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SECTION 1 - INTRODUCTION

1.1

1.2

1‘3

1.4

1.5

This standard has been prepared for use in conjunction with Calliope
Shire Council's Road Design Standard for the guidance of Consulting
Engineers engaged in the preparation of engineering plans for roadworks
within the Shire, which incorporate stormwater drainage.

It is anticipated that by clearly getting out Council's design criteria
for such works, time and effort will be saved on the part of both
designers and Council staff, by reducing the necessity for amendment of
submitted designs.

This standard is intended to be a geﬂeral gulde, and it is appreciated
that there may be circumstances where a departure from the

recommendations herein can be justified,

It is not intended that issue of this standard should inhibit the
submission by Consultants of designs, based on alternative methods,
professional experience and established engineering practice. In guch

situations, alternative solutions will always be considered by Counéil on

their merits.

The distribution of this standard does not imply limitation in any way of

Council's rights to impose differing standards, nor limitation of the
Shire Engineer's discretion to interpret engineering requirements in
respect of a particular situation, having regard to good engineering

practice.

The differences in design approach to Rural and Urban situations have
been recognised by dividing this standard into two (2) parts which

represent these two traditional areas as follows:~

PART I - Rural Catchmentsg (ungauged < 500 hectares)
PART IT - Urban Catchments ( < 20 hectares)

Full calculations of all drainage design shall be submitted for checking
together with a Catchment Plan, showing the total catchment and sub

catchment areas used in the calculations.

-00o-



2.2

2.3

2.4

The following ie based on the Rational Method and may be used for
unguaged rural catchments having a catchment area less than 500 hectares.

For catchment areag greater than 500 hectares, reference
to "Australian Rainfall and Runoff® (1987),

RATIONAL FORMULA

Peak diascharge flows are calculated by the formula:-

Q = 0.0028 C I, , A
where @ = peak discharge flow (m3/sec)
C = runoff co-efficient
It,y = average rainfall intensity (mm/hr)
A = catchment area (ha)

RUNOFF CO-EFFICIENT (C)

should be made

The runoff co~efficient shall pe C=0.7 for al] times of concentration

(tc), average recurrence intervalg (A.R.I.) and rainfail intensities,

IIME OF CONCENTRATION (tc)

The time of concentration (tc) is derived from the mainstream length

(L), (measured from the most remote point in the catchment to the inlet

of the hydraulic structure) and the slope (S) of the mainstream length.

(a) Preferred Method

The preferred method of calculating the time of concentration ig

given by the equation:-



SECTION 2.4 (Cont.)

t -

c
where tc =
L -
A =
s =

e

Ao.

1 s0.2
e

time of concentration (mins)

mainstream length (km)

Catchment Area (ha)

equal area slope of the mainstream runoff length
(m/km) determined as follows

Equal Area Slope (Se) is derived for variable mainstream slopes

such that a line of slope (Se) gives equal areas as per Fig.i#2.1.
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OISTANCE FROM CULVERT (am)

(b) Alternative Method

FI16. 2-¢

Preliminary values for times of concentration may be estimated by

the equation:-

T =

c

where

16.7 L/V

t
c

time of concentration (mins)
maingtream length (km)

approx. velocity of stream (m/sec) as
determined from the following Table.



4.

SECTION 2.4 (Comt.)

Average Slope of Approx. Velocity
Type of Country | Catchment Surface of Stream
() (m/s)

Flat 0 to 1.5 0.3
Rolling 1.5 to 4 0.7

Hilly 4 to 8 0.9

Steep 8 to 15 1.5

Very Steep )

Rocky ) 15 3.0
Mountainous )

Stream Velocity - related to Mainstream Slope
TABLE 2.1

2.5  AVERAGE RECURRENCE INTERVALS (ARI)

Average Recurrence Intervals for the various road classifications shall

be in accordance with the following table;:~

Road Clagsification Design A.R.I. Check A.R.I.
(derives Qd) (derives Qc)
(a) Major roads crossing 1 in 50 1 in 100

major creeks (usually
requiring a bridge)

(b) All roads except the 1 in 20 1 in SO
following
(c) Rural roads serving less 1 in 10 1 in 50
than 20 lots (Subject to app-
roval of Shire
Engineer)
(d) Rural access roads 1 in 5 1 in 50
serving less than 10 lots (Subject to app-~
roval of Shire
Engineer)
(e) Roads crossing major creeks Causeway = 1 in 1 in 50
2, orlinl,
(subject to

approval by
Shire Engineer)

Average Recurrence Intervals (A.R.I.)
TABLE 2.2



2.6 AVERAGE RAINFALL INTENSITY (It,y)

The average rainfall intensity is determined for the appropriate average
recurrence intervals (A.R.I.) from TABLE 2.2 uging the
intensity-frequency—duration (I.F.D.) curves Chart 2.1 and the time of
concentration (tc).

The curves in Chart 2.1 are derived by the Bureau of Meteorology from
the formula and 1ist of co-efficients given in Table 2.3.

