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CHAPTER §

DETENTION, RETENTION AND INFILTRATION
METHODS

8.1 INTRODUCTION

Stormwater detention or retarding basins and retention basins are commonly used in
conjunction with urban development of a catchment lo reduce the effect of catchment
urbanisation on peak flow rates generated from the catchment A distinchion 15 made here
regarding stormwater detention and stormwater retention. Stormwater detention s defined
as the lemporary storage of stormwater {ie, detention) for subsequent discharge, at a lower
rate. lo the receiving waters. Stormwater retention however is the removal, normally by
infiltration in the basin, of slormwater and thereby preventing their discharge to the receiving
walers

Detention basins can either have a permanent waler storage companent (ie. a wet detention
basin) or are completely
s dry during non-flood
periods (i a dry detention
basin) Both types of
basins have the potential
1o serve multiple objectives
in addition to their primary
function of flood mitigation,
Wetl detention basins are
commaonly utilised [s]
provide water poliution
control, ecological and
conservation functions as
well as being public
pEssive recreational
amenities as shown n
Figure 8.1 An urban pond used as a retarding basin (Wel Figure B.1. Common wet
Detention Basin) detention basins are ponds
and wetlands, WNaturally
pecurnng  lakes can be
developed as delention, and to a certain extent, retention basins. These basins are
becoming widely used to treal urban catchment runoff for removal of sediment and
sadiment-boaund trace metals prior to their discharge (o receiving walers. Dry delention
basins often serve as playing fields and recreation parks in addition to its flood mitigation
function as shown in Figur= 8.2

Retention basins or infiltration basins are also used to contral runoff volume and stormwater
guality generated from urbanised catchments. They are very effective in catchments with
sandy soil and often do not require elaborate outlet structures
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They are commonly used for
stormwaler management in and and
semi-and regions and are based on
ihe operation concept of
groundwater recharge during maost
periogds and overflow release of
stormwater to  surface  receiving
walers only in large storm events. A
schematic diagram of an infiltration
basin ie shown in Figure 83. The
design of retention basins is nol
covered in detailed in this manual
and the reader (s referred o a
manual for infiltration systems which
is currently being prepared by
consultants for the Drainage and
Irrigation Depardmenl of Malaysia.

Figure B.2 Playing field used as a Retarding
Basin (Dry Detention Basin)
Ref: Inst.of Engrs., Aust, 1987

Stormwater detention and retention systems can be utilised as pan of the drainage systems
of an urban catchmenl. Stormwaler relention syslems are perhaps besl suiled for such
source areas as roofs although there 15 currently much research being underaken to
examine their effectivenass and sustainable operation in treating runoff from highways and
main roads, It should however be recognised that the provision of detention and retention
basins is only one methed in a number of techmgues available to manage stormwater runoff
and their utilisation should be tested against other drainage slratagias to arrive at a holistic
and inlegrated sirategy for the catchment Generally, the detention and retention basins are
utilised to serve four main funclions

= To restrict the peak discharge from a development area to a level no greater than that
discharging from the area prior to the development, le. by aftenuating the runoff
hydragraph,
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Figure 8.3 Schematic illustration of a Stormwater Infiltration System beneath a car park
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» To reduce peak discharges in downstream major flow paths by atlenualing and delaying
upstream runoff contributions,

= To reduce the potential for scour and sediment transpartation in downstream flow paths:

= To reduce downstream pollutant transpor.

Retarding basins can be designed o provide beneficial outcomes in terms of protecting
aquatic habitat in urban creeks (Wong el al, 1998). Cument design objectives have
however often focused on reducing the peak wrban discharge for events of low Average
Recurrence Intervals (ARI) to pre-development conditions. It is only in recent times that
many of these flow delention systems have been designed and retrofitted for use close to
runoff sources for both stormwater quantity and quality management. Opporunities for
refrofitting retarding basins lo provide water quality enhancement functions include the
development of wetland systems within retarding basins

Notwithstanding the above, care needs o be {aken in the design of these basins to ensure
that downstream flood conditions are not exacerbated by their installation. Problems may
include:

i. the creation of co-incident peaks with downstream tributaries or where parallel basins are
installed.
ii. extended periods of iInundation especially for mere frequent flood events.

