INTRODUCTION

Urban development is widely considerad to have a significant impact on
the hydrological response of thy catchmeut in which it oceurs (Miller,
1982; Green, 1992). There is, howevear, some unceriainty as to the
magnitude of the affect that catchment urbanization has on peak fleod
discharges. Most litarature reviewed reflects the general belief that
discharges are significantly increased for all recurrence intervals but
there is a body of thougtit that contends that the effects are locallized
and smali (Fourie, 1890, Alexander 1893). Chapter 2 of this report
containg a qualitative examination of the impacts of urbanization that
support the belief that thore is a significant increase in flood peaks and
discusaes the counter argument that the impact is smal' and localized.

Stream channgl morphology is greatly impacied by urbanization and
Chapler 2 dlgo containg a reviow of theseo offacts.

The purpose of this, rather detailed, discugsion on the effect that urban
devolopment has on catchment hydrology 1s to provide a background
for tha discussion an the use of artificially constructad detention storage
in help restoro the balance.

The need to manage the impact of urbanization on stormwater runoff is
well recognized and ineroagingly stringent controls, for example the
U.8. Environmental Protaction Agency's stormwater pormit program,
arg being imposed in niany countries. This level of contrel hag not yot
beon reached in Souw Africa but many local autheritios are working in
that dirgctian, for oxample, the Eastorn Metropolitan Local Council's
Tochnical Services Director now requires an angineer of record for
stormwater 0s well as strustural aspocts of developments within its
jurisdiction, and the Greater Johannesburg Transitonal Local Coungil
offers o rebate on bulk service contributions for stormwator to
dovelnpmonts where on-sito stermwater managament is implomonted.
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ABSTRACT

Detention storage 15 a wall tested, and generally acoepted, method of
attenuating flood hydrographs, but relatively little data is available from the
monitoring of full scale instollations. An onstream pond was constructed at
Sunninghill Park and details of 15 inflow and outflow hydrographs recorded
over a single summer. The analysis of tihe data shows that the ponds is
effective in attenvating the the peaks of all events up to a maximum recorded
peak inflow of 1.26 m¥s. 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 algerithm that makes use of the stage /
surface area relationship of the pond, and avoids the reed to calculate the
stage / storage curve, is presentad.

it is generally agreed that urban development increases the frequency of
runoff, and the peaks of spate flows and small floods from small catchmenrs.
The magnitude of its impact on rarer floods from larger catchments is
disputed, and more data is required before this question can be resolve 4.
The adverse effect that urban development has on stream channel
maorphology is also notf disputed, and detenticn storage may help to reducs
this 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 Shiness ars giscussed with reference 1o cage
studies of 4 imptemeanted schemes.
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2.2.6. Counter Thaory

2.3,

Most of this work is, however, based on the analysis of short data sets
from redatively small catchments, or on theoretical analyses using
computer models, and reflocts the impact of urbanization on relativeiy
fraquent floods, for example the mean annual flood analysed by
Leopold. The peak discharge of rare floods is probably also increased
by urban development but thig may not always be true.

In an analysis of 114 fleod hydrographs on sireams in the vicinity of
Tulsa, Texas, Beard and Chang (1979) concluded that the effects of
urbanization on stormwater runoff ware not as great as expected, and
that the praportion of impervious surface in & catchment did not
significantly effect the rapidity of runoff. Thay conclude that 40% of the
impervious area created by urban developmaent is ¢ factiva in
increasing runcff from smail storms,

Fourig (1900), in an analysis of recorded floods in the Apies River hagin
in Pretoria for the period 1905/08 to 1850/51, found that there was no
avidence of a trend showing increase in the peak discharges of rare
floods. He concluded that urban development probabiy only incroases
the peak discharges for ralatively frequent floods in small catehments,
and has no material offect in rare floods from large catchments.

Only time wili tell whether this conclusion ig correct. L.ong data sels,
with a real time correlation between rainfail and stream flow, arg
requlired, A systom of telematered rain and stream gouges is boing
ostablished in the Greator Johannosburg Metropalitan area (Brooker,
1998). Data fram this network may go some way towards answaering the
question in the future.

Impaet of Urbanization on Channel Morphology

There may be some dispute over the effect that urbamzation hag on
flood flows, but thare is clear and unequivocal evidoneo that urban
developmant within a catchment «  a signiticant impact on the
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2. 2. 5(

subcritical to supercritical will greatly reduca the volume of water stored
In the stream, by reducing the flow depth in the main channel and
incraasing the discharge required before the onset of overflow onto the
flood plain.

Improvements in channsi efficiency, generslly effected to free flood
plain land for urban development, therefora tends to increase peak
flood discharges from the catchment in two ways. Firstly the average
velocity of flow is increased, so reduging the iime of concentration of
the system, and secondly the volume of storage available in the system
ia decreased, so reducing the potential for attenuation of the
hydrograph by channal routing.

Gonciugsion

The foregoing is a discussion of some of the mechanisms by whish
urbanization can increase stormwater runeff, and it has baen generally
ancepted that urban development within a catchment can cause an
increase in the peeak discharge and voluma of spate fiow that will result
from ¢ particular storm. The discharge or volume for any given
frequiency or recurrence interval tharefore increases, or conwversely, the
frequency of occurrence of a spate with given charactaristics increases.
This contention is supported by many authors. Based on flood data
colipcted in the USA Leopaold (1888) showed that the mean annual
flood from a 2.6 km? (1 square mile) catchment may increase up to six
fold, Neller (1988) found significant increases in runoff and other
hydrological parameters, and Miller (1982) quotes several other
sourcas and concludes "It has baen sufficiently astablished that the
magnitude and frequency of flood flows are increased by urbanization”.

These increased discharges resulting from urbanization of stream
catchments are the diroct cause of incroased costs to the community.
Direct flood damago costs arise because the affected stream breaks its
banks more fraquently and the escaping flood water ¢auses physical
damage to property. There are also indirect costs as discussed later.

Page 12



agraement between computed and measured water surface leveals to
be obtained using valuss of Manring’s n in the range 0.1 to 0.175 for
the steep channel in contrast to the values in the range 0.035 10 0.06
estimated using standard texts. The discharge was determined by
slope area caloulations on a 6.4km long reach with a gradient of 0.3%
immadiately downstream. The measured water depths corresponded
to Froude numbars of about 0.4, except immadiately downstream of the
breach where the valug was found to be 0.9. Froude numbers
corresponding to the depths computad for the smoother channe! were
in the range of 1.7t0 2.2,

Trieate concludes that this effect is due to the influgnce of other forms
of energy ioes besides boundary friction. Thesa mechanisms would
include extrema turbulance, seour, debris transport, expansion and
contraction, eddies, hydraulic jumps, and momentum transfer between
tha high velogity fiow in the main channel and the slower moving water
over the flood plain. All of these can be observed to be active in flood
flows in natural streams, but seldom in smooth, relatively straight and
uniform artificial channels.

in smooth artificial channels, where boundary shogr provides the
deminant mechanism for energy dissipation and Manning's equation is
valid in it true form, the regime will be supereritical oven for vory
shallow depths of flow. Design standards for stormwater drainage
ghannels seidom permit slopas fiatter than 1% on the grounds that the
channels have to be self scouring to reduce maintonanco ¢osts. At this
glope flow in a eonerote channel with a Manning's n of 0.016 can be
shown to bo super critical far all depths greater than about 1em
{0.041m)

The impaet of urbanization in replacing natural ehannels with artificial
smigoth structures is therefore not simply confined to the hydrawlic
offaats of increasing tho velocity and concentraling the dissipation of
enorgy at dewnstroam ond of tho eharined. It may &lso have g
significant hydrolegical consequence. Changing the rogime from
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generally greatly reduced by the increase in density of the drainage
network. This increases the efficiency of collection, sc reducing the lag
time (defined &s the daiay between the time of the centre of mass of
tha storm hyetograph and the centre of mass of the runoff hydrography),
Graf (1977), in an analysis of the irnpact of sub-urbanization, as
opposed to high density urban development, on the drainage density of
the South Branch of Ralston Creek in lowa, showed that the number of
links in the drainege system anc the drainage density, {(defined as the
length of link per unit area of the catchmaent) increased significantly,
and that these parameters greatly influenced the shape and lag time of
the storm hydrograph. He concluded that probiems associated the
hydrologic impacts of suburban developments on the drainage network
are equally as serious as those caused by changes in imparvious
suraces.

Channel Efflciency

Channel efficiency is often increased. Canafization of streams has
fraquontly bean used as a means of reclaiming land from flood plains to
allow developmant of these areas. New channel gross sections are
proportioned for the most afficient uge of materials, and so glosely
approximate the r.ost efficiont hydraulic section, with the hydraulic
roughness kept to a minimum. Steps may be constructed in the channel
invert in an attempt to reduce the bed slope and provide sitas of local
energy dissipation, but the structure of a natural stream with pools, and
rifflos or chutes is seidom reci eated. Avorage fiow velociiies are greatly
increased.

Triegte (1992), in genoral obsarvations, found that there are few
situgtions in fload flow in natural shannels where supercritica: flow
oceurs aver a reach longth groater than 8m (2b 1), Theose ocbservations
wero confirmed by him In an analysis of the measured water surface
arofile in @ natural channed 1.6 km long with an average gradient of
3.2%, following the failurg of the Quail Creek Dike in Utah, USA. Using
the DAMBRI model of tho National Woeather Sorvice he found the bast
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2.2.4,

This initiai abstraction is greatly affected by changes in the
imperviousnass characteristics of an urbanizing catchmant. Paved
areas are generally constructed to be smooth and commencement of
runoff is aimost instantaneouy with only a shallow depth of precipitation
required to wet the surface and fill smali depres.ions. Ciearly this depth
will depend on the characteristics of the surface and general
topography, but typical values given in the literat we are about 1mm.

The ground surface in pervious areas is ne'.srally irregular and, where
vegetation is presant, the surface araa that must be wetted before
runoff can take place is very much greater, rasulting in increased
Interception. Typical values given in the literature for initial abstraction
from pervious and undeveloped areas, for example by Green (1984) in
racommendations for parametars {0 ba used with Witwst, fall in the
range 2 to 5 mm. Other values from elsewhere in the litarature are
summarized by Torno (1992).

‘ Impervious surfaces, pavements and roofs: 1.0 - 25 mm
. L.awng 2.8 - 5.0mm
. Pasture 5.0 mm
. Forest litter 8.0 mm

in addition Horton (1918) and othars Yave shown that the volume of
intercaption storage by wetting of vegetation can be significant, ranging
from 0.25 mm to 13 mm, Torno (1992) gives 1 mm as & typical valug
for grass turf.

The net effect is an increage in runoff depth of about 4 mm per storm
avant, which translates to 40 m* volume per bectare, or 4 000 m* per
squara kilomatre of paved area.

Drainage System Efflciency

Drainage Density

The impervious arens creatod by urban development are frequently
connactad directly to drainage ways, and the overland flow lengths are

Page 9



2.2.3.

A similar equation is given in the reference for rainfall intensity in the
coastal region of South Africa and numerous other equations relating
rainfall intensity ‘o storm duration can ba found in the literature. Table
2.2, which gives the rasulls 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
¢o1centration and average wverland wave celerity.

Table 2.2 : Comparson of times of soncentration and effective rainfall intanslty
for diffarent surfaco roughness on a 100m long plaln at 3% slope

i Manning's | Concentration
Number Time

oo | am

| ools | 283

| 0.018 3.01

L ._0'3. . . '1_6.86'

| 0.3 22.8

} 04 | 2868

Effective Rainfall
Intensity

tmm/y

L
2%
231

LA

B mtom. - fpraseen e . ocme

108

Average Wave
Celerity

[m/s]
075
0.63
Coes
o
o7
0.08

Although this is a greally simplified analysis it does clearly illustrate the
paint that decreasing the hydraulic roughness of the flow path will
decrease the time of concentration of the catchment, theraby
decreasing the duration of the critical storm, and inGreasing the peak
discharge resulting from the increased intansity of precipitation for a
given racurrence intrval. With alt other factors constant reducing the
surface roughness will therefore increase the peak flood discharge for
any storm frequency

Inltial Abstraction

Runoff doas not commenee simultaneously with rairfall, initiai
demands, pradominantly surface wetting and depression storaga, have
to be satisfied bofore walor will start to flow from the surface.

