATION

B 1.1. Possible Locations

Several sites exist Iii Hie catchment whore stcrace could be provided

fer storrnwater attonuatron <:1[1(.j of these 2 I,::nt I" smsetves Wt"''' to
mcnuorinc

The first was IITlme(jlat0ly uostraarn of Hie Edison Cr culvert. at the low

point in the catchment wh lEt f0 there was space to construct a pond

with capacity of about 1 400 rn" The catchment area her€) IS about 50

ha and the analysis snowed ttlat a reasonable d(~gme of flood

attenuation could be attamed. tho Initial desipn hydroqraphs or )

s;tlown on Figures B 1 8;" and 8 3

The second possible location was at tile outlet of the pipe draining

Faraday Road Into Hie water course about ...00 m upstream of ttle
Edison Cr culvert where !tie pipe could be discharged Into a small

onstream pond shown as POll1t"8" on clrawll1g 2770/01 Tho volume

of storage reouired to acrueve L'l signIficant reduction In flow would be

about 300 m3<imd the system need not ,)8 complicated Monitonnn of

tliis pond could be used to compare the direct runoff from efficl(llnt

drainage system in ccison Crescent to a system With a da~.lnJeof

manaqoment Tt",o catctunent llt B IS (3 9'1 he whilo tbat at C IS 8 .. '110

rand 0 is 5.79 t10 Tllo land usc IS SII)1i1A' In 1'3113 of those

sub-catchments so tho resutts of trus companson would be feilnble

Dnd provide (1baSIS fnr (j(:\L!m11111I1g tho tr uo (,ffc:ctlvonoss of m nor

attenuouon tacumos

Tt10 flt'st \)Ito \'\Ins conslcin(,!(j ~lppropnDto for trus IIlV()sti~atl()n ano 1110

possibrhtv of c:t)rlstlll("M~l ; sm(lll pond at tno outtct from tll(1 f"ml1doy

f~o~ld pipo was lett fDr a "utl H"I' P!Oj('ct

AppUl1dlX B 1
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B 1.3. Construction

Tenders received for HiO construction of tho CJWlI (ll1cj mlet structure

I')I1ge(1between R2f5 000 ami R4t) 000 for all construction work but not

tile supply of fill. Armcrnox or Envirowatl. or for tho plLlntlng of gr:lSs on

the embankment surface. Bryan Wostcott Constructrcn commented III

construcuon March 1992 dt an ostnnatod total cost of R·11 000

Additional costs WElre incurred tt18 supply of SUltDt)lf; rOt") fill mil (Jut

and It became necessary f'; buy matoriai and, odort.onat ar:m,luIif1g 21\

the inlet was found to be noedoo

HiO final cost of construction of tho system was

Construction by Bryan Wf~stC()tt

Adoitionc: fill and tlnmJllll[1

t:.liVIFOwall and Armorflex at inlet

PIpes for outlot (conateo by Rocla)
Arrnounnq 13tInlet by Conccr

Planting by Sandton Parks Dept

Sub-totat

Add VAT at 10rx,

rOTI\L COST

R3500

H3/50

H nil

1~9300

R nil

R4241'0

()unng tno constructron of tho paM certain rosorvauons Wl:!I'O

oxpressoc by Hl0 rosroents "f SUl1rllnqhl1l In un:lt::f to address tt1080

rcservauons mnotrnqs worn IHJlclwIlli ttlO SlJ('Il"l!~hlli '~ntopi]~'I)fS

ASSOGICltlon commlttcn nmj an uxplnnatlDrl of 1110l'IOjl)\:1 PUt)IISI'k1(j In
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tn~ngulur storm (jlstnbutton and arJstnlctln(l 1(18808 In tho proP! Htl(Jn