8.2 APPROPRIATE UTILISATION OF ON-SITE RETENTION SYSTEMS

It should be noted that not all catchments are suited to on-site retention systems. Careful
consideration of the type of runoff source area from which runcff is to be directad to
infiltration systems is important to ensure the conlinued effective operation of these
schemes. Infiltration systems for treating runoff from more general areas such as streets
and car parks are ofien integrated into landscaping features in urban design in Europe.
Australian experiences have highlighted the importance of proper design of these systems
and the position of these systems in the stormwater treatment train.  Poor consideration of
catchment poliutant types and characteristics and site conditions is often the main cause for
their deleriorating effecliveness over time due o clogging and lack of appropriate
maintenance. Pre-screening is a vital component in the treatment train and wetlands are
one possible pre-treatment of stormwater runoff before discharge fo infiltration systems and
swala drains,

Soils with low hydraulic conductivities do not necessarily preclude them from being suitable
for on-sile retenlion system even though the required infiltration area may become
uneconomical. However, these soils are ikely to render them maore susceptible o clogging
if the stormwater inflow has nol undergone some degree of pre-treatment to remove litter
and sediment.

On-site relention systems should not be placed near building footings 1o remove the
Influence of continually wet subsurface on the structural integrity of these structures.

ldentification of suitable sites for on-site retention systems should alzso include avoidance of
steep terrain and area of shallow soil cover over rock. An understanding of the seasonal
varation of the groundwater table is also an essenlial element in the design of these
syslems.
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Camp Dresser and McKee (1993) suggest a point system for evaluating the sutability of
sites for stormwater infiltration using retention basing. The point system Is summarised in
Table B 1 and sites which score less than 20 points are generally considered to be unstited
to this form of stormwater management measures

Tahble 8.1
Site Evaluation System for Stormwater Infiltration
(Camp Dresser & McKee, 1993)

Item Conditions Foints
Ratio between the directly « [A=>2DCIA 20
connecled impervious area (DCIA) [« DCIA < & <2 DCIA 10
and the infittration area (14) « 05DCIA <A < DCIA 5
MNature of the surface sall « Coarse soil and low organic material 7
fraction
s« PMormal humus soil a
+ Fine grained soils and high organic 0
malter fraction
Undertying sail {if finer than = Gravel or sand 7
surface soils, othenwise use * Silty sand or loam 5
surface soll classification) « Fine silt or clay 1]
Slope of the infiltration surface s 5<% B
e 7OL =5 = 20% 3
» 5=20% 0
Catchment vegetalion cover = Healthy natural vegetation &
« Well established lawn 3
«  New lawn 0
» No vegetation (bare soil) -5
Degree of traffic on infiltration » Light foot traffic 5
surface * Average foot traffic (eg Parks and 3
[awn)
= Considerable foot traffic (eg. Playing 0
fields) | —

8.3 PERFORMANCE CHARACTERISTICS

Detention and retention basins are designed principally to attenuate the runoff generated
from the upstream catchment to a pre-specified design level. The main fealures affecting
the performance characteristics of these systems are the storage volume and the outflow
cantral. The hydraulic charactenstics of the outlet structure in the case of a detention,
system or the infiltration capacity of the underlying soil in the case of retention systems,
define the outflow control of the basin. A low-level pipe or culvert for normal operation up to
the design event and a high-level overflow spillway for above design events control outflows
from a typical detention basin. A combination of excavation and construction of
embankments create the provision of flood storage.

Performance specifications for these basins can include the peak outflow from the basin for
a given design evenl, the probability of exceedence of a specified water leve! in the basin or
the frequency of basin spillway operation. Once the desired periormance of the basin is
specified, the design process involves selecting the appropriate combination of basin
embankment height, basin area and outlat configuralion to meat the design specification
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It is often necessary to recognise site constraints in defining the performance charactenstics
of these basins, For example, the specification of a very low peak outflow from a detention
basin for a given probabilistic flood evenl will result in a high slorage reguirement and
consaquently high embankment (in the case of a site in steep terrain) or large area (in flat
terrain) requirements. |f this peak outflow specification is to be met in conjunction with a
further specification on the maximum water level in the basin, the solution may become
unattainable in steep temam.

In the case of a retention basin, sail hydraulic conductivity and groundwater levels delermine
the requirad area of the infiltration system

The storage charactenstics of the detention or retention basin defines the relationship
between the available storage in the basin and the surface area and depth of water in the
basin. This infarmation is then combined with the outflow characteristics for routing the
Inflow hydrograph through the storage. The outflow characteristics of detention and relention
basins reflect the relationship between the depth of water in the detention or retention basin
and the rate of discharge from the basin. In the case of detention basins, this characteristic
Is simply the combined water elevation-discharge relationship of the low flow culvert and the
overflow welr as discussed in Secticn 84  For infitration systems, the dischargs
characteristics can often be expressed by Darcy's eguation with the principal parameter
being the soil hydraulic conductivity