-000~



PREPARZD BY TEZ BUREAU OF MZTEOROLOGY FOR THE TANNUM/BOYNE AREA

In(I) = a + b*(1a(T)) + ex(1n(T))*%z + ¢*(In(T))**3 4+ ex{In(T))**4 + EX(In(T))**5 4 g*(1n(T))nng

I = Intensity in millemetres per hour
T = Time in hours ‘

Return Period

(Years) a b c d e £ g

1 3.5654 -0.5999 =0.0568 0.00783 0.002912 -0.0002680 -0.0000715

2 3.8215 -0.5938 -0.0518 0.00763 0.002576 ~0.0002240 -0.0000698

5 4.0690 ~D.5758 -0.0391 0.00629 0.001779 ~0.0000270 ~0.0000778

10 4.1954 -0.5668 -0.0322 6¢.00551 0.001330 0.0000454 -0,0000773

20 4.3464  —0.5586 ~0.0261 0.00524 0.000953 0.000144]1 -0.0000826

30 4.5155 -0.5491 -0.0191 0.00451 0.000503 0.0002518 -0.0000864
100 4.6328 -0.5425 -0.0146 0.00396 0.000248 0.0003333 -0.0000925

RAINFALL INTENSITY IN MM/ER FOR VARIOUS DURATIONS AND RETUTN YIRILDE

. RETURN PERIOD
DURATION 1 YEAR 2 YEARS 5 YEARS 10 YEARS 20 YEARS SO YEARS 100 YEARS
(50URS)

0.083 110.  143. 184. 209. 243. 289. 326.
0.100 103,  13a. 173. 197. 229. 273. 307.
0.167 85.2  110. 142, 161. 188, 224, 252.
0.333 3.4 81.9 104. 118. 137. 162. 182.
0.500 52.0 7.1 85.4 96.6 112. 132. 148,
1.000 35.4 5.7 $8.5 66.4 77.0 91.4 103.
2.000 22.8  29.6 38.6 4.2 51.8 62.0 70.2
3.000 17.3 228 30.0 3.6 40.8 49.2 56.0
6.000 10.8  14.2 19.4 22.7 27.1 33.2 38.2
12.000 6.77  9.06 12.7 15.1 18.3 22.8 26.4
24,000 4.36  5.90 8.49 10.3 12.6 15.9 18.7
48.000 2.79  3.81 5.66 6.96 8.63 11.1 13.2
72.000 2.07  2.84 .32 5.38 6.73 8.76 10.5

TABLE 2.3




DESIGN RAINFALL INTENSITY OIAGRAM
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3.2

3.3

3.4

Culvert design should be based on the inlet—outlet method as the
preferred procudeure, which is detailed in this section.

Lggg;1gn_;ng_31ggg_gﬁ_gu1xg:; ~ in rural areas, the culvert ghould be

located to fit the natural channel in line and grade, following moderate
curvature and breaks in grade as far as practical,

ALLOWABLE HEADWATER

Culverts shall be designed to accommodate Design ARI (QD) flows (see
Table 2.2) with a maximum headwater (EW) level 150mm below the shoulder
level, and ponding should be contained within the banks of the natural

water course,

Headwater levels for ARI < 50 years (Q50) flows shall not cause damage
to adjacent property and this may be achieved by either reducing the
fill heights to allow overtopping or increasing the culvert capacity.

QVERTQPPING PROTECTION

Generally, embankment protection would not be required for culverts
designed for ARI =>20 year (on) flows, however the Shire Engineer may
require downstream protection where overtopping could cause extensive

damage.

Where design flows of ARI<< 20 years are used, the design shall be in
accordance with Section 4 -~ Floodway Design incorporating a culvert with
a minimum design capacity as determined by the Shire Engineer.

OVERTOPPING FLOW DEPTHS

To allow a vehicle to pass through a length of shallow water, the
vertical alignment (grade line) shall be such that the maximum
overtopping depth is 200mm with the following flows:-



SECTION 3.4 (Cont.)
Culvert Design Flow Design Flow for 200mm
(QD) Maximum Overtopping Depth
%o %o
<%0 %o
TABLE 3.1

3.5  INLET-QUTLET DESIGN METHQD

By assuming firstly inlet control and then outlet control, the headwater
depth (HW) for each case is calculated and the higher value which
denotes the type of control governing the flow is adopted.

(a) Iglet Control

For the design of most conventional culverts with inlet control,
the headwater depth (HW) is obtained from Charts #3.1 and #3.4,

Design charts for other types of culverts should be obtained from

the manufacturer.

(b) Outlet Contro]

For outlet control, the headwater depth (HW) 1g computed for all
outlet conditions including all tailwater depths from the formula:-

HW = H + ho - L So
where (H) and (ho) are determined as follows:-
and L = length of the culvert (m)

So = Slope of the culvert barrel {m/m)

FiG 3.7
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SECTION 3.5 (Cont.)

(1)

(ii)

(iii)

Calculating (H)

The head (H) 1s obtained from Charts #3.3 and #3.6 for the
design of most conventional culverts.

Deaign charts for other types of culverts ghould be
obtained from the manufacturer,

Calculating (ho)

* When the tailwater depth is above the obvert of the

culvert:-
e.g. If TW>2»D then ho = IW

* When the tailwater depth is below the obvert of the

culvert:-
h = TW )
o

or ho =

(d. + D) )} whichever ig the greater
Z )

where d, = critical depth from Charts #3.2 and #3.5
D = culvert diameter or box culvert height

Calculating (TW)

The tailwater depth may be calculated in accordance with
Section #5.5

It should be realiged that in some instances, the tailwater
depth (TW) need not be calculated. The headwater depth
(HW) for inlet control is usually calculated first,
Substituting thig Hw depth in the outlet control equation -

ho = HW (inlet control) + LS0 -8
(h) and (LSO) can be calculated assuming full flow
initially, therefore a (ho) value can determine at which
outlet control will govern. Experience or otherwige will

indicate whether this =) value is feasible - if



SECTION 3,5 (Cont,)

11.

obviously not, then the control will automatically be at
the inlet and the (IW) depth need not be determined. When
scouring at the outlet may be a problem, however, some
indication of the (1W) level ig required.