Paga 8
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n = Manning's number

{. = Overland flow length (m)

i, = Excess precipitation rate (mm/h)

& = Surface slope (m/m)

("= 6.99 (o constant depending on tho units of the athor

vanablas)
Table 2.1 gives a summary of the affect of derreasing Manning’s
number, agsociated with different ground surfaces. for an overiand flow
tength of 100m at a constant siope of 3% (0.03 mim}, and an excess
precipitation rate of 100 mm/n.

Table 2.1 : Time of concentration for a 400 m jong plain at v 3% slepe, subjoct
to 100 mm/h oxcess ralnfail, for differont Manning's Numbers.

Surface Typo ~ Roughness Range | Time
) | Imin]
Concrate / Asphait I 001-0013 | 82-37
Bare sand ll 0.01-0.018 : 32-42
Lawns i 020-030  19.1-24.4
Dense shrubbery and forest | 0.4 § 29
ltter | |

i
[
H

Thig analysis can e taken further by solving the Equation 2.1
simultansously with Equation 2.2, derived by Op ten Noort and
Stephenson {(1982), for the general relationship betw.:2n storm duration
and rainfall intensity.

Inland region
om0 MIPIX R 0 2E o gty Equation 2.2

wherg 1 = gtorm durativa (he)

AL = mean annual precipitation (mm)
I8 = reeurrence interval {yr.)

Page 7



2.2,

2.2.1.

2.2,2,

Flood Peak Discharges

Infittration

The proportion of impervious 1o pervious surface within the catchment
is increased a3 urban develonment praceeds. if i is assumed that there
18 total runoff from impervious surfaces, and that all impervious areas
ars directly connected to the drainage natwork, this change would
increase the proportion of runoff to precipitaticn closely to the
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
parvious areas are saturated the impact will be reduced as the only
abstraction will be related mainly to the saiurated condiction capacity
of the soil. Impervious areas may, howevaer, stilt have a significent
impact, particularly if the rainfall intensity is low and the saturated
conductivity of the soil is high.

Surface Roughniess

The impervious areas are generally hydraulivally much smoother than
pervious surfaces. Typical values for effective roughness in the form of
Manning's n for overland flow are given in the literature, for axample by
Graen (1984) or by the American Soclety of CIVIl Engineers (Torno,
1992). The effect of the hydraulic roughress 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 Kinsmatic-wave theory. The relevant equation is:

LoooxmT LT g xS Equation 2.1

whare £ = time of concentration (minuwtes)

Page ©



2.

URBANIZATION

Introduction

Urban development changes the hydrological characteristics of a
catchment in many ways and thase effects appearto be refiected in
changes to the peak dischar es of flood runoff from the catchment.
Much of the literature suppotis the theory that peak flood discharge
resulting from a given storm over an urban catchment would be
significantly higher than the discharge caused by the same storm over
the catchment in its undeveloped state. Miller {1982) stated "It has
bean sufficiently established that the magnitude and frequency of fioods
hiave been increased by urbanization” Buf perhaps the strongest
indication that this concept is generaily accepted by practising
engineers is tha prevaient use of the calculation sheets published by
the South African Department of Water Affairs and The National
Transport Commlssion and other puklished runoff coefilcients for the
caloulation of stormweater runoff using the Rational Method, (Alexander,
1990; Rooseboom, 1988; Stephenson, 1881). These calculation sheets
advocate the use of the Rational Method:

{r Cr 14

for the computation of stormwater runoff, and all give increasing values
of the runoff cosfficient “¢™ for increasing dagrees of urban
development.

This chapier explores, in a qualitative way, some of the changes that
support this belief.

Channsl morphology is affected by catchment urbanization and some
evidence of the magnitude of the effects 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 concluglons to be drawn from the investigation and some
racommendatic ns are discussed in Chapter 6.
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required in the routing calculation. An algorithm using this procedure is
described in Chapler 4.

1 is not really possible to generalize 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 commor: to most projects and these are discussed in Chapter 4. In
most cases land is the most costly slemant.

Detention storage is a management tachnigue 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 ae 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 playlng 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
implemeanted project in civil engineering, too frequently works are
designed and consiructed then handed over to the owner or Local
Authority for operation or maintenance. Monitoring of stormwater
management facilities will possibly become rnandatory in the future if
Lacal Authorities are to ensure that 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
up of monitoring programmes. The author is tharefore very grateful to
the Department of Civil Engineering of the University of the
Witwatersrand for the opportunity afforded hin to gain expetience in
this field. Chapter 5 describes the operation of the detention pond at
Sunninghill and gives the 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 stormwater, for example the new ASCE document
*Design and Construction of Urban Stormwater Management Systems”
{Torno, 1992) largely replaces the previous “Design and Construction
of Sanitary and Storm Sewsars™.

The introduction of the pproach inta South Africa was largely due to
the efforte of Miles with the publication of the National Building
Research Institute document R/Bou 619 “Stormwater Drainage In
Urban Areas” (Miles ,1979). There does, however, appear to be little
actual application of stormwater management optlons in South Africa.
Efficlent piped arainage systems, designed to remove storanater “om
the site as rapidly as possible, being implemanted in most urnan
developments. Chapter 3 discusses some of the stormwater
management options that could be implemented and looks at some of
the reasons these have met with resistance from Local Authorities and
developers alike. Detention storage is a viable technique for slormwater
management and its use is emphasized in that chapter.

Reservoir routing is the numerical technigue applied o calculate the
outflow hydrograph from a datention pond with a specific stage/storage
and stage/discharge relationships. All algorithms known o the author
required the prior calculation of the stage/storage curve for the
reservoir but this requirement appears 1o be an artefact of the manual
calcuiation procedurss where graphs were plotted to facilitate the
calculation procedure. The need to calculate the stage/storage curve
can be avoided by makir uge of the stage/surface area curve
measured diractly from the contours or digital elevation model of the
reservoir basin. Since the numerical calcul~tion process relates mors
closely to the change of storage with siage, than the actual volume of
storage, 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 stormwater runoff, as described in Chapter 2. Replacing this
storage can attenuate flood hydrographs and reduce peak discharges
by increasing the critical starm duration, and by routing the resulting
hydrograph. The reservoirs may also reduce the total votume of runoff
by providing opportunities for infiltration and evaperation. Numerous
schemes are described in the Proceedings of the Conference on
Stormwater Detention Facilities (De Groot ed. 1982). Some South
African detention storage schemes with which the author has personal
gxperience, or that have been described in the literature are discussed
briefly at the end of Chapter 4.

Even small volume detention basins can have a warthwhile banefit.
Storage of 40 m® per hactare ig sufficient to eliminate the effects of the
loss of deprassion and interception storage.

Although a distinction is generally drawn between retention and
detention facilities there is. in reality, a cominuum.

Detention Storage

Detenticn ponds work by temporarily detaining some of tha floodwater
in the pond and releasing it slowly after the hydroaraph peak has
passed, §0 reducing the peak by attenuating the hydrograph as well as
by increasing the catchmant time of concentration. They may also help
to improve the quality of the ruroff, as the stored water hag time to lose
some of its sadiment load, and ¢an be screened to remeve much of the
floating debris that it carries. The deliberate use of detention ponds for
improvement of water quality requires careful design and is beyond the
scope of this report. Dosign parameters will depend on many factors,
such as the nature of the pollutants to bo romoved fram the
stormwater, the possibility substances proviowsly bound to the
sadimonts re-entering solution or guspension if the sediment hecomas
QRAOIoING, ol

These ponds are, however, tried and testod stormwater nanagement
tuul with many advantaygos.
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3.3.2,

3.3.3.

despite the initial capital outlay. Each application is, howevar, unique
and must be assessed on its own marit, as an plement in an overall
catchment wide plan.

Infiltration Pitches and Swales

With the imminent promulgation of legisiation in the USA and Canada
requiring the conirol of stormwater on site much research is being done
on tha implementation of swales and infiltration pitches for exarmple in
Adelaide, Souln Australic. by Bekele et al (1993} and by Hopkins and
Argue (1983) in New Brompton, South Australia.

Swales are shallow tranches that may be partially filled with permoable
material sush as stone ballast. Their purpose is to encourage infiliration
of stormwater into the soil and to provide storage and hydraulically
inefficient drainage paths to encourage hydrograph attonuation by
rouling.

infiitration pitches are open areas of land on vhich stormwater is
aflowed to spread out, again to encourage infiltration and provide
temporary storage. infiltration pitches may be provided with trenches or
ditches fillad with parmaahle mutarial to encourage infiltration,

Channel Rehabllitation

Rehabilitation of urban waterways is taking place in many parts of the
world, beth for stormwater management reasons, and for the benefits
that accrue 10 the community in the form of public open space, These
rehabilitation efforts may not always be successfu!l *- aceeptable to all
concornod (Luger & Davies 1993). Brookes (1988) and Purseglove
{1988) giva guidanco on the characterigtics of natural stroama that
should bo aimed for in the rehabilitation process.

Detantion Storage
The puvision of storage reservairs within tho drainage systom can
replage some of the storage lost as urban dovelopment causes
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Ingreasing of channel and pipe storage by increasing the depth
of flow using weirs, orifiu: (4 #0s, vortex type throttles ete.

The use of porous pavements on roads and parking areas.

The use of parmeable pavemeants, e.g. grass blocks and hard
lawn pavers, wharg fraffic volumes are low and high structurat
strength roads are not required.

Reduction in impervious areas by encouraging grassed or
gravellad areas and discouraging paving where possible, for
example under utilized parking areas, or reduction in road widths
where traffic volumes are low.

Encouragement of disconnecied inpervious area as oppnsed to
dirgetly connecting impervious areas to the drainage system,

A comprehensive list is given by Stophenson (1981 p4).

Thase stormwatar management practices may be difficult to implement,
and do have some real and some peiceived disadvantages.

in general they require space where developmant is most
intange and land values highest,

They are seen by mest Lecal Autherity snginoers as potential
maintenance problont areas.

Capital cost of construction 1s often higher than for a traditional
drainage systom.

Infiltration of stormwater into the gail is in conflict with ruad

design philosophy that attompts 1o keep tho structurs! layers as
dry as possiblae to preserve thair strength.

Carefu) planning, design, and education can, howaver, avercoma most
of thuse probloms. For exampie the dual use of land for stormwator
cantrol and racreaticn ray help to sproad tho high proparty ¢ost
hotween funding agencios. or the ealeulation of the total lifotime cost of
the management oliement in association with tho downstream drainage
elements may provo that the managoed system nas a lower overall cost
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3.3.

the older conduits, currently being repaired, appeer to have been
decked over at least 70 years ago.

Underground drainage systems have the major advantage that they
frea land, that wouid have been ocoupied by surface structuras, for
devalopment. Thay 4o, however, have inherent problems:

v Thair capacity is restricted {o the capacity of the inlets.

. They are susceptible to blacking, especially at their inlets.

. Their capacity to handle excess flows is very limited.

Riley et al (1986) blame much of the damage caused by flooding from a
vary severe storm in Sydney in 1984 on the failure, either by
surcharging or biogkage, of the underground elements of the drainage
gystem.

Attenuation

An alternative to increasing the afficiency of the drainage system to
cope with the incraaged runoff from the urbanizing catchment is to
ingtitute measures to ameiiorate the impact of tha urbanization on the
catchment. These measures can also be used to reduce the risk to
property dovelopad on sites vulnerable to natural flooding. Attenuation
of the high flood flows allows a reduction in the capagity of downstream
hydraulic structures designad to accormmodate a flood peak of given
recurrence Interval and hence can dirgetly reduce the capital cost of the
drainago system,

Amaongst the options far floed attenuation are:

. Detention storage ot seales varying from small, on site, schemes
sueh as roof top storage, through large tanks under roads, to
major resorveirs on tho scale of orgo dams.

. The oporation of existing v..ater supply and irrigation dams to
reduco downstream flood peaks.

. Congtruction of swales and inhitration pitches or french draing.
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The provision of urban diainage: systems to convey stormwater away
from the area as rapidly as possible has been the prevalent design
philogophy until relatively recently. [n 1979 the National Building
Research Institute conducted a survay of the stormwater drainage
practicas of municipalities, local and central government departments,
and consulting engineers. In their analysis of the resuits of this survey
Watson and Miles {1982) showed that 62% of respondents designed
for

“Tha most rapid removal of the excess runoff from the individual
areas drained”

and only 1 "% stated that they made any attempt to ameliorate the
effacts of urban development on runoff to reduce flood peaks.

