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Contract No. STORMWATER DRAINAGE DESIGN

ENGINEERING DESIGN SPECIFICATION D5
STORMWATER DRAINAGE DESIGN

GENERAL

D5.01 SCOPE

1. The work to be executed under this Specification consists of the design of Scope
stormwater drainage systems for urban and rural areas.

D502 OBJECTIVES

1.. The objectives of stormwater drainage design are as follows:

() To ensure that inundation of private and public buildings located in flood-
prone areas occurs only on rare occasions and that, in such events, surface
flow routes convey floodwaters below the prescribed velocity/depth limits.

(il To provide convenience and safety for pedestrians and traffic in frequent
stormwater flows by controlling those flows within prescribed limits.

(i) Retain within each catchment as much incident rainfall and runoffi as is
possible and appropriate for the planned use and the charactenstlcs of the
catchment.

2. - In pursuit of these cbjectives, the following principieé shall apply: _ -Design

(i) New Developments are to provide a stormwater drainage system in Principles

accordance with the "major/minor” system concept set out in Chapter 14 of
Australian Rainfall & Runoff, 1987 (ARR 1987); that is, the "major" system
shall provide safe, well-defined overland flow paths for rare and extreme
storm runoff events while the "minor® system shall be capable of carrying and
controlllng flows from frequent runoft events.

(i} Redevelopment — Where the proposed development replaces an existing
"~ development, the on-site drainage system is to be designed in such a way
that the estimated peak flow rate from the site for the design average
recurrence interval (ARI) of the receiving minor system is no greater than that
which would be expected from the existing development. The 1% AEP post
development runoff shouid also be calculated so as to determine the
-allowable site discharge.

D503 REFERENCE DOCUMENTS : Standards

= Australian Rainfall and Runoft
A Guide {o Flood Estimation. Inst. of Eng. Aug 1987.

= AS3725  Loads on Buried Concrete Pipes
= Queensland Urban Drainage Manual, Volumes 1 and 2, 1993.

= Sangster, WM, Woad, HW, Smerdon, ET and Bossy, HG.
= Pressure Changes at Storm Drain Junction,

Engineering Series, Bulletin No, 41, Eng.

Experiment Station, Univ. of Missouri 1958,

= Siormwater Drainage — Hydraulic Design-of Underground Pipe Networks
{(Wollongong City Council)
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Hare, CM.
Magnitude of Hydraulic Losses at Junctions in Piped Drainage Systems.
Transactions, Inst. of Eng. Aust., Feb. 1983.

Department of Main Roads (NSW)
Model Analysis to determine Hydraulic Capacities of Kerb Inlets and Gully Pit
Gratings, 1978,

Austroads Bridge Design Code, 1892

Concrete Pipe Association of Australia
Concrete Pipe Guide, charts for the selection of concrete pipes to suit varytng
conditions.

Henderson, FM.
Open Channel Flow, 1966.

Chow, Ven Te
Open Channel Hydraulics, 1988.

John Argue — Australian Road Ressarch Board Special Report 34
Stormwater drainage design in small urban catchments: a handbook for
Australian practice.

Australian National Gonference On Large Dams, Leederville WA,
ANCOLD 1986, Guidelines on Design Floods for Dams.

Austroads — Waterway Design (1994} ‘
Shoathaven City Council Interim Fiood Policy, 1998

HYDROLOGY

UHBAN DRAINAGE
| D5.04  DESIGN RAINFALL DATA..
1. The rainfall data 1o be used is obtlained from the rainfall patiern taken from

intensity/Frequency/Duration (IFD) relationships supplied by the Australian Bureau
of Meteorology for the urban area. (See figures D5.04.1-D5.04.23).

Design Average Recurrence interval (ARI) — For design under the ‘majorlmmo:‘ Average

_concept, the design ARls to be used are given below. Recurrence

intervals

Recurrence intervals for minor events depend on the zoning of the land being
serviced by the drainage system. The minor system design ARIs are detziled

_ below:—

10 years for commercialfindustrial area "minor” sysiems
5 years for residential area "minor” systems '
5 years for rural residential area "minor” systems -

25% of the 1 year ARI peak flow for parks and recreation area "minor” low flow
systemns. .

In addition, where a development is designed in such a way that the major system ~ Surcharge
flows involve surcharge across private property, then the underground system  paths
(both pipes and inlets) shall be designed to permit flows into and contain flows  easements
having an ARI of 100 years from the upsiream catchment which would otherwise,

flow across the properly. A surcharge path shall be defined for systems even

where 100 year ARI flows can be maintained within the system. Allowance 1o be
made for 50% inlet biockage Easements or draihage reserves are to be provsded
in private property over pipe systems and surcharge paths.

SHOALHAVEN CITY COUNCIL D52
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D5.05

D5.06

C0~Efficient

o
w

o
o]
s

CATCHMENT AREA

The catchment area of any point is defined by the limits from where surface runoif
will make its way, either by natural or man made paths, to this point. Consideration
shall be given to likely changes to individual catchment areas due to the full
deveiopment of the catchment.

Where no detailed survey of the catchment is avallable, 1:4000 orthophoto maps
are to be used 1o determine the catchrments and to measure areas. -

Catchment area land use shall be based on current available zoning information
or proposed future zZonings, where applicable.

RATIONAL METHOD

The Rational Method model emploving statistical design rainfall data is to be
employed in determining the peak flow rate. This model uses the formula —

Q = CylA/360.

WhereQ is design flow rate (m%s..)
Cy is a runoif co-efficient

lis rainfall intensity (mm/h)

A is catchment area (ha)

The runoff co-efficient to be adopted for'design shall be determined from Table
5:1; ' ' c

i00yr . S/DYr

Syr

]

| /// |
_— .

40 100

% impervious area
Betermination of Runoff Coefficient
Table 5.1

J20yr

51 Oyr

STORMWATER DRAINAGE DEstN

Catchment
Definition

Land Zoning

Ralional

7 Method

Runoff

Coefficients
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3. Actual percentages of impervious area may be used as long as they take into
account the ultimate development of the site, but should not be less.than those
values shown in Table 5.2. ‘

Land Use Percentage Impervious Area
" Residential 2(a) 7 : 40%
Half width road reserve ' : ' 95%
Madium Density residential 2(b) - 80%
Commercial areas ‘ 90%
Industrial areas 80%
Public recreation areas - 25%

Percentage Impervious Area For Land Use Type
Table 5.2

4, " Times of Concentration — The time of concentration of a catchment is defined as ~ Times of
the time required for storm runoff to flow from the most remote point on the  Concentration
catchment 1o the outlet of the catchment.

5. Where the flow path is through areas having different flow characteristics or
includes property and roadway, then the flow time of each portion of the flow path
shall be calculated separately.

8. The_maximum {ime of concentration in an urban area shall be 20 mEnU{es unless . Roof Flow
sufficient evidence is provided to justify a greater time. - .

For flows from roofs and other surfaces, which drain quickly through downpipes
and underground drains, a single response time of 5 minutes should be
nominated. - ' ' :

7. Flow paths to pits shall be representative of the fully developed catchment
considering such things as fencing and the likely locations of buildings and shall
be shown for each collection pit on the caichment area plan. Consideration shall
be given 1o likely changes io individual flow paths due to the full development of

ihe catchment.
“B. For fime of overland flow the kinematic wave equation should be used. _ Kinematic
T ) wave
t=6.94 (L") g% - : . equation
where t is overland flow time (minutes)
L is flow path length (m)
n* is retardance co-efficient
I is rainfall intensity (mm/h)
S is slope (m/m)

9. Surface roughness coefficients “n™ shall generally be derived from information in  Overfand
Chapter 14 of ARR&R 1987. Values appiicable to specific zoning types and . Flow
overland flow path types are given below: ' ' " Retardance

Flow across bush land 0.30
Flow across Parks 017
Flow across Rural Residential land 0.30
Flow across Residential (2a) 0.21

SHOALHAVEN CITY COUNCIL - D54 AUS-SPEC-DI5 — Fab 99 (Copyright SWA)
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Flow across Residential (2b) 0.11
Fiow across Industrial 0.06
Fiow across Commercial 0.04
Flow across Paved Areas _ 0.01
Flow across Asphalt Roads . 0.02
Fiow across Gravel Areas 0.02
10. Where overland flow is concentrated, naturally or by de81gn into an earth or grass flannings
- lined channel Manning’s formula should be used. Formula
Q=AV = AR g%
Q is flow rate (m?%5)
A is cross sectional area of flow (m?)
V is velocity (m/s)
R is hydraulic radius (m)
S is longitudinal slope (m/m) ,
n is Mannings roughness co-efficient
11. Guiter flow times can be estimated from deSIgn aids or the relationship derived  Gulter Fiow
from hydraulic models. Times
12. - Where there are significant pipe flows, times need to be considered in estimating:  Pipe Flow
the total travel time, Times
13. . The discharge at the outlet of each sub-area may be calculated using the Rational  Partial & Fuli
Method. A plan of the adopted sub-area/s shall be submitted. _Area Effects
_ The calculations - shall be set out in tabular form similar to Fig D5.08.13. 7 Form of - _
B Alternative tabulation sheets may be used as long as the basic data input values  Caleulations
and output results are included. The following points should be noted:
Ay Total flow time {Column 12) is calcuiated by summing the separate flow
iimes over different surfaces.
({iy The rainfall intensity adopted (Column 13) corresponds with the total flow
time :
@iy A “C" value (Column 15) and sub-area {(Column 14) is calculated for each
' land use type.
(v} The discharge for the sub-catchment (Column 18) is calculated by summing
ﬂmCAs(CommnW)andmump%ymbylfm
Rainfall intensity T is obtained -from ﬁ'xe Frequency — duration dataas  Rainfall
supplied in figures (D5.04.1-125.04.23) for a given duration and ARl of 5 and 100  Intensities
years for the minor and major storm events respectively.
Catchments need to be checked where “partial area” effects occur giving 2  Partial Area
greater flow rate when applied to a lower part of the catchment wrth & FEffects
concentration time lass than the full - area travel time.
AUS-SPEC-D5 — Feb 99 (Copyright SWR) D5-5 SHOALHAVEN CITY COUNCIL
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HYDRAULICS

D5.07 PRELIMINARY LAYOUT

1. The determination of drainage paths will require a site survey to be carried out.  Sife Survey
Existing drainage systems shall be analysed using either reliable work-as-
‘executed plans or altermnatively, if these are not available, a field survey will be
necessary. -

Once the survay information is avaliable, a proposed drainage network is defined -
taking -into account rainfall data applicable to the site, fimes of concentration,
gutter and pit capacifies.

The width of fiow in the gutter is fo be restricted to 2.1 metres for the 1 In 5 year
ARI event. Maximum spacing of pits is 80 metres. Pits at road intersections shall-
be located at the upstream tangent points of kerb returns.

An approximate procedure for locating pits is detailed in “T echnical Note 2" in
ARR (Page 300).

Catchment areas for each pit can then be defined once the pipe layout has been
established. A site inspection should be carried out to determine the effect of
features which could alter the assumed catchment boundaries and flow paths
such as existing or proposed fencing, retaining walls or other structures. Inlet.pits
should be located a minimum of 6 metres from aliotment boundaries prolongation
or-directly opposite the boundary. R

Pif Location

Sub-area discharges can be calculated izsing the procedures detailed in D5.08.
Major system flow paths should be identified at this stage and analysed using the
procedures detailed in D5.11, '

2. Hydraulic calculations shall generally be carried out in accordance with Australian  Qualified
Rainfall and Runoff 1987 and shall be undertaken by a qualiiied person  Person
experienced in hydrologic and hydraulic design. The calculations shall substantiate :
the hydraulic grade line adopted for design of the system and shown on the
drawings.

3. The overall aim of the Major/Minor approach is 1o ensure that hazardous situations Major/Minor
do not arise on streets and footpaths, and that all buildings in urban areas are  System
protected against flood waters to a similar standard to that applying in zones  Hydraulics.
-adjacent to rivers. See Fig. D5.07.3. . .

Approval will not be given unless these standards are met. The design shall cater
for the ultimate anticipated leve! of development of a catchment. .. ..

4, Downstream water surface level requirements are given as foliows:— Downstream

() For a submerged outlet discharging into an open channel the waler surface in Control

the channe! immediately downsiream of the outlet shall be determined by
using Manning’s Equation fo find the normal depth. This water level becomes
the control point, unless there is an obvious downstream control which _
makes it necessary to perform a backwater analysis. :

(i} For a free outlet, the control point is taken as the greater of tallwaier depth or
de + D /2 where dc = criticat depth in pipe and D = diameter of pipe. '

(i) I a new system connects to an existing system, and there will be significantly
increased discharge in the existing system, the existing system shall be
checked to assess its adequacy in carrying the increased discharge. This
checking shall extend down the system untii either the increase in discharge
‘becomes insignificant (less than 5%) or the outlet is reached.
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: DS.OB

1'.

MINOR SYSTEM CRITERIA

Gutter flow widths are to be limited to a maximum of 2.1 meires for the minor
systern flow. Flows on one side of a street are to be contained by the crown of the
road.

The water surface in drainage pits shall be limited to 0.150m, below the gutter
invert for inlet pits and 0.150m below the underside of the lid for junction pits.

Minimum conduit sizes are given below:
= The minimum pipe size shall be 375mm d]erheter.
» The minimum box culvert size shall be 600mm wide x 300mm high.

Pipe sizes in a network should not be less than those of pipes upstream. This

‘nead not apply to pipes larger than 6800mm diameter, unless maintenance

problems are anticipated. For interalloiment dramage pipes a minimum diameter
of 150mm is to be used.

To prevent excessive deposition of sediments in pipes the limiting slope is o be
1% for.normal drainage lines and 1% for interaliotment drains. A lower pipe slope
may be acceptable under certain conditions

The aliowable maximum and minimum depths of pipes which are established from
considerations of earth pressures and forces due to superimposed loads ars to be
determined from the appropriate charts provided in reference document Concrste
Pipe Association of Australia, Concrete Pipe Selection and Installation. For
interallotment drainage pipes a minimum cover of 400mm is to be used

Pipe manufaciurers allowable pipe deflection angles and mitre bends may be
used for changes in direction in the horizontal ptane only where the use of junction
pits is not required. Appropriate headlosses are to be taken into account

Minimum and maximum velocity of fiow in stormwater plpelmes shall be 0.6m/sec
and 8m/sec respecttvely

Where the grade of the pipe exceeds 15% concrete anchor blocks shall be

provided as a minimum at every third collar.

PITS

inlet Pits shall be spaced so that the gutter flow width is limited in accordance with
this specification and so that the inlet efficiency is not affected by adjacent inlet
openings. Preference shall be given to the location of drainage pits at the

upstream side of allotments at the upstream end of kerb returns on tangent points.

Other pits shall be provided:

= To enable access for mainteﬁance.

= At changes in direction, grade, level or class of pipe.
= At junctions. N

a  Where gutter flow axceeds 2.1m wide on road
= . Clear of driveways

= Such that the depth of flow iri the low side kerb and gutter does not exceed the
crest level of driveways to properties.- below road level.

Gutter Flow
Widihs

Water

" Surface

Limiis

Conduit
Sizes

Limiting

-Slopes

Pipe Cover

Curved
Pipelines

Velocity
Limits

Anchor
Blocks

k Spacing
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The maximum recommended spacing of pits where flow widths are not critical.are
given in Table 5.3:

Pipe Size {mm) Spacing {(m)
Generally less than 1200 - BO
1200 or larger 100
In tidal influence alt 80

Table 5.3

To calculate the capacity of any type of iniet the first step involves determining the
quantities and characteristics of the flow approaching the inlet.

Gutter flow capacities for both a 150mm high standard kerb, 130mm high roll kerb
and layback kerb-may be obtained from the graphs in Fig D5.09.5a-D5.09.5¢ for
various longitudinal grades. For specific cases discharges should be calculated
and characteristics of the flow at the pits determined.

Pit inlet capacitiés may be obtained from graphs in Fig D5.09.6a-D5.02.6d. The
capacities on grade are given in terms of fow captured from the flow approaching.
The graphs also take into account pit blockages of up to 20% unless noted
. otherwise, .

Maximum sag pit capacities may be obtained based.on a depth of ponding up 1o
the top of kerb. The graphs in. Fig D5.08.6b and D5.09.6c may be used 0 obtain
capacities. In analysing existing systems it is- recommended that if the graphs
provided do not specifically address the configuration then an appropriately
proportioned combination may be used, unless specific calculations are provided.
A reducing factor introduced to-both the lintel and grate flow may give a
conservative value of a special -combination inlet's capacity. However, the
~assumptions made in specifying the reducing factor are to be substantiated.