3.6  OUTLET PROTECTION LENGTH
(a) Culvert Outlet Velocity

(1)

(ii)

Inlet Coptrol

The outlet velocity (VI) may be assumed equal to the
normal velocity in open channel flow in the culvert barrel
as computed by Manning's formula for the rate of flow,
barrel size, slope and roughness. This can be readily
determined from Charts #3.7 to #3.17. Tailwater is not
considered effective in reducing outlet velocities for most
inlet control conditions.

Qutlet Control

The outlet velocity (Vl) in this case is obtained by
dividing the design flow (QD) by the crosg-sectional area
of flow at the outlet.

* If the tailwater submerges the outlet, the
cross—gectional area of flow corresgponds to the fyll

area of pipe or box culvert.

* If the tailwater is below the obvert of the pipe, the
cross—-sectional area of flow is that which corresponds
to the tailwater depth or critical depth, whichever isg
the greater area of flow.

(b) Flow Transition Angle

The transition angle (©) for the flow boundaries is given by the

equation:-



12.
SECTION 3.6 (Conmt.)

tan 8 = Jgd7
v

where v = Average of the flow velocities at the culvert outlet
(Vl) and in the channel (Vz) = Maximum Permisgible
Channel Velocity -

refer Section #6.2
v = (V1 + Vz) m/sec.

P s——— ey

2

d = Average of the flow depths at the culvert cutlet

(dl) and in the channel (dz) = tailwater depth
d = (d] + dyp)

g = 9.8n/sec?

Chart #3.19 is a nomograph from which the tangent or the flare

angle in degrees may be ontained from flow velocity (v) and depth
(d).

(d) Length of Protection

Length of protection can be calculated from the transition angle
(©) above and the geometry of the culvert outlet:-

P> * £ x el
B ",
9 r
. .
N
FiG. 32
Q
L =(—-— W 2T @
v.d
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SECTION 3.6 (Cont,)

(d)

L = Llength of protection works (m)

Q = Design flow (n3/sec)

Vz = Max. permissible flow velocity in channel (m/sec)
d, = Depth of flow in the channel (tailwater depth) (m)
W = Width of the culvert outlet (m)

© = Flow transition angle (degrees)

where

Irrespective of the flow trangition angle (8), 30° wing walls
shall be used as standard unless the culvert is gkewed. The
oinimum lenght of concrete apron protection shall be 1.5D where D
is the culvert pipe diameter or height of box culverts.

Protection Type

Where the length of protection works 1s greater than the minimum
length of 1.5D, gabion protection in accordance with Section #6.6
and S.W.D.S.#1 shall be uged. )

3.7 EXAMPLE (see page 16)

Given

Design Flow QD(ZO) = 6.3m3/sec.

Maximum Allowance Velocity in Channel = 1.8m/sec.
Tailwater Depth = 0.930m (Example - Section #5.5)

Slope of Culvert = 0.5%

Fill Height = 1.5m (height of channel bank in thig case)
Length of Culvert = 9.76m

* % X % % »

Solution  Maximum Allowable H.W. Height = 1.5 - 0.15 = 1,350g

Maxigum Culvert Size = 1.5 - 0.3(say) = 1.200m
Irial Culvert Size

assume flow through culvert = 2.0m/sec.

therefore 6.3m3/sec = 3¢l§m2
2.0m/sec
Irial Number of Cells
3.15 = 2,79 say 3 cells

®(1.2)2
2
Flow per Cell = 6.3m3/sec = 2,1m3/sec
3



14.

SECTION 3.7 (Cont.)
Inlet Control

Chart #3.1 for D = 1.200m and Q = 2.1n%/gec
m - 1.01
D

“(1::)-1.01::1.2-141.,
Qutlet Control HW = H + & - hS
[ ] o

(1) Find (K)
From Chart #3.3 for D = 1.2m and Q = 2.1m/gec

H=0,3n

(ii) ho = T.W. = 0,930n

)
or hg =d. + D )
2 ) h° = 1.000m
From Chart #3.2 9 dc = ().800m )
)
)

therefore h, = 0,800 + 1.200 = 1.000m
2

(iii) EindﬁLSO = 9.76 x 0.5% = 0,.05m
Control 1.25071.210 therefore Qutlet Control
Maximum H.¥W, = 1,350 therefore Q,K

TW = 0.930 ) therefore Outlet Velocity calculated using

dc = 0.800 ) flow depth = 0.930m

therefore d1 = T.W. = 0,930m

dy/D = 0,930 = 0.78
1.200

Proportioned Area of Flow from Chart #3.18
For d; = 0.78 therefore P = .84
D

therefore OQutlet Velocity Vl =Q = 2.1 = 2.21lm/sec
PA 0.8&::1:(1._2)2
2

d, = T.W. = 0,930
Vz = Maximum Allowance = 1.8m/sec
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SECYION 3.7 (Cont.)