8.4 DETENTION BASINS
8.4.1 Discharge Characteristics

Generally, the flow characteristics of the respective components of outflow conditions can
be derived from standard textbook equations corresponding to calculation of critical depth at
the entrance to the culvert, orifice flow, closed conduit flow and weir flow. Typical equations
are presented by Laurenson and Mein {1985) for computing discharge charactenstics of a
detention basin as follows:-

Q= 150N($740°%(11-1,)" "' D"  forH<08D . 81
Q= 138N, (8/40)"(H-1,) "D for H > 0.80 . 82
: 196(H-Hy)
(= 078N, D S - B3
ke +kpy +104+£{L, /D)

is the discharge {m/s)

15 the number of pipes

I5 the average slops of tha pipe oullet (%)

is the diameter of the outlet pipe (m)

is the elevation of the water in the retarding basin (m)
is the elevation of the pipe entrance invert (m)

is the lailwater elevation (m)

is the entrance head loss coefficient

where

FITTIOOZO
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k. is the bend loss coefficient
L, Is the length of the pipe (m)
f is the Colebrook-White friction factor

The spillway discharge equation is given as follows -
Q. =cl(H-H)" - 84

where - is the weir coefficient for the spillway (ranging from 1.45 m™%/s for a
broad crested weir to 215 m" /s for an ogee crested weir)
L is the effective length of the spillway (m)
H, is the spillway crest elevation (m)

For any water level, the lower of the inlet and oullet control discharges (as defined by
Equations 8 1 to 8.3) is to be adopted. However, once outlet control 15 established on a
rising water level, it Is assumed to persist for all higher water levels regardless of which
gonditions gives the lower capacity. Figure 8.4 shows the discharge-depth characteristics of
detention basins, which combine the hydraulic charactenstics of the low flow culvert and
spillway as defined by Equations 8.1 1o 8.4

8.4.2 Designing for Multiple Discharge Objectives

Cesigning retarding basins to meet more than one discharge crterion can provide bensficial
putcomes for ecological management of the downstream aquatic envirenment without
compromising drainage and flood protection requirements  This is demonstrated in Figure
B.5 which shows the flood frequency curve resulling from a retarding basin design to match
the 1.5 year AR| and 100 year ARI| rural conditions peak discharges, This flood freguency
curve is compared against the flood frequency curve of the catchment in rural canditions
and in an urbanised condition without a retarding basin. The companson clearly

I .-‘J ] = ’
-
{a) !'f_u- (b) ;"'-l"' [f-u.' ’)f"’
T ] /.
Spiliway & f /
T Crest Level Il h /
Fll:lt / /.f’i
= | Enfirance
O | Obvart L" 4 —~ f"{uﬂmd
'-:-t L!'H'l / -
il = I
: ,x f =g o
— ~ , r i
Ll -'J Pipe Enfrance 7> 4 T D i
! Inver! Level e ¢ 080 7.2
/ Wi | 123 |=——=
Fa "'.ll n'a';'T.-ll o
T o 0
0 DISCHARGE —
Figure 8.4 Retarding Basin Elevation-Discharge Relations [TW=Tailwater Level)
Adopted curve shown in bold ling in each case (Laurenson & Mein,
1985)
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demonstrates that retarding basins can be designed to match a range of rural conditions
peak discharges. In this case, the flood frequency curve under urbanised condilion {with the
retarding basin) is almos! identical to the rural condition curve for events larger than the 1.5
year ARI| event. Drainage systems design initiatives (such as grass swales and distributed
storages) can be used to further steepen the flood frequency curve for events more frequent
that the 1.5 year ARl event.

100 s —= i —
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—
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=
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Rewrding Basn {1641 yr ARL)

& 100 vy ARI)

Peak Dischioree (m )
o)

Sl -:;.-1::::

0 1 I

i

Average Hecurrence Interval {vears)

Figure B.5 Flood Frequency Resulting from Retarding Basin Designed for
Two Rural Condition Discharge Criteria (Q, ; & Q,5,)

8.4.3 On-site Detention Basins and Storage Tank Systems

On-site detention basins are used in urbanised catchments to facilitate urban consolidation
in a climate of aging and under-capacity stormwater infrastructure. They are essentially
individually sized tanks for mitigating the effects of increasing area impervious resulting from
urban consolidation and re-development of residential and commercial builldings. These
devices are becoming more commen as devices that may be constructed in lieu of a
drainage levy (Ribbons et al,, 1995) associaled with re-development in built-up calchments.
They are often used as a last resort to facilitate urban re-development in built-up
catchments owing to the lack of available space for other measures