Thig approach hag, at least in theory, been superseded by a philosophy
of “stormwater managernent” where an attempt is mads 1o contral
runoff and reduce peak flows. In parallsl with this there is often a
conscious division of the system into 2 components, 8 minor system for
gonvenience only, and a major system to discharge runoff from sever:-
storms safsly, and with minimgl damage. The provision of an efficient
drainage system does, howaver, remain a valid management option i
certain instances. It is ofton convenient, particularly where open land is
scarce and highly priced, to drain stormwater away as efficiently as
possible, and then o attempt to roverse the impact of this efficient
drainage systom by providing storage or somae other managen ent
element further downstream.

Underground Systems

Underground crainage systems, eomprising pipes and culverts, have
beeon the tradit onal way of doaling with storm water in urban areas
almost since the beginning of widesproas! urban developmant. Many of
the main drans traversing the City of Lo, don and its berougrs have
been decked aver for several hundred years. In Johannesburg some of
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Although the document does not specificaily include the limitation or
attenuation of flood peaks, or make a specific objective of the
implemantation of stormwater detention fagilities, it does include the
statement that;

‘Post development rates of discharge should, if possible, be
limited to pre<tlevelopment values for & range of recurrence
intervals”

it zlso makes provision for the preparation of master drainage plang
that, inter alia, identify and reserve sites for the provigion of flood and
water quality control structures including wetlands.

Control of stormwater in urban areas can be achiaved by a range of
techniques, from providing efficient systems to drain the water away as
quickly us possible, to total on-site management where development
does not incraasc the peak discharge or volume of runoff above the
pre-development levels. Controt of the peak discharges and volumes is
mast often achigved by providing some form of attanuation system.

These publications, the later discussion on Sunninghill in Chapter 5,
and case studies in Chapter 4, show that the concept of stormwater
managament hag both popular and institutional epproval here, and
schemes can be successfully implemertad in South Africa with public
approval if correctly approached.

Efficient Drainage Systems

Construction of formal drains began early in the life of the City of
Johannasburg. The report~ of the Town Engineer show that by 1908 an
exiensive network of underground drains had beon constructed in the
South West District and parts of Newtown. By 1910, 47.8 km of drains
had heen constructed in a total township area of 8 326 ha, and by 1920
the iength of drain had increased to 95.2 km in a total township area of
8 500 ha. (Whitlow and Brooker, 195Ga)
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control measures in Japan, and, ¢loser to home, South African

Committee of Urban Transport Authorities (CUTA) published UTG4

Guidelines for Urban Stormwater Management in draft in 1988.

(Hay et al 1888). The proceedings of the 1993 Conference on Storm
Drainage, held in Niagara, USA, inglude napers from Canada, France,

Japan, Nigeria, South Korea, Taiwan, and the United Kingdom,

Johannesbury Urban Stormwater Management Policy

In January 1993 the Management Committee of the Johannesburg City
Council approved a proposal setting out the structure of an Urban

Stormwater Management Policy for the city. The objectives this

document sets out as policy are:

. The provision of an appropriate stormwater drainage system for

the management of “normal” stormwater runoffs for the
protection of property from da tage.

. The prevention of injury or lvss of life, and the raduction of

damage to property by the run-off from abnormal storms.

. Tha prevention of land and watercourse erosion,

. The protection of watar resources from pollution and the

implemantation of an integrated approach to water quality

managament.

s The preservation of natural water courses and their acosystems.

. The prevention of ill heailth related to water borne diseases.

’ The implementation of a plan for the total management of dams

within the urban environmant.

» The implementation of measures to guard against the negative

agpects of rapid urbanization, where water courses are affected.
In order to do this it states that the Council must be proactive in water
course managemant and plan and budget to achiove these objoctives,

and should striva for a regional water quality and stormwater
managrment approach.
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STORMWATER MANAGEMENT OPTIONS

introduction

Since the late 1970's strong emphasis has been placed on the practical
implementation of storrmwater managemerit measures, and articles
referring to stormwater management have appearad in the popular
scientific and general professional literaturs. For example Zukovs et al
(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
wotland managemaent in Britain since meadigval times. Brooker (1981)
identifies stormwater 1 anagement facilities as an opportunity for
co-operation between Civil Engineers and Landscape Architects, and
Rahinovitch and Leitman (1688) emphasize that stormwater and flood
management practices played a signifi. .t role in the successful
radevelopment of tha city of Curitiba in Brazil.

In the United States of America practical implementation is common,
and fraquently required by the legislation controlling development of
land. Recent practice manuals (Torno, 1982) cover design and
construction aspects in detail, and as early as 1882, sufficient practical
experience had been obtained to justify a successful, dedicated
conference on the subject of Stormwater Detention Facilities

(DeGroot ed, 1982)

The literature emanating from many differertt countries shown that the
concept is well acceptad throughout the world, for example Geiger
{1990) describes work done in the then Federal Republic of Germany,
Loong {19€7) discusses the use of ponds for stormwater rgtention in
Kuala Lumpur, Malaysia and criticizes the implementation of improved
drain capacity measures in that ¢ity. Seguchi (1990) discusses flood

Page 17



2.4,

erosion in urban rivers are described by Douglas (1985), and in the
author's experience erosion of the barnks of the incised channe of the
Braamfontein Spruit in Craighall has exposed artefacts showing that
sediments 2m below the surface are only about 50 years old.

The gradual Increase in the channel dimansions, as the cross section
adjusts to accommodate the increased frequency and peaks of
dischargss, and the increasing inadequacy of the hydraulic strustures
are less direct costs, that take a longer time to be felt, and are often
ignored by the authorities unti! disaster forces action.

Impact of Urbanization on Water Quality

A detailed discussion of the impact of urban development is beyond the
scope of this report. Quantity and quality of runoff are, however, closely
tied and detention storage is frequantly used in the dual role of reducing
peak discharge and reducing the concentrations of poliutants. In the
overview and summary opening the conference on tha Design of Urban
Runoff Quality Controls, Roasner et al (1888), commaenting on the
devicas available for the control of urban runoff qualty state:

*Amang all of these devices the most promising and hest understood
are defention and extended detention basins and ponds”

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

Ovxd u Quxd Equation 2.3
where ()= Sediment discharge

d = Particle size

(&= Clear watér discharge

N = Bedslope

d indicates proportionality
all units consistent

Early in the urbanization process the capacity of the catchment to
contribute sediment is high, bacause 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 discharge resulting from catchment urbanization will tend to
cause the stream to decreasea 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 channal morphology of the increased runoft of
stormwater as a result of urban deveiopment begins very early in the
life of a city, Whitlow and Brooker {1996b), in a raview of the annual
reports of the Johannesburg City Engineer, found that canalization had
begun in the town of Johannesburg within 10 years of the

establishmant of the City. The 1811 report referrad to the construction
of a 8. 1m wide by 3.05m deep canal to curtail the growth of the donga
of the spruit in Bezuidanhout Valley that was described as being up to
6.7m deep and 30.5m wide. The amount voted for this consiruction was
R450 000 in 1994 loims,

Stratigraphy in sediments in urban streams can show channels incised
through very recent deposits. Patterns of recent sedimentation and
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channel morphology of rivers draining that catchment. This effect has
been reportad by several authors. Robinson (1976) and Vhipple 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. Whittow and Gragory (1989) found an average
increase In the width of a stream in HMarare to have been 74% in a 12
year period,

Neller {1988) compared the erosion patterns of 2 streams draining
similar slzed small catchments in New South Wales, 6 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 knickpoirt retreat 2.4 times greatsr. He concluded that
the urban channe! was not inherently unstable, buf that the increased
erosion was the rasult of changes [n catchment hydrology. Significant
increases in total runoff (7.8 times), nurber of runoff events (3.7
times), and peak storm runoff (3.5 timas), and a significant decrease in
the avarage time to produce run. ¥ (83%) were recorded.

Ir Johanresburg the author has observed that the Braamfontein Spruit
is increasing the cross sectional area of it channsl by increasing the
width, and has reduced the slopa as far as possible in the short term by
eroding to the point that the channel hed level i now largely controlled
by a series of rock outerops. Thess effects have nat in ntified,
but the increasing nead for bank stabilization to protect se. vk and in
response to complaints by vwners 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 a vlei where there is now a deeply incised channal
{Brooker, 1991) .

The mechanism of the process is clear. Stream channel geometry is
formed by all discharges but the basic shape, width, depth, and

meander pattern rasult from the bank full discharge. In 1847 Lane
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channet morphology of rivers deaining that catchment. This effect has
been reported by several authors. Robinson (1978) and Whipple et al
{1980) found that cross sectional areas of 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 & stream in Harare to have been 74% in a 12
year period,

Neller (1988) compared the erosion patterns of 2 streams draining
similar sized sinall catchmants in New South Wales, 5 years afier the
completion of housing construction in one of the catchments. Despite
the relatively low density of development, 13.6% impervious ares in the
urban catchment, the bank erosion rate of the channel remained 3.6
times higher and Knickpoint retreat 2.4 times greater. He concluded that
the urban channel was not inherently unstable, but that the increased
erosion was the result ot changes in catchment hydrology. Significant
Ingreases 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 racordad.

In Johannasbtirg the author has observed that the Braamfontein Spruit
Is Increasing the cross sectional area of it channei by increasing the
width, and has reduced the slope as far as possible in the short term by
eroding tc the point that the channel bed level is how largely cor ... Yled
by a series of rack outcrops. These effacts have not been guantified,
but the increasing need for bank stabilizaticn to protect services and in
rasponse to complaints by owners of riparian property is clear svidence
that this is the case (Whitlow and Brooker, 1986a). The General Plan of
the Township of Parkhurst, compiled in 1904, clearly shows the
boundaries of a viei where there is now a deeply incised channel
{Brooker, 1891) .

The mechanism of the process is slear. Stream channel geometry is
formed by all discharges but the basic shape, width, depth, and

meander pattarn result from the bank full discharge. In 1947 Lane
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stream’s sediment load caused by settling within the pond will, to some
extant, 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 catchmants undergoing urban development, particularly where
gradients are steep, the amount of sediment picked up by the overland
flow is high. Detantion of the spate flows wiil raduce 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 that
may mitigate against their impiementation. Some of these
disadvantages and constraints are described in detail fater in this report
and some will becoms apparent only when a specific projsct is
contemplated. Storage ponds are not & panacea for ail stormwater
managemant problems and, as stated previously, each application
should be approached on its own merits.
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sitting and the accumuiation of debnis, particularly at the pond outlat,
and have to be cleaned out regularly, an espécially immadiately after
they have bean in operation. Careful desiy ~tantion needs o be paid
to aceassibility, particularly as the bottem of the pond may be wet and
mugddy whan cleaning is most important.

Wet ponds need careful control to maintain water queslity to prevent the
development of smells. Mosquitoes and other pests need to be
controlled.

Meintenance activities will depend on the nature of the storape
pravided, some issues that require consideration are:

Wet Ponds
. maintenance of water level
. control of water quality
. cantrol of mosquitoas
. control of sadim-nt
Infiltration ponds
. blocking of surfaca by fine sediment
. poliution of groundwater
Parous media resarvoirs
. L.2gging of voids
. blocking of outlets
Pry pends
. acsumutation of sadimont and debris
» clogging of outlsts
. mainteniance of other facilitios where dual use is envisaged
’ control of damp areas
Roof top and ather parking arens
, clogging of outlets
. waterpraofing

. dederioration of struciural layers
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There is also a probability of structural “ailure of the pond and the
consequences of this occurrenece should also be considered.

4.8, Dosign Conslderations

There are sevaral other aspects that need to be considered in the
design of a stormwater detention system. It is these peripheral iss..es
that appear to have contributed most to the resistance to detention
systems for the control of stormwater found within many local
authorities in South Africa.

4,5.1. Structural Integrity
By their nature detontion pends are often constructed in flood plains
wherg founding conditions are difficult, and embankments may be
subject to overtopping more fraguently than is the case with ordinary
dams. Detention ponds are most often in, or upstream of urban areas,
56 the consequences of the wave following the collapse of an
embankment superimpoesed on the atready high flood stage in the
stream can be catastrophic. Careful attention therefare needs to be
given to the ‘esign of the different elements to ensure their structural
integrity. Steep earth embankments need particular care as they mey
be subject to rapid draw down conditions as the detention pend
empties.

4.5.2. Environmental Considerations
Although detention systems are onvironmentally boneficial or: balance,
thoy will have some adverse environmental effects. Wetlands oftan
provide suitable. and economieally attractive, sites for tho construrtion
of ponds, and ali aspects of the environmental impact of the projocts
naed to bo considored.

4.5.3. Managemont and Malntenance
As with all ongingoring structures, and stormwator structures in
particular, dotention ponds raquire maintenance. Thoy aro subjoct to
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This value for the crilical storm duration can be tested in the model,
and used to calculate new raafficients for the parabola if necassary.
The method has been found to convearge rapidly.