Qutlet Protection
average depth of flow d = d1+d2 = 0,930+0,930 = 0.930;
2 2

average velocity of flow V = Vi+Vy = 2:2141.8 = 2.0lm/gec
Z 2

Flare Angle = tan® = V37 = VIEXT.IY = Tan © = 0.50
3v 3 x 2.01

RmMiQn_I&ng_t_h(L)-(vgB_z_w)/

2 tan O
= 3x1.2+2%0.6 = 4.8m

= (hédh_ - a.s)
1.8 x 0.93 2 x 0.50

L
L = - 1.04nm

The negative number relates to the mathematics and geometry
in the derivation of length (L) (and not to actual flow
conditions) and is brought about by the minimum spacing
0.600m between Pipes. Only pogitive values of (L) are
compared with the minimum length of protection (1.5p),

In this case provide minimum protection length

1.5D = 1.5x 1.2 = 1.80m

Other design options can be derived for Q(D) asg per the
example (page 16), and the most appropriate alternative
chosgen, usually on a cogt basis.

Check Flow

The selected culvert is then checked for a QSO flow to
ensure upstream ponding is below the Maximum Allowance
Headwater (HW).

If overtopping of the embankment takeg place at QSO’
consideration of possible gcour damage may be required,

~00o-
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SECTION & - FLOODWAY DESIGN
4.1  GENERAL

Floodway design 1is important in the economic prevention of erosion and
scouring on the downstream side of a hydraulic structure.

Generally the greatest risk for scouring will occur when water overtops
a floodway at points where there is little or no tailwater on the

downstream gide.
For trafficability, a level grade line is desirable to provide a long
shallow length of flow, however, for reduced scour rigk, a level grade

line should be avoided.

The following diagrams depict example of both good and bad design
practices for a particular situation,

Qverropping

PN - IR -

\_.% Scour Zone

8AD DESIGN : Overtopping extends beyond toi! woter linwts .

fal

Overtopping
7

Tail Woter

Tait Worer

BAD DESIGN Overtopping occurs ar lowsst poinr of Ve where no 19:// water avariable.

rd)
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SECTION 4.2 (Cont.)

Tail Woater Tail Warer

I — ! —

GOOL- DESIGN - Toit Warer exceeds width of owerrapping.

fe /)

. vertopping
r | Level Grade Line

Tail Weorer ! I Toil Warer

I ; —=
GOOD DESIGN: Tail Warer O/ways exceeds width of cvertroing

‘aJ

FiG. 4.4

4.2 GRADE LINE DESIGN

The grade line should be designed so as to provide:-

(a) A tailwater that extends wider than the length of roadway being
overtopped at any stage of flow.

(b) A tailwater depth of at least 100mm at every point along the
floodway before it overtops at that point.

(c) The lowest point of a sag VC should be at the location of maximum
tailwater at the time of initial overtopping.
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4.4

4.5

39.

CONCRETE _PROTECTION

Concrete protection shall be in accordance with S.W.D.S.#2, "Standard
Causeway and Floodway Details'.

(a) Upatream Protection - shall be provided to the full length of the

floodway and consist of a concrete margin (shoulder), batter and
cut-off wall,

In gome instances, the Shire Engineer may reduce the batter and
cut~off wall protection to & minimum of 5.0m to both sides of the
culvert, however, a concrete margin for the full length of the
floodway would still be required.

(b) Downstream Protectiog — shall be provided to the full length of the

floodway and consist of a concrete margin (shoulder), batter, apron

and cut-off wall,

(¢) Apron Widtha - shall be of 1.5 times the embankment height with a
minimum width of @.5m.

(d) lver - shall not protrude above the line of the
adjacent margin or batter.

DESIGN PROCEDURE

The design shall provide a maximum water gurface drop of 450mm at the
initial overtopping (e.g. shoulder level - TW level = 450mm).

(a) Determine the flow rate in the natural channel for a water level
450mm below the shoulder level (see Section #5.5 - Tailwater Depth
Calculation).

(b) Design a culvert with this capacity based on an inlet head of 450mm.
PTH

The depth of flow over long flat embankments and floodways may be
determined in accordance with Section 14.13 of "Australian Rainfall and
Runoff", however, in the absence of design information relating to flow
depths in sag curves, the following derived equation based on a broad
crest weir may be used as an approximation:-
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SECTION 4,5 (Cont.)
E‘
FiG 42
Let Q = flow over the embankment (malsec)
A = area of flow (mz)
y = depth of flow (m)
g = 9.8mlse<:2
Now Q = VA therefore V = Q/A
and vV = /gy’

therefore Q/A = Jgy’

But (A) is a function of (y) and the following two (2) longitudinal
grade gectiong of a floodway are considered.

7T T,

v Leve! Section
L

FiG 43

Assume the flow areas at each end of the level gection approximates to
triangles.

therefore A = Ly + 2(xy) = (L+ x)y
(2 )
but L+rx = L

L)

. o A-Ly



SECTION 4.5 (Cont.)

4.6

FIG. 4 4

Again, assume the flow areas is approximate to two (2) triangles:-

A = 2(Ly) =1y
(2)

Subject to the above definition of length (L)
Q/A = Jg5' and A = yL
therefore Q =« V3

yL
therefore y = ] Q 2/3
1/3
g
2
let g€ = 9.8m/sec

therefore = O.IJ(QIL)ZI3

y

¥ = depth of flow (m)

Q = flow volume (m3/sec)

L = "length" of flow ag defined above (m)

where

Alternatively in terms of (L)

L = 0.32 ¢
(y)3/2

CAUSEWAYS

Where nominal flows only are catered for with a causeway structure,
congtruction ghall be in accordance with S.W.D.S.# "Standard Causeway
and Floodway Detailg".