Current experiences on the success of the use of on-site detention tanks in Australia are
mixed and the main disadvantage of this approach is \he possible fragmented manner in
which stormwater management is implemented In the catchmenl. Private ownership of
detention basins can often lead to varying levels of maintenance of these structures.
Common problems associated with this type of runoff control devices are siltation of the
basins and poor construction. These problems have raised gquestions on the long-term

sustainability of such devices as effective runoff control measures.
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8.5 INFILTRATION SYSTEMS
8.51 Darcy’s Equation

Ratarlizr basine usec for Infilrglicn of sto-mwater ae viaole allerrstives D on-sls
date-tior tanks. I teir design, te outicw cnaraciaristics rafect the nysraulic concusiviy
=f the uncerving scil through which scomywater 's T irfiirate. Typically, Darcy's Equation is
used o defna the ralstio~ship beswesn the depi~ of water i e bas and t"a rale of
imilzaton, =

]
[4]]

ﬂ::{.ﬁ.lg

a 's the dischzrgs {m's}

k Is the hvdraulic conduc: v iy cf the Lrdaily g soll imfs}
A s the tasi~ area (M)

A s the depin of water ovarly ~a the [ofilkralizn arga (M}
AL s the depth cf soil layer to tha u-darground aquiter {m}

whera

=andamental iz tna Ltilisaton of the Darcy's Equatics is the dstermiralicn 27 tre =0
permeabilty or Fydraulic sordustivty. Ths fisls hydraulic conduciivity can te detarmined
using the falling Fead augsartale meinad of Jerasson {19584) Four cread scil permeabliy
o sasifeatons gererally applv as follows -

Sandy aol: fen = 1T s

Zandy clay: Ky ™ bstwesn 1 x 10%2na 5 x 10° m/s
Madum clay: e = beswean 1 x 1C%ang 1 x 10° mis
Heavy clay, Ko = beswesn 1 x 1C%anc 1 x “0" m's

whare kg, 15 272 E80-rmnute value o7 mydrac ‘'© sonoLclivity.

8.5.2 Porous Pavements

SaofcLs pavemens are cormranly Js8d in ¢oen car oarks and deiveways. They aw=
congirugtad fram wroduiar or lattice pavi-g as typica 'y snown in Egure 88, Trhese paving
Slocks gre Lsed o orovide siructural suppor: while reta-ing 2 large croooricn of ine
“caved-area’ parvious Tor hiltration of rariall a-g po~ded stormwaler. Far gorous
cavement infliration systeme, the “flly dra=ad” conditions is assumes ard e tenm AWAL
anarcaches unfly. As repored oy Argue (“237), meazsureTans rmads st mary Teld sites
and reienson insiallaionz ehow thie assumaton ta ka gererally sstisfactery. For ARial 0
e ur'ty represaris the Imit~g sonciiians fo «nich the ngdradlic g-adiest tends duri-g T2
weting-up Trocess.  Thus most desige ©f porous psvemrant systerms undsr Ly dreined
serdiliors 's e mply basad on detervining the ragquired area ig match the cesigr d'scharge
Q... The design of -ele~tion basins whete e systam operates by the tempcorary storage
of inflow for suksequer! discharge by ~fillration is ¢ szussed “utthar in The next sect'on
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Casteliated unit

Poured in Place Slab

Lattica Linit

Figure 8.6 Porous pavements are commaonly used in car parks and driveways to
allow infiltration of rainfall

8.5.3 Infiltration Basins

Infiltration basins are open water systems, which are essenfially terminal systems where
stormwater are held in lemporary storage for subsequent nfiltration.  They are often
designed to notional retarding basin standards with no overflow for events up to the 100
year ARl event. Analyses of the discharge characleristics differ depending on the relative
position of the watertable and the effect of clogging, over the long term, on the infiltration
capacity of the basin. Three types of analysis are comman, i

| Shallow Watertable Model
2. Clogged Base Model
i. Deep Watertable Model

Shallow Watertable Model

When water infiltrate through a basin lowards a shallow watertable, the resulting mound of
water 1= the mirror image of the core of depression resulting from a groundwater well
withdrawal, Various analylical methods can be used lo describe the mounding associaled
with recharge, the simplest being based on steady state radial flow in an infinite aquifer as
axpressad in equation 8.6

Llnl = I]._:_|
<]

g=Kmr B.6

q is the rate of outflow from the basin by infiltration

K i5 the soil parmeability

R is the radius of influence from the centre of the basin (Figure 8.7)

r is the extend of the water surface from the centre of the basin (Figure 8 7)
h, = the vertical distance from the water surface in the basin o the impervious
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layer (Figure B.7)

hs is the vertical distance from the groundwater table to the impervious layer
{Figure 8.7)
I
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Figure B.7 Schematic Representation of a Shallow Watertable Model