A graie in a sag operates first as a welir having a crest length roughly equal to the
outside perimeter (P) along which the flow enters. Bars are disregarded and the
side against the kerb is not included in computing P. | ‘ ‘

Weir operation continues to a depth of about W/3 (Where W is the smallest
dimension of the grate, ie width rather than length} above the top of the grate and
the discharge intercepted by the grate is: .

Q = 1.86PA TN Y s cerereseemsensrmss enssssasmssemssssmenssases s s essensasioss (1)
' Where d<0.12m - ‘
and P =L + 2W or 2(L + W) depending on type .

When the depth at the grate exceeds 0.9W the grate begins fo operate as an
orifice and the dischargs intercepted by the grate is:

Qg = 0.67A (290)"% rrceeeeemirsssmmsmssassssmsssssmsssseosensrmssesess erveeereenesseniees 2)
- A = Clear area of grate
d>0.43m

Between the depths of 0.33W and 0.9W the grate qapacity adopted should be the

lower of the two equations.

Because of the vortices and the tendency of trash fo collect on the grate, the clear
opening or perimeter of a grate inlet should be at least twice that required by the
equations above in order to remain below the design depth over the grate. Wheare
danger of clogging is slight a factor of safety less than two might be used, but is to

inlet
Capacity

Gutter Flow
Capacities

Pit Inlet
Capacities

Say Pit
Capaqities

Inlets at

Sags
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10.

11.
12.

13.

14,

18,

be substantiated. Where combination inlets are used, the grate need only be as
large as given by the equations above because the kerb opening provides the
safety factor from clogging. Therefore, for a 150mm kerb the maximum capacity
of a 800 x 450mm Weldiok grate in a sag will be as follows:

Q, =1.66x1.8x0.15"°m¥s
= 0.174/FOS
= 0.087 m%s (factor of safety = 2)

The capacity of a lintel (kerb inle) in a sag depends upon the depth of water at the
inlet and the inlet geometry. The inlet operates as a welr until the water
submerges ithe entrance. When the water depth exceeds about 1.4 times the
height of the entrance, the inlet operates as a special orifice defined as a large
lateral aperture. Between weir-type operation and orifice-type operation the
capacity is indeterminate. The discharge resulting from weir flow is:

QL= 1.66Ld" M8 emmmmmrcerereeeeeeeenn Heeeee e s est e sseeeepeeeeeeeee e me s (3)
Where d < 1.4h and L = Length of inlet depending on type

When the depth at the lintel exceeds 1.4h the lintel begins to operate as a large
lateral aperture (relatively large orifice at the side) and the discharge intercepted
by the lintel is: '

QL OBTALZG(A-NZI™E oo eeeeeeeeeereeeeeeeeseeeeeeeeees e s et {4
QL = inlet flow
d = depth of flow
L = inlet width
A = opening area .
g = acceleration due to gravity 9.8m/s?

" Note: Similarly, a Factor of Safety should be used to detérmine actual inflow.

~Kerb inlets on grades are generally inefficient. ‘As the grade increases the’

effectiveness of the inlet to intercept flow decreases. The inlet can be made more
effective by depressing the inlet, increasing the cross fall at the inlst or by
providing deflectors at the inlet. Grades above about 5% are said to be steep.

Grates tend to be more efficient at capturing flow on grades than lintels, howaver,

they are-also more prone to blockages. Hence, a grate on its own has substantial
by-pass flows. ' - '

Flow on steeper grades tends 1o overshoot a kerb opening such as a fintel,
however, increasing cross fall, depressing the inlet or the use of defiectors tend to
improve the performance significantly,

All. new developments shall use a combination infet of grate and linte! and i is
recommended that the use of deflectors be encouraged on steeper grades where
possible. The overshoot as described above is less likely to occur due io the
standing wave formed by the turbulence created by the grate.

Deflectors have been found to be extremely efficiont on steeper slopes, say
greater than 5%. They tend to train the flow of water toward kerb inlets thereby
greatly improving the overall inlet performance. Therefare, it is regarded that the
use of deflectors on steep siopes is good engineering praciice where this will not
adversely effect the movement of traffic. N
Any iniet pit that is proposed to be used can be analysed by the principles set out
above or by following procedures as set out in ARR. :

STORMWATER DRAINAGE DESIGN

Lintels at a
Sag Point

infets on
Grade

Grates on
Grade -

Lintels on

- Grade

Combined
inlets on
Grade

Effect of

Deflectors

Pits Not
Covered by
Graphs
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16.

17,

18.

18.

20,

21.

22,

Pit crossfalls should be no less than 30mm. Changes in diameter should be
graded obvert io cbvert. '

Where the depih of the plt exceeds 1.2 metres, standard galvanised or other
approved step-irons are to be provided at a spacing of 300mm to provide access
for inspection and cleaning. Refer Standard Drawing No. 263707.

Every endeavour is to be made to maintain flow velogities through pits. Excessive
drops will not be permitted except where designed to dissipate energy/velocities. -

Pits are o be located and constructed in accordance with Councifs Standard
Drawings nos 263701-263708 and GG78.62. Precast pits may be used if the prior
approval fo the type and design is obtained from Council.

In medium density, commercial or community tifle development where
accessways slope towards street footways, a collection grate and drainage pit
shall be provided fo prevent flows (ie zero discharge) up to the Design Storm,
crossing the footpath.

Calculation of flowrates in Rural — Residential subdivisions should be in
accordance with Chapter 5, “Estimation of Peak Flows for small to medium sized
Rural Catchments” of “Australian Rainfall and Runoff 1987". Pipe drainage
systems are required under all road reserves, '

Culverts and other drainage struciures are to he designed for a flood frequency of
1:5 years, Special attention must be given to scour protection where flows exceed

the design frequency. In some rural subdivisions;-where lots are [likely to be

isolated by rising of local streams, fiood free access will be required if approval is to
be granted to the subdivision. (Reference o D5.11.2) .

Road culverts should be designéd in accordance with culvert hydraulics theory, ie
the culvert capacity is determined by the flow conditions, depending on whether
iniet control or outlet control governs.

Recommended design procedures are confained in Section 3 of the Concraste Pipe
Association of Australia’s publicationi: “Hydraulics of Precast Concrete Conduits —
Hydraulic Design ManuaP. Nomographs in figures D5.09.22.1-D5.09.22.4 provide
culvert capacities for both pipe culverts and box culverts for both inlet and outiet
controf conditions. Entrance loss coefficients are provided in the following table 5.4.

_ Design of Entrance ; Ke
Pipe Culverts '

Pipe projecting from fill, square cut end o 0.5

Socket end : ' ' 02

Headwall with or without wingwalls, square end 0.5

Socket end : - 0.2

Pipe mitred to conform to filt slope, precast end 0.5

Field cut end 0.7

Pit Grade

Step Irons

Fit Velocity

Pit Standard
-Drawing

Driveway
Discharge

Rural
Residential
Subdivisions

Culvert
Design
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STORMWATER DRAINAGE DESIGN

D5.10

fAe]

Deslign of Entrance Ke

Box Culverts

No wingwall, headwall parallel to embankment, square edge on three 05
edges

Three edges rounded to 1/12 barrel dimension . 0.2
Wingwalls at 30° to 75° to barrel, square edge at crown 0.4
Crown rounded to 1/12 culvert height _ 0.2
Wingwalis at 10° 1o 30° to barrel, square edge at crown 0.5
Wingwalls parallel (extension of sides) square edge at crown 0.7

Entrance Loss Coefficient
An alternative is the use of Austroads ~ Waterway Design (1994)

Table 5.4

HYDRAULIC LOSSES

Drainage pipe systems shall be designed as an overall systemn, with due regard to
the upstream and downstream system and not as individual pipe lengths.
Drainage pipeline systems shall generally be designed as gravity systems fiowing
full at design discharge, but may be pressurised with the use of appropriate pits
and joints. Pipe friction losses and pipe sizes in relation fo discharge shall be
determined using the Colebrock-White formula with the acceptabie roughness co-

efficients being 0.6mm for concrete pipes and 0.06mm for FRC pipes. See figure -
D5.10.1.

Going from larger upstream 1o smaller downstream conduits is only permitted

where the smaller pipe is 800mm diameter or greater as blockage is unllkely to .
occwr. In going from smaller 1o larger pipes benchmg shall be provided in plts to

enable a smooth ﬂow transition.

The energy Iosses at pits once pipes are pressurised shall be determined from the

Missouri charts for pit energy losses or from computer programmes based on the

University of Missouri Studies. See Figures D5.10.3.1 to D5.10,3.28 or Hare
Charts. Benching in pits may be used to assist in reducing pit losses where
desirable,

Drop pits occur where there is a substantial difierence between the invert of the
inlet and the obvert of the outlet. Usually, this results in the water losing all of its
forward velocity and momentum. Very large headlosses can be expected due fo
the need to accelerate the water from rest and due to the turbulence caused by
the incoming water. When the obvert of the outlet pipe is at a or greater than D /4
(D, = diameter of outiet pipe) below the invert of the upstream pipe, the inflow shall
be regarded as grate flow,

Energy losses at pipe bends is to be taken into consnderaﬁon

Openings at pits must not be large enough to admit a child. Grates and
depressions associated with inlets should not be hazardous to road users,
particularly cyclists.

The effects of pit and pipe blockages on the safety of people and property is to be
taken into consideration.

Pipe System

Pit Friction

Confraction/E
Xpansion

'Losses

Pit Losses

Bend Losses

Safety at Pits

Blockages
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D511 MAJOR SYSTEM CRITERIA

1. Major system flows are flows in excess of the minor system capacity. These major  Definition
flows shall be catered for by providing suitable escape routes such that they do not
present a danger to life and property. These overfand flow paths shall have a
capacity to carry major system flows up to the 1:100 year ARI. The following over
land flow paths may be used to act as a major system flow route,

() Roadways including footpaths
(i) Pathways
(i} Parkland or open space

i

(iv) Drainage reserve

Consideration must be given to continuity of the overland flow path and as such  Continuity
where, for example, a roadway acting as an overland flow path discharges Overland
stormwater fo a pathway, park, drainage reserve, eic the footpath should have a  Flow
reverse crossfall to facilitate the overiand flow. Other obstructions, such as fences,

shall not traverse these flow paths.

2, In the design of these overland flow paths the actual flow depth must be taken into  Safety
account when establishing an appropriate design value of V*D. See Fig D5.11.2  Velocity/
below. (From Research Report No. 89 Safety Aspects of Designing Roads and  Depth
Floodways Urban Water Research Association of Aust, Nov 1993). Criteria

It is & Council requirement that all properties are protected against the 1:100 year
ARl flood. As such, drainage designs shall take account of the existing flood
behaviour and at the very least ensure that it is not made worse by any proposed

works. .
i
Y
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3. Freeboard requirements for floor leveis and leves bank levels from fiood levels i~ Freeboard
open channels, roadways and stormwater surcharge paths are given below:

Generally—

() A minimum freseboard of 0.3m shall be provided between the 100 year flood
level and floor levels on structures and entrances to underground car parks
and top of bank. A higher freeboard may be reguired in certain
circumstances.

(il  Where the road is in fill or overtopping of kerbs and flow through properties
may oceur & 100mm freeboard shall be provided between the ponding level
of water in the road and the high point in the footpath. Driveway construction
in these instances needs to consrder this requirement. :

In Surcharge Paths:~

(i) A minimum freeboard of 0.3 shall be prowded between the 100 year flood
level and floor levels on structures and entrances to underground car parks.

in Open Channels:—

(iv) A minimum freeboard of 0.5m shall be provided between the 100 year flood
level and fioor ievels on structures and entrances o underground car parks.

4, Table 5.5 below gives road carriageway flow capacities for a 5 meire, 8 metre, 7 Road

metre and 12 metre road with varying longitudinal slopes. The apparent Reserve
discrepancy in the capacity of the roadway widths is explained as follows - Flow

{) The most efficient hydraulic cross section is one which is rectangular. . Capacity

(i) As the roadway widens the hydraulic cross-section changes from almost
| rectanguiar at 5m wide to two distinct separate triangles.

(i) By this, at a fixed.depth of 150mm on the roadway, the cross sectional flow

: area increases marginally by widening the road. However, the hydraulic
radius decreases as does the conveyance of the cross-secttons Therefore,
the capacity of the cross sectlon of the 8m roadway.

(iv) Roadway capacities are calculated by Manning’s equation for a‘compound
cross-section.

If the roadway alone does not provide the required capacity, the entire width of the
~_road reserve may be used as the ficod path subject to velocity and depth
restrictlons obtained from Figure shown in Section D5.11.2.
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FLOW CAPACITY (L/s)
L ongitudinal Width of Road
Slope : ,
% 5m 6m 7m 8m 9-13m
1 650 880 675 840 Fiow
divided by
25 1025 1080 1065 1015 Crown
5 1450 1525 1510 1440 adopt 50%
8m flows
7.5 1770 1860 1840 1750 sach side
10 2050 2155 2130 2030
12.5 2240 2410 2380 2270
15 2510 2640 2610 2480
16.7 2650 2800 2770 2640

Note: Calculations assume roughness “n” = .013 and kerb profiles in accordance
with SCC or Dept of Housing Drawings. Other profiles require Council
approval,

Maximum Flow Capacities of Roadways with Standard Kerb & Gutter,
" 3% Crossfall and Depth of Ponding 130mm

Table 5.5
FLOW GAPACITY (L/s)
| Longitudinal : .
Slope . Width of Road
' % 5m 6m .. fm 8m —13m
1 505 515 500 Flow divided by Road
_ Crown Adopt 50%

25 __ eoo 815 790 7m flows each side.
5 1130 1155 1120
7.5 1380 1410 - .1370

10 1600 1630 1585

12.5 1790 1820 1770

15 - 1960 1995 1940

16.7 . 2080 2120 2060

Note: Calculations assume roughness “n” = .013 and kerb profiles in accordance
‘with SCC or Dept of Housing Drawings. Other profiles require Council
approval. :

Maximum Flow Capacities of Roadways with Layback Kerb & Guiter
3% Crossfail Ponding Depth 130mm -

Table 5.6
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FLOW CAPACITY (L/s)
Longitudinal Width of Road
Slope -
% 5m ém - 7m 8m~—13m
1 500 510 495 | Flow divided by
Road Crown Adopt

2.5 795 805 : 780 50% 7m fiows each
5 1125 1145 1105 side.
7.5 1375 1395 1350

10 1590 1615 1560

12.5 1775 1805 1745

15 1945 1975 1910

16.7 2065 2180 2030

Note: Calculations assume roughness “n

"= 013 and kerb profiles in accordance

with SCC or Dept of Housing Drawings. Other profiles require Council

approval.

Maximum Flow Capacities of Roadways with Roll Top Kerb & Gutter
2% Crossfall Ponding Depth 130mm .

Table 5.7

6. Technical Note 6 and 9 in ARR.details the recommended methods of arial"ysing Form of
major systems flows. The hydrological and hydrauhc design data shall be Calcuiations
presented as shown in Figure D5.06.13.

: DS_.12 TRUNK DRAINAGE

1. Trunk drainage systems serve catchments larger than 15 hec’tares and can General

include the following elements:-

Natural watercourses or ariificial open channels. For the purpose of this
document, the term “natural watercourse” is considered to be a defined path
which stormwater follows and includes channels and any overbank flow path.
The provision of channel lining or enclosure by pipes, eic. does not in any way
diminish the fact that the fiow path is a natural route for the stormwater.

Culverts and road crossings exceeding 800mm in diameter.

Naturally occurring ponds and lakes exceedmg 1000 m3 capaclty

Transition and hydraulic structures.

Artificial detention storages exceeding 1000 m3 capacity.

2. An appropriate runoff routing model shall be used to estimate design flowrates at
suitable points along a trunk drainage system. It is necessary to estimate runoffs .
using storm patierns of different durations to determine the critical storm. Such
patterns are obtained form Chapiers 2 and 3 of ARR. The model should reflect the
existing conditions of the catchment and as provided by rainfall tntensnty charts

Figure D5.04.1 to Figure D5.04.23.

The model chosen shall be calibrated against a recorded storm event if available,
otherwise the model shall be compared with at least one other runoff routing
model and/or the Probabilistic Rational Method. If calibration is to be made against
the Probabilistic Rational Method, then once calibration is achieved, model
parameters shall be adjusted to take into account the extent of urbanisation.
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The model eventually chosen shaii be justified for its adoption inciuding all
parameters ‘ ' '

3. Hydraulic demgn of trunk dratnage systems shall proceed with the use of flood  Hydraulic
surface profile calculations as appropriate. These calculations may be done  Design
manually or by the use of appropriate computer models. Any assumptions made
in the hydraulic analysis design are to be clearly stated and shown to be justified.