1··C. whom C IS tho f~ntionL~1 Coefficient Tho runoff flyr1m9' apt) IS tnon

computed by Mus\@:" ,vut,nu Hydro(jmphs can bo OfHleratud by

this method quickly and have L~ roatistrc shape Other mooers coulej

have b(';~of1used for tim desIGn but tt1P facility to qOIl€!rato liydrfl9raplls

by tt11Smethod exists In Hl(;l software suno dovotooed tly 1110authoc

that was usee for the routinq of tho tlyeimqrrlpflS throuqtt \t,n dotnntl(Jtl

pond. Tho elide of the program used IS roprocuced 111Apptmdlx C

Roservoir Routipg

Routing of tht' deSign hydmgrapl1s throu(Jtl the storaqe was (jOl'1O

using E3prooram wrutcn t)y tho Ciuttlor to run on all HP86 computer

The algontt1fTl used by thts prooram IS (J/5;cussed In (jotnil In eMptor 4

of thiS report nnri Hie code of HIO proorw11 IS roprooucec HI Appendix G

Outlot

The deSign procedure sbcwed thot a smn10 ('300mrn oiametcr PIPO

outlet allowed offlcltmt use of tll{1 -:tClrn~~e and that slgnlflcell1t

reductions m tl,e peok dlsctlclrqe could bo acrueved Tlw ..1081gn

11ydrogrrnphs for tho 5 yr recuirence Intorval event oro ~,nown on

t;iguro 8 1. 8 2 Gnd B 3 Tt'l\?,correct ceicuianon of dlscl)iJrqo throu9tl

an unsubme('[j(;d circuiar onflce IS complex. and HI tho ejot01i1oci

analvsis of the i1rOllSwud data usn IS made of a look up table Ttl0

program LJSOCJfor doslgn approxrrnotos tho Circular pipe to an

equivalent fDct,lnDUlof OpOnlt'ln. tt10 rn8ultln~,J orror IS smnll. (mel 1ft

most CtlSOS. IS ccmlll1r;d to tho bottom of tt1() f1[~1t10nn(j flllltnn lunbs of

the hydroq: upl I~;

APPUl1dl>; !l !,



Inlet weir

The inlet structure WLlSdoslqned to IjIV(H( nil flow up to a poak

dtscharqe of 3,0 rnl/s Into ttil3 pot1d For dlsct'1L1r:1GSabove 3,0 m"/::; ttHj

water level In tlie (iIVmSIOt1 structore would nse above HiE.:bypass crest

allowing an IrIcrCWSlno propornon of IrK: flow to conunue rjown \tie old

stream bed The drain under 1t1£) bypass crest also allows very low

flows also continue rjown tho old stream boej

The diversion WOlf'is ~lVee notch Crump type rJeslqn€)d in accordance

With DWA TR126 (van Hseroen et al 18B(3) Tho drscharpo equation

for the WClif 18

() ('';'''11/*/1

() ('d * /11 ' {II' ,/I. II'!

whorel

to/' II h

/(/1/1 II'

II

dll,chmgo

ccetnciem of dlschar9E'J

crest Vee notch slope { 8 I ( 2 .. h' )}

upstream water (jepth

Veo notch hCHglit

tota 1wldtl, of crest

c'd

11! [m/m 1
[Ii' 1
[rn ]fI'

n

2,8 rn

II' 0.4 III

The dlscllDrgu ('.Qofficl(lnt [llvfm In TH 1?G IS Cd ;~ USB[i but tno onta

couectod to delto shows !J bettor fit With a sliulitly dlffmont vatuo for Cd

Thrs IS dl~(;ussod tJ<::Iow

Inflow Hydroqraph

Iho (Ji'~lInn Inflow hydrnornphs v« 'I' \ l'ill, :u1.1h '.j Ili;1t1U thn n~')tl1o(j of

\Jurnetl (1nB1) WtWil I:, ()~;~;,untlullv,.1 Cl\:IIViltlllt1 ut Uk' 1\,1\l(lI1UI Method



B 1.2. Design

In order to obtain i3 useable ranqe of results reasonably rapidly the

storage was constructed online H1 tho form of a blue-qrcen pond wuh

provision for Ole tllgh flows to by"pass tile pond This type of system

does not make tho most effiCient use of Hie available volume to

attenuate I'ligh flood peaks as ttl~) pond fills on tile rising limb of the

hydroqrapf and may roach Its full cepectty oeforo the arrival of the

peak of the Inflow hydrograph. It dOElS. however provide very effective

attenuation of the frequent spate and smaf flood flows, The relative

advantages and disadvantages of onuno and offline storage are

dtscussed elsewhere 111this paper. FigulO B 1 IS a reduced copy of tho

General Arrancoment dra, 'nL~St10Wlrlqthe layout of the earth

ernnbankment and tho mtet and outlet control structures A tYPlc31

cross section through tho woll showmg Hie foundation preperatron

required to reduce trio Ilholitlood of tho wrjll squatting on the poor

subqrace. IS alsc shown

Dam Wall

The size of tr18 dam wall consn ucted WGS dictated by a combination of

ftnanctat and aestheuc consiueratrons as woll ClS t.hc phYSical

limltalions of tho Slt9. Tho site selected IS not Idoml for tho provrsion of

stcraqs because It tapers to an acute cltlgle at Its lowest point ano IS

relatively steeply slopin~j. roQLJInn9a WlI!l with (J maximurn r101gl'lt of 4

m to acmevo a storapo volume of 1500 1113 Tt101'O ISa residential stand

tmmediatety to tho west of tho sue WtIClrG' subsoil orams i1t1dbeen

Installod to protect the toundatrons of tM house The level of these

drams doterrnmoc tho mnxunum pond water 11jvel as It could not bf:J

perrrutted to ~HIbrrorqo H10outlots ot tlle c!Uiir'c;

Inlet Clnrj outlot et'lar,K:tClrI$tlcs worn (jotel rnlnuti to rll()I\(l officlont use

of tno ilVillltlblo storaqe In ttus respect tho (1ood to accumulate (jatt1

for [C)p,c',lrch r1Urr)()SOSl contll('tO(j Witt) t\lI' t)\'~lt uso of tt1() storauo to

Ilfllit duWlliitn 'wn flollej pU;1k dl~·;chlr~1,:,1
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