The following diagrams give ten (10) alternative profiles for causeway
and approach grade lineg.

41.
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SECTION 5 - OPEN CHANNEIL F1OW

3.1

5.2

5.3

5-&

GENERAL

Open channel flow calculations may be required to determine
stage-discharge curves for culvert tailwater depths, or to determine
channel geometry for inlets and outlets to hydraulic stuctures to give
acceptable flow velocities without causing erosion in the channel.

The following procedures are based on Manning's Formula and are the
preferred design method.

MANNING'S FORMULA

The following formula is an empirical relationship of uniform flow:—
v = g0-667 g0-5

n
from which Q = Ay
where V = velocity (m/sec)
U = Manning's Roughness co-efficient
A = cross-sectional area of flow (mz)

R = hydraulic radius =
Wetted Perimeter

§ = 3slope of channel bed {(m/m)

Q = flow (m3/sec)
Solutions to thig formula in nomograph form, may be obtained from Chart
5.1.

HAHHINQLS_EQHQHHESS*QQ:EEEIQIENI (n)

In applying this formaula, the roughness co-efficient "p" may be
obtained from the tableg 5.1 and 5.2 and the following copies of
photographs.

(a) Maximum Velocity - refer to table in Section #6.2
(b) ﬂinimum_!glggi&x ~ The minimum non-silting velocity in the channel

shall not fall below 0.5m/sec. at the Design Flow (QD).
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n=0.03

n= 0.07

n=0.08

Note: (a) Increase in gross, weeds, shrubs and trees with increase in "n" value.

(b) In general, growth of trees in photographs tend

to look more dominant
than when seen on o site inspection.

Natural streams in Queensiand
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ARTTFICIAL CHANNELS

Conditions of Structure n
1. Closed Conduits
(a) Concrete pipe 0.012
(b) Corrugated metal pipe or pipe-arch
(small corrugation)
(1) plain or unpaved 0.024
(ii) paved invert - full flow
25% circumference paved 0.021
15% circumference paved 0.018
Fully paved 0.012
(c) Structural plate pipe or pipe-arch 0.030-0.033
(d) Monolithic concrete (box culvert) 0.012
(e) Vitrified clay pipe 0.012
2. Open Channels - Lined
(a) Concrete - Smooth forms or trowelled 0.012
(b) Bituminous Concrete
(1) Smooth 0.013
(ii) Rough 0.016
3. Open Channels - Excavated
(Straight alignment and natural lining)
(a) Earth - uniform section
(1) clean - new to weathered 0.016-0.020
(ii) with short grass, few weeds 0.022-0.027
(iii) in gravelly soil, clean 0.022-0.025
(b) Earth - fairly wiform section
(i} no vegetation 0.022-0.025
(i1) grass, some weeds 0.025-0.030
(1iii) dense weeds or plants in deep channel 0.030-0.035
(iv) sides clean, gravel bottom 0.025-0.030
(v) sides clean, cobble bottom 0.030-0.040
(¢) Dragline excavated or dredged
(i) no vegetation 0.028-0.033
(11) 1ight bush on banks 0.035-0.050
(d) Channels not maintained, weeds and brush
uncut
(i) dense weeds, high as flow depth 0.08-0.12
(ii) clean bottom, brush on sides 0.05~0.08
(iii) same, highest stage of flow 0.07-0.11
(iv) dense brush, high stage 0.10-0.14

TABLE 5.1




NATURAL CHANNELS

Type of Channel n
Main Channel
1. Fairly Regular Section
(a) Some grass and weeds, little or not brush 0.030-0.035
(b) Dense growth of weeds, depth of flow
materially greater than weed height 0.035-0.05
(c) Some weeds, light brush on banks 0.035-0.05
(d) Some weeds, heavy brush on banksg 0.05-0.07
(e) Some weeds, dense willows on bankg 0.06-0.08
(f) Trees within channel with brances sub-
merged at high atage Add 0.01-0.02
2, Irregular Section, with pools, elight channel
meander
To (a) to (f) above as applicable Add 0.01-0.02
3. Mountain Streams, no vegetation in channel,
banks usually steep, trees and brush
along banks submerged at high stage
(a) Bottom, gravel, shingle and few boulders 0.04~-0,05
(b) Bottom, shingle with large boulders 0.05-0.07
Adjacent Flood Channels
1. Pasture, no Brugh
(a) Short grass 0.030-0.035
(b) High grass 0.035-0.05
2. Cultivated Areag
(a} No crop 0.03-0.04
(b) Mature row crops 0.035-0.045
(c) Mature field crops 0.04-0.05
3. Heavy Weeds, Scattered Brush 0.05-0.07
4. Light Brush and Trees 0.06-0.08
5. Medium to Dense Brush 0.10-0.16
6. Dense Willows, Summer, Not Bent Over By Current 0.15-0.20
7. Cleared Land with Tree Stumps
(250 to 450 per hectaré)
(a) No sprouts 0.04-0.05
(b) With heavy growth of sprouts 0.06-0.08
8. Heavy Stand of Timber, A Few Fallen Trees
Liftle Undergrowth
(a) Flood depth below branches 0.10-0.12
(b) Flood depth reaches branches 0.12-0.16
Major Streams (Surface width at flood stage>30m)
Roughness coefficient is usually less than for minor
streams of similar description on account of less
effective resistance offered by irregular banks or
vegetation on banks. Values of "n" may be gomewhat
reduced. The value of '"n" for larger streams of
mostly regular section, may be in the range 0.028-0.33

TABLE 5.2

47.
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5.5

TALIWATER DEPTH CALCULATION

(a) General

(b)

(c)

For culverts with outlet control, it'is important that the
tailwater level be calculated ag accurately as possible. One
possible exception is when the tailwater is known to be well below
the critical depth at the culvert outlet,

For outlet channels that are reasonably uniform in cross-section,
slope and roughness, the depth of flow can be derived from

Manning's formula.