The approach is equally valid for complex, catchment wide stormwater
management planning where there may be multiple ponds in series or
pargliel, and combinations of othor measures, it must, however, be
stressaed that the cuive for a complex system is net necessarily a
parabola with a single maximur, local maxima may exist and the model
shoulg be tested at remote values to check for this condition.

It is also important to detormine tha criticeal storm duration for all ponds
in the systom. Typically the critical duration will Inerease down the
catchment.

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

Probability of Failure

The daesigner of a stormwater dotention gystem must be aware that
thorg is always a probabilitythat the design fisod wil bovxceaded, and
the consequences of this must be taken intg account. The existenca of
a detention pond wilt distort the discharge 7 fraquency curve for tho
wator course, flood peaks up to the design reeurrence interval will be
reduced, but the peok dischergaes of larger floads may be unchanged.
The prosonco of the pond may therofore croale a false sensa of
security in the fioodplain downstream. Tho major drainage route
downsircam of the dotention structure must be identified and tha
implications of falure of the pond considorad.
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hydragraph with a reasonably smooth curve, and Jdh was arbitrarily
chosen as 0 01m. Analysis resulta were chacked for volume ¢hanges
by integration of the discharge / time curves of tha inflow and outflow
hydrographs. and for mathematical correciness by ensuring that the
peak of the outflow hydrograph feli on the falling limb of the inflow
hydrograph. All errors were found to bo within acceptable engineering
limits given the other assumptions such as tha linearity of the stags /
surface araa curve, and the contour spacing at which this curve was
measured.

Effect on the Hydrograph

Reserveir routing has two effects on the hydrograph, the peak is
attenuated and the peak is lagoed, there is no effect on the hydrograph
voluma. This makes the design of detention storage ponds a process of
trial and error, because the critical storm duration for the combination of
available storage and outlet characteristics cannot be caleulated, and is
frequently very much longer than the critical storm duration for the
catchment without storage.

This caleulation progesa ean be shortened by pradicting the critical
duration aftor throe frials have heen made. The pracedure works best if
the critical duration is guessed and the inflow and outflow hydrographs
are computed for threa storm durations, one close to the guessed
eritical duration, and the othars some time sharter and longer then the
guessed durdtion. The coefficients «, 5, and « of a parabola of the form !

(p al bl e Equation 4.10
! @ storm duration

can bo calculated and the derivative set equal to 2ero to give a belter
approxintation to tho eritical storm duration, 74,

{l Jal b
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4.2,

4,21,

DETENTION STORAGE

Detention Routing

Detantion storage simply provides storage volume in the continuity
equation

i To o AS 0 Equation 4.1

[:]

I'i
F'er

AN

Volume of inflow over time step
Volume of outtiow over time step

n

Crange in storage it the raservair

In most flood routing casss the inflow Is known, and there is some
known relationship between the volume of storage and the volume of
outflow for the time step. The equation can be solved for the outflow
and storage hydrographs using a reservoir routing algorithm such as
the modified Puls method descrived by Wilson (1975) pp 156 - 160, or
that developed by the author and descrived balow.

Reservolr Routing Algorithm

Descriptlon

The author's program differed from all others tested in one mejor
respect. All of the comiercial programs tested required the staga
storage curve for the pond to be input as data. Calculation of tihis
relationghip is, however, unnacessary and appears to be an artefact of
the manual calculation techniques such as the Modified Puls Method
used in the past. The author's algorithm used the stage / surface area
curve that can be measured directly off the mapping of the reservoir
basin either manually or by almost any CAD / DEM package. Volume
caleulations using DEM medelling packagos have, until recently,
proved t¢ be notoriously problomatic, and remain time consumming.

The pragram uses & Newton-Raphson numerieal scheme to compule a
vory good solution to the continuity equation, with the only
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3.3.4,

taken up rapidiy as the flood rises, and on-stream ponds make less
effinient 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
structuras, with inlets designed to allow the bypass of bott 1e low
flows and the rare flood flows. Hydraulic design of Infet and outlet
structures can be difficult and require physical modelling to ensure
efficlent and safe operation at the full range of design dischargss and
pond stages.

Applications

The selection of a fluod attenuation technique would therefore depend
on {he design objective. Small scale ponds and infiltration pitches are
most often used in on-site applications to control run-off from relatively
small areas, and would have to be implemented as part of & catchment
wide policy to have any significant effect oh stream flow, On-stream
ponds are banaficial whare spate and small flood flows need to be
controlied, for example to alieviate the effects of urbanization on
stream bank stability. Off-stream ponds are particularly successful in
truncaiing the flood hydrograph peak, to prevent the dowvnstream
discharge from exceeding the capacity of a structure or channel, for
example the Bawden Park detention pond discussed in Chapter 4, or
the Mount Pleasant dam on the Klip River upstream of Ladysmith in
Kwazuiu Natal,

Equllibrium Channel Size

It has been shown earlier that the literature supports the contention tiinat
equilibrium channel size is determined by ali flood discharges, and that
a siream typically creates an incised channel to accommeodate the 2
yoar recurrence interval flood. Attenuation of spate and sme. flood
flows by on-stream storage can, therefore, have a significant benetit in
raducing the size: of the channe! downstream. The reduction of the
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Acquisition 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 must 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. Although these wet areas may
facilitate the infiltration of stormwater intc the soil, they perform a
different function frem retention ponds, as their purpose is primarily
aesthetic, and their benefit mainly environmental, for example e
ponds in the Sunward Park detention ponds discussed in Chapiar 4.

Retention Storage

Retention ponds control runoff by storing stormwater until it percolates
into the soil or evaporates. They are uften combined with detention
ponds in a “blue green” system.

On and Off Stream

Storage can be provide on-stream, where it intercepts all flow and
begins to fill from the start of the flood or off-stream where it is
bypassed by flows up to a certaln threshold. The description is based
on the functioning of the detention structure, and nof necessarily on its
geometry.

An off-stream pond can be created by constructing a barrier across a
streamn, 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 overfiow weirs or siphons can be
provided to divert some, or all, of the flow above a certain discharge
into the storage pond. Off-straam storage has no effact on peaks below
a certain thrashold. and therefore is of no benefit for spate or smaller
flood flows.

On-stream storage lies in the path of all flow in the stream, and is most
frequently combined with a wet pond, as it will begin to fill whenever
thera is fiow in the straam. The available storage capacity may be
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4.2.3.

(o, = outflow ratc at start of time step

Qo = outflow rate at end of time step

I = water level in pond at start of time step

hy = water loved in pond at end of time step

Cofhy) is knawn from the previous time stap or the initial
conditions

COnthy in unknowi:

Storage AN I8 a function of the surface area of the pond

AS= fAth) Y Ath) Fxh-h) 2 Equation 4.8
Afth) = pond surface area for water level at start of time step
Athd = pond surface area for water lavel at end of time step

Newton-Raphson Horative Scheme

A Newton-Raphson itgrative scheme can be sat up to compute /iy, the
water leve! at the end of the time step, becausge all variables are
known, either as initial conditions at the start of the time step, or as
explicit functions of A

~Fit Vo AN - fih) Equation 4.2
hﬂ l i "j H‘_n‘i) -'.Ilf l.(h,ﬂ“) Equation 4.7

A forward difference spproximation s used to estimate the derivative
1'thy), with a sufficiontly small wai.. for

F'th) = (fhy +h) - Fidl s Equation 4.8

e = ha= X fthe) (R + oh) = b)) Equation 4.9
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acsthetic pleasure from a well desighed pond are intangible and cannot
he adequately accounted in the cost benefit analysis.

Parker et al {1987) define a topology of flood losses. equally applicable
to flood protection henefits, as direct or indirect, and tongible or
intangible, as set out in tabie 4.1, and give detailed technigues for
assossing benefits under different conditions.

Tabls 4,11 A topology of flood losses (Barker of al 1687)

L Measurement .
S o ~ Tangible ] intangible
Form Dirpet | Damage to buildings | Loss of an
of o and contents 1 orchaeological site
Loss Indirect Loss of industrial |  Ingonvenience of
production [ post-flood recovery

Assassment of potential flaod losses, necessary to daterming the
benefits assaciated with a flood alleviation achemae, is difficult and
uncertain, particularly where indiract costs sre concerned. Cost data
from pravious floods needs to be treated with care to ensura that
collested data is raliable and not inconsistent, 0.g. based on
replagoment or dopreciated costs.

Potential damage costs should not be determinad for a single event,
but riust bo asscssed far the dasign life of the prejeat and for a full
range of probable floods. A financial analysis, using a technique such
ae that propased by Annandale {1988), to detormine the present value
of ali potential flood damage during the lite of the project is raquired.
The present value of probable damage ¢osts can then bo compared
with tha prasent vaiug of tho alleviation sehome o ascortain the cost
affoctivenoss of the alleviation measures.

Environmental Impact Assessment

Each projoet thorofare noads to be individually analysed objectively and
subjoctively. A thorough environmaontal impact analysis, that
omphasizos the sacidogical and environmental issues as strongly as it
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warg varic: from zero to R100 /m-, roughly corresponding to the range
betworr - : enst of land in @ public park to the cost of land in an upper
socio-gcanomic level residential township. Land costs in commercial
areas could be consideiably higher.

Fill costs wero taken in the range from R20 im* to RGO /m®, roughly
corresponding to the 19987 rates for cut to fill in the immediate viginity of
the wall arid fill from a commercial source.

Figura 4.4 shows the sensitivity of the cost of storage to the cost of tha
lard and Figure 4.5 shows the senasitivity to the cost of the sarthworks.
These figuras show clearly that, for an impoundment behind an earth
embankment, the total cost is very much more sensitive to the land
cost of tha site than to the construction cost of the embankrment.

Figure 4.4 : Retationghip botweon storange cost per unit volume and walt holght

fc;revary!ng lond cost in a valloy with a fongltudinal slope of 2% and sldo slopos
of 6%
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4.8.2.

“hnology for the madel village. In Bawden Park there was aimost no
diffarance in the estimated costs of tha sch :mos, but the peripheral
songidorations predominated. ’

Groundwater rechargewas & primary consideration n Wostfieur and to
a lesser degree in Graceland. No infiltration was considered in either
Sunward Park or Bawder: Park,

Water guality improvement is expocted in Westfleur, Sunward Park,
and Graceland. The Bawden Park scheme is off channel and bypassed
by floods up to about a 10 year recurience intarval, and by the first
flush of larger events. This scheme therefore doos not offor any
improvemaent to the quality of stormwatar 1unoff, although an
accumulation of silt and fleating dabris does eacur in the pond, so ‘hera
is a ymall and infrequent bangfit.

Storm rainfall characteristios sre differant, Westflour is in the Westorn
Cape where long duration, relatively low intensity, high volume, storms
are anticipatod. The othar three  re in Gauteng whare flood causing
storms are typicolly short, intense, convection gvents of relatively low
volume.

Sunward Park

In late 1982 and orly 1983, whon the civil enginoering design was
done for the dovelopment of Sunward Park and extonsions in
Boksburg, it was found that \ne townahip area was bisgcted by a
surface drainage line iunning-from narth to south. This drainage line
wag typical of tho East Rand topography, oppearing on the availablo
contour mapping as 4 shallow doprossien, and tho town planning,
completed before 1973, had not mado «dequate provision for the
accommodation of the floodwator that would congentrate there. The
total catehmant viea decining to thiss doprossion was moasurad to be
1.8 ha at the nothormn boundary of the township and 102.8 ha whaore it
oxited through the southern boundary of the townshin. Tho tawnghip
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4.8.1,

Casoe Studios

intresuction

Faw eoue studies of detontion storage schamos implemiented recontly
n St Africa are prasented hore  Each tlustrates difforent entena
that we : applied n the decision on whather to mplomant the schemos
Three, nomely Sunwird Park, Bawden Park. and Graceland were
designed by the writer Tho fourth, the Westlleur and Atlantis Industria
stormwatar management systom, roaeived the SBAICE Westorn Cape
Rogional Award in 1987 (Civ Eng SA 1988)

The marked differences and similanties between the schemes are
summarized briefly hore betorn thia sehomeg are dosenbod m seme
detail to illustrate these pointa

The Graceland and Wagtilour schomoes were planned and implemented
a6 part of new developmonts so the requirements of the schemes ¢ould
be eonsidered as the iand uge was detormmed The Sunward Park
sehome, although implemented as part of the initial construetion of
township servicos, was impased on the dovetapment by ahort sightod
tewn planning that failed to provide an adequate surface drainage route
through the proclaimed stands Theo Bawdon Park scheme wag
implementad in o long ostablighod urban aren to resolve a prossing
fload probiem that had ansen as a conseguencgo of road dovelopmont

The eatehment areas affectod by the sehemes vary greatly. The
Woestflour schemo covors some 20 ki, the Bawdon Park catchment is
G ko' in extont, the eatehmont wrea to the lowest of the Sunward Park
dams s 1 kme and the Grmeslnnd catehment i onty a fow heetargs.