For most applications in retention basin design, equation (8.8) is conservatively
appraximated as follows:-

H+d}
g = F.;ru - 8.7

)

In
r
where H is the depth of waler in the retention basin (Figure B.7)
d is the vertical distance from the base of the retention basin to the watertable
(Figure 8.7)

Analysis wilh steady state fiow solutions Is limited because of its inherent simplifying
assumptions which include the following:-

the soil is isotropic and homogeneous;

the flow is radial and saturated;

the watertable is horizontal and acts like an impermeable layer;
the basin has vertical sides

The choice of the radius of influence needs to be made in applying the above eguations. In
practice, infillration of stored water is not a steady stale process and the radius of influence
will vary with time Bear (1968) derived an eguation for approximation of the radius of
influence as follows: -

R =r+50(H +d)K" . 88
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The cumulalive outflow volume at time t, from the commencemsanl of outflow can be
calculated as follows: -

v | ka it td) ]

-1 |

A simplifying assumption thal the basin is instantaneously filled to a constant depth H' equal
to half the maximum depth is applied when using the above equation

Clogged Base Model

Over time the base and sides aof the basin will
become progressively clogged with oils, =il
and trash. In such circumstances, the
infiltration rate s contrelled by the
permeability and thickness of the clogged
layer and is independent of the permeability of
the surrounding soil Bouwer (1988),
suggested that the zone betwesn the base of
the basin and the groundwater lable s
unsaturated under such circumstances and
water will move essentially vertically
downward due to gravity as shown in Figure L7, —
B8 Application of Darcy's Equation to the
fiow through the clegging layer gives an
essentially linear relation between water
depth in the basin and the infiltralion rate.
The flow rate per unit length through a clogged layer of uniform thickness can be expressed
as follows -

Figure 8.8 Schematic Nustration of a
Clogged Base Model

H+d
q=K w[ > ] - 810
a
whera W is the width of the base of the basin (m)
) is the thickness of the clogged layer (m})
H is the maximum depth of water in the basin relative to the base (m)

Applied to a rectangular basin with a clogged layer of unifarm thickness and integrating with
time gives the volume of outflow as follows:-

Vi, {h. t(w {”:’] AW + T+ HTI{UH:H}IL A4S+ 8 I”“L'i“"EJ

% a.1
Again, a simplifying assumption that the basin is instantaneously filled to a constant depth H'

equal to half the maximum depth is applied when using the above equation. Analysis of
typical clogged layer permeability K. suggests a value of 1.5 x 10" m/s.
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Deep Watertable Model

A rigorous solution for steady state saturated
flow fram a trapezoidal canal was published by
Harr {1962). For the normal range of values of
side slope, depth and width, the expression for
the infiltration rate as depicted in Figura 8.9 may
be approximated as follows -

g=K(W+HYI+8) - 812
Extending the above equation to three
dimensions with a depth of H' and integrating
with time gives the following expression for the
volume of outflow from the basin -

¥ = KL(WL+2W]-I'JJ +8% +ILH'WL + 8

B.5.4 Retentionfoverflow Wells and Trenches

There has besn much development in the use

Figure 8.9 Schematic llustration of
the Deep Walertable Model
Ay SIS ) - 8.13

of on-site stormwater retention systems

involving non-terminal devices incorporating overflow pipes to the minor drainage network.
These devices are ofien used to retain roof runoff generated for storm events up to the

design AR| and overflow io the street drainage

network during medium and large storm

events. Two lypical types of on-site redention systems are the use of perforated socak wells
{often referred to as “leaky wells™ and gravel filled infiltration trenches as illustrated in

Figures 8.10 and 8.11 (Argue, 1984)

perforated Cendpie
with fitfed cover

100 mm abave nnl‘upal
wisrface.

ovar ail hnLl-l and

fep of plpe & maheral
E surfate level )
B
‘l
g mspectien cover L ovir finw
E- ?:‘ ground Level {( ﬁﬁ:;ﬁu [Fo street]
Ry / Ny B
Sy j-'-"'f ;-l":l
i“x.\_ T 7 -l purterated
g - dist rithon
e fee Toam §
= o T geatetia fsbrk
"““ﬁir’ A envelope
A \ perforated FY(
(ire® Y N\ trap Sima »
exarse gravel \—mr:irrd sachkel for

Otna # steravater gipe

2l battom of fhe pioe. mr.:-"‘:l:: Binn)
Figure B.10 ustration of a Perforated Figure B.11 Mustration of a Shallow

Retention/Overflow Well
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The principal design task associated with the use of these retention/overflow wells and
trenches is the computation of the "emptying time”. This has to match typical inter-event dry
periods 1o avoid the possible reduction in avallable retention storage owing to a preceding
events filling the basin prior to the occurrence of the design storm