The hydraulic: des:gn shall take into account obstructions to flow such as buildings
and fences. If sections of the trunk drainage system are prone to blockage by
debris, the effects of a minimum 50% blackage shall be snvest:gated That is, what
is the likely rise in flood level? This information will assist in determining whe’rher
sufficient freeboard is still available to habitable floor levels.

The data required for the hydrauhc design which inciudes channel Cross sections,
dimensions of controls, obstructions, etc, shall be obtained. This data shali reflect
the existing characteristics of the channel. Unrealistic approximations are not to be
made on this data.

A sufficient number of sections both within the site and extendirig sufficiently
upstream and downstream of the site shall be analysed in order to refiect flood
behaviour and take account of impacting control structures.

In the design of new channels, a freeboard of 0.3 metres shall be provided above
the 1 in 100 year ARl top water level.

4. Where the product of average Veloclty and average flow Depth for the design flow  Safety
rate is greater than 0.4m?/s, the design will be required to spec:facally prov:de for
the safaty of persons who may ¢ enter the channel.

5.  Maximum side slopes on grassed lined open channels shall be 1 in 4, w1th a Side Slopes
- preference given to 1 in 6 side slopes (particularly in the vicinity of schools), . :
channel inveris shall generally have minimum cross slopes of 1 in 20. :

6. Low flow provisions in open channels (man-made or altered channeis) will require  Low Flows
low flows to be contained within a pipe system. Minimurn pipe size is to be 375mm ‘ ‘
in diameter. Subsurface dralnage shall be provided in grass lined channels to
prevent waterlogging of the channe! bed. L.ow flow recurrence intervals are glven
in Section D5. 04

7. Maximum flow veloclties in grass lined channels shall be restricted to 2m/s.  Flow
'Designs shall ensure that flow is subcriical. Supercritical flow shall be avoided, Velocities
however where this cannot be prevented as in the case of an existing open  Channels
channel, fencing to the satisfaction of the Subdivision and Development Manager, :
design shall be provided for the length of the open channel where supercritical
flow oceurs. '

8. Adequate scour protectson shall be des:gned for all discharge pomts into and out Scour
of the channel. It shall also be provided at any point along the channel where there  Profection
is a significant change in flow conditions.

g, | Modifications to natural watercourses are generaﬂy not‘anowed as they can Walercourse
adversely impact on a number of issles including: i ' Modification
a  hydrautic function ) -
« channel pattern and form
5 "long—term channel stability
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= agesihetic appearance
e gquatic and barkside habitat diversity
»  water quality

Proposals involving modifications to watercourses will need to include in addition
to a hydraulic assessment, an assessment of their environmental impact and
approvals and permits will also be required form the Department of Land and
Water Conservation. The NSW Depariment of Planning manual “Better Drainage,
A Guideline for the Multiple Use of Drainage Systerns” should be used when
“watercourse modification is proposed.

D5.13 MAJOR STRUCTURES

1. All major structures shall be designed for the 100 year ARI storm event without  Afflux
affiux in urban areas. Some afflux and upstream inundation may be permiﬁed in
certain rural and urban areas provided the increased upsiream flooding is minimal
and does not inundate private propery.

2, A minimum clearance of 0.3m between the 100 year ARI flood level and the  Freeboard
underside of any major structure superstructure is requnred to allow for passage of
debris without blockage.

3. All bridges shall be designed for the 100 year ARI flood miens&ty without aﬁiux in  Bridges
urban areas.

4. . Certified structural design shall be required on bridges and other major- cutvert-
structures and may be required on some specialised structures. Structural design
~_ shall be carried out in accordance w:th AUSTROADS (1992) Bridge Design Code.

5. All cui\rerts sha!f be designed for 1% probablltty flood intensity without afflux in  Culverts
~“urban areas. , ,

B Culverts (gither pipe or box section) shalll be designed in accordance with Section -
D5.09.22. Standard concrete headwalis for 300 to 900 diameter pipes are shown
in Standard Drawing ref no. 263714 (Fig. D5.Misc. 10)

7. . Site Information required for Major Drainage structures . Survey

To determine that the structure is compatlble to the site, the following lnformahon

is reqmred
® Confour plan at 1:100 extendxng minimum 30 metres upstream and
downstream and showing: .
(@  Contours well above the known or estimated highest fiood level
{s)] Location of road centre line including chainages
(c) Location of proposed structure
(o) Location of foundation test bores
(s) Location and value of Bench Mark
o Longitudinal Section of road centre line at 1:100 showing:
(a) Accurate profile of stream bed
- (b) Location of structure
{c) Proposed road design levels, deck level, soffit level

[{s)] 1:5, 1:20 and 1:100 flood levels (so that capacity and stability can
be assessed)

» Characteristic cross sections at 1:100 (natural) minimum 10 metre intervals
for minimum 30 metres upstream and downstream with 1:5, 1:20
calculated or observed flood levels shown.
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® Longitudinal section of stream extending 30 metres upstream and
downstream at 1:100 (natural) showing levels at critical changes of grade
and the location of the proposed struciure.

Checklist Rural Drainage Struciures
Pipe Culveris

e Sufficient length in multiples of 1.22 to support batters with standard
“headwall or inlet pits.

Location 1. & R of centre line.

invert ievels prominent.

Grade of pipe.

Sufficient cover for class of pipe.

Number of cells/diameter/ength/RR joint.

Extent of erosion control at inlet/outlet.

Headwall design or refer to RTA Standard Drawing (or 900 x 200 inlet pit in
cut with 300mm openings facing incoming flow).
e Conformation with existing stream bed. (Show existing RL's at cenireline

and 10m upstream/downstream.

Box Culverts and Causeways

As above

Sections both ways

Full dimensions including remforcement piacement
Slab details

Kerb details

Protection of batters

2 & ®» o © &

D5.14 - RETABD!NG BASINS

1 For each AR! a range of storm events shall be run to determine the peak ﬂood

level and discharge from the retarding basin. Storm patterns shall be those given
in AR&R 1987 Volume Il ,
2,  The criticai storm duration with the retarding basin is likely to be ionger than

without the basin. A graph showing the range of peak fiood levels in the basin and -

peak discharges from the basin shall be provided for the storms examined.
3.. Flood Routing should be modelled by methods outlined in AR&R 1887,

4. The high level outlet to” any retarding basin shall have capacity to contain a
minimum of the 100 year AR fiood event. Additional spillway capacity may be

required due to the hazard category of the structure. The hazard category should-

be datermined by reference to ANCOLD (1988).

5. The spillway design shall generally be in accordance with the requirements for
Open Channel Design in this Specification.

8. Pipe systems shall contain the minor flow through the Retarding Basin wall. Outlet
pipes shall be rubber ring jointed with lifting holes securely sealed. Pipe and
culvert bedding shall be specified to minimise its permeability, and cut off walis
and seepage collars installed where appropriate.

7. The low flow pipe intake shall be protected to prevent biockages.

8. Freeboard — Minimum floor levels - of dwelling shall be 0.5m above the 100 year
ARI flood level in the basin.

Critical
Storm
Duration

Routing

‘High Level

Qutlet

Low Flow

Provision

Freeboard
at Dwellings
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8. Public Safety Issues — Basin design is to consider the following aspects relatingto ~ Safety
public safety. ‘ ‘ ‘ - Issues

* Side slopes are to be a maximum of 1 in 6 to allow easy egress. Side slopes of
greater than 1 in 4 may require handraiis to assist in egress.

* Water depths shall be, where possible, less than 1.2m in the 20 year ARI
storm event. Where neither practical or economic. greater depths may be
acceptable. In that case the provision of safety refuge mounds shouid be
cansidered. : :

= The depth indicators should be provided indicating maximum depth in the
basin. S

= Protection of the low flow intake pipe shall be undertaken to reduce hazards for
people trapped in the basin. ‘

= Signage of the spillway is necessary to indicate the additional hazard.

= Basins shall be designed so that no ponding of water occurs on to private
property or roads.

= All outflow drainage pipes shall be fitted with ant-seepage collars. The
embankment shall be provided with a cut off wall as deemed appropriate.

= No planting of trees in basin walls is allowed.
= No basin spillway is to be located directly upstream of urban areas.
= Basin to be certified by an appropriaie engineer for stability and overtopping.

= Submission of design plans to the Dam Safety Committee is required where -
any of these guidelines are not met or. Council specifically requires such
" submission. Ses also D7.18 for such requirements. -

®  Basin design to be nce-rtiﬁed by an appropriate engi'ﬁeer for stability arid‘
overtopping. . ‘ :

STORMWATER DETENTION

D5.15 STORMWATER DETENTION

1. Installation of Stormwater Detention is required on redevelopment sites within the Redevelop-
City where under capacity drainage systems exist. A redevelopment site is defined  ment
as a site which used to have or was originally zoned to have a lower density
development than is proposed. Site specific information will be provided by
Council’'s Strategic Drainage Engineer. , :
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INTERALLOTMENT DRAINAGE

D5.16 INTERALLOTMENT DRAINAGE

1. interallotment drainage shall be provided for every allotment which does not drain
directly fo its street frontage or a natural watercourse. ‘

2. interallotment drainage shall be contained within an easement having a minlmum
width of 1.0 metre but depending on pipe size, See Section D5.18. The sasement
shall be in favour of the benefiting aliotments.

3 Pipe Capacity ~ The interaliotment drain shall be designed to accept concentrated
drainage from buildings and paved areas on each allotment for flow rates having a
design ARl the same as the “minor" street drainage system. A slope junction
capped off and documented on & work as executed plan to be provided for each
alloiment.

4, In lieu of more detailed analysis, the following areas of impervious surface are
assumed to be coniributing runoff to the interallotment drain:-

Impervious

Developer Type % of Lot Area Area

Residential (2a) . ‘ 40

Residential (2b) ST 70

Industrial 80

Commercial _ 90

5. Pipes shall be designed to flow ful! at the demgn discharge without surcharging of
inspectaon pits.

6. lnterailotment drainage pﬂs sha!l be located at all changes of direction or at  Piis
approximaiely 70 metre intervals. Pits shall be -constructed of concrete, with -
100mm thick walls and fioor and have a minimum 600 x 600 internal dimensions.

Pits shall have a 100mm concrete lid finished fiush with the surface of works.

7. . The interallotment drainage shall have a minimum longitudinal gradient of 0.5%. Minimum
. Grade

8. ‘The interallotment drainage shall be constructed from rubber ring jointed pipes of  Pipe Type
either reinforced concrete pipe or UPVC pipe which shall conform respectively to
the requirements of AS 1712, 1342 and 1254. In public road and recreation
resorves whare vehicle foads may be encountered, reinforced concrete pipe only,
shall be used.

9. Where interallotment drainage and sewer mains are laid adjacent to each other  Sewer
they are to be spaced both horizontally and vertically as follows,
() horizontally - 1.5 metres between pipe cenire lines.

(i vertically — a minimum of 300mm ciearance between the two pipeiines is -
required.

Where adjacent pipelines are located within the one property the plpellne of least
depth is to be located nearest the property boundary
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1C. Where sewer mains are in close proximity to interallotment drainage lines they are  Drainage
to be shown on the interaliotment drainage plan and similarly interallotment  Plan
drainage lines are to be shown on sewer plans and longitudina! sections. '

DETAILED DESIGN

D5.17 CONDUITS

1. ~ Stormwater pipelines may be constructed from reinforced concrete pipes, fibre Specifications
_reinforced concrete pipes or UPVC pipes manufactured and installed in
accordance with reievant Australian Standards.

AS2032 Instaliation of UPVC Systems (1977)

AS2033 Installation of polyethylene pipe systems (1980}

AS2566 Plastics pipelaying design (1982)

AS3725 Loads on Buried Concrete Pipes (1989)

AS4060 Loads on Buried Vitrified Clay Pipes (1992)

Concrete pipe selection and installation, Concrete Pipe Assoctation of Austraiia
MR Form No. 25, Specification for the Construction of Standard Concrete Pipe
Culveris and Drains

All pipes are to be new and first quality. All pipelines shall bé rubber ring jointed.

2 Pipe Bedding and Cover — Pipe Bedding and Cover Requirements shall be Bedding
determined from the Concrete Pipe Association "Concrete Pipe Guide" or AS - Cover
3725 Loads on Buried Pipes and or Council’s Standard Plan ref 263731. All pipes '

~_shall have a minimium cover of 450mm under any road pavement and 300mm -
under grassed areas except where iand under a footpath connecting to a kerb.

D5.18 DRAINAGE EASEMENTS

1. Where it is intended to create drainage easements required in a subdivision, a Easemenls .
" notation should appear on the engineering drawings and subdivision plan creating
the easement or easernents pursuant to Sec’uon 88B of the Conveyancmg Act,
1919 as amended . ‘

2. Where stormwater drainage conveyed in a drainage easement, piped or  Discharge
otherwise, such as referred in (1) above would discharge onto land other than an  Private
existing drainage easement or public place, it shall be the responsibility of the Lands
developer io obtain a drainage easement through such land, sufficient in
dimension to convey the drainage io an easermnent, natural watercourse or public
place and to transfer easement rights therefore to Council. Depending upon the
location of the development within a catchment, the developer will bé responsible
for stormwater discharged from the proposed development onio other lands. The
plan of survey will not be released uniil the above requirements have been
complied with, and all fees and contributions have been paid.

3. Interailotment Drainage — 1.0 metres minimum and should be at ieast 0.5 metres  Width
from lot boundary : : Easement

Piped Drainage Easement Width = (1.5 x depth of trench) + diameter of pipe.
© Minimurn easement width is 3.0 mefres.

Open channel width = top width of 100 year design flow with freeboard + 1 metre,
but dependent on rnaintenance requirements.
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4, Council will not permit building over a drainage easement. Footings, piers and  Building
other foundations in the immediate vicinity of Council’s drainage lines are to be  Adjacent
founded at or below the invert fevel of the pipe, or on solid rock outside the Easemenis
easement. All other foundations are to be located so that the building is founded
outside the “zone of influence” of Council’s drainage. Council must be able o Zones of
repair or remove at any time the drainage line without affecting the stability of the  Influence
huilding.

Where building construction involves displacement piles the application is to be
referred to Council's Maintenance Manager. Plles adjacent fo the drainage line
need to be cored below the invert level to prevent heaving of the ground affecting
the line. Engineers design details are required to show the design of footings and
specified clearances. Council's requirements will be given by listing them with the
conditions of Building Approval.

D5.1¢  PIT DESIGN

1. Pits shall be designed with benching to improve hydraulic efficiency and reduce  Pit Design
water ponding, Typical pit designs and cther pit design requirements are provided
in Plans ref, 263701 to 263708, other pits are to be constructed in accordance with
RTA and Department of Housing Standards. Safety and safe access are
important considerations in pit design. Approved precast pits to be installed as per
manufacturers specifications.

- D520 RURAL DRAINAGE DESIGN

1. Rural drainage design is to be undertaken in conjunction with the 1987 edition of Infroduction
“aAustrallan Rainfall and Runoff” (AR&R) and the Austroads publication “Waterway
Design” (AWD) published in 1994 as a gmde to the hydraulic design of bridges,
cuiver’ts and floodways.

‘These two documents form the basus for Council's requnrements The average Hydrology
recurrence interval (ARI) to be adopted will be specified generally at the time of -
‘subdivision or development approval however this should be confirmed with

Council's Subdivision & Development Manager prior to the submission of detailed

designs.

2, " The calculation of peak flows shall generally be in accordance with the Probabilistic Rational
‘ Rational Method as described in Chapter 5 of AR&R. it is noted that this method is Method
applicable to caichments up to 250km?. Larger catchments should be the subject
to the alternative methods described in AR&R and designers must consult with
Council staff as to an acceptable method prior to detailed designs being submiited.

3. Similarly if alternatives to the Rational Method, including computer programs, are
proposed for the smaller catchments the acceptability of these programs should be
cleared by Council staff prior to submission and that the proposed criteria are
relevant to local conditions.