Thio praaary motivation for the Buoward Park and Westiiour sehomes
i 2ot sdviens 0 both eases ther manioe sl stounwater sehomee cost
about SO0 of the altermatwe direetly draoad soluton 0 Graeeland

SOME Cast Savingg wits getiovod . but Hho prmary reasan for accopting

thy detentien Sohomo was appuopiiite. ohwieonmontoally sensiive,
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analysas the financial costs and bengfits, should be considered. At very
least a stoping exercise, as set out in the Dapartment of the
Environment Guidelines {(Deopt. Envt. Affairs, 1992) should be
completed.

In¢creased Floading

A rajor objection that is often raised against the provision to detention
ponds, as a catchment wide flood management option, is the possibility
. ingreased flooding, If the detention storage alters the timing of the
hydrograph peaks so that they coincide. Boyd (1993) reviewed the
modeliing of eighteen regional and on slia detention storage projects,
and concluded that it was unlilkely that detention storage would have
an adverse sffest on downstream flood peaks, but that the enginger
had an obligation to ensure that no adverse effects did accur, and that
the total catchment should be analysed.

A procedure, as discussed earlior in this report, should he followsd to
determine the eritical storm durations, and ensure that ¢ritical
combinations of conditions are identified and tasted.

The validity of the assumption underlying most flood discharge
calculations, that the warst condition results from a storm covering the
entire catchment, with & duration equel to the time of concentration,
should be critically raviewed for aach case. The prebability of storms
covering smaller parts of the eatchment, and agsurring in some critical
sequence, must ba assessed.

The possibility of upstroam flooding, particularly by backwater effects in
gantly sloping valleys must be considored. Properties adjacont to the
pend are &lso susceptibie to floeding and the offect of o flood
oxcoeding the desian evant must be considerad,
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Flgure 4.1 : Flow chart for the computation of the Newton-Raphson regerveir
routing algorithm uging pond surface area
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The scheme was not speeifically testod for sensitivity to eithar oh or At

A praclical value was found for At in the rang,e 2 to 5 min to give an
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Figure 4.5 : Relationship between storage cost por unit volume and wall helght
for various fill costs in a valley with a fongitudinal slopo of 2% and sido slopes
of v%
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All of these figures show that the unit cost of storage diminishes rapidly
with increasing wall height, until the wall reaches a height of about two
metres. Thase analyses do not take into account the establishment
costs which would be proportionally higher for smaller earthworks

pr w glg.

Where the  rage volume is created by excavation the cost will
dependontl, uture of the insitu material, and be directly proportional
to the volume of storage required. Excavation in hard material costs
mora than excavation in soft soif but not necegsarily more than
excavation in very soft material where specialist technigues may be
required.

Other Costs
Amongst the other items that will affect the final implemantation cost
are:

. Embaniiment and struetural founding conditions

. Iniot structures
J Qutlet structures metuding omergency overflows
. (hannel bank protection within the pond
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4,2.2,

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

Numerical Scheme for Reservoir Routing Algorithm

if it Is assumed iat all variables change linearly over the time step, and
a sufficiently short time step is chiosen to ensure that tha error inherent

in this asgsumptions is small, then the routing equation can be solved as
follows:

Gontinuity

“Fitlor A8 0 Equation 4.3
Fi=  volume of Inflow over time step

F'o = volume of outflow over time step

A8 = Change in storage

infiow
Fi from inflow hydrograph

Vi ' (4 v ik x A/ 2 Fauation 4.4
/A inflow rete at siart of lime step
Qi = inflow rate st ond of time step

A t

H

time step

Outflow

Voo Qo OQodat 2

Vo is a function of the outlet charactenstics of the system

Vo {Oofh) v Coth) Fax A2 Equation 4.5
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approximations being the stage / discharge relationship for
unsubmerged pipes, where the iniet shape is taken as rectanguiar with
a given aspect ratio, and the assumption that compound stepped weirs
will act as individual rectanguiar weirs with no significant interaction.

The numericat scheme, as set out In Figure 4.1, is a procedure 1o find
the root of the aquation:

Fit Vo v AS - fhy) Equation 4.2

Jthy)  is a function of water level in reservoir

uging a forward difference numerical approximation for the
derivative /'y,

This algorithm was used as the basis of the flood routing comn..er
program written by the author to run on an HP86 computer, as
presented in the code given in Appendix C.

The prograrn was capable of computing routing through reservoirs with
multiple pipe or box cuivert autlets and compound stepped wairs with
up to three levels plus spill over the wall crest. Broad, sharp or ogee
weir crasts could be considered by changing the discharge cosfficient,
and each crest leve! in cormpound welrs could he given different
coeificients. Trapezoidal and Vee notch weirs could not be unalysed
using the program as presentad, but could be incorporated by simply
adding appropriated overflow functions to the tode. The program was
rastricted in the way in which multiple pipe or culvert outlets were
handled in that all conduits had to have the same invert level, height,
cross sectional area, and discharge coefficients. To approximeate the
unsubmerged discharge characteristics of circular, or other irregularty
shaped, conduits the program calculated the mean breadth of each
structura as tha ratio of area to height, an approach that avoided the
computational effort required to determine critical depth.
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s Downstream channel protaction measures and enerqy
digsipation structures

. Embankment protoction

. Periphoral structures e.g. fencing, signage ete.

, Subsgil drainage

. Monitoring equipment

. Apsthetic improvements, landscaping, grassing ete.

Increased maintenance costs ars often cited by Local Authority
enginears as their mast pressing objection to the construction of
detontion ponds. Whilst it is trug that porida require maintenance their
pragsance localizes many of the activities that would have to be carried
aut anyway, for example:

. the debris and giit trapped in the pond after a storm would have
to be cleaned out of the system downstream.

. raduced downstream peak digcharges can reduco the long term
maintenance requiraments of tha downstream channel.

The everall balance of maintenance costs and banefits therefore noeds
to be considered, and not only the immaediately apparent additional
burden placed by the pond itself.

Benefits

Benefits too are highly site spocific. Pands may be constructed to
protect the high value contents of a particular building, for example the
Wierda Vallgy pond in Sandton, or to ebviate the need to construct a
costly culvert under g busy voad, as was the case with both tho Bawden
Park dotention pond in Booysons, which greatly distorts the financia)
benefits.

Qthor bonefite such ag the recreational opportunitios offered by multiple
uso ponds, natura consorvation areas, improved water quality, energy
dissipation reducing the erosive power of tho flowing wateor, and the
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Figure 4.2 : Unit cost of storage for different valley topography, land cost

R1004m" and fill cost RE0IM’,
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Further analysis showed that the unit cost of storage is totally
independent an valley side slope, and Figure 4.3 shows that cost
variation with longitudinal slope is small, even when the range of slopes

is exaggerated.

Figure 4.3 : Unit cost of storage for exaggeratedly different valley longltudinal
slopes, land eost R100/m? and fill cost RE0/m®,
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Land and Fill Costs

The same analysis showed that the cost per unit valume of storage was
sensitive 1o both the cost of the land that would bo inundated by the
pond and the cost of the: fill used to build the ombankment. Land costs
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For the purpose of this report the land occupied by the wall and the
verge required for freeboard around the pond can be ignored. The
relationship betweaen storage volume and surface area for a triangular
valley is than:

A --3x1,/h Eqguation 4.13

A Pond surface area

The total cast is then:

or o - Rpxd i Ruxtl, Equation 4.14
(T = Total Cost
R = Unit cost of land

Ry

il

Linit cost of fiil

The cost per unit volume of storage is then;
Ce v Equation 4.15

Valiey Topography

The effact of valley topography is shown In Figures 4.2 and 4.3. Valleys
in the Johannesburg area typically have longitudinal slopes of batween
1% and about 4%, with side slopes ranging batween 3% and 10%,
Figure 4.2 shows that, within these ranges the unit cost of storage is
nearl: " :dependent of valiey longitudinal and side slopes.
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Storage Per Unit of Fiil

Where the storage volums is craated by impoundment benind 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. If extrangous 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 he 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 longltudinal and side slopes, because a simple aigebralc
formula could be derived for the wall volume and the storage volume. A
similar analysis could be done analytically for a valley with any
peometrically definable shape, or numerically using at digital terrain
modeliing package for a randamly shaped surface.

For a uniformly sloping valley the foliowing relationships apply:

Wall volume

Py =wxlfSs + 2807 (3x 5.2 5) Equation 4 1
Storage volume

Ve I/ (3x8ux8S)- 1/ (3x8 xS Equation 4,12

Ve
V.\c

W

Volume of wall filk above valley fioor (m%)

2]

Volume of storage in pond to top of wall (m?)

;]

width of wall crest {m)

b = wall helght above vallay floar (m)

Se o= wall slope equal for both faces (mim ViH)

AT valley longitudinal slope (ri/m V. H)

SN, o= valley side slope equal both sides (m/m ViH)
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Aesthetles

Enginsers often do not have a keenly developad aesthetic sense and
specialist advice, from a Landscape Architect or other suitably qualified
professional, shoukd be taken to ensure that the pond fits into its
context and does not become an eyesora (Brocker, 1982). Thea inlet
and outlet structures, that are often the mos! offansive, can either be
disguised, or changed in form and emphasized to make an ariistic
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 goas into the design.

Investigation into public perceptions of water quality have shown that |
the ganeral public often places more emphasis on sensual indicators,
sight, smell and even taste, than on scientific tast results {Quick and
Johansson, 1992). The designer of the pond needs to be aware of the
public wil judge the success or failure of the project by what it «wes and
feels, not on theoretical engineering considerations such as changes to
flood probabiiities downstream.

Cost ! Benefit Analysis

. Costs

It is not possible to produce a generic cost / benefit analysis for
detention ponds, sach case neads to be treated individually.

Typically costs per unit volume oistorage will depend heavily on the
major cost items:

. Volume of fill or excavation
. Excavation cost

. Land cost

. Outlet works cost

and each of these aspects needs to he considered separately for each
individual sife.
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4.5.4. Safety and Public Health
Even if the pond does not have a dual use as an active recreational
araa rapidly rising water levels in a detention pond represent a severe
threat, and the pond outlst is potentially particularly dangerous. The
rate at which the water level in the pond is expected to rise will, to a
large extent, determine the required safety measures.

Careful attention must be paid to the cutiet design to minimize the
chances of people being trapped, and the pond must have multipie
escape routes. The sides of the pand should ideally all be sasily
clirmbed by a panicked person flaging from rising floodwater, and hot
only & rational person who cen search for a strategically placed ladder.
The likely presence of young children needs to Le considered,
particularly where the pond is to be used as a playing field.

Sufficient, easily understandable and prominently placed signage,
warning of the potential dangers, must be srected.

Urban storrmwater may carry a high pollution toad depending on the
iand use in the catchment. The first flush of stormwater after a long dry
spell ray have a quality not much better than raw sewage and, if this is
allowed to deposit its dehris 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 from places whare polluted material is 1 iely to be deposited.
Whare this is not possible provision should be made 1o keep people out
until the necessary gleaning up is complete.

On balance, however, stormwater ponds are probably safer than the
smoath, fast flowing drains with unclimable sides, where flow velocities
may exceed that speed at which a man can run.
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5.3.2.

5.3.3.

5!3.4!

. The batance of the catchmeont, about 50 ha in extent that feeds

into the water course, sither overland or via & pipaed outfall more
than 400 m upstream of the culvert. )
The stream gauge has been in oparation for goveral years and a
reasonable record of runaff evants has been recurdad. The location of
the weir is shown on drawing Figure 5.1,

Detention Pond

During the winter of 1992 a detontion pond was constructed upstream
of the culvert under Edison Crescent, at the Josation marked "A" on
drawing Figura 5.1, and the stream diverted so that ali but very high
floods are routed through the storage. The inflow to the pond is
measured uging a Crump weir, and tha outflow measured by using the
stage/discharge function of the 800 mm diamater outlet pipe from tho
pond. Watgr depthe in the headwater pond of the inlet weir and in the
datention pond itself were measured using pressure sengors and
digitally racorded on dain loggers. The design and construction of this
pond is discussed in Appendix B.