For streams with varying cross-sections such ag main channel and
flood plain, reference should be made to Chapter 4 of “Australian
Rainfall and Runoff" (1987).

Design Checks

A change in the design tailwater level can occur due to backwater
from another creek or obatruciions downstream, or even from the use
of too low an '"n" value in analysing the channel. The culvert
design must be checked for thege possibilities as a higher
tallwater may result in unacceptable headwater levels.

By first deriving a simple stage-discharge curve for the channel,

the tailwater depth can be determined using the Design Flow (QD)
as per the following procedure and example.

(1) Required information

Channel cross-sectional geometry
Channel slope

L ) )

n" value

* % %

Design flow QD



(ii)

(ii1)

(iv)

{v)

(vi)

49,
Assume a depth of flow in the channel and determine:—
* Water Way Area (A =)

* Wetted Perimeter (WP)

* Hydraulic Radius (R = A )
HP

Calculate the flow velocity (V) from Manning's formula or
nomograph Fig.5.1.
Calculate the discharge Q = VA

Repeat the above procedure so that a curve can be drawn.

Using this curve and the design flow (QD), and check flow
(Qc)’ determine the tailwater depths.

—o0o-
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SECTION 6 - ERQOSIGN PROTECTION

6.1

6.2

GENERAL

Natural waterways often have erodable banks and bottoms, however thosge
which have mild slopes are reagonably stable and will remain 80 unless
flow velocities and existing natural protection ig changed,

Hydraulically efficient structures generally operate at increased
velocities to that in a flatural waterway and any construction works will
disturb existing natural protection for varying periods of time after
its completion.

MAXIMUM PERMISSIBLE FLOW VELOCITIES

The maximum permissible velocities depend on the amount of grass cover
and the goil type or particle size,

Where natural re-vegetation will ultimately provide sufficient stability
against erosion, interim protection will usually be necessary. This may
take the form of turfing the bottom of drains for the full width and
part way up the batters, top soiling and planting a fast growing (2
weeks) cover to stabilige and protect the slower growing ultimate cover,
Or an open-jointed riprap filled with top 80il and seeded.

The method used will depend on the time of year the works are carried
out and also the natural soil type.

If natural re-vegetation will not provide adequate protection in the
long term, other treatments will be necesgary. The following table ig
to be used as a guide to determine the extent and/or combination of

necessary protection works.



SECTION 6,2 (Cont.)

6.3

Maximum Permissible

Cover Type/Material Velocity
Well established grass providing full .

cover to soil , 2,0-2.4m/gec
Meadow type grass with short pliant blades 1.5-1.8m/gec
Bunch grass with exposed soil between

plants 0.6-1.2m/gec
Stiff-stemmed grasses that do not bend

over under shallow flow 0.6-0.9m/gec
Earth without vegetation

§ilt, Clay, Sand 0.3m/sec

Gravel (6mm) 0.6m/gec

Gravel (25mm) 0.%m/sec

Firm Loam Soil 1.2m/gec

Gravel (50mm) 1.8m/sec

Boulders (100mm) 2.4m/gec

Boulders (150mm) 3.0m/sec

Boulders (300mm) 4.5m/sec

TABLE 6.1

GRASS LINED CHANNELS

53.

(a) Maximum Velocities - in grass lined channels should be kept within

reasonable limits to avoid scour problems.

(b) Channel Slope - should be from 0.3% to 0.6%, however, when the

natural slope of ground greater than this, slope drops should be

used.

(c) Curves - should be as large as possible, however as a guide, the

minimum radius at the centre line of a curve shall be equal to

twice the width of the top water level at design flow, with minimum

radius of 30m.

(d) Cut-off Walls ~ at regular intervals in a grass lined channel is

desirable, as they will safeguard sgainst serious erosion in large

run-offs or before the grass cover is sufficiently established.
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SECTION 6.3 (Cont.)

6.4

These cut—off walls are usually reinforced concrete approximately
200mm wide and 450 to 600mm deep, extending the fall width of the
channel bottom.

RIPRAP

(a) Locations - Riprap can be used upstream and downstream of hydraulic
structures, on the banks, bends and bottoms of channels and other

areas where ercosion tendencies exist such as slope drops.

(b) Layer Thickness - should be about 1.5 times the largest size of
rock used.

(¢} Rock Size - the following graph indicates the 8ize of rock to be
used. Bottom velocity can be estimated a8 0.7 of the average
channel velocity.
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Fig. 6.1

(d) Disadvantage - this type of protection can present a maintenance
problem.
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6.6

6.?

55.

STONERITCHING

(a)

Location - stone pitching can be used upstream and downstream of
hydraulic structures, on the banks, bends and bottoms of channelg

and other areas where erosion tendencies exist such as slope drops.

(b) Rock - should be between 150-500mm in size and placed to form
irregular joints. All rocks are to be interlocked and wedged with
smaller gize rock as necessary, 8o that no single rock may be
eagily dislodged and no large voids remain between rocks.