- Where the discharge calculated by these alternative methods is appreciably less
than that indicaied by the Rational Method the difference will have fo be
substantiated

As used in design the formula of the Rational method is:

Qy
Where Qy

0.278 Cy. g, v. A
peak flow rate (m/s) of average
recurrence interval (ARI) of Yyears

Wil
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Cy = runoff coefficient (dimensionless) for
~ ARl of Yyears
A = area of caichment (knf) :
ley = average rainfall intensity (mm/h) for design
duration of £; hours and ARl of Yyears.
4, The elements of the equation are explainad further as follows:—

() Determine the ARI of “Y” years to be atopted from the criteria described in the  Runoff
D5.04 Coefficienis

(i) Determine which zone the catchment is situated in from Fig 15 (Rainfall
Intensity Zones, see 4(c)). Adopt the C10 Value as shown in the following

table.
Zone Cin Zone L
Jamberoo 1.00 Wandandian | 0.80
' Kangaroo Valley 0.70 Clyde Watershed 0.80
Berry . 1.00 Sussex inlet - 0.75
Nowra , ' 6.95 .| Milton Q.85
Calymea Creek 0.85 Bawiey Point 0.85
Huskisscn 0.80 '
(i) Adopt the frequency factor appropriate to the ARI from the following table. Freguency
' : ) . factors
Frequency Factors — FF, | Below 500m AHD | Above 500m AHD
FF, 062 I 0.89
FFa : 0.78 _ - 0.92
FFs 090 | 0.95
= - -~ 1.00 ' 1.00
FFas - | 110" : . 1.05
FFsp . 1.12 1.7
FFin 1.18 ' 1.24
Eg. Caichment in Nowra Zone below 500m ARI 5 yrs Cs=0.85x0.90=0.85.
5. The catchment area is identified and the area calculated from a contour pian ard in Catcl;rment

this regard the 1:25000 topographic maps - published by the Central Mapping Area
Authority are acceptable. A copy of catchment plan must be submitted with the

design. , :

8. "The average rainfall intensity (lt.y) is derived after first determining the time of Rainfajl
concentration (t;). Australian Rainfall and Runoff provide for catchments up to Intensity
250km? for eastern NSW. S

t. = 0.76 A®® where 1. is in hours and A is the catchment area in km?.

7. Determine the design flood from the following catchment — Worked

Location Kangaroo Valley (below 500m) : Example
Area = 2km? (200 ha) o

- Stream length = 2.3 km
Strearm slope (weighted) = 3% = 30m/km
Average Recurrence Interval = 1 in 20 yesars
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D5.21

D522

ng =0.70x1.10= 077
t;=0.76 x (2)* = 0.99hrs

adopti, 1 hr
150 = 75.8 mm/hr

Q=0278x077x758x2
=32.45 m%/sec

STORMWATER DISCHARGE

Adequate provision is to be made for scour protaction at all drainage inlets/outiets.
Energy dissipaters shall also be provided where discharge velocities are greater
than 2 metres per second. All inlets and outlets shail be provided with silt control
measures.

Headwalls and aprons shall be construcied in accordance with Councils
Specifications or as shown on the approved plan, with due attention fo
workmanship and reinforcement and general requirements for concrete. In
addition, handrails, guard-rall, trash racks or other safety devices may be required.

Gabion (or similar) or reno matftress structures are to be provided where
permanent scour protection is required. These structures are to be constructed in
accordance with manufacturers specifications. All structures are to be placed on a
laver of geotexiile fabric.

Where a pathway is to act as an overland flow path, full width concrete paving
may be required. Consulf Council at preliminary design stage. Details of water way
calculations are to be providéd fo ensure that the 100 year event is contained

-within the pathway reserve.

Pathways are to extend across the full width of the footpath and be of such shape
fto satisfactorily convey water to the proposed outlet. without causing erosion,
scowing or the like. Footpath crossfall to be reversed at overland flowpath to
direct rajor storm flow down design overland ﬂowpath

Drainage-outlet pipes under pathwaysloverland ﬂow paths shall generally extend a
minimum of 5 metres into Council’s reserve. This is to allow both pedestrian and

vehicular access where applicable. Pathways/overland flow paths are to extend to-

the Temits of the pipeline. The provision of an approved hand rail or treated timber
log fencing suitable for in ground use will be required around the outlet headwall.

MANAGEMENT OF ST ORMWATER FROM DEVELOPMENT SITES

The guidelines contained in this seciion apply to all developments within the City. it
is the responsibility of applicants to submit satisfactory detail and as required in
these guidelines and manual.

Detached plans showing the proposed method of stormwater disposal are o be
submitted with the Development/Bundmg Application as approval will not be
granted to any work commencing on site until the stormwater disposal system has
been approved. All drainage designs, investigations shall be prepared in
accordance with all relevant sections of this Code.

Property drainage discharge from a- development can be discharged into the kerb

and gutter by two 100mm diameter pipes where the calculated flow does not
exceed the pipes capacity.

Connection into kerb shall be by way of an approved adapier.

Scour

Headwalls

-Erosion

Control

Concrete
Pathway

Overland
Fiowpath

Outlets
Under
Pathways to
Reserves

General

Property

Discharge

Connection
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underground
system

3. Whera the, calculated stormwater discharge from the Development exceeds the  Info kerb
capacity of two 100mm diameter pipes then discharge into the kerb and gutter  and gutter
may be provided by means of a concrete converter. The maximum discharge
allowable by this method is 55/sec consiruction is to be in accordance with
Standard Drawing F’tan raf. 263726.

4, Where the total discharge from any development exceeds 55 Is, the disposal of  Connection
all concentrated/paved surface runoff and roof discharge shall be by means of a  to Council’s
suitably designed and constructed pipeline to the nearest available Council pit.  Drainage
The minimum RC pipe size shall be 375mm diameter. Sysiem

5. On development sites where the provision of onsite detention basins are  Amplification
impractical and the magnitude of the stormwater discharge is such that it is  Council’s
greater than that prior to development, the capacity of the dralnage system into ~ System
which the stormwater from the development discharges shall be checked in
accordance with D5.07(3). If part of the drainage system is found to not have the
required capacity, then that part shall be augmented/amplified to take the
additional flow.

6. When a property downstream of the development site must be traversed with a  Easement
drainage pipeline in order to reach an appropriate point of discharge an easement  Downstream
to drain water must be obtained over the downstream property. Building consent  Properiies
will not be issued i an easement is not obtained, This appiiesto new subdivisions,
residential, medium density developments, dual occupancies, commercial and
industrial deveiopments on land which naturally siopes away from its existing road

frontage.
7. .. Genera!ty, no obstruction to the overland flow of stormwater runotf-forrn'adjacent Flow
: properties on the high side of the development shall be permitted. Allowance shall  Adjacent
be made of the overland flow component and adequately catered for. ‘ Properiies
8. Where connection must be made to Counci]’s underground drainage system, the Conneciion
: minimum pipe size crossing the footpath directly in front of the allotment is to be  to Council
150mm in diameter. i _ ; Drams
9. Sumps and inlet prts shall conform with the standards shown in Standard  Inlet Pits

Drawings ref no. 263701 1o 263708. Alternatives o cast-in-situ concrete may be
acceptable subject to approval from the Subdivision and Development Manager.

Heavy duty cast iron or fabricated galvanised steel grates shall be provided on all
surface inlet pits in areas with vehicular traffic.

Paved areas and driveways falling towards Council's fooipath shall be provided
with a full driveway width grated box drain at the property boundary, draining into
the internal system and of minimal internal dimension of 100mm. See Standard
Drawing ref no. 283717 (Fig. D5.Misc.11).

10. At development application stage where a building application will later be DA Stage
~ required, the following information will be required:

= A concept site drainage layout (1:100 scale). This plan sha-il also show how the
- proposed drainage system is integrated with the proposed landscape plan for
the site,

= Flood study if applicable.
= Proposed point/s of discharge.
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=  Written agreement from downstream property owners to provide an easement
fo drain water if applicable.

» Calculations of velocities and flows Ieaving- the site both prior and after
development.

»  Proposed floor levels,

= Survey of the site providing sufficient information to be abie fo assess the
application, which includes lot boundaries, buildings, easements, services efc.

= all levels to be related to Australian Height Datum (AHD).

12, At building application stage the following information will be required: BA Stage
= Catchment plan (which inciudes site area pius other areas draining to site).
» Hydrologic and hydraulic calculations.

= Except for developments discharging less than 55£’sec long[tudlnal section of
pipelines showing calculated flows, velocity, size and class of pipe, grade,
invert levels, services and ground levels.

«  Where connection is 1o be made fo an existing underground drainage system,
a hydraulic grade line analysis shall be carried out and the pressure line plotted
on the longitudinal section.

= Details, dimensions and location of pits, grates, onsite detention storages,
weéirs, outlet structures and scour proiection.

» The details of any special features affecting runoff such as stormwater
concentration from or to adjomlng lands.

= Plan (1:100 scale) showing proposed and existing floor, ground and pavement
levels to-AHD. Note that sufficient levels shall be shown on the plan to enable
its proper construction. It is msuff:cuent to show arrows to indicate a fall in the

pavement.
A8 Both Development and Bulldmg applica’uons shall be prepared in accordance with Engineering -

the Australian Technical Drawmg Standard AS1100. . Submission
Flood studies shall be clearly and' cenmsely preserited,

Calculations 1o be clearly prevented in a logical sequenced manner. Calcuiatlons
will not be accepted from fioppy dlisc thhout hard copy

D5.23 DEVELOPMENT SITES AFFECTED BY FLOODING

1. Flood studies shall be prepared by suitable qualified civil engineers. The flood  Flood
study shall be prepared in accordance with the relevant Sections of this manual.  Studies
- The 100 year Average Recurrence Interval (ARI) flood event shall be adopted fo
assess the effects of fiooding on the proposed development site”and adjacent
properties. In certain circumstances it may be necessary to assess the effects
from-lesser storm events or in fact the Maxdimum Flood Level (MFL). This will be
required where the MFL is likely to be higher than the floor level set under D5.23

- (2.

2. Developments/Subdivisions with watercourses traversing the site require special

" aftention and care. Depending on the size of the watercourse any development in

the vicinity may require special approval from State Government Departments,

such as Depariment of Land and Water Conservation and the Environment

Protection Authority. Council-is willing to accept an improvement to watercourses

to alleviate fiooding and scour provided adequate aftention is paid to the

environmental effects of the proposal and the requirements of State Government
Departments are met,
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Flood studies in support of subdivision propeosal, must be prepared by a suitably
qualified and experienced civil engineer who holds current registration fo NPERS3,
A study must address the flow characieristics of the watercourse for the 100 Yr
ARl Flood Event and take into account all upstream and downstream features and
siructures which may affect flows through the site.

The report submitted to Council must mclude the following mformatlon to a]low
proper assessment —

= |ocality sketch

a« gcatchment plan

= survey inforrmation

= sketches and plans used for analysis

= data and calcutations of hydrologic/hydraulic analysis

= 100 yr ARl flood levels over the site

= assessment of flood hazard and sensitivity analysis for changes in flood levels
s contour plan showing extent of inumdation on the site

= assessment of scour potential of watercourses

= onsite detention proposals as required

= conclusions and recommendations resulting from analysis

Flood warning signs are o be provided, as required by-Council, at regjular internals

Flood
along channel systerns, in and abutting detention basins, at road crossings and Warning
points of pedesirian congregation or movement such as pathways, cycleways, Signs
parking areas, amenities blocks etc. Refer Standard Drawing No. 8D 131, ~

3. ~ Habitable fioor levels are 1o be 0.5 metres above 1:100 year ARI flood level for  Minimum

- residential development in floodways and 0.3 metres in flood storage and flood  Flood Leve!
fringe areas. Structures shall be flood proofed to at least 0.5 metres above the '
1:100 year ARl flood level in accordance with the Floodptain Development Manual.

4. Parking area levels are to be set to limit 1:100 year AR fiood flow veiocity and  Parking Area
depth to within the vehicle stability lumts as provided in Tabie 5.3. Lavels

5. . In general it is undesirable to fill fand or construct bmldmgs ‘which are Iocated Filling Flood

: within the 1:100 year ARI level. Liable Land
Within those areas affected by flooding filling is not to be undertaken uniess
Development Approval has been obtained form Council. Filling operations must
include adequate provision for drainage of surface water and be so placed and
graded in order to prevent the shedding of surface water direct to adjoining
properties. Drainage of adjoining lots must not be impeded, whether surface or
subsurface flow.

B. Creation of new residential lots by subdivision will not be perm'itted in flocdways.  Subdivisions
Creation of new lots by subdivision in designated flood siorage areas is ~ Flood Prone
permissibie provided that the cumnulative total of alf filling is not more than 1.0% of Land
the available water storage volumes in that basin as determined by Council.

Creation of new res:dentlat fots by subdivision is perimissibie in desrgnated fiood
frings arsas.
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D524 MISCELLANEOUS

1. Subsoll drainage in Pipe Trenches — Subsoil Drainage shall be provided in pipe
trenches as outlined below.

2. - Incases where pipe trenches are backfilied with sand or other pervious material, a  Subsoil
1.5m length of subsoil drain shall be constructed in the bottom of the trench  Drain at Pits
immediately upstrearn from each pit or headwall. The subsoil drain shall consist of
100mm diameter agricuitural pipes, butt jointed, with joints wrapped with hessian
or slotted PVC pipe.

3. The upstream end of the subsail drain shall be sealed with cement mortar, and the
downstream end shall discharge through the wall of the pit or headwall.

4. The CBR method of pavement design Is based on the assumption that the water  Pavement
table is at least 0.5 metres below subgrade level. To achieve this subsurface  Subsoil
drains at this level should be provided to intercept side-hill seepage, high water  Drains
table or isolated springs are present or if it is considered appropriate for the
protection or draining of the road pavement, kerb and gutter or private property.

Risers for cleaning out the drains shall be provided at the end of lines and at
intermediate points such that the distance between pits and/or risers shail not
exceed 60 metres.

The absolute minimum grade shall be 0.5%. Subsojl drains shall discharge into
gully pits, junction pits or culverts. :

5. Termination of kerb and gutter and assoc;ated scour protection — kerb and gutter Kerb &
shall be extended to drainage pit or natural point of outlet. Where outlet velocity is ~ Gutter
greater than 2.5 metres per second or where the kerb and guiter discharge  Termination
causes scour, then protection shall be provided 1o prevent scour and dissipate the
flow. :

' DOCUMENTATION

D525 SUBDIVISION ENGINEERING PLANS

1. Catchment Area Plans shall be drawn at scales of 1:500 to 1:1000 for urban Drawing
catchments and 1:4000 or 1:25000 for rural catchments, unless alternative scales  Scales
are specifically approved by Council and shall show contours, direction of grading :
of kerb and gutier, general layout of the drainage system with pit locations, -

catchment limits and any other information necessary for 1he design of the
drainage system.

2. The drainage system layout plan shall be drawn at a scale of 1:500 and shall show
drainage plpeilne location, drainage pit location and number and road centreline
chainage, size of opening and any other lnformatlon necessary for the design and
construction of the drainage system. . .

3. The plan shall also show all drainage easements, reserves and natural water
courses. The plan may be combined with the road layout pian.

4. The drainage system longitudinal section shall be drawn at a scale of 1:500 .-
horizontally and 1:50 vertically and shall show pipe size, class and type, pipeline
and road chainages, pipeline grade, hydraulic grade line location of underground
services and any other information necessary for the design and construction of
the drainage system.
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5. Open channe! cross sections shall be drawn at a scale of 1:100 natural and shall Open
show the direction in which the cross sections should be viewed. Reduced levels  Channels
. &re to be at Australian Height Datum, (AHD), unless otherwise approved by
Council where AHD is not available. '

6. Special Details including non-standard pits, pit benching, open channel designs
and transitions shall be provided on the design drawings at scales appropriate to
the type and complexity of the detail being shown.

7. Work as Executed Plans shall be submitted to Council upon completion of the  Work-as-
drainage construction and prior to release of the linen plan. The detailed design Execuisd
plans may form the basis of this information, however, any changes must be  Plans
noted on these plans.

D5.28 | EASEMENTS AND AGREEMENTS

1. Evidence of any Deed of Agreement necessary to be entered into as part of the

' drainage system will need to be submitted prior to any approval of the engineering
plans. Easements wil need to be created prior to or shown on the survey plan of
subdivision.

2. Where an agreement is reached with an adjacent landowner 1o increase flood
levels on his property or otherwise adversely affect his propetiy, a letter signed by
all the landowners oufiining what they have agreed to and witnessed by an
independent person shall be submitted prior to any approval of the engineering
plans. - :

D5.27- - COMPUTER PROGRAM FILES AND PROGRAM OUTPUT

1. .Computer program output may be 'provi_ded as long as summary sheets for
+ Hydrological and Hydraulic calculations in’accordance with this Specification are
provided with plans submitted for checking -and with final drawings.