The emptying time (T) of a perforated well is given by Argue (1997) as

23D, [ 425D
T=- : log 2 8.14
1K | H+0.25D
whera D is the diameter of the perforated well (m)
H is the depth of water in the wall (m)

The corresponding expression for the infiltration trench is expressed as follows -

p__ 25LBe Eng[ LB } ) ik
ZK(L +B) LB+ 2H(L +B)

15 the length of the infiltration trench (m)

is the width of the infiltration trench (m)

is the depth of water in the trench (m)

is the void space ratio (often taken as 0.35 for typical irenches)

where

o Tmr

8.6 STORAGE ROUTING

B.6.1 General

In evaluating the performance of delention

and retention basins, il i5 necessary to k-
carry oul a flood rouling analysis to [E Araa tepresenis
determine the degree of flood peak i - gl s L
atlenuation and the shifl in the time of peak
{in the case of & detention basin) and the |2 \
frequency of spillway overflow, A typical |g i
ilustration of the inflow and outflow |2 I
hydrographs of a detention basin is shown E l
in Figure 8.12. E |

|
Routing of the inflow hydrograph through Tima (1)
the storage is undertaken numerically using Figure 8.12  Typical Inflow and Outflow
the continuity equation and the storage- Hydrographs of a Detention
discharge relationship for the basin as Basin (ref. Inst. of
described in Section B.6.3. Engrs, Aust,1987)

B.6.2 Small Basins
Flood-routing calculations for small basins having less than 250 m® of slorage volume or

preliminary design of larger basin may be undertaken by simplified manual techmigues,
using either volume or hydrograph methods,
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Volume Methods
Velume methods use a valumetric

runoff coefficient to directly convert 5

a rainfall hystograph to a mass & :
curve of inflow volume as shownin | .. ,_),.x’“':d,'
Figure 813, These methods are /: h‘*d

most appropriate for small fully | .. e 4

urbanised catchments and where [E ; >

outflow fram the basin is by means 8200 105 m" | paquired e
of pumps, As shown in Figure |8 < | Stomge oy | |5
B.13, mass curves of the inflow and |3, ., =185 m>- ", 8P
outfiow volumes are plotted and the

required storage volume s |84y 4

determined graphically by |E

subtracting the outfiow velume from &0

fhe Inflow wvolume at the point

where the outflow rate mat;hes the o w80 130
imflow  rate, Tha discharge i

charactenstic of the outlet will have Figure 8.13  Determining Required Detention

lo be approximated by a constant Storage using Mass Curves for Rainfall
or linearly increasing discharge rate Fatterns and Pumping Rates

in order to facilitate the araphical (ref: Inst. of Engrs., Aust., 1987)

subtraction and the method is most
suited to a pumped scheme.

Hydrograph Methods

Hydrograph methods rely on simphfying assumptions regarding the shape of the inflow
hydrograph in order that the storage volume and the outflow capacity can be related by the
single equation. Boyd (1980) suggested that an estimale of basin storage could be made
using the following equation:

VilV, =1-Q,/Q - B.18
where
v, is the required storage volume
v, is the inflow volume, determined as the product of the volumetne runcff

coefficient, the average rainfall intensity, the storm duration and the
calchment area

Q, i5 the peak outllow capacity or desired peak oulflow

Q, iz the peak inflow rate, determined by the Rational Method

Sizing the storage volume according to Equation B.16 was found to generally result in the
peak discharge being on average 6% higher than the desired peak discharge for the design
event
An alternative equation is that of Culp (1948) and Carroll (19890). expressed respectively in
equations (B8.17) and (8.18) Note lhal these procedures may give widely different answers
and showld be used with cara.

V. V= 67{1.25 - Q. / Q) - 0.04 {After Culp 1948) - 817

V.= 1.231, Q. [(Q-Q)NaF (After Carroll 1950) - 818
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left side of the equation, Hence the value of Q,,, can be determined from the tabulated
relationship between O and (0.503+5/A1)

8.6.4 Retention Basins

Retention basins typically would have a significantly lower rate of outflow (infiltration) than
lypical detention basin and require special design considerations 1o be applied to examine
the time senes inflow of stormwater The typical storm seguence is charactensed by a
sequence of storm events and inter-event dry period The antecedent water level
immediately prior lo the occurrence of stormwaler inflows to the temporary storage valume
is dapendent on the available retenticn storage, the emptying rate of the system and the
period between storm events. Therefore the typical inter-event dry period of the catchment
has a significant bearing on the reguired basin area for infliltration as the effectiveness of the
system is dependent on the antecedent water level in the basin. In the case of Malaysian
climatic conditions, the regular occurrence of late afternoon thunderstorms suggest a typical
inter-event dry period to be of the arder of 24 to 36 hours. It is often not sufficlent,
particularly in regions of relatively short inter-event dry period, such as in Malaysian
catchments, for the design of retention basins to be based on event-modelling. A
continuous modelling approach will often be necessary in a rigorous approach in gquantifying
the inter-relationship between the rate of outflow (defined by the nfiltration rate mulbiplied by
the basin area) and the sequence of stormwater inflow and Inter-event dry period. This
latter approach is not yet universally adopled.

In adopting a continuous simulation approach, the designer will find that a number of desian
critena are available, each producing a different storage area and wetted area reguirement.
These include the following:-

= (he design ARI| evenl which must be retained by the system,

« (he frequency of overflow,

» the overall long-term percentage of runoff volume which will overflow.

These issues will not be covered in detail in this document. It is sufficient to note that three
key factors are highly inter-related in the sizing of retention basins, ie.

|. the emptying rate which is influenced by the product of the hydraulic conductivity and the
wetled area,

2. the volume of the relention storage,

3. the frequency of overflow,

Design decisions and sile conditions affecting any two of the above factors will fix the third

B.7 DESIGN PROCEDURE

8.7.1 Calculations for Detention Basins

Maximum Discharge Criterion

Where the outflow from a basin must be limited to a certain flow-rate, the following design
procedure is recommeanded:

a) Calculate inflow hydrographs of the required design ARIs for a range of storm durations.
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by Perform routing calculations for each of the inflow hydrographs for a varety of outlet
arrangements and sizes and with the basin generally shaped to maximise its storage
area and minimise its depth. ldentify the storm duration that requires the most storage
volume. This determines the critical storm duration for the detention basin,

¢) ldentify the outlet configuration which requires the smalles! storage volume whilst limiting
the outflow to the required value, for that duration, and then check this configuration for
other storm durations and for intermediate ARls.

d) Design of the high-level outlet and the embankment by routing through the basin
designed in (b) fioods of AR| equal to the Extreme Flood for a range of storm durations
and altarnative lemporal patterns. Select the worst case.

e) Check the effect of the basin on flow-rates further downstream and on upstream flocd
levels and hydraulic grade levels, where appropriate.

Storage Volume Criterion

Where the storage volume of the basin is limited by site constraints and the objective is to
achieve only the maximum practical attenuation of the inflow, a similar procedure may be
used:

#) Calculate inflow hydrographs of the required design ARIs far a range of storm durations.

b) Perform routing calculations for each of the inflow hydrographs, for a vanety of outlet
arrangements and sizes. Select the arrangement that provides the greatest attenuation
af the inflow while meeting the relevant freeboard requirements

¢) Design of the high-level outlel and the embankment by routing through the basin
designed in (b} floods of ARI equal to the Extreme Flood for a range of storm durations
and alternative lamporal patterns. Select the worst case.

d) Check the effects of the basin on upstream flood levels and hydraulic grade levels for a
range of flood events.

The routing limestep or increment must be short enough relative to the storm duration to
ensure thal the peak storage requirements will be accurately determined. The design of the
basin and its outlet structures must alse be based on a range of storm durations and
appropriate temporal patterns in order to identify the critical hydraulic dimensions.

8.7.2 Calculations for Retention Basins
Argue (1997) lists the basic steps in calculating the required dimensions of on-site retention
systems based on a combination of well-established theory and adjustments for sail

heterogeneity and other non-ideal conditions, The steps are listed as follows:-

Treatment Surface (porous pavements)
In sizing the area of the treatment surface, the basic data requirements are as follows:-

i peak flow, Q..

(i) surface area, A,;
tiiy  catchmenl area, A
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8.7.3 Spillway and Embankment

The spillway and embankment should be designed both hydraulically and structurally to
permit the safe discharge of floods in excess of the Design Fiood. The ARI of the Extreme
Fiood, for which the performance of the basin should be checked, should be determined by
consideration ol the likely consequences of failure, in consultation with the relevant
government authorities For example, ANCOLD (1986) provides a basis for detarmining the
ARI| of the Extreme Flood based upon consideration of the incremental hazard asscciated
with failure. Table 8.2 shows the range of ARIs applicable. Engineers should however
confer with the relevant authorities lo determine the actual ARI to be adopled, giving
consideration to the sirategic plan for the upsiream and downstream areas, the risk of
failure and the hazards associated with failure.