Ralngaugoes

Four autographic rain gauges are located within or vary close to the
catshment. The portions of the Thicssen polygons represeniative of
theasa gauges within the catehment vary boetween 7,9 ha and 37,2 he.
Raingauge 2 situated in the centra of the catchment covers tho largest
area, so the aagrea of coverage is regarded as good.

Groundwator

Four boreholes arg used to maniter ground wator lavels. With suitoble
ingtrumontation thoso borohelas ceuld bo used to give an indication of
subsurfaco fiows. 1t is probable that the foundation of Edison Crescent
damg the flow of the porched water tablo and this could be checked by
constructing a well close to the stream gauge.
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5.2.4.

5.3.

53.1.

of paving, and singla unit residential properties of about 1 200 m* in
area make up the balance at the catchment,

The 1990 Sandton 1.2 000 orthophoto shows that most of the
residential 1 property in the township is developad but that some of the
commercial or residential 2 praperty is still to be covered.

Stormwater Drainage System

The storn.water drainage system in the catchment is efficient. Roads
run gena.ally downgslope and are weli provided with kerb inlets at about
80 m intervals, draining into pipes that discharga diractly into the water
coursa taat is not lined. From the tayout it appears that no attempt had
heen made during the planning and design of the township o increase
flow path lengths or reduce stormwater runoff in any other way, The
system may be describad as one for stormwater drainage rather than
stormwater management.

Catchment Monitoring

The catchment is well instrumeanted to allow the computation of a water
balance. Inflows are rainfall and municipal piped watar while outflows
ore surface runoff, avapo-transpiration, percotation into the deep
groundwater, sub-surface runoff in the perchad water table and sewage
flow. Numaraus projects have been conducted by the Water Systems
Research Group using this instrumented catchmant and a detailed
degcription of the instumentatior: is beyond the scope of this report.

Qutfali Gauge

A stream gauge in the form of a Crump weir is located in the water
course immadiately downstream of the cuivert under Edison Crescent.
The catchment at this point is 2 hydrologically distinct eloments:

. The formal piped system of Edison Crascent and Faraday
Road, about 14 ha in extent that dischargos indn the water
course only at the culvent.
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5.2.2.

5.2‘3!

Solls

The soif units woere mapped as part of a regional investigation by HKS
Consulting Engineers (1978) and found to be typical of the underlying
bagement granite geclogy. Three units ocgur within the catchment,
hillslope, gulleywash and gulleyhead.

Hill slope.

The axpectad stratigraphy would be sandy hillwash overlying residual
granita clayey sand with density increasing with depth. This soil
stratigraphy frequently exhibits a perched water table in the hillwash or
reworked residual soil of lower density.

Guileyhead.

Less pervious soils oceur in the gulleyhead seil unit close to the
watershed at the east end of the catchment. The soil profile typleally
comprises & 0,2 m to 0,3 m thick [ayer of hillwash overlying a
ferruginous pehbla layer or forricrete horizon between 0,3 mand 1,0m
thick. The hillwash is relatively pervious but the ferruginised layer limits
infiitration to depth, genarally resuiting in a perchad water table.

Gulleywash,

The soils of the main wostward flowing drainage line are typical of the
gullaywash profile. The profile is generally a silty sand topsoil about 0,3
m thick overlying a slickensided clay or clayey sand alluvium underlain
by clayey sand residua) granite. The gulleywash unit is poorly drained
with tho clayey soils allowing little infiltration,

Developmont

Developmant within the catchment is typical of an upper
socio-aconomic township in Gauteng. Land use varies between high
donsity office and shopping cantres with extensive paved parking areas
diractly connected to the drainage system through to a significant
proportion of park. Townhouse davelopments with differing proportions

Page 58



61,

5! 2I

5.2.1.

SUNNINGHILL MONITORED CATCHMENT

Introcuction

Monitering of stormwater detention ponds is regarded as important for
saveral reasons, Watt and Paine (19293) in their description of a case
study in Ontario give three:

. the blological, chemical and physical processes are pootly
understoad,

’ the knowledge base on fisld instrumentation is sparse,

. quidelines or regulations for performance monitoring are

imminent in soma jurisdictions.
The biological and chamical processes are not relevant to this study as
it does not deal with water quality. The physical processes are
important, hydraulic characteristics of pond outiets are not well defined,
particularly where high dabiis loads are likely to oceur, Whilst a legal
requirement for performance monitoring of stormy: ~ier management
Installations doas not appear to be not imminent in South Africa at this
time, soveral local authorities are devaloping stormwater managemant
policies that may offar a financlal incantive to dov Jlopments whera
stormwater runoff is restricted. 1t is likely that some form of
perforinance monitoring will be introduced in the future.

Catchment Description

Locatlon and Topography

The Sunninghill monitorud catchmant is lecated in Sandton, Gauteng,
to the north of the N3 and to the west of Megawatt Park. [tis 68,7
hoctares in extont and drains westward from an elevation of © 8§20 m to
1 460 m with a maximum drainage route length of about 1 200 m. The
topography is gently rolling with typical slopes of 5% to 7%.
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4.8.5. Atlantis industria Stormwater Management System
This stormwater management schame, implemanted betwean 1978 and
1986 in the Western Cape, is described in some detail in The Civil
Engineer in SA, February 1888 and will not be described again. It is
presented here as an example of a regional scheme, covering some 20
km* with 11 detantion ponds, in contrast to the 3 local schemes
dascribed above. One of its unigue features is the deliberate recharge
of a8 ground water aquifer to return water to the boraholes feeding the
town water supply.
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excavating & trench about 0.8 m desp and 1.2 m wide 300 m long
around the soccer figld, lining it with geofalric, and backfilling with
about 0.6 m of 19 mm stor~. Geofabric was then placed over the
stone and coversd with about 50 mm of soil and the top of the trench
trimmed to trapezoidal shape. The field, and the soil over the swala
ware planted with kikuyu grass. Stormwater is directed onto the surface
of the swala at 2 points on the long side, and escapes via a single 450
mm diamaeter pipe in the middie of the opposite side of the field. The
swale itself provides about 180 m? of storage, equivalent to about 20
mm of excess rain on the contributing catchmant, and a low soil berm
was constructed along the edge of the field to provide an additional

2 000 m?3 of emergency storage.

Benefits anticipated include:

* A significant attenuation of the runoff hydrograph

. Improvement of the runoff water quality by filtration trough the
gress and stones.

. Trapping of floating debris.

. A reduction on the irrigation water volume required for the

soceer field becauss infiltration from the swale will augment the
soit moisture under the playing ares.

Possible problems anticipated included:

. Unacceptably long lived wet patchies on the field reducing its use
to the commumiity.

. Gradual blocking up of the voids in the stone drain reducing its
effactiveness.

. Unacceptable accumulation of debris on th. playing field,

To the best of tho author's knowladge none of thizse problems has

materialized in the 8 years that the system has baen in operation.
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4.8.4,

The hydraulic operation of the culveri and inlet and outlet structures
was checked in a 1:30 scale mode! construgted by the Depariment of
Civil Engineering of tha University of the Witwatersrand,

The detention pond was completed in 1996 and operated during a
storm in October 1996, when the water depth in the basin reached
about 1 m. Some damag= to paving and dry stack retaining walls was
done by fast flowing, turbulent water immediately below the inlet, and a
significant guantity of sediment, mainly mine sand was deposited in the
tiasin. The nacessary mainienance work is still to be done (July 1897

Graceland

The model village of Graceland was deveioped, on behalf of &
consortium of industrias in the Wadeville area of Germiston, to house
middle income workers and subervisory staff. The project was aopen to
any business in te area, but an initia) criterion was that the purchaser
of a home had to work within a reasonable hicycle ride of the township.
Any housing subsidy was a matter batween the employer and the
purchaser of the home, but the employer was reguired to contribute a
sum towards the community infrastructurs in the township. A school,
clinic, and recreational facilities could therefore be developed rapidly,
and without financial support from the local authority.

Tha fownghip is roughly rectangular, about 800 m by 400 m, and
hounded by the Elshurg Spruit along its south western border. A
recreational complex, including & soccer field has been established
roughly in the middie of the development, Stormwater is managed
within the township on sound hydrological principies, there are a
minimum of pipes and roof runoff is directed first onto grassed areas
hefore draining onto roads.

On the side of the township stormwater from an area of about 8 ha is
diracted into a stone filled swale that forms a shallow depression
around the 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 {o the downstream propertis. |

. The outlet frem the pond would be via a 2 m diameter pipe
jacked through the variable fill forming the Bocysens Road
embankment, and the construction of this outlet would reguire
the demolition and reconstruction of the left abutment of the
existing culvert.

All of these factors were taken into account in the decision to
implament the stormwater management option, and construct the
detention pand.

Hydrological modelling was done using Hydrosim, with the catchment
discretized into about 60 sub-catchments, and the effect of the off
channel dstention ponds analysedwsing the reservoir routing module in
that program. Numerous combinations of inlet. and outlet capacities, as
well as sensitivity to catehment hydrological characteristics ware
computed and the final 50 year recurrence interval design discharges
are given In table 4.4

Table 4.4 : Booysens flood management, Bawden Park detenttion pond 50 yr..
racurrence intorval deslgn peak discharges,

. Storm Upstream Bypass Inflow Qutflow

! Duration | Discharge | Discharge

Lo Amin) L (mYs) {m¥s) | (m¥s) | (m¥s)

L8 4 87 1828 | 248 i 124

;.45 | 888 | 62 .24 | 138
60 [ .88 | 828 20 13
75 78.1 62.9 18.3 11.9

The table shows that peak discharges change relatively litlle with sturm
duration, but that the peak Inflow and outflow discharges occur for
diffarent storm durations.
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. The construction details of the old culvert were unknown,
concrete volumes and quantities of reinforcement could not be
datarmined, so demolition times could not easily be énticipated.

. Geotaechnical investigation showed the fill 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 wera very close to the abutment of
the culvert outiet.

. The main Johanhasburg to Cape Town telecommunication
cabies crossed the culvert in the Booysens Road sidewalk.

. A dry detention pond could accommodate a soccer field, 80
making aclive uss of the asrelict park.

. Existing downstream flooding probiems would be aggravated by
increastng the drainage capacity of the system.

In favour of simply increasing the culvert capacity were:

. About half of the land area required by the pond had been
ieased to the SPCA for 30 vears.

’ Of the total excavation volume of 20 000 m® raguired to creats
the detention pond about 13 000 m® was hard rock quartzite that
raguired blasting in the close proximity of a brick lined outfal
sawer and operating businesses.

. Haul distances for spoil wera long, and significant traffic
disruption could be expected.

' The hydraulics of the culvert, and particularly the complex
siphon outlet inte 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
agual to that of the new reach, subsequent calculation showed that the
old culvert was a significant constriction in the system, with a capacity
of about 55 m?/s compar.d with about 90 m/s provided in the new
cuivert. Experience on site during the construction of the road, and later
discussions with long time residentis of the area, proved that the oid
culvert was unable to pass fairly frequent floods, but that this did not
prasent a problem because flood water simply accumulated in the low
lying park land immediately upstream of the culvent. The construction of
the Booysens Road culvert in about 1810 had created an informal
detention pond upstream of the road embankment.

Construction of Klip River Drive with lts new culvert, and the placing of
19 Q00 m? of fill in the park, inadvertently removed this detention
facility, indirectly causing two floods, in December 1986 and again in
January 1980, that caused damage totalling about R30 million
immediately upstraam of the new culvert inlet.

Alleviation Measures

Two possible alleviation schemes were considered, firstly the
replacement of the old Booysens Road culvert with & new structure
matching the capacity of the new Klip River Drive culvert, or secondly a
stormwater detention pond to replace the storage removed from the
system when the road was built. Estimated costs of the two options
were similar and intangible factars 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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4l8l 3.