2. Copies of final computer data files, for both hydrological and hydraulic models
shall be provided for Council's data base of flooding and drainage information in
formats previously agreed with Council. :
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STORMWATER DRAINAGE DESIGN 7 ~ Contract No.

CITY OF SHOALHAVEN
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Fig. D5.04.1
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Contract No. - STORMWATER DRAINAGE DESIGN

- DESIGN RAINFALL INTENSITY DIAGRAM

(LOCATION ‘34675 S 150725 § *NEAR  JAMBEROO

*  FHSUFE THE COORDIMATES ARE THOSE REQUIRED,
" SINCE DATA IS BASED 0% TEESE D HOT THR LOCATION RALE.

KSUED 2™ MARCH 1989  REF.—FN2912
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STORMWATER DRAINAGE DESIGN . - Contract No.

LOCATION 34.675 5 150.725 E = NEAR. JAMBERCO ISSUED 2% MARCH 1985 REF.-FN2912

#  ENSURE THE COORDEUTES ABE THOSE EEQUIRED,

LIST #F CEEFFIEIEHTS'TB. EOUATIENS 6F THE FERH STACE DATA 15 BASED ON THESE AHD NOT 112 LOCATION MAE.

() = a + bH(t)) + c*nlm))E + )8 + (T4 + (n(E)#5 + g{mlt)6

1= ITENSITY N SILLIMETRES FER HELR

T = TIHE 1N HEURS
RETURN PERIE0
YERRS) a b ¢ d ¢ 4 g

1 Ime  -05RT DB u.nm TONE .00 ~0.00G1Z7

z 3976 -05%F 00278 000459 000D 0002082 ~D.OUMONE
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' FRINFRLL IWTENSITY INWAR FOR VARIDUS DURGTIONS D RETIRM FERIODS -

* FERRN FERIED o
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Contract No. _ STORMWATER DRAINAGE DESIGN

DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 34725 § 150.525 F = NEAR. RKANGAROO VALLEY

*  ENSURE THE COURDANATES ARE THOSE FREJUIRED,
SINCE DATA IS BASED 0N THESE AND NOT THE LOCATION BAVE.

SSUED 2% MARCH 1980  REF.—FN2012
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STORMWATER DRAINAGE DESIGN . ) Contract No.

LOCATION 34725 S 150.525 E * NEAR. K&HGARUO VALIEY - ISSUED 2™ MARCH 1989 REF.-FN2912

¥ PNSURE TER COORDIHATES ARE THOSE REQUIRER,

LIST 8F CHEFFICIENTS T8 EDURTIENS BF THE FRRN STNCE ATH IS DASYD 2N THESE AND NOT THE LOCATION RAE.

Infl) = a+ @*(]n(’[‘)} + c*(ln-(T))**E + @{m(T)}#3 + n(T))*4 + Fn(T))5 + 'g*(ln(T))**S-

1= INTEMSITY I MILLIMETRES PER HEIR

T=THE I HARS
RETURN PERIBD
YEIRS) a b ¢ d & i £

! 3458 0553 Q0% RO -00m0e L0007 D.0000EMS
z 3.7268 ~0.5875 DOIM 0.00537 -0.0GeS71 -0.0061286  .000GO1%
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100 Ce.5M0  -0.5063  -0.039F G000 OLODIGSS 7-0.(]!1!1118? -0. 0436620

RANEALL INTENSITY IN HH/R FOR VARLEUS DURAEIANS AND RETURN FERIEDS

. RETIRY PERIED
DURATLEN SYER . CYERRS 5 YERRS 16 YERS 20 YERS S YERRS }00 YEERS
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o ss.ar s ®5 ne.’ 1, = 1T
© DS TR T - ma s . 177 1,
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5050 1.6 15.2 05 3.8 .1 7.7 3.1
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: #OO 52 5.0 a.51 1.1 1.2 58 18.1
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72.000 762 3.48 2.9 5.8 5.95 8.51 8.7
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SHOALHAVEN CITY COUNCIL D5-34 ‘ AUS-SPEC-D5 — Feb 99 (Copyright SWR)




Confract No. . ' STORMWATER DRAINAGE DESIGN

DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 34775 5 150.700 E * NEAR. BEREY

*  ENSUER. THE COORDINATES ARE THOSE ZEQUIRED,
SHRCE DATA IS BASED UN THESE SRD HGT THE LOCATION HAZE.

ISSUED 2 JRCH 1989  REF, ~FN20L2
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STORMWATER DRAINAGE DESIGN . ' Contract No.

LOCATION ;3;4-.775 S 150.700 E * NEAR. BERRY ISSUED 2® MARCH 1989 REF.~FN2Bi2

%  ENSURE THE COORDINATES ARE THOSE RRQUIBED,

LIST B COEFFICIENTS TE EATION BF THE PR STNCE DATA 15 RASED OX THESE 43D NoT THE LOCATION RAME,

“In(l) = & + B{(T)) + (T2 + dHn(T)}=3 + e(n(T))*4 + #{In(T)}*5 + g*{In{T))**6

1 = INTENSLTY IN WILLIGETRES FER HAIR

T = TIE IN HBURS
RETUSH PERIED

IYERRS) b c d _ g i £
1 IEM 052 00553 GO0 00009 -G.000GTS -.00NSE
2 868 05 LGS OO0 00002 000D -0.0000226 '
5 11819 -0.587 D030 0.00R1Z  D.0OIS 0000877 ~0.0000
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PAINEALL INTENSITY IN MHAR FOR VARIZIS DURATIGNS AND RETURN FERIEDS |

RETIRR PERIED - S :

DURRTI B LYER 2 VERRS 5 YERRS, 10 YEBRS 20 YEARS 50 YERRS 100 YEAES
© (HERS) o _ N
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Contract No. STORMWATER DRAINAGE DESIGN

DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 348755 150.625 E = NEAR. KOWRA

¥ ENSORE THE COORTEMATES ARY. THOSE REQUEED,
 SIRCE DATA IS RASED OX THRSE AND HOT THE LOCATION MM

ISSUED 2™ WARCH 1989  REF. —FN2012

G PN HE R LR S 28 6% D.OIL 2

ult FREPARED BY —— HYDROLOGY BRANCH —~ BUREAU OF METEOROLOGY —- MH.BOM 800
#0 ‘ 66D
St 151
40 Jm
auu:\ 0

1\\ 1
mu:: \\“-\ m

e \E\\\\

NN
- \\\\S\\ \ ]

EI AN N ~ 1
0] A RN . - @
su: \\ \\ \\:,:\\\\ o
% RN S

A \

= :

E = 10
B. h \ \K \'\\\ I3

k ™~ S S~
J e \\ ST N e

RAINFALL INTENSITY IN MM FER HOUR

/
L1Y,

Symbok 4 B C D EF G
Average Recurrence

hferval (Years): 1 2 § 10 20 50 100

R B
B .5
W 3
.3 ‘ .3
ME W oM 3m b - % H & 2H 2 46l i
DURATION IN HOURS OR MINUTES . . Fig DBD48

AUS-SPEC-D5 ~ Feb 99 (Copyright SWR) D5-37 ) i SHOALHAVEN CITY COUNGIL



STORMWATER DRAINAGE DESIGN Contract No.

LOCATION 34875 S 150.625 E *NEAR. NOWRA - ISSUED 2™ MARCH 1988 REF.-FN291i2

< ENSURE THE COCRDINATES ARE IHCSE REGUIRED,
SINCE DATA 1S BASED ON THESE AND NOT THE LOCATION MAME.

ln(I) =2 + v{m(T)}+ cH{m(T)}=2 + dH{In(T))*3 + e{Im(T))*4 + Fn(T)*5 + g ()6

LIST 9F CEEFFICIENTS T8 ELUATIONS BF THE' FeRM

1 = INTERSTIY 1N MILLIMETRES FER HER

T = THE I HERS
RER{WYE;:IBD. b ¢ .4 & i 'g ‘
i 358 -06 005 000634  G.O0MNZ% -O.0007% -.06DILSE
z 3989 -LGME  -LOSZ8  O.006%  G.OUZESY -0.0005260 -0.00O0S17
5 4.0 --n,sm‘ 08 LSS 0002458 -0.00084T ;n.umnaas
’ 1 Cmm -5 ~L0S8 0G084T 0002222 -0.0004290 -0.0000257
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108 46515 -5 -LISi7 B.OUMS  L.OmS -&.aunsssa 0.0000352

FRLFAL INTENSITY IN MR FER VARIAUS DURGTIENS 00.RETERN PERIEDS

RETURN PERIZD :
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Coniract No. - - STORMWATER DRAINAGE DESIGN

. DESIGN RAINFALL INTENSITY DIAGRAM

 LOCATION 34.825§ 150375 ~ NEAR. CALYMEA CK BRI

¥ ENSURE THE COORDIMATES AFE THOSE FEQUIRD, . )
SINCE DATA 15 RASED ON THESE AKD HOT THE LOCATION NALE.

ISSUED 2° MARCH 1989  REF.~FNI012
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STORMWATER DRAINAGE DESIGN ' ) ' Contract No.

 LOCATION a4f25 S (50575 * NEAR. CALYMEA CKBRDGE ISSUED 2 MARCH 1988, REF.-FN20i2
LISt & tﬁﬂﬁEﬂE 0 ENRTION & TE FEH *mwmﬁﬁwﬁmﬁ?fﬂ?mﬁ HAME.
"In(I) = g + bH{I(T)) + cH{in(T))*2 + &*(m(T))éa + e{In(T))*4 + f*{ln{T))**E + gH{In{T)}*6
[ = IWTENSITY N HILLTHETRES PER MR |
T = TINE 1N HOURS
RETURN PERIZD
e b ¢ d e f £
1 g3ee 0575 -BO267 00084 ~0.DOOALS -0.003460  O.0000ZE3
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I oms3 LSS LR 00061 000140 ~0.000331 -0.000NGSS
put} 4255 05 L0 G.OD7eE  0.0MmS3 -0.BG0208B -0.000026E
50 sam 05wl L0S QOUS  QOUSSE -0,00m8Z -0.000
i om0 -05W NG 00U LM -u.unnivm ~1.0030574
<. RANFRLL-INTENSITY I§ RA/HR FUR VERIALS -ﬁmmams.,.mm RERIRH PERIENS
co TR eI o
DRRATIER 1 YERR 2 YERRS S YEARS 10 YERRS 20 YERES S YEARS 100 YERRS
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12.00 6.6 R ST B t X 18.0 19.2 2.9 .
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E00 2.65 .5 5.1 58 B3 898 566
72.000 1.5 2.5 © 3,67 4.3 5.2 5,40 7.3
T T, AT LE M6 B0 3L 00 NS Fig. D5.04.11
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Contract No. , : : STORMWATER DRAINA GE DESIGN

DESIGN RAINFALL INTENSTTY DIAGRAM - ]

LOCATION 35.050 S 150.675 & * NEAR.  HUSK'SSON

¥ ERSURE T COORDIIATES AR THOSE FEYUIRED,
STRCE DATA 15 BASED ON THESE AND KOT TIE LOCLTION NALE,

ISSUED 2% MWARCH 1989 REF.-FN2diz
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' STORMWATER DRAINAGE DESIGN _ _ . Contract No.

LOCATION 35050 S 150.675 E * NEAR. HUSKISSON ISSUED 2" MARCH 1989 REF. -FN2912

¥ Y¥HSUERE THE COORDINATES ARE THOSE REQUIRED,

L1ST 8 cﬁf}tim T8 ERHTIENS & THE FORM STHCE DATA IS HUSED ON YHESE AHT) NGT THE LOCATICH NAYE.

In{l) = a + B¥{I(T)) + *((T))=2 '*',di(iﬂ(T)Fﬂ + e*(h;(T))**é + #{m(T))**5 + g*{m(T))=6

I = INTERSTTY IN HILLIBETRES PER b

T = TIHE IN HBS
RETURN FER1ED
- a b ¢ d e i g
1 asei0 LG -0.0TB 000557 0.0ORSR  OLOUDSOB -0.OGZPRR
2 SET GEE  DOTT 00065 LOGSETS  O.D0IZS% -9.0002283
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% 546  -05507  -0L.0505  0.003%  0.0070 -DLOODSSTS 0.00B00%
108 ses  -05e90  ALSY  h.O0R 0.3 P —

FRINFELL INTENSITY TH MU/ FOR VARIBUS IURFTIGNS AND RETURN PERIZDS

RETORN PERIZD o .
ORI 1 YERR 2 YERRs 5 YEHRS 10 YERRS 70 YERS 50 YERS 100 YERRS
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3,00 16.7 21.8 2.7 #5 . 4 5.8 5.2
_&.0m 18.0 133 - 18.4 2.6 N .2 .5
12008 K7 8.3 1.1 13.7 TN 19.9 .
ée.ﬂm 4.32 5.8 1.7 c.an T 1.8 185
xx:y 3.0 .97 5.18 5.6 BAL B.08 8.00
72,000 2.3 3.0 3.5 241 5.06 5.8 B

ER R R BB S0 8.9, M GE LOL 0 Fig. D5.04.13
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Coniract No. _ STORMWATER DRAINAGE DESIGN

DESIGN RAINFALL TNTENSITY DIAGRAM

LOCATION 35.075 S 150525 F » NPAR. WANDANDIAN

¥ ENSURE THE COORDBUTES ARE THOSE REQURED,
SICE DATA 15 BASED OR TEESE KD NOT THE LOCATION NAE.

ISSUED 2™ MARCH 1988  REF.—FN2012

(R DA 4831, 10,15, 2.88. 86,5 73,81, 7.%5, DLBZ. G

B0 PREPARED BY ~- HYDROLOGY BRANCH ~— BUREAU OF METEOROLOGY ~- MELBOURNE i
s . S i
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0 :\ : m
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Average Recwrrence :

: . ioerval (Years: 1 2 5 10 20 50 100
1% - 1
81 8
gl .
4l 4
3 . ' 3

T e s ® . B 1z W T2

: DURATION IN HOURS OR MINUTES : Fig. D5.04.14
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STORMWATER DRAINAGE DESIGN . Contract No.

LOCATION 35.075 S 150525 E * NEAR. WANDANDIAN ISSUED 2¥° MARCH 1089 REF.-FN2912

¥ TNSURE THE COORDINATES ARE THOSE REQUIRED,

LIST B CEEFFICIENTS T EDUATIENS BF THE FERH SICE DATA 1S BASED O 450 K0T TiE LOCATION AT,

mnf{l) - a + ¥¥{In{T)) + c*(]n(’i‘)j“i? + @ (In{T))=3 + ()= + (D)5 + g*{n(T))6

1 = INTENSITY 1N MILLIMETRES FER HELR

T = TIHE TN HERS
REI'I:NYE;T " a b ¢ d e i g
L 3508 -L.5ES  -O.00 D.OOSYT LLODISZ9  0.00DUEIS -0.0001000
2 49,7878 -a.ssuurl ~0.0325  B.0OSIZ  0.00:499 u.dumssz -u.ﬁuunsau'
5 4077 0505 D098 0005 A.CIZIS -0.000N347 -8.DG00:7D
10 4219 -LSWZ LGS 0.09M2  DODI0GS -D.00OZITY -D,0ODMAZ
i 498 0SS -D.0ES9  0.O07ST 0060970 —5.0COSBYT -E.000COS0
| 548 -0S19 LOT  0.00B3 D000 -D.0006707 0.0000I3)

g 46735  -0.509- -8, 089%  0.00B24  0.O00769 -O0.00D4ET6  0.00002%2

RAINFRLL INTENSITY IN HE/ER FER VARTALS CURATIZNS BND RETURN PERIEDS - ' -

RETURN PERIED

TURATIEN i YER 2 YERRS 5 YERRS | 10 YEBRS ZDYEHRS. 50 YERRS 100 YERRS
{HBURS) .
o . 17, 198 . 51 755,
8.100 10, 128. 163, S BT zss.' _
8.167 B2.8 15. ' JSE.‘ 151 I ‘ U 28,
0.53 ‘ §0.4 .2 i 116, ) - 158. 1.