Table 8.2
Recommendations for Extreme Flood in Australia (ANCOLD, j?',!.EL_

Incremental Flood Consequences of Extreme Flood ARI
Hazard Category Failure ears)
High Identifiable loss of life 10000 to P.M.F. (1)
Significant Loss of life possible but not 1 000 ta 10 GO0
expactad
Low Lesser situations 100 to 1 000

(1 P M.F. refers to Probable Maximum Flood

8.8 OTHER DESIGN CONSIDERATIONS
8.8.1 Multiple Outlets

Low-level autlet structures for large detention basins will more often be required to limit the
outflows over a range of intermediate ARIs up to the ARI for the Design Fleod I such
cases, the low level outlet structure may comprise either a single-level outlel sometimes
preceded by a weir, or a mulli-level outliet. A weir located immediately upstream of a single-
ievel outlet may have an orifice of smaller diameter than the outlet to attenuate the outflows
for smaller ARIs and to provide free drainage for the ponded water. During higher inflows
the weir will overtop. A multi-level outlet will have a range of pipes or culverts set at different
levels, possibly of different sizes to achieve the required attenuation throughout the ARI
range.

The design of retarding basins to match more than one discharge will resull in an increase in
storage reguirements and consaquently higher embankments. This increase is however not
likely to be excessive. The case study depicted in Figure 8 5 resulted in an increase in the
embankrment height of 10% as a result of the additional design criterion. The frequency al
which the retarding basin will be inundated 1o some subslantial level will however be
increased as a result of the additional design criterion and may thus require a review of its
appropriate landuse. Often the retrofit will be carfed out in association with the
establishment of a pond or weiland in part of the retarding basin. Some conventional usage
of retarding basins such as sporting fields may need to be reviewed and the appropriate
usage will vary considerably depending on site specific topography. Figure 8 14 shows a
the possible combination of a stormwater quality treatment wetland incorporated into a
retarding basin (Breen et al, 1992).
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Flgure 8.14  Incorporation of a stormwater wetland system within a retarding basin to serve
mulliple objectives (Breen et al, 1992)
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8.8.2 Outlet Protection

The entry 1o a detention basin outlet structure should be protected against blockage and to
reduce hazard for persons trapped in the basin during a storm. The level of protection will
vary depending on the consequences of faillure caused by blockage of the entry to the outlet
structure and the potential frequency of blockage It may be necessary for the Design
Engineer to give consideration to the effects of a fully blocked low level outlet.

Protection can be achieved by the installation of a trash rack, bar screen or a fence. These
should be designed lo shed debris and to assist egress by persons trapped in the basin
generally in accordance with the recommendations of Weissman (1989) as listed in Table
8.3. Trash racks comprsing inclined verlical bars (inclined in the direction of flow) and
spaced horzontal support bars are preferred

Table 8.3
Design Criteria for Entry to Basin Outlet Structures
Item N Criterion
Spacing of Verlical Bars 125mm (max)
Spacing of Horizontal 1m (min)
Supports
Nett Clear Opening Area = 3 times the calculated
outlet area’
Limiting Velocity through 0.6m/s {not readily accessible}
trash rack” 1 5mi's (accessible) - |
Motes;

1 The calculated autlel area may depend upaon the level of the outlet relative to the water
surface. Where the outlet is contained In a drop structure the ocutlet area used for
determination of the nett clear

opening for the intake may need to be adjusted to account for the level difference.

The limiting velocity through the trash rack should be related to the accessibility of the
intake structure for cleaning purposes.

[E¥]

8.8.3 Pipe Protection

QOutlet pipes should have spigol and socket rubber-ning joints and lifting holes should be
securely sealed Pipe and culvert bedding should be carefully specified to minimise its
permeability, and cutoff walls or seepage collars must be installed where appropriate, to
control seepage and prevent piping failure adjacent to the outlel pipe.  Appropriate
measures, such as internal sealing of pipe joints and (ifting holes, and bolting down of
manhole lids, should be applied 1o any existing downstream systems which could be
pressurised by the discharge from the outlel. Alternatively, surcharge chambers may need
to be incorporaied into the outlet pipe to limit the internal pressune.

B.8.4 OQutflow Protection

Where the outlet from a basin is to be a free outfall, this should be located, where possible,
within a well-defined natural depression or watercourse. Adequate protection must be
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Depth indicators shotld be installed within the basin and in the channel downstream of the
embankment for basins with a storage depth of greater than one (1) metre. The indicatar
within the basin should have ils zero level relative to the lowest point in the basin floor.

Special attention should be paid to basin outlets to ensure that persons are not drawn down

info the intake or into the outlet. Rails, fences, anti-vortex devices, trash racks or grates
should be provided where necessary.
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