Table 4.2 : Sunwara Park detentlon ponds, design discharges and dam

volumes,

E. Locaticn Volume Surface Peak Discharge
i Area Syr. Rl [ 80yr. R)
? b L L m¥s | omls
|~ Nicholson Rd Cuivert | 67 1 139

__Dami 4000 1T B300 | B8 | 128
" Bamz_ 8850 I 10400 48 103
Dam3d 11,618 15,400 28 | 58
KingfisherRdCuivert |~ | " 1 28 ] 59

Cost savings were algo 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 establishmant costs and taxes such as GST or VAT,

Table 4.3 ; Comparison between estimatad costs of Sunward Park stormwater
managemant syatam and alternative free drainage system

Eﬁﬁmated Cost” ]
Design Alternativ.g BT

R333 600 R2 01 5 000

' Starmwater drainage systet with no
attenuation
lmplemented systam with thres

| detention pond

R‘IEO 000 RQOG 000

Booysens Flood Management

Background

In the early 1920's the City Council of Johannesburg constructed

Klip River Drive down the Wast Turffantein Valley, from Rifle Range
Road in the south to Booysens Row .« the north. The road started very
closs to the watershed in the south and closely followed the route of the
Wast Turffontein canal that nad been constructed in about 1835. 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 18 000 m® of fili 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 pioiting of a &6 year fioodline in terms of
Saction 168A of the Water Act.

The township layout included a park stand along this water course from
culvert under South Rand Road on thenarthern boundary, south to
Kingfisher Drive, from where it was expected that the stormwater would
be contained in a pipe.

The st~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 sarth dams with gabion weir
splilway outlets. These dams operate in series as on channel,
blug-grean, ponds with small, permanently wet, lakes of 4.7 m? to
700 m? maintained for aesthetic reasons. Because of the permeability
of the 0.5 m high gabion weirs the dams drain fresly 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 helght.

Wall side slopes are flat, 1.6 V. H, to allow easy maintenance by tractor
maurted mowers, and to ensurg stebility of the embankment slopes
even under overtopping flow. The slopes and the dry area within the
basins is protected by mixed veid grass native to the area, maintsined
hy periodic mowing. When inspected by the suthor in 1997 the dams
were found to be in goor condition with little apparent silting of the wet
ponds.

Significant altenuation and retardation of the fluod peaks is attained.
the design discharges and detention pond valumes are Jiven in
table 2
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Figure 5.6 : Storage Ratfo vs. Discharge Ratlo for the Sunninghill detention
pond for the porfod 14 November 1992 to 31 January 1983 Compared to
Published Design Guldelines.
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UG . iy o

Sy and Uplp

whera hd is the required flood storage
17 is the flood volume
vp s the outflow peak and,
Ip s the inflow peak

these indicators for data recorded at Sunninghili are set out in Table 5.3
and plotted against the design guideline curves in Figure 6.6

Table 5,3 : Storage to Volume and Paak Outflow to Poak Inflow Ratios for the
Sunninghili datention pond for the perlod 14 Novomber 1992 to 31 January

1993.
Event | Storod | Fiood Paak Poak Storage Storage | Discharge
Numibar | Volume | Volume | Outflow | Inflow Ratlo Ratlo Ratlo
sf Vi ¢p lp  [Unsubmergoed |Submerged| Qpilp
m | | ms | s .
0] oa ) [ 004 (T ua7
18 3 T Rty D03 (e — W HD
) FEL] 140 v 7e L) uig T el
] 1 ) do0g G ao (R v b7
T ThE (S ¥ 68 T 70 T Ol
T3 ] T4 + 04 (L U ou (A
¥ o4 [KE] WA 004 uAn W ri
¥ [Y] $00 (RN T T W
i’ ano LEYS (] it Y] S unyTT
T T4 134 (Y voh ] T v
(3 THY Te 06 Ty (T T S NN RO —
T1 30 BT (R (K Ty Ani M
3 . 307 VoY o T i
14 T U LETE) (T W o T
TR 318 1Y vio TR A TR TN R I i 2 TE M

The graph in Figure 5.6 shows that the measured results obtained from
Sunninghill agree fairly welt with the design guidalines. The peints
labelied 8, 10, 12, 18, 17 represent unrgliable data as can be clearly
saen from the hydrographs plotted in Appendix A.
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5.6.

. inaccuracies in the outlat stage/discharge curve because of
variations in the assumed geometry of the pipe mouth,
particularly the abrupt changes in diameter around the socket.

. The effect of ignoring velacity head would be proportionatsly
higher for shallower waler depths.

. Variations in inlet and outlet stage/discharge curves caused by
the build-up of debris.

. Ingccurate calcutation of the stage/storage curve for the pond as
a result of sparsely surveyad points, and the assumption of a
smoothly varying curve between calculated values at 0.6m
contour intervals.

* The assumption of a levei pond in the reservair would be
increasingly invalid for smaller flows.

. Errors inherent in the instrumentation would be increasingly
apparent for shallow water depths,

Routing Calculation

Tne theorstical reservoir routing program was tested againat the
measurad results for Event No 4, and the resulting curve is plotied on
the hydrographs for that evont in Appendix A, Tho measured and
computed curves agrea fairly well with the times of paok discharge
corresponding closaly. The roversal of the peak dischargas of the
outflow hydrographs, for the first peak the measured value is higher
than the computed value but for the sesond paak the computaa value
is higher, supports the assumption that the discharge coefficients
decrease with docreasing discharge.

Design Guidglines

Severgl agencies have publishad quidolings for the preliminary sizing of
dotantion pends (MeEnrooe, 1992). Tha eurves contained in thoso
guigelines are mostly prosentod ags rolationships botween tho
timensionless rotios:
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5!5!3.

These inlet coefficients agree reasonably well with values given in the
literature, 8.g. Stephenson (1981, p246) gives the following values for
guidance. )

unsubmerged ty 0.77
square bovel
submarged ¢ 0.57 0.65
t‘,—, 0.79 0.83

The outiat from the pond is a spigot and socket pipe with its socket
forming the inlet through the headwall, giving an approximately bevelled
adgo. Pond depths wers measured using a piezo-resistive sensor in a
housing close to the outlet. Whilst this housing wouild have reduced the
velooity somewhat it would not have been as effective as a formal
stilling well and a regidual velocity head would have existed. The effact
of velocity was iguored in the measured head levels and in the
discharge calculations, ard this probably accounts for the apparently
high unsubmarged discharge coefficient.

The residual veiocity head would alse have had some effoct on the
calculated volumes a8 It would have caused an under estimate of the
avarage water leval in the pond.

Reasons for Scatter

These graphe show a considerable acatter of data for the smaller
ovents, but a relatively good relationship between the data points for
larger flows. Sume general causes of inaccuracies whose effact would
be greater for smallor discharges are:

, inaceuracios in the inlet stage/discharge curve as a result of
constructian inaecuracias in the crump weir erast,
. Turbuleneo in the headwater pond of the inlot weir would ¢auso

arronoous readings of the upstream headwater levels,
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5.5.2, Discharge Coefficients
Figure 5.8 shows the relationship between the discharge coefficients
found to give the bast visual fit for the hydrographs plotted in
£ pandix A and the peak measured inflow. There is considerable
scatter of the low fuw data but for higher discharges that measured
data appears o be consisient. A trend of increasing values of
discharge confficier ;s with increasing discharge is apparaent for both the
submerged wid ungubmerged conditions, but more data would be
necessary to cunfirm this from plots of the data aloene. The shapes of
the plotted hydrographs for Event Nog. 4 and 5 in Appendix A also
indicate decreauing discharge coefficients with devraasing discharge. In
Event No. 4 it is the comparison with the computad hydrograph
discussad balow that gives this indication. in Event No. § the bast fit,
obtained for the first peak over estimates the peak outflow associated
with the second inflow peak indicating that a reduced discharge
coefficient would give a better fit for this second, lower discharge.

Figure 5.8 : Diachargoe Coofficionts for tho Sunninghil! detention pond for the
porlod 14 Novomber 1992 to 31 January 1693
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Further monitoring would be necassary o determine the ability of this
pond to attenuate hydrographs of greater volume.

Table 5.2 ; Ranked avents and attenuation ratlos for the Sunninghill detention
pond for the period 14 November 1992 to 31 January 1993,

| Evant Poak Peak Ratio
; Number | Inflow | Oufflow Qphfip
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Flgure 5.4 : Graph of attonuation ratia and Qutflow vs, Inflow for the
Sunninghlll detontlon pond for the perfod 14 Novoembor 1892 {0 31 January
1883
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Table 5.1 summary of computed paak inflow and outflow discharges for the
Sunninghlll detontion pond for the period 14 November 1992 to 31 January

1953,

Event Date Start Time | End Time Poak Poak Reduction
Number + 1 4 | loflow | Ouifiow | %
1 1411442 21:48 2306 048 m¥s 040 m¥s 16.7%

4 AT iBB2 ) 1730 ] 128mis | 078 mis 39.2%
5 801793 ) 1702 | 1912 | 018m¥s | 0.10m¥s | 23.1%
g wisiis 1 iEE | Taes | veinw | GEvE T 166w

g ates 1 ddte | TEaE 1 068 mTs T 007 mie " 15.6%
-5 siioiisa | osoo” | 0gsE 1 08 1Us Codvs | assn
9 [TZsione3] 1800 | 2036 ) O78mYs | 0&EmYs | 278%
10 | 28/01/93 | 0548 0922 | 038m¥s | 01BmYs | B526%
i Vatioues T eEs 1 stes | osamie [usorve | 1a0w
T2 20/0193 | 034D 1 0020 | 0DdZm¥s [ 0032mys | 238%
55 1 agoves | ies8 | iGds | OEde 1 osils | oEo%
14 200493 | 1932 2244 ] 0043 m¥s | 0.038mYs 1168%
16 | 30/0193 | 0204 0932 | 01im¥s | Olomys 91%
f@ 3001003 | 1504 | 732 | 32us | 16ls | 500%
A7 3yotios | o022 ] 0980 | 0008 m¥s | 0079mYs | 16.4%

§.6.1. Attenuation Ratios
Table 5.2 ranks tha events into order of peak inflow and gives *he
attenuation ratio, pealk outflow : peak inflow ((Jp Ip) for each svent,
Figure 5.4 is a graph showing the attenuation ratio and the relationship
between the peak inflow and outflow. This graph shows that the
Sunninghill detention pond makes efficient use of the available storage
for the range of hydragraphs measured. The ratio {)p Ip decreases as
the peak inflow increases, indicating that the degree of altenuation
increases with increasin. inflow peak.

The data collected is, however, insufficient to allow more than a
superficial ags.nsment of the attenuation efficiency of this pond. The

hydrographs that vielded useful results with relatively high inflow peaks,
namely evants 4, € and 9, were all peaky with 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 outflow and
by the stage/storage relationship of the pond itseif can be
compared.

. The mathematical relationships governing the shapes of the
inflow and outflow hydrographs define the relative positions 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, (4, (v and 4, and the
submergence ratio v 11, were adjusted to obtain the best visual fit in
hoth the hydrographs and the volume curves. The coefficients for the
crump weir at the inlet were not adjusted for each event.

5.5, Results

Tha data record for the perlod from mid November 1992 to early
January 1993 has bean examined and 15 useabla events identified that
are summarized in Table 5.1. The plotted hydrographs are given in as
Figures A1 to A15 in Appendix A.
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debris and other temporary blockages. Further monitoring, with a visual
record of the state of the outiet, would be required to determine this.

The correction for the effect of slope on discharge given by Henderson
{19686 . p261) was not applied explicitly but as part of the discharge
c¢ fficients.

Figure 5.3 shows a typicai stage/discharge curve for the pond outlst
with the unsubmerged discharge coefficient ¢ 4 = 0.9, the submerged
discharge coefficients v = (h = 0.7, and submergence agsumed to
occur at v ) = 1.2. These coefficients give a sinooth transition between
the unsubmerged and submerged discharge curves but this did not
always oceur in the selection of values to achieve the curve matches
used in the analysis of the data.

Figure 5.3 : Stage discharge curve for 630 mm diameter pipe sutlet from
datention pond
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Flgure 5.2 ; Stage discharge curve for the Crump weir controlling inflow to the
detention pond,
1) il Ginip Wi l :
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5.4.2, Gutfiow
The outlet from the pond is 2 800 mm diameter stormwater pipe leading
from a vertical headwall. Quiflow is calculated by measuring the water
lavel in the pond, and applying this to the stagefdischarge relationship
for the pipe injet. The slops of the pipe is steap so inlet control could be
assumad for gll discharges.

The relationship between headwater depth and discharge for
unsubmerged, inlet controlled cireular conduits is nt explicit and the
solution to the equation would be time consuming if done numericaly
for each watar lavel. A table was therefore set up which related the
critical depth in the pipe to the critical energy level and hence to the
headwater energy lovel as described by Stephenson (1981 pp 244 -
248). The table was then usad in reverse, with coegfficionts applied to
the theareticat discharge at a gritical enargy equsl to the headwater
depth o allow for entrance iosses. Tha coefficiants ¢4, (¢ and Ch are
described by Stephenson (p248). Anaiysis of the data showed that
these coefficients wara not constant, but increased with the pond water
level @& shown on Figure 5.5 This varigtion may be congtant as a
function of the hydraulics of the inlet. or it may depend on the effects of
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5.3.5. Sewage

5!4.

5.4.1.

A sewage gauge also exists below the calchment which is monitared to
give a comparison between wet and dry weather flows as well as to
identify any response to storm rainfall,

Defention Porid Monitoring and Results

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 coefficiant of the weir may not be
constant but probably increases g~ 2nme fiingtion of headwater level.
Thare was, however, insufficlent u.... available to test this assumption,
and the variation in the discharge coefficient was not taken into account
in the volume as it was feit that inherant errors elsewhare, such as the
very rough conditions in the headwater pond of the weir ovarshadowed
this consideration. Figure 5.2 shows the stage/discharge curve for the
inlet weir, calculated using equations 31 and B2,
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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 cosis, multiple land use,

catchment characteristics, storage volumas, inlet and outlet

characteristics, should he recorded.

Establish 2 monitoring programme to record the functioning of

these facilities. The frequency with which they calied upon to

operate, the frequency with which they fail, both hydraulicaily

and structurally and the maintenance effort requirad to keep

them operational should all be recorded. Quantitative, and

qualitative anecdotal information would be useful,

Poll Local Authority Engineers to establish reasons for their

resistance to the implementation of stormwater management

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

include:

* pervious bad experiences

+ high construction costs

¢ difficuit or costiy maintenance

¢ lack of understanding and knowledge

¢ operational dangers ingluding possibly trapping people or
increased downstream flood risk

* probability of failure, bath structural and hydrological

+ gxcessive land requiremants

Pol! the opinions of Councillers and Local Authority Politicians to

establish, inter alia:

+ their level of knowledge

¢ attitudes 1o the environmental degradation resulting from
the impact of urban development on stormwater runoff

¢ at.ludas to stormwater management vs. drainage systems

+ prejudices, including probability of failure, construction
costs, maintanance costs ete.

Poli public opinion along the samg lines as Councillors and

Politicians
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8.1,

The unit rost of storage behind an earth fili embankment in a {rangular
valley appears to be independent of valiey side slopes and relatively
insansitive to valiey longitudinal slope. ’

All of the 15 eventis measured in the Sunninghill detention pond showed
a significant degree of attenuation with a parcentage raduction ranging
from 9% to 50%, and the larger events generally showing a
proportionately greater reduction.

Evaluation of the data showed that discharge cosfficients are not
constant but appear to increase as the discharge does. There is,
however, significant scatter in the data, particularly for the smaller
avents. Further monitoring will therefore be necessary to confirm this
and ascertain the reason.

All of the reliable data points recorded in the Sunninghill Park detention
pond yielded a relationship between storage ratio and discharge ratlo
that fell within the published deslgn guidelines.

Further Research

Starmwater management facilities in general, and detention facilities in
particular, have not baen implementaed 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 experience littie has changed since the research into
attitudes and implementation of stormwater management systems
completed by Watson and Miles in 1979. (Watson and Miles, 1982).
The reasons for this resistance are not clear, but may be related to lack
of knowledge and perceived problems an the part of design engineers,
local authority enginesrs and counsiilors, 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 suggested topics are therefore:
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many factors to be explicitly solvable, and is largely by triai and error,
The process can be accelerated by using a pradictor / corrector method
described in the text, but should be undertaken with care bécause 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, unde - certain
circumstances, increase the level of flooding downstream, if they cause
the peaks of hydrographs 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 arise.

Secondary Issues such as structura) stability, environmental
considerations, ease of maintanance, public heaith 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 {acilites are generally financed with public money, and
will L= itdged by the public using different criteria from those applied by
the dasign enginear.

Detention ponds are of benefi! in attenuating flood peaks and generally
improving downstream water quality. Improvements to water quallty
may not be significant untess dsliberately addressad in the design.
Water quaility can daturio, - example: if pollutants bound to the
sediments are released infe vuiwdon,

Detention storage is generelly cost effective. The cost / benefit
calculations are, howevar, highly site specific and cannot be
generalized. Peripheral considerations frequently play an important role
in the degision making process,

Cosls are often dominated by the value of the land occupied, and,
wheraver possible, facilitios should provide m Jltiple use opportunities
on the land that they occupy.
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CONCLUSIONS

It is geneially agreed that urbanization increases small ﬂoog and spate
dischargea from small catchments, but there is some dispute as to
whether the peaks of rarer events and floods in large catchmen:  are
affected. More data is required before this question can be a» we-.
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
becomea inherently unstable, erosion rates accelerate in response to the
increased frequency of run off and increased spate fiow peaks.

Current stormwater management techniques may not be adequate to
pravent the adverse impact of urbanization, and measures such as
over control of the peaks may need to be implemaented in sansitive
catchments.

Detention storage is an effective stormwater management technique
that has been successfully Implemented in numearous schemes.
Measured data on the operation of stormwater management facilities in
general, and detention ponds in particular, appears to be scarce and
more monitoring of installations is required, to permit the effective
validation of computer based moc .., and give guidance to designers.

Monitaring of stormwater management facilities should not be restiicted
to hydraulic and hydrological information, aperational and maintenance
information is equally important. Logal authorities often resist the
construction of datention ponds on the grounds that their maintenance
load will be increased, data ccmparing the relative levels of
maintenance effort required in managed and unmanaged urban
catchments is urgantly required.

The determination of the critical storm duration for a single detention
pond, or a systam of ponds within a catchment is dependent of too
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Figura A2 . Event 4 Hydrographs
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R e S

B1

B 1.1.

IMPLEMENTATION

Possible Locations

Several sites exist in the catchment where storage could be provided
for stormwater attenuation and of these 2 lent .. smseilves well to
monitering:

The first was immediately unstream of the Edisen Cr culvert. at the low
point in the catchment. where there was space (o construct a pond
with capacity of about 1 400 m* The catchment area here i1s about 50
ha and the analysis showad that a reasonable degree of flood
attenuation could bg attained. the initial design hydrographs ar
shown on Figures 8.1. B2 and B.3.

The second poessible iocation was at the outlef of the pipe draming
Faraday Road into the water course about 400 m upstream of the
Edison Cr culvert where the pipe could be discharped into g smatl
onstream pond shown as point "B” on drawing 2770/01  The volume
of storage raguired to achieve a significant reduction in flow would be
about 300 m? and the system need not Je complicated. Monitoring of
this pond could be used to compare the direct runoff from efficient
drainage system in Sdison Crescant to a system with a degraee of
managoment Tha catchment at Bis 8 91 hawhile that at G is 8. ha
and D i3 §.79 ha The land use s similar in all 3 of these
sub-catchments so the results of this comparison would bwe refiable
and provide a bass for dotermining the true offectiveness of minor
attenuntion facihities

The first site wis considerad appropnate for this investiqabon and the
possibility of constructing & smalf pondg at the outle! rom the Faraday
Road pipe was left for a future project

Appondix B 1
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B 1.3. Construction

Tenders raceived for the construction of the Cam and intet structure
ranged between R25 000 and R4H 000 fur all construction wark but not
the supply of fill. Armorfiex or Envirowall, or for the planting of grass on
the embankment surface. Bryan Westcott Construction commenced in
construction March 1892 at an estimated total cost of R41 000
Additional costa were incurred. the supply of suitably rae &l ran out
and it became necessary 19 buy material and, addit.onal armouring at
the inlet was found to be needed.

The final ¢ast of construction of the system was

Construction by Bryan Wes{eolt R25 920
Additional fill and handbng R3 500
Envirowall and Armorflex at infet R3 750
Pipes for oullet (donated by Rocla) R nil
Armounng it inlet by Gorcor R 300
Planting by Sandton Parks Dept R nil
Sub-total R42 470
Add VAT at 10% Rd 247
TOTAL COST R46 720

During the construction of the pend cartan resorvations worg
axprassed by the rasidents of Sunminghill In order to address thoss
roservations moetings were held with the Surninghilt Ratepayers
Agseciation commdioa and an oxplanation of the pronct publishad in
thar nows lotivr

Appraudis B 4
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triangular storm distribution and abstracting tossas n the proportion
1.C. where € is the Rational Coefficiont. Tha runoff hydrograph is then
computed by Muskin, ~uting. Mydrographs can be gencrated by
this method quickly and have & realistic shape Other mode!s could
have beon used for the design but the fatiity 1o generate hydrographs
by this method ex:sts in the software suite daveloped by the author
that was used for the routing of the hydrographs through the datanhon
pond. The code of the program used 1s reproduced N Appendix C.

Reservoir Routirg

Routing of the design hydrographs through the storagoe was done
using a program writton by tha author to run on an HPBG computer.
The algorithm used by this program 1s discussed in detail n Chaptar 4
of this repart and the code of the program is reproduced in Appendix G

Cutlet

The design procadure showed that a single 600 mm diameter pipe
outlet allowed officient use ¢f the ~torage and that significant
reduchons in the peak discharge could bo achveved. The design
hydrographs for the § yr. recurrence intorval gvent are snown on
Figure B.1. B 2 and B 3. The correct calculation of discharge through
an unsubmerged circular onfice is complex, and i tho detailad
analysis of the measured data use 1s made of a look-up table. The
pragram used for dosign approximates the ciroular pipe to an
equivalent rectangular openirg. the resuttng arrar is small. and in
most cases. 18 contingd to tho bottom of the nsmng and faliing linbs of
the hydrograpiss

Appondix B L



Inlet weir
The inlet structure wag designed to divart all flow up to 8 peak

discharne of 3.0 m¥s into the pond. For discharges above 3.0 m¥%s tha
water tovel in the diversion structurs would rige above the bypass crest
allowing an increasing proportion of the fiow to continue down the old
stream bed The drain undar the bypass crost alsc allows very low
flows also continue dovwn the old stream bed.

The diversion weir is @ Vee noteh Crump type designed in accordance
with DWA TR126 {van Mearden et al. 1986) The discharge eguation
for the wair is:

O mri b I

O d*m*H-cfiel ) few Mt W

where'
() = discharge [ m¥s ]
o= coefficient of discharge
m = crest Vee notch slope {B/{2* 1)) [mm )
i = upstroam water depth g
i Vee neteh height [m]
B = total width of crost

as-puilt

i = 28m
i’ i3 0.4m

The discharge coofficiant gwenrt in TR1261s Cd = 1.688 but the data
collected o date shows a better fit with a slightty differant value for Cd.
This 8 diseusaod bolow

Infiow Hydrograph
Tho dosign inflow bydrographs wors catoulited using the mothed of
James (1981) which s egsentially a doovotion of the Ratonal Mothod

whor the exeass ran hyeteagraph s goneristed by ssunnng

Appondix B 4



B 1.2. Design

In order to obtain a useable ranga of results reasonably rapidly the
storage was constructed onling in tha form of a blue-graan pond with
provision for the high flows to by-pass the pond. This typs of system
does not make the most effigient use of the available volume to
attenuate high fiood peaks as the pond fills on the nsing limb of the
hydrograph and may reach its full capacity before the arrival of the
peak of the inflow hydrograph. It doss. however, provide very effective
attenuation of the frequent spate and small flood flows. The relative
advantages and disadvantages of online and offline storage are
discussed slsewhers in this poper. Figuse B.1 is a reduced copy of the
General Arrangement dran.:ng showing the [ayout of the earth
emnbankment and the inlet and outiat control structures A typical
cross section through the woll. showing the foundation preparation
required to roduce the bkelihood of the wall squatiing on the poor
subgrade. 1s also shown.

Dam Wall

The size of the dam wall constiucted was dictated by & combination of
financial and aesthetic considerations as well as the physical
liritations of the site. The site selected is not ideal for the provision of
storaga because 1t tapers to an acute angle at its lowest point and is
relatively steeply sloping. requiring a wall wath @ maximum height of 4
m to achieve & storage volume of 1800 m® There s a residential stand
immediatoly to the wost of the site whare subsoil drains bad baeen
ingtalled to protect the feundations of the house The tevel of these
drains determinad the midamum pond wiater Yavel as it could ot be
parmitted (o submearae the outlets of the drairs.

infet and outiot characteristios woro Jdotermined to make efficent use
of the avanlabde storage In thes respect the need to accumulate data
tor researeh purposes conilictad with the bost use of the storage to

it downsteoeam Hood peak diseharges

Appendix B 2



Figure A1d : Fuvent 16 Hydrogriaphs
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