" 0.5 w3 mo 8.3 85.3 uz. 13, 148,

_ 1.000 3.8 2.2 58.8 £8.0 9.5 95.1 7.
2.0 a5 2.5 40.0 2.4 se§ o -7 ny
3.000 ‘ Y06 2.2 3.6 36.8 3.4 52.4 59,5
5.000 _11.5 15.2 Cond 2.6 7 87 . 35.4 C a0
12.000 .68 iz owa o WE W7 'z.-;.s 7.3
2¢.400 5.71 6.97 9.58 1.2 | 13.3 -15.1 ' 18.3 )
58.000 N4 N Y 7,88 D RE e 12.0
72,603 2,83 3.68 4.95 5.7 6.7 8.08 8.1

R DR 8L LIS, LB LSS I8 TS 0.0 S Ff:g D-E 04,15
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Contract No. ___STORMWATER DRAINAGE DESIGN

- DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 33.10C S 150275 E = NEAR. CLYDE WATERSHED

*  ENSURE THE COORDIRATES ARE TISE FEQUIRED.
SIHCE DATA IS BASED O THESE ARD WOT THE LOCATION NAME. -

ISSUED 2% LARCH 1989  REF.-FN2012

W TR .7, 1008, BT TOOL ZLES. LS, LOSL 16D

[ PREPARED BY —— HYDROLOGY BRANCH —— BUREAY OF METEOROLOGY —~~ MELBOURME e
80— ' {am
S ) ' ‘ s
m : . . F 30p
m} . ' m
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RAINFALL INTENSITY 1IN MM BER HOUR

Symbok 4 B C D E F G
Average Recurrence )
Totervel (Yearsk: 1 2 5 10 20 50 100

1 1
B B
B .8
4 £
3 - - - 3
o 54 i) 204 itk 14 pa:] 3 EH 124 29 48H il
‘ DURATIOR IN BQURS (R MINUTES ‘ Fig. D5.04.15
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STORMWATER DRAINAGE DESIGN ' Contract No.

LOCATION 35.100 5 150.275 E < NEAR. CLYDE WATERSEED ISSUED 2™ MARCH 1989 REF. -FN2g12

¥  ENSURE THE CODRDRUATES ARE THOSE BEQURED,

LIST £ CEEFFICIENTS T EQATIENS & THE FIRH SEHCE TATA 15 BASED ON THESE AHD NOT THE LCCATION RAME

Infl) = a + (D) + (T2 + (i3 + oD}t + B()5 + gl

1 = INTENSITY IN MILLIRETRES FER HEUR

T = TIHE IN HEURS

REWI;II;;SEE:IBD a b t d e . i g
1 34000  -0.58%  -0.05 00058 -B.0OO737 O.000MZ7 -0.GODUSGE
2 3.8837  -0.5366 Lo .I:l.ﬂﬂSES -0.006568  D.DOGMB34 -[.ROOOZES
§ 0 3.8 -p.S8 -0.01S8 OOOBDR -0.000345 —a.ﬂqsusm 00006214
10 40677 0547 -D0ES 40057 -0.00M68 -0.00ANSER -0.00DMIED
2 4mm 05N -DGM3 D.00EG  -D.0UGGSD -D.00DN72L -D.OCOMLEY
- 4954 --a.5175 -0.025  0.O0YT  D.0OOCBL -0.000(248 -0.003M(33
i 35055  -0.5153 ‘—n.uzﬂ 8.00679 0000145 -n.usﬁsm -n'.nunuma

RATHEALL INTERSITY IN tOU/HR FBR VHRIﬁUS DURATIZNS AND RETURN FERIEES

RETURN PER1AD :

DRRRTIAR 1 YER ZYERS  SYERS A0 YEMS 20 YERES 50 YERRS 100 YEARS

(HERS) - :

v #Hs oz 155, | ‘_m.' . 23, 2.

0180 89.4 1S, | " 146, | ' 220, s,

0.187 7.3 | w3 2. m 1, .
0.3 . 53.1 éa.'r %8 w.  un 135. 154

0.508 81 w1 T g.1 %.4 s '128.
£.00 3.0 . st.1. 58.4 88.0 _ B8 su.é

é.uun 0.6 T .2 0.3 7.8 .. 55,9 . 62.8
5.000 6.5 2.4 28.2 2.8 3.7 41.9 5.2
g0 1.3 11 9.4 22 %4 B B
Zam 7,89 w2z 134 153 178 Az 7.8 .
z«';.nuu X} 708 . 835 0.6 12.3 16.6 1.4
5.0 X7 887 6.38 .17 B3 3.2 BT
72,000 .92 318 3.3 5.5 5.28 .65 .57

RO R SR I 577 TR0, LS. 7S, LS oE FTB- D‘E: 04- 17
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Contract No. ' . STORMWATER DRAINAGE DESIGN

DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 35.175 S 150.600 E * NEAR.  SUSSEY INLET

% RHSURE, THE COORDINATES ARE THOSE REQUIRED,
SINCE, AT 1S BASED O TERSE 0 NOT THE LockTioN AL

ISSUED 2™ MARCH 1989  REF.-FN2812

WA ORTE 4.2, 9.26, 343, 9154, 2043, B.BE, 0.020, 245

aﬁsif ' PREPARED BY -~ HYDROLOGY BRANCH —- BUREAU OF METEOROLOGY ~— MELBOURNE
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- DURATION IN HOURS OR MINUTES Fig. D5,04,18
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STORMWATER DRAINAGE DESIGN ‘ Contract No.

JOCATION . ;35?1'.?5 S 156600 I *NEAR. SUSSEX MNLET ISSUED 2™ MARCH 1959 REF. —FN2912
LIST BF CEEFFICIENTS T8 ESCRTIENG OF THE FER ;;ﬁﬂ%ﬂﬁﬁﬁmﬁmﬁ o
() = a + 2*{(T)) + c*(m(z'))i*z 4 (T3 + e{in{T))*4 + #{In{T)+5 + g*{ln(T))f*ﬁ
HES li;msm IN HILLIMETRES PER ‘HWR
T = TIHE IN HEERS
Rﬂfmﬁgm a b ¢ d e f £
1 15918 05083 OIS 000555 000330 0000613 -0.00146
H 1.8 05915 -DS® D.OOSTZ  D.00310 ~0.000073 -0.00K1030
5 41047 05687 00550 GiOW3e  0.0OZSE5 D.G0Z320 -D.0COTSS
16 4.2477 —B.SS‘JH- OS5 D.OUBQ 000230 -0.DONAS -D.00006LE
A 4.39%  -0.547%  0.055¢  0.0060  O.D0ZEEY -0.00NEOSD 0,000
50 §.5679  -0.535  -0.0555  O.OOBS7  D.00ZS0 -R.ODO4BSZ -O.02DDZ5
108 46806  -0.5201 ~u-nsss‘ 000681 0.00225 -0.DGES436 -n.aaﬁmm
) . RAINFAL maém IN MA/HR FER VARIAUS mmém;as ) mn PERIGS. .
: "RETERA PERIED ,‘ L S
TRRRTIE 3 YERR 2 YEERS 5 YEARS 10 YERRS 20 YEARS 50 YERRS §00 YERRS
(HARS) . - :
0.663 _ '_ 4. H5. 380, . ZZﬁ 7. ' 267,
0100 Sw . .169.‘ L R zés._ .
1.167 A 112 1. W o . _ .
03 6ed o4 106, 128, m. 161. ;794
1,500 " 5.8 e " 68.3 100, 115. %, 5.
"l.ﬂm 5.3 .7 B1.2 B5.8 BL.3 95.3 108,
2.0 - 2.2 30.5 4.3 6.4 % S - . 7D
3.000 YA 25.1 314 36.0 .2 50.7 5.2
A 1.0 1.5 186 "23.) 2z w8 @3
12,000 w0 e SETCEX. R 2.4
24.000 4.69 ‘B.18 ‘5.57 L 1.7 14.2 1.1
48.000 ) 3.15 4,13 i .61 6.5k 1,07 9,22 10.4
72,000 2.3 3.14 4.5 1 5.7 6 .88
AN T SE L. LS B 4 K 35 Fig. D5.04.19
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Contract No. ' . STORMWATER DRAINAGE DESIGN

DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 35325 S 150425 E ' NEAR. MILTON

¥ ENSUFE THE COORDIATES ARE THOSE REQUIEED,
SINCE DATA IS BASED ON THESE £KD ROT THE LOCATION EAME.

ISSUED 2% MARCH 1989  REF.-FN2912

[FAR DATR  38.74, 9.81, "3.05, 9.:8, 2.8, s.'az. 0,048, G

#an 3 FREPARED BY —— HYDROLOGY BRANCH —- BUREAU OF METEGROLOGY —- MEIROURNE Tam
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STORMWATER DRAINAGE DESIGN ' B Contract No.

LOCATION -35.3258 156425 E = NEAR. MILTON  ISSUED 2"° MARCH 1989 (REF. -FR2912

*  YRSURE THE COORRTHATES ARE THOSE EEQUIRED,

LisT & ICIENTS T8 ECHRTIENS B THE PO SINCE DATA 1S BASED ON THESE AND NOT TIE 1OCATICN HAME.

fl) = a + B¥{In(T)) + c*{n(T)}*2 ¥ &#{In(T))**3 .-1- e*(in{T))*4 + #(im(T)5 + g{{T)~6

-1 = INIENSITY IN MILLIHETRES FER HEUR

T = THE IN HBRS
RETURN PERISE
— Y b c d e f g
1 é.szua_' LSH? O LAV 00085 0.0 5.0
z 99913 0578 0.0 00076 OGS -2.0002068 -0.00OWSTS
5 4.0882 ST G0MS  DAOND DO -DONSSE -0.00I0%
0 g231 ST 0087 OB O.00I7Ti6 -0.000447 -0.0CDOOEI
iy asoy  -DSu2 L0 DO0GS  O.ODLGRS -O.000SI9 -0.3000038
s a5 LSH L0%5 LWSE DU 006 LOWN
1 a7 LSHS  -0.0SE  LOmZ  D.06T PR

RADNEEL INTENSITY IV KH/HR TER VARIZUS DURATINNG £ND RETURK FER1EDS

- RETLRN PERIED o
DLRATI ¢ L Ve 2YERS | SYEWRS - 0 YEAES 20 YERRS S YERRS 100 YERRS
{HALRS) ’ : ;
. - . - 196 s 1. .
iam 01, 8, Com s, o 1. .
-n.m B2.B . | 107. Al 197, 15, C . m. 2z,
033 B0.8 1&.9 1m, . 118, ' 13'}. . .
0,500 we BT ST | 5.3 1S, R - 154
1.000- 3.8 w1 56 £6.9 Bl 7 3.4 1.
2w m3 a3 8.8 5.2 5.5 . 858 T
3.006 1.3 ns 00 %1 oA 5.5 5.5
RO 1.2 4.7 ViR 7.5 71,8 17 B3
1.0 126 . es, 1l 83 - 12 21 Bl
24700 4,77 E R, 101 1.9 1.5 6.4
48,008 s 5.5 BaS 1.67 a8 106
12,000 2.34 3.07 4.17 4.7 5.7 5.3 7,67

R DR 235 L6, 308, SRG4 2L, 0 .08, 3 E’y D50'4.21
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Contract No. ] ' - STORMWATER DRAINAGE DESIGN

DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION - 35.525 S 150.375 E * » NEAR.  BAWLEY POINT

% ERSUFE THE COORDIRATES ARE THOSE KEQUIRED,
SICE DATA IS BASED OH THESE AND NOT THE LOCATION RAUT

ISSUED 2% MARCH 1986  REF. -FN2912

[GFH DATR 82,10, B8 .73 9.1, 13.%2, H.al. DD G

Ean} ~ PREPARED BY —— HYDROLOGY BRANCH —— BUREAV OF MPTEOROLOGY —— MELBOURNE 13
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 STORMWATER DRAINAGE DESIGN Contract No.-

LOCATION 35525 § 150375 E *NEAR. BAWLEY POINT  ISSUEDr 2" MARCH 1889  REF.-FNz812

¥ EMSUEZ THE COORDTHATES JEZ TROSE, REQUIEED,
SINCE DATA 15 DASED O THESE AND ROT TIfE LOCATION MAME.

]} = a + B{I{T}) + c{{T))=2 + &{R(T)}*3 + e*(]:;x(T))**d- + #{I{T)j#5 + gH{in(T))6

LIST BF CEFFICIENTS TR EDUATIONS % THE FARH

I'= INTENSITY 1M HILLIMETRES PER HRUR

T = THE 1§ HBRS
AETURH PERIED
ERES) a b ¢ d e f g

1 34534 -0.5666  -B.OST9 0.0V O.0OLSZ -0.000ZS28 -0.0000259
2 7716 0 -LGELS  -0.0ME GO0 | D.00I3¢5 -0.000ZSES -0.008030
5§ - 4l -LSes  -0gsg8  0.00803 rn.ljuzm 00003387 =0.0005362
10 é.zeva 0S¢ -nOS7 0.0088  D.00ZSIS -0.0002ISS - -0.00D0SS2
i} omy 057 00567 G.ODEM 0002878 -U.00043R -B.00004l7
5 4508 -LS5E  -L.0S1 M08 0.0GEM 0008 -0, 0056

104 “4.5898 .58  -D.0ss8  B.OURTA  0.003445 -0.0GOSIEE -01.00DDEED

FADERL INTERSITY IN MAMHR FOR VARIGUS OURRTIGL AHD RETURR PERIEDS

" REVRN PERIED

TARATTE 1 YERR 2 YERRS S YEARS - 10 YEWRS za-v;eaa-s ST YEARS 109 YERRS

{HERS) ; ' .

oo ta. 1. & o z8. .

T 0.8 122, | 158, . _ z-ua.‘ . 2, 2. )
0.567 7.7 10, - 131.7 o m om. 2105. zzg

0,33 50 7'!‘:.*1 : .8 4. 15 158, 1.

0.5 &% we B 9.5 w. . om s
1M 2.8 L% 5.5 £5.8 T8 8.0 7.

2.0 wnT '27.3 373 . B s R ma

3.000 16.0 2.1 2.8 [T 3.8 Co82 5.3
© B0 10.3 13.6 16.4 T oas lzs.& ) 3.7 3.9

iz.0m 5 £.77 18 - 138 8.3 - 18.7 X )
24000 4.3 - 5 ?.7é 5.03 16.7 -12.9 168

48,000 A 3.68 B 5.08 5.62 | 6.89 g3 8.47

72.000 2.07 .7 RS 4.3 514 82 .0

Fig. D5.04.23

R TR 4zah 8.0 2,71 BT IBSL Sl LR m
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Contract No.  STORMWATER DRAINAGE DESIGN

DRAINAGE SYSTEM BEHAVIOUR DURING MINOR AND MAJOR STORMS

- C MAJOR SYSTEM
Velocity-Depth Rastriction . FLOWS
VX dg<0.40 m2/sec . (100 year ARI)

Habitabie
4 Room Level

Crests of driveways on |
tow side to be above dg -

300mm Freeboard

MINOR SYSTEM
FLOWS
{110 5 years ARI)

MAJOR / MINOR DESIGN STANDARDS

THE MAJOR / MINOR CONCEPT OF DRAINAGE DESIGN

Roads and Traffic Authority N.S.W.
Fig. D507 3
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STORMWATER DRAINAGE DESIGN Contract No.
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STORMWATER DRAINAGE DESIGN

Contract No.
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Contrécf No.

STORMWATER DRAINAGE DESIGN
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Contract No. | , B STORMWATER DRAINAGE DESIGN
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HEADWATER DEPTH FOR CONCRETE PIFE CULVERTS

WITH {NLET CONTROL

STORMWATER DRAINAGE DESIGN
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Ackers Charts of Colsbrook-White equation from ‘Hydraulic Research Paper No. 2— Charts for the Hydraufic
Design of Channels and Pipes — Hydraulics Research Station Wallingforth, Berks.”.
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" UNDERGROUND STORMW_ATER DRAINAGE BY
THE METHOD OF THE ENGINEERING EXPERIMENTAL
STATION, UNIVERSITY OF MISSOURI

1. GENERAL

The design of urban underground drainage systems has been handlcapped by the lack of reliable
data on the losses in manholes and gully pits. Experiments have now been carried out by the
University of Missouri with the objéct of measuring the pressure changes at manholes and other
junctions and deriving cosfficients 1o allow designs to estimate pressure changes attributable to such
structures. The experiments showed that losses in pits were much greater than expected. The
results allow more accurate and reliable design of underground drainage.

Methods of design of drainage systems were evolved and presented in & book titled ‘Pressure
Changes at Storm Drain Junctions'. The experiments were carried out only on pipes running_fuli :
hence the method does not apply where pipes do not run full.

This note aﬁempts io set out br:efly how to carry out the necessary computations 1o design an
underground drainage system by this method. It is intended that an inexperienced person can use
these notes to quickly learn how to prepare designs. However, for a deeper understanding of the
method one should study the original publication which is available form the Unwersﬁy of New South
Wales Water Research Laboratory.