(c) Cement Mortar ~ shall be 10MPa/20 concrete.

(d) Disadvagtage - this type of protection usually cracks and allows
water under it to cause hidden erosion resulting in failure.

GABIONS

(a) Location - gabions can be uged upstream and downstream of hydrailic
structures, on the banks, bends and bottoms of channels and other
areas where erosion tendencies exist such as slope drops.

(b) Advantages - smaller rock sizes can be used because the wire basket
tends to make the mat act as a unit, but still having some
flexibility,

(c) Materials - shall comply with Main Roads Specification M.R.S5.11.03

Drainage, Retaining Structures and Protective Treatments.

CONCRETE LINED CHANNELS .

(a)

(b)

Gepneral - Concrete lining of channels is not normally required
where the flow is sub-critical. .

Supercritical Flows - care should be taken to ensure that:-

(1) curves, which create energy problems are kept to a minimum;

(i1)  the channel is free from obstructions which may cause
oscillatory waves which extend down the channel {(e.g. pipe
entering should be cut flush);
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(i11) construction Joints are dowelled to prevent differential
movement between sections. This would allow high velocity
flows to enter the joints causing rapid scouring and high
uplift forces and can lead to the failure of the channel
lining;

(iv)  unintended hydraulic Jumps do not form.

(c) Materials

(1) Concrete shall be 20MPa/20 and a minimum thickness of 100mm.
(i1) Reinforcing shall be F62 mesh.

(d) Construction Joints ~ shall be at a maximum spacing of 20m.

(e) Weep Holes - shall be 90mm diameter spaced at 1800 crs both
horizontally and vertically, with 300 x 300 x 150 no fines concrete
blocks or geofabric backing at each hole.

Large channels may require a sub-goil drain to prevent hydrostatic
uplift forces.

-o0o-
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The following procedures are applicable to small urban drainage
systems having a catchment area of less than 20 hectares and a
rainfall/runoff time of 30 minutes or less.

The design of the more complex drainage systems for large urban
areas, especially those involving storage or detention basins and
hydrographs requiring the use of computer models are ocutside the
intended scope of these procedures, however all urban drainage
systems shall be designed on the basis of providing a dual system in
accordance with the following.

MINOR SYSTEM

The Minor System consists of the kerb and channel, gully inlets and
underground pipe network designed to totally cater for stormwater
flows from storms up to a specified A.R.I. in the order of 1 in 5 or
1 in 10 depending on the development.

Generally the Minor System is designed on a nuisance or inconvenience
basis, such that the stormwater is wholly contained on the roadway
between the kerb and channel, and having a maximum gpecified width or
depth of flow down a roadway (Fig. 7.1) or around a cormer

ground network plus K 8 C carrying
g:sg;: nuisonce stormwater fiow.

MINOR DRAINAGE SYSTEMS

Fig. 7.1

Design A.R.Is for the minor system is given in Table 7.1.
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7.3 MAJOR SYSTEM

The Major System consists of the Minor System plus roadway and overland
flow paths (and detention basing) which cater for stormwater flows from
storms with greater A.R.Is, in the order of 1 in 50 or 1 in 100 depending
on the development.

Generally the Major System provides increased capacity by using for
example, the full width of a roadway and gome footpath at a greater depth
of flow, plus overland flow paths.

Rocdway providing
\mcr«n«f capocity

\ m.mmra- i PA—

@— Underground nerwork
MAJOR ORAINAGE SYSTEMS
Fig. 7.2
Design A.R.Is for the Major Systems are given in Table 7.2.

7.4 A!EEAEE_REQHRQEHQEMLHIEBMALS_1643414)

Average recurrence intervals for both the Minor and Major Systems ghall
be in accordance with the following tables.

Minor System

Development Design A.R.I,

Open Space/Recreation Areas 1 in 2 years
Residential 1 in 5 years
Commercial Industrial 1 in 10 years

Minor System Design A.R.I.
TABLE 7.1
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Minor System
Development Design A.R.I.

All 1 in 100 years

Major System Design A.R.I.
TABLE 7.2

In addition to the above, specific important public premises shall be in
accordance with the following:-

Rare Flood
Development Design A.E.P,
Floor levels of hospitals 1 in 500 years

7.5 DESIGN PRQCEDURE

The design procedure is based on the following three steps which are

explained in more detail in the relevant section.

Step 1 - Major System (Section 8) - investigates the roadway and overland

flow routes and capacities based on the 'gap" flow concept,

wwmmm (Section 9) - determines the

runoff quantities via overland and gutter paths with gully interception
based on maximum roadway flow widths or depths.

Step 3 - Minor System Pipe Network (Section 10) - determines the design

of the underground pipe network and manholes based on the gully
interception quantities.

..(-\r\- -
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SECTION 8 - MAJOR SYSTEM DESIGN

8.1 DESIGN BASIS

8'2

By taking into account the capacity of the Minor System, the capacity of
the overland flow component of the Major System can be derived. For
example, a 1 in 100 A.R.I. capacity of the Major System could be made up
of a Minor System with a 1 in § (viz) A.R,I. capacity on its own, plus an
overland flow system with a 1 in § (viz) A.R.I. capacity on its own.
This is the basis of the gap flow concept as derived in Section #8.3.

Design of the Major System essentially compares the expected major flow
qQuantities with the capacities of the proposed roadways and is
predominantly concerned with identifying areas where thig roadway
capacity is exceeded, especially if adjacent to properties which are
lower than the road level.

Having identified such problem areas, the designer can investigate
alternative solutions, for example, increasing the Minor System A.R.I. at
that location during the detailed design of the pipe network in the next
step,

Other options include increasing the roadway grade or width to increase
capacity, allotment fill earthworks, alter the road network and allotment
layout to provide open space and open chaanel flow, etc.

DESIGN GUIDELINES

Without limitation, the design of the Major System shall conform to the

following:-

(a) m‘ﬁy—lm_thuumﬂmm_ﬁm - (e.g. the
allotments on both sgides of the road drain to the road)

(i) Maximum flow depth at kerb and channel invert d8 = 200mm

(ii) Maximum flow width = road reserve boundary
(e.g. no flooding of the property)

(1ii) Product of (kerb depth) x (average flow velocity)
2
= 0.40m"/sec. max.
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(b) Roadway higher than the allotment on one gide (the allotments on one

side only dr#in to the road)

(i) Meximum flow depth at kerb and channel invert on the high
side dB = 200mm

(ii) Maximum flow width on the high side = road reserve boundary
(e.g. no flooding of property)

(1i1) Maximum flow depth at kerb and channel invert on the low side
dg = 125mm (e.g. no overtopping of channel)

Note:- The above criteria allows for flow from the high side
across the road crown to the low gide.

(iv) Product of (kerb depth) x (average flow velocity)
2
= 0.40m™/sec. max.

(¢) Roadway higher than the allotments on both sides

(i) Maximum flow depth at kerb and channel invert dg = 100mm

(ii) Maximum flow width = between kerb and channel only (e.g.
confined to the roadway, no footpath
flow)

(iii) Product of (kerb depth) x (average flow velocity)
2 .
= 0.40m"/sec. max.

(d) Open Space and Recreational Areas - the flow shall be contained

within the area boundary.

(e) Umacceptable Practices — The following practices to increase roadway

capacities will not be acceptable.

(i) Small levees on the footpath to contain major flows, unlegs

constructed in accordance with Sectiop 8.7.

(ii) Reducing the roadway crossfall below the standard minimum
specified in Calliope Shire Council Road Design Standard.
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(f) Detention Basins

(1)

(i1)

(iii)

All detention basins shall be dry types,

The spillway shall be designed to cater for A.R.1. flows of
1 in 100 years without causing flooding to upstream private
pProperty.

Where the drainage system of an upstream subdivision joins
the drainage system of a lower subdivigion, an area of open
space shall be set aside for the future congtruction of a
detention basin. This area may be included as part of the
open space area required by Council's Subdivisional By-Law.

As a guide, the area to be set aside can be estimated by the
following formula.

Vo=0.2 A (1,5, -1))

where V¥ = Volume of storage in the detention basin (m3)
(from which the Area can be derived having
regard to the developed levels in the
surrounding area, the invert level of existing
outlet pipework and an allowance of 1:6 for
bank slopes).

A = Catchwent Area (ha)

t = Times of Concentration (mins) - ( used to
derive various 1100 values as per the
following example)

= Intensity for ARI = 100 yrs using (tv)(mm/hr)
I1 = Intensity for ARI = 1 year using the time of
concentration of the catchment (mm/hr)

It should be noted that the time of concentration (t ) for
the catchment may not yield the maximum required storage
volume, therefore various values of (tv) are used to derive

the associated 1100 values, and the equation solved to give
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8.3

L1} "

a range of storage volumes. The required area should be
based on the maximm storage volume ag per the following,
viich is best developed in tabular form.

Let Cat-chment Area A = 11.7 hectares
Time of Comcentration = 14 minutes
Iztemgity (1 year) I = 70mm/hour

14,1

treref-re ¥ = 2,34 t, (1100—70)
!
S | (1,05-70) Ve 2.3t (1,-70)
0 250 180 421203
° 1 1o 5148m°>
0 10 80 5616m°
0 133 55 5148m°
L i

Le: greatest volume = 5700m3. The time of concentration
girving :he largest volume is about 30 minutes, which is much
greater tham the actual time of concentration of 14 minutes
used Iry the Rational Method.

Let Major Sys:am A.R.I.
and Mimor Sysiem A.R.T.

n

m years

]

n years

From the Faticral Formula
:{umrn am:lQn :::KCuAIﬂ

‘O

ther=fore QEZ-‘- = Ql-Qn = KA(CnIm-CnIn)

Q =¥ C ‘I - I)
& @ m  _pn
c
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But C = Fn ClO and Cm = Fh C

n 10

therefore Cn/cm =F °10’Fb C10 = Fn/Fh = F' gay

therefore Qs = KACM(Im - F' In)

for Qg in 1/sec. K = _|
0.36
therefore Q8 = CA(IIn - F! In)
0.36
where Q8 = design gap flow (1l/sec)

C = Co-efficient of runoff from Table 8.4

for ARI = m years
A = Catchment Area (ha)
Im = Intengity for the Haior System ARI = m years
I = Intensity for the Minor System ARI = n years
F = Conversion factor derived from Table 8.5

The above is based on the minor system operating without any blockage.
Allowance for the minor system not operating at full capacity can be

easily catered for as follows:-

Quap = K CA(I, ~ bF' I )

where b = blockage factor (b = 0 (fully blocked) to 1 (fully open))

It is reasonable to assume that some debris/plastic, etc. will