2. HOW TO PREPARE A.DESIGN

The following notes are a precis of the design method working from the upstream end

The calculatlons are rnede with the aim of drawing a ‘pressure ling' on a iongitudmal sectlon of the
T sysiem and hence find the Water level in the pits.

"The gressure line is the height to which water would risé i an open tube were let down into the pipe.
The aim of the designer is to ensure that the water level in the pit does not rise 150mm below the top
of the pit, as when this occurs the pit will either overflow-or will not accept inward flow. The pressure
line-of-the upstream-pipe is in-most cases equal 10 the water level in the junction box. -

_ltis necessary to know the dimensions of pits, as these affect the resulis. Generally, the smalier’ the
pit the lower the iosses

Thefirststepina des&gn is to prepare a prehmmary layout of pipes and junctions, selectmg pipe sizes
which could be suitable, then fo find the pressure line appficable fo this fayout.

If the calculated pressure fine is foo high, then larger pipes will be needed or the system will not work.
If the pressure fine is excessively low, then smaller pipes may be used for economy. if pipe sizes 1o
be adopted will not run full at design discharge, this method will not apply.

Before any calculations for ’the pressure line are made it is necessary to calculate the fiow {Q) in each
pipe. It is very helpful to show these values on a longitudinal section along the. system. H is also very
helpful to show all pertinent information on the fongitudinal section, such as slope, class of pipes,

velocity of design flow, and pressure line.

 Friction Loss in the pipe-is then calculated usmg the Colebrook- White Charts. The dlscharge is
known, and a trial pipe size is selected which gwes a veloczty betwaen 0.6m/s (siitation) and 7m/s
{scouring). For this velocity the frictional head loss in the pipe is determined.
Pit Head Lass for the top pit is then datermined from the appropriate chart.

The Total Head loss for the sec’uon is then compared with the maximum acceptable water surface
levels in the upsiream and downsiream piis (normally surface level — 0.150m). .

Fig. D5.10.3.1
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Then Review Design — Ideally, the upstream lsvel minus head losses should equal downsiream '
water level. This would give the mosi economical design for the pipe reach under consideration.

i the losses exceed the differsnce in water.level, then the pipe can only carry the design flow if the
downstream water iavel is lowered to (upstream level — losses). The result is a lower available head
for the next section, or, in an extreme case, a physically difficult/steep/expensive construction. If the
water ievel is beiow the pipe obvert the pipe will not flow full and the charis are not valid.

if the loses are less then the difference in levels, the pipe is uneconomical in size and unless other
factors are involved, should be reduced.

Successive Trials may be necessary to achieve the best compromise.

The nomenclature used is given in each case on the accompanying graph; however, a chart covering
alf nomenclature used in this method is atso included (Chart 1 (Fig. D5.10.3.7)).

The method does not cover all situations that arise in underground design. Drop pits are not coverad
explicitly nor cases where lateral pipes are at angles other than 0° and 90° 1o the outfall. In this latier.
case, however, a rough guide io pressure changes could be taken by inferpolating between in-iine
pressure changes and 90° lateral pressure changes, Generally in cases where the charts do not
apply, the designer will have to use other theoretical or empirical methods combinad with some
engineering judgement.

3. USEFUL INFORMATION

The fo[!owmg are ways of keeping pressure losses 0 & minimum and should be used in preparing
the plpe layout and desugnmg manho]es

1. Smaller manholes are more efficient. The pressure ioss decrsases as the manhole size
' 'decreases relatlve to the outfall pipe size. ~

2 Deflecting de\nces in manholes are very effective in reduc;ng pressure changes lnvolvmg ftow
from a lateral.

3. Laterals should nat be opposﬁe one another when the velocities are greatly different. n such
cases it |s better to offset them. :

4. For an in-ine upstream and outfall r'na,in, rounding of the inven, a frequently used practice, is
ineﬁective. :
5. For an in-line main with a lateral, rounding of the ouﬁall entrance is effective; parhculaﬂy if

large flows are carried by ihe lateral.

8. When a smail pipe with high velocity flow joins a stralght through drainage line, it disrupts the
. flow in the pit, requiring h:gher pressure in the pii, i.e. higher pressure iosses.

4. GENERAL INSTRUCTIONS FOR USE OF DESIGN CHARTS
Several operaiions are common to use of the design charts for various types of juncticns. Instructions
far performing these recurring procedures are consolidated in the foliowing General Instructions. In

the detailed instructions for use of the individual charts, references io these General Instructions are
made by number (Gen. Instr. 1. eic). .

in using‘rhe charts, it is possible to work from either end, i.e., upsiream or downstream. The following
General Instruciions are based on working from DOWNSTREAM snd.

The general instructions are as foliows:

Fig. D5.10.3.2
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1. Determine and tabulate the elevation of the outfall plpe pressure ling at the branch pomt or
intet centre. The elevation is obtained by adding the pipe friction loss fo the elevation of the
oressure line at the preceding structure downstream.

2. Calculate the mean veiocity head of the flow in the outfall plpe
Vot
2g

3. Calculate the required flow rate and size ratios. Examples:

Qu/Qo, QL/Qo, Qa/Qp ete. ’
DufDo, DL/DQ, B/Do, EfC.

4, Estimate the dept of water, 4, in a manhole with flow into the manhole from & top inlet, either
alone or combining with flow from an upstream pipe.

d = total depth of water, in metres
= (outfall pressure fine elevaiion minus inlet bottomn slevation)
+{K) Voir2g
K = the pressure change coefiicient for the inlet waster depth. (This is estimated as detailed

for each iype of manhole. Such estimates are not necessary for manholes with in-line or
. offset opposed laterals.)

5. Use the coefficients K from the charis for manholes with sgquare-edged’ entrance to the ouifall
pipe (entrance flush with box side, with square edges)

6. Use reduced coefficients K, where apphcable for a rounded entrance to the outfall pipe
: (rounded on % circle arc of approximate radius /s Do) or for an entrance formed by the sockst
end of a standard tongue -and-groove concrete pipe.

- Chart 2 — insignificant effect, make no redu_ciso_n__‘_»
‘Chart 3 ~ read directly from chart ' |

Chart 4 — reduce Ky by 0.1 for psual proportions of inlet flow; by 0.2 for QG about 0.5
" Chart 5 — reduce K and K

Chart 6 — insignificant effect, make no reduction

Chant 7 ~ insigntf_icant'eﬁect,- make no reduction

Chart 8 — see specific instructions for each case

7. Calculate pressure chenge.

To calculate the change of pressure at 2 manhole, working upstream form the. outfall pipe to
an upsiream pipe, the design chart applying o the type of junction involved is selected. The
pressure change coefficient for a specific upstream pipe is read from the chart for the
particular flow rate and size ratics already calculated. The pressure change is calculated from:

h= KxVo
2g

The coefficient is a dimensionless number, and therefore the change of pressure will be in
metres. :

8. Apply the pressure change.
The pressure change, in metres, for each upstream pipe' is added 1o the outfall pipe pressure )
line elevation at the branch point to obtain the elevation of sach pressure line for further

_ calculations upstream along that pipe. In some cases the upstream pressure fine at the branch
point will be at a lower elevation than the downstream pressure line. Where this less common:

Fig. D5.10.3.3
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STOHMWA TER DRAINAGE DESIGN

Contract No.
sfiuation may occur-with a particular type of junction, it is mentionad in the instructions for use
of the specific chart. ' ‘ .
9. Determine the elevation of the water suriace.

The elevation of the water surface in a manhole (with or without inlet flow) receiving flow from a
pipe or pipes will correspend o ihat of the upsiream in-line pipe pressure [ine. At a junction
with offset opposed laterals, the water surface will correspond o the elevation of the far lateral
pipe pressure line. At a junction with in-line opposed laterals, the water surface will correspond
o the elevation of the pressure line of the higher-veiccity laterat pipe.

- Verify that the water surface is above the crown elevation of all pipe conneciions to the

structures that are being analysed. Small pipes, such as laterals to inlets, which carry a small
portion of the total flow, may reasonably be considered to effect a manhole in the same way as
inlet flow from the ground surface.

Fig. D5.10.3.4
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‘The various cases are summarised below:

Case _ . Chart

Catch basin with inlet flow only 2

Fiow straight through any manhole

3
Rectangular marhole, through pipe and iniet flow . 4
5

Rectangular Manhole with in-lina upstream‘ main-and 90°
lateral pipe (with or without inlet flow) '

Rectangular manhole with in-line opposed lateral pipes 6

- each at 90° to outfall (with or without inlst fiow).
Rectangular manhole with offset opposed lateral pipes 7
each at 90° to outfall (with or without inlet fiow)
Square manhole at 90° deflection 8
Round manhole at 90° deflection 8
Square manhole on through pigeiine at junction of a 90° 8and 9
lateral pipe (large size laterals "L/°0 > 0.6)
Round manhole on through pi[?eline at junction of a 80° 9

lateral pipe (large size lateral “°L/°0 > 0.6)

Square or round manhole on through pipeline at junction - 10
of a 90° latera! pipe (smaller size laterals: PLPO < 0.6)

The cases where the lateral makes an angle other than 90° with the outfall is not covered by the method.
Howsver, it appears that an approximation of the pressure changes could be found by interpolating between the
results for straight flow through a junction (chart 3) and 90° deflection {chart 8) as follows: | ' ' '

K, = sin © (K for 90° bend — K for straight flow)
: . + K for straight flow

Fig. D5.10.3.5

SHOALHAVEN CITY COUNCIL D5-70 ALIS-SPEC-D5 — Feh 99 (Copyright SWR)




Contract No. STORMWATER DRAINAGE DESIGN

Butter
, E;‘;{z_‘ | Fiow E:::i_‘
QG A GG
Slde oungg ' Thru yuin in-Ling Dﬁw
Endﬁuﬂef 80° Lateral L
aft ﬂw thru top grate o Opposed Luterals
3 Rectenguiar inlets .
lL . l!- ' la.
1 : N R t R
Thry Flow ag Tum Thry ?g aln Opposed Laterals
wuueml =
Any Ehape

v W r—

!
hﬂ'gﬂr
R TR Y]
. . o . _ Diogram of Prassure Line M{ﬁlﬁ ﬁ_!mﬁj_gn
- dJunetlon Dimsasiens ' of A Loteral with A Thru
Nomancioiure. .
Prnsure cheaga cnalﬂcisnu for intel webst
g ;?z:‘::.: ;?:; pipe dapih ond unhupstl;?airln pilpa pres;\:r:
A  dimension of juncilon in direchion relative to the culiall pipe pras
of outfall plpe _ Ky water depth wliih all flow thry grate
B dimension of luncilen ut right anglsl Ky upsireem molin prassurs
to putfall plps ¥ or ¥ latsra! pipe pressurs
d  dapth of waler in Inle} - Ky near jctaral pips pressure }uﬁnt op;mcd
S zlops of plpe ) ﬁp Jor lateral pipe pressurs tateraly

3 frictlon slope

Qp flow into inls? thru top grole

Dg Qo dio.ond flow in ouitall

Oy Gy dic.ond flow In vpsireom meln
Dy, Gy dio.and tlow in left lnferal

Pr Qr dioond Now in right loleral
Oy Qu dia.ond flow in near |€ﬁlfni} ot oppoeed loterals; designation with-refersnce

Dg Qp dia ond fiow in far laterel J o pusiﬁon relafive to oulict end of Juncilos,

Dp v Qhy, die. ond flow in lateral with higher ~velocity ﬂnw} - :
ﬁ? : ing dia, and fiow in knterol with lower -velocity flow for n-line nppc-_utf “””ﬁ“” anly

Ku, KL pressure coefficlent ot O ~=Qg
My, M multiptiers for Ky or K 1o obtain Ku or Ky,

Charr 1. Junction types and nomenclsture.

Fig. D5.10.3.6
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STORMWATER DRAINAGE DESIGN . ‘ Contract No.

Chart 2

| RECTANGULAR INLET WITH GRATE FLOW ONLY

From the aftached .grabh the elevation of the water surface in a pit may be determined, where all inflow
enters the top of the pit. ' -

The graph gives values only for the type of box and outlet shown on the graph. Accurate results should not be
expected if the pit is a different shape. ‘

It is assumed that the outfall pressure line level has been calculated previously.

1.

Estimate Kg as follows:

a) Pressure line level to bottom  } 6.0 for end outiet
not over 2 pipe diameiers ) 4.0 for side outlet

b) For higher pressure ) 4.0 for end outlet
line levels } 3.0 for side outlet

Use this value of Kg to estimate d

d=Kg (est) x Vo 21og + outlet pressure line RL —invert levél, outlet

Calculate d/Do and use this value to find Kg from the chart.

Calculate hy = Ka X Vo %129 where Vo is the outlet velocity, calculated from Q/Area of pipe.

Add hy to the outiali pressure line level to obtai'n‘the depih of water in the pit (d).

. NOTES: °

The result given for d will be approximate only. For a more accurate value of d, sieps 3, 4 and 5 shouid be
recalculated using the value between that estimated and that obtained from step 5. : :

Fig. D5.10.3.7
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Coritract No..

STORMWATER DRAINAGE DESIGN

Case

7 Chart
Catch basin with inlet flow only : : : 2
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Chart 2. Rectanguiar inlet with grate flow onty. Fig. D5.10.3.8
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STORMWATER DRAINAGE DESIGN _ Contract No.
‘ Chast 3

STRAIGHT ELOW THROUGH ANY JUNGTION

Pipe centrelines must be paraliel and not offset more than would permit the area of the smaller pipe to fall
sntirely within the projection of the larger.

It is assumed that the outfall pressure line level has been calculaied previously.

1. Calculate Dy/Dg and A/Dy
5. Find Ky from chart 3
3. Calculate pressure change (hy)

h, =K, x Vo 2j2g where V is the velocity in the outfall pipe.

NOTES:
1. h, will be lower if.the entrance is rounded, and the graph shows a dotted iine to cover this case.
2. Frequently, h, is negative. In this case, the pressure line ievel upstream is lower than the pressure

line level downstream and h, should be subiracted.

Fig. D5.10.3.9
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Contract No. STORMWATER DRAINAGE DESIGN

Case : Chart
Flow straight through any manhole ’ 3
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Chart 3. Flow straight through any junction. Fi ig. D5.1 0 3.1 O.
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STOF:MWA TER DRAINAGE DESIGN ' Cortract Nb.
Chart 4

RECTANGULAR INLET WITH THROUGH PIPELINE AND GRATE FLOW

Pipe centrefines must be béra!ie[ and not offset more than would permit the area of the smaller pipe to fall
entirely within the projection of the larger.

It is assumed that the ouifall pressure line level has been caloulated previously.

1. Caiculate, Dy/Do, Qu/Qg, Qa/Qo
2. Estimate K by taking |
K = 3Qe/Q0
3. Obtain an approximate value of d, using this value of K thus:

d=KVe?2g+ (preséure line level — invert level of outlet)

4, Caleculate d/Dg
B. Obtain Ky from chart 4
6. Calculate h, from

h, = KuVo %20 and obtain the value of d

7. Check this value. of d against the assumed value of d. If there is a substantial difference, recalculate
h, using the new value. - S -

8. ' By additions the upstream pfessure line level may now be found. The water level in the pit will be the
same. ' _

NOTE:

1. Where d/Dg is other than 2.5, the value of K, obtained in step 5 must be increased by adding an

increment which is obtained from the supplementary chart.

2, Frequently h, is nega’ti\}e. If so, the pressure line leval upstream is lower than the pressure line level
downstream and h, shouid be subtracted. . , . . -

Fig. D5.10.3.11
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Contract No. ' : STORMWATER DRAINAGE DESIGHN

Case ' Chart
Rectangular-manhole, through pipe and inlet flow ' . 4
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Chart 4. Rectangular inlst with through plpellne and gratn flow.

Fig. D5.10.3.12
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STORMWATER DRAINAGE DESIGN Contract No.

Chart 5

HECTANGULAR INLET WITH_IN-LINE UPSTREAM MAIN AND
90° LATERAL PIPE (WITH OR WITHOUT GRATE FLOW)

it is assumed that the outfall pressure line level is known.

1.

2.

.

L NOTE:

Calculate the ratios Dy/Do, Qu/Qo and Qa/Qo if ther.e is grate flow

Use chart 5 to find Ky usihg D/Do and Qu/Qo

For grate fiow, calculate QG/QO,_ estifnate

K =1.5, and find the corresﬁoriding value cf d from:

d=X V@ 2,g+ (outlet préssure line level — outlet invért ieye_!)

Caigulate d/De and use the upper charts to find increments of K,. Add these to the value in step 2.
Calcutate hy from

hy= Ky Vo %20

and obtain the more precise value of d. If there is a substantial difference, repeat the calculation.

By additions, the upsiream pressure line leval may befotmd. The upstream pressure fine in the in-

line and lateral pipes and the water tevel in the pit will all be the same.

Where there is no grate flow, the value of h, and hence the pressure line levels may be found from the vaile
of K, found in step 2, i.e.

hy= Ky Vo g -

Fig. D5.10.3.13

SHOALHAVEN CITY COUNCIL, D578 : ALIS-SPEC-DS ~ Feb 99 (Copyright SWR)




Contract No. ‘ , STORMWATER DRAINAGE DESIGN

Case ‘ _ Chart
Ractangular manhole with in-line upstream main and 90" iateral pipe -
(with or without inlet flow) , . ' 5
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Chart 5. Rectangular inlet with in-line upstream main and 90° iateral pipe Fig. D5.10.3.14

(with or without grate flow).
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STORMWATER DRAINAGE DESIGN - Contract No.

Chartg

RECTANGULAR INLET WITH IN LINE OPPOSED
LATERAL PIPES EACH AT 90° TO OUTFALL
(WITH OR WITHOUT GRATE FLOW)
ftis assumed that the outfall pressure line Ievel is known.

1. Caloulate the velocities in each lateral to determine which is the hzgher velocﬂy and which the lower
velocity lateral. ‘

2, Calculate the values Qu/Qo, Din/Dey Din/Diy;
3. F—ind H from the left hand graph on chart 6.
4, Caloulate the ratios Q/Q, and Dy/Ds

5. Find L from thé right hand graph on chart &
5. Calculate Ky, from |

K, = H — L (with grate flow)
or

Ky, = (H~ L) — 0.2 {without grate flow)

7. K, always equals 1.6 with grate flow and 1.6 without grate flow.
8" Caloulate hy = KX Vg andtm =Kmx VoG
9. | By additions, fmci the pressure hne levels for both laterals.
' 10. The wa’ter surface Ievel in the pit IS equal to the higher veloc;‘cy lateral.
NOTE: -

- Where there is only one lateral, assume .
K = 1.8 with grate flow; and

K = 1.6 without grate flow.

Fig. D5.10.3.15
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Conrract No. STORMWATER DRAINAGE DESIGN .

 Case ' - . Chart
Rectangular manhole with in-line opposed lateral pipes each at 90" to :
outfall (with of without inlet flow) ‘ ' B
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Chart 8. Reciangular inlet W|th in-fine opposad lateral pipes each at )
90 to outfall (with or without grate fiow). Fig. D5.10.3.16
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STORMWATER DRAINAGE DESIGN l Contract No.

Chart 7

RECTANGULAR INLET WITH OFFSET QPPOSED
‘L ATERAL PIPES EACH AT 80° TO QUTFALL
(WITH OR WITHOUT GRATE FLOW)

The. Iatera[ pipes must be honzontally oﬁset a distance not less than the sum of the two lateral pipe
diameters.

It ic assumed that the outfall pressure iine level is knowr.

1.

2.

Calculaie the rafcios Q/Qo, QwQo, De/Da, DiDo,
Calculate the factors |

Qr/Qo X Do/Dr and Qn/Qo X Do/Dn

Find K from right hand graph, chart 7

Find Ky from left hand é;raph, chant7

Calculate h; and hy, from

hy =K x Vo %/2g and hy = Ky X Vo Z1og.

This solution applies if there is no grate flow if there is grate ﬁow K and Ky should be reduced in the
above formula by 0. 2 .

"By additions, find the pressure line levels of both laterals.

The water surface lavel will be: equai to the pressure iine levet of the higher veloclty lateral. :

Fig. D5.10.3.17
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Contract No. _ | STORMWATER DRAINAGE DESIGN

Case : ' Chart
‘Bectangular manhole with offset opposed lateral pipes each at 90" 1o outfall .
(with or without inlet flow) o 7
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Chart 7. Rectanguiar inlet with offset opposed lateral pipes each at 90° to outfall (with or without grate flow).

Fig. D5.10.3.18
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STORMWATER DRAINAGE DESIGN ' Contract No.

Chart 8
Lower Graph
& Chart @

SQUARE MANHOLE AT 90° DEFLECTION

It is assumed that the outfall pressure line level is known.

Far Lateral Pipe

1. Caiculate the ratios Di/Dg and B/Dg

2. From chart 8, read Ef_, Ko =-I2|_ x ML
3. Calculate pressure change h from-

h. = Ky x Vo */2g
4, By additions, find the pressure line level for the lateral.

For Water Level in Manhole

“The water surface elevation in the manhole will be above the lateral pipe pressure fine and may be found as
follows: o

5. Find Ky from chart 8.
B. Calculate Qi /Qo; D./Do an¢ Q/Qp x De/By
7. Obtain ML, from the upper gi'apl'}‘ of Chart 9.;,‘ 3
B - Célc‘ulate Ky from Ky ==_KU x My A |
9. Caiculate Hy from hy =Ky x Vo 212g
| 10. By additions, find the water surface level, which will equ'él the buﬁall'};ressure ling tovel, plus h.
NOTES: ' |

This method may be used for round ‘manholes by'reduding in accord with the following tablei

Radictions of K, for Di/Dg =

B/Do 0.8 1.0 ) 1.2
1.75 0.3 02 0.0
. 1.33 0.2 0.1 0.0
1.10 0.1 0.0 0.0

These values apply for a sharp edged outfall entrance condition. For a well rounded entrance the above table
may be dispensed with and a reduction for K, of 0.3 for all cases made.

Fig. D5.10.3.19
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Contract No. STORMWATER DRAINAGE DESIGN

Case ' - , ' Chart
Square manhoie at 90" deflection '
Round manhoie at 90° defiection : . : 8
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Chart 8. Square or round manhole at 90° deflection or on through
pipeline at junction of 90° lateral pipe (lateral coefficient).

Fig. D5.10.3.20
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STORMWATER DRAINAGE DESIGN ) Contract No.
‘ ' _ Charts 8 &9 -
SQUARE MANHOLE ON THROUGH PIPELINE AT JUNCTION

OF A 90° LATERAL PIPE —~CHARTS 8&9
(LARGER SIZE LATERALS: D;/Do>0.6)

In this case the pressure line level, in bath upstream mains, and the water level in the pit, are the same.

Differing velocities have & significant effect on the pressure changes, and this is allowed for in the
calculations by muitiplying Kby a factor of My, found from an additional graph, using the formula:

}_{—U=K0XMU

It iz assumead that the outfall pressure line elevation is known.

For lateral pipe

1. Calculate the ratios D/Dg and B/Do
2, Obtain K, from Chart 8" |
3. Calcutate the ratios Qu/Qo, DuDoand  Qu y Do

=} U

(Note that if this is greater than 1.00, Chart 10 should be used instead of Charis 8, 9}

4. - Obtain M, from the upper graph of Chart B.
5. - Caloulate K from -

KMo KL
6. - ‘C‘)a-dc'ulate hy Trom‘_ _ o

h]_=- KL x Vo 2f29

7.. By additions find the pressure fine lavel.

For upstréam in-line main

8. . Obtain Ky from Chart® . .

9. Obtain My from the upper graph of Chart 8 énd calcula’;e '
Ky from
Ky = RoXMy

10 Calculate h, from

h, = Ky % Vo 729

11. By additions find the pressure line fevel.
12. The water surface elevation in the manhole will be equal to the upsiream in-line pressure line.
Note:

Eor both lateral and in-fine upsiream mains hydraulic conditions can be improved by rounding the entrance 10

the Gutfall. This may be allowed for in the calculations by reducing Ky and K sach by 0.2.

Fig. D5.10.3.21
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Contract No. N STORIMWATER DRAINAGE DESIGN

Case . n _ Chart
Square manhote on through pipsiine at junction of a _90”. lateral pipe
- (large size laterals D /Dp>0.6) ' ‘ 9

Round manhole on through pipeline at junction of a 80° lateral pipe
(large size lateral D /Do>0.6) ‘ 8
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‘Chart 9. Sguare or réund .manhoie' on through pipeline at junction
of & 90° lateral pipe (in-line pipe coefficient).

Fig. D5.10.3.22
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_ _ . Chart 10
SOUARE OR ROUND MANHOLE ON THROUGH PIPELINE
AT JUNCTION OF A 90° LATERAL
(SMALLER SIZE LATERALS D\/Do<0.6)
It is assumed that the outfall pressure line is known,
1. Calculate the ratios Dy/Do and Qu/Qo
2. Obtain Ky from Chart 10. Note'KU may be negative. This will occur when QuQp x Do/Dy is greater
than 1.00. . '
3. Caloulate hy = Ky x Vo©/2g = he
4, By additions, find the upsiream pressure line levels. This will be the same for both upsiream pipes.

The water surface elevation will also be the same. :

NOTES:

if the outfall entrance is rounded, use the reduced values on the chart.

If Qu/Qp < 0.7, Chart 10 should not be used if other solutions are possible.

Fig. D5.10.3.23
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Case ' ) Chart
Square or round manhole on through pipeline at Junctlon of 2 90° Iateral
pipe (smaller side laterals D/Do < 0.6) : 10

.2

1.0

0.8

o
@

Q
B

K, and K.
-
o

O

O
o

o
o

Fi:)
o

Pressure Chhnge Coefficients

o
w

ﬁ / (11 AVANANi | T1 Elevahon Skatch

-1.0 _ .

f ] -
j / i / | hn-hakv"zwkvg'

e LA TR A TA LT ez gy

05 08 07 08 09 Lo

Rotic Dismeter Upstream Pips to Dismeter Outfall Dy, Do

Chart 10. Square or round manhole on through pipeline at junction of a 90°
lateral pipe {for conditions outside range of Charts 8 and 9.

Fig. D5.10.3.24
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DROP PITS

The University of Missouri method may be used to calcufate head losses at drop pits (I.e. when the projection
of the upstream pipe does not fall within the downstream pipe}.

Whean the obvert of the outlst pipe is at or below Dy/4 below the invert of the upstream pipe, the infiow shall
be regarded as grate flow for the purpose of calculating pressure losses. When the projection of the
upstream pipe fails within the downstream pipe, the chart for the appropriate standard case should be used.
intermediate cases may be determined by linear interpolation of “K” values.

T—
, }o.

| .'.Tgiwatzr i@ﬂfgj B

—Pressure line

iy TS
——ﬁ-—-—-_.___________—__ e
. L TIT w

v =T

. M . .- _—*__::- 5 -~ -~ .‘ “

— .\ 8- +
% . =] . v .- &I

M \ ) I ION \ MY —— N ——
.I"{ el 9 3 ‘:’ 1
FIDY SR et |
1. Find iailwater level. This will be the water level if discharge is into an open channe! or natural -

waterway, and can be determined from observed fiood jevels or calculation using Manning’s equation
or other suitable formulae. . .

¥ the outlet is into & large stormwater drain, the tailwater level will be the pressure line level of this
drain, which must be found separately.

2. The pressure line just inside the pipe is the same as the tailwater level.

NOTE:

There is a loss of energy at the outlet of the pipe of V?/2g. The total energy lins, which is normally vi2g
above the pressure line, drops at the culvert outlet to the tailwater level, assuming the tailwater velocity is
negligible. This does not affect calculations for the pressure line. '

Fig. D5.10.3.25
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PIPES NOT RUNNING FULL

Frequently an underground network involives pipe which does not run full,

The following design procedure is appiicable to pipes flowing with a free water surface. Open channel flow is
usually not economical when circular conduits are’involved. Although it is theoretically possible for a pipe
flowing ©5% full to carry more than at 100% full for the same slops, it is from a practical standpoint
impossible since any trash accumulation, junction, or other impediment would cause it 1o flow full.

‘Based on the assumption that Manning’s n varies with depth, the capacity of a circular conduit at a given
grade iIs the same at 91% and 100% ratios of d/D. Since it is impractical to design for the theoretical range
where capacity exceeds that for the full conduit, open channel flow should only be assumed below d/D -
90%. :

Figure D5.10.3.30 may be used io find flow conditions for pipes fiowing part full. The design procedure in the
following paragraphs is based upon the same assumption of straight water surfaces. Where sizes of conduits
are sufficienily large, or other neads for & higher degree of accuracy exist, backwater or drawn down curves
should be calculated.

The energy grade fine may be defined at the total energy line of the water, i.e. for pipes running part full the
water surface level plus the velocity head.

{z) The basic approach 1o design of open channel flow in pipes should be to calculate the energy grade
line along the system. The assumption is made that the energy grade line is parallel 1o the pipe
grade, and that any losses other than pipe friction may be accounted for by assuming point losses at
each manhole.

(b) Once the discharge has been defermined and a pipe size and slope assurned for a given section, the
d/D and v/V full, ratios can be determined from a graph of Hydraulic Elements for Gircular Conduits,
such as Figure D5.10.3.30. Figure D5.10.3.30 applies_only to circular cross sectigns.'f -

{c) The next step is to calculate the energy grade line.
H=Z+d+ (V¥2g)

where H = level of enérgy grade line
Z = invert level of pipe .
D = depth of flow.

At each pit the energy grade fines of all pipss should coincide, allowing for.reasonable values of head
loss to the junction. Under certain conditions, this would indicate an upstream invert lower than the
downstream invert. inverts should be set at the same elevations under such circumstances.

(d) _. The usual method of stating head losses at manholes is in terms of a constant K times the veiocity
head of the condiuit in question, he = K V¥/2g. A difficulty in design of sysiems is the determination of
the value of K.

(e) Simple Transfions in Pipe Size. Simple transitions in conduit size in a manhole with straight through
flow may be analysed by tha following eguation:

he = K A (V?/2g)
Where h, = snergy or head loss at junction

The term A (V¥/2g) refers to the change in velocity head in the upstream and dbwnstream conduits,
The value of K varies from 0.1 for increasing velocity to 0.2 for decreasing velocity transitions i flow
is sub-critical. For super-critical flow, greater values of K are probable, but have not been determined.

) Bends. Reliable head loss coefficients through bends in open channet Fig. D5.10.3.26
lacking. Reasonable assumptions may be made by utilising existing informa i
bends in pipes running full.
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(@

(h)

Junctions. Values for head loss coefficients at junctions on pipes flowing as open channels are not
readily available. Complicated methiods for calculating head loss-at certain types of junctions are
available and are jusiified for ceriain situations. A chapter in ‘Street and Highway Drainage’, Volume
2, Design Charis, (Ref. 2) is devoied to Hydraulic- Analysis of Junctions. Additional information is
contained in references 3 and 4. The designer will have to use engineering judgement and design
conservatively. ' : :

Storm Water nlets. The design methods for culverts acting under inlet control pfesented in the

Federal Highway Administration Charts are applicable when designing pit water depths where the
connector pipe to the sewer is flowing partly full. An allowance should be made for approach velocity
where applicable. Alternatively, the head ioss may be calculated by the University of Missouri method
by assuming that the downstream pressure line is at the obvert of the outlef pipe. ‘

Care should be exercised to verify that the required head depth to attain the design flow in the
conduit does not come above the gutter elevation.

Fig. D5.10.3.27
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FROM CRB .
ROAD DESIGN MANUAL , , JANUARY, 1962
| PROPORTIONAL VELOCITY AND DISCHARGE
: - IN PART FULL CIRCULAR SECTION
_FuLL__10

~N

==
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B |, 05
AN SN DN TSR SR " ff SRS U A R H
z A /{ ‘ // Af ® Areq ot @
8= _ 7 / |
% 03 % 3 |
e

oV

01 ///.

H / ; LEEEE;%;M
il e _ _

IR |

."/*:{i

VA | .
T T 0z 03 ok 05 66 07 08 09 t0 M 12 13
A Ofc 5 Y% RATIO OF FULL % PART FULL AREA, DISCHARGES & VELOCITIES

EOIE:  AF = 2w of pipe : .

: kp ~ Xrpa of {Jow mbwn pipe i3 parily toll
Gt = Discharge when pips s Tull
@p = Dischorge when pips it partiy futl!
¥t = ¥zlolity of 7low whaa pipa is fuil
W= iuln:!iy of Tlow ahen pips is partly fol}
gt = dinaster af pipe or depTh of Tull Tiew
tp = gonth of flow when pipe is partly turi

EXAMPLE dp g = 84S
Ay = b
Cp R R
)"%ﬁ. = 7.5

From CRB Road Design Manual

Fig. D5.10.3.28
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STORMWATER DRAINAGE DESIGN
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STORMWATER DRAINAGE DESIGN
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STORMWATER DRAINAGE DESIGN
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STORMWATER DRAINAGE DESIGN

Contract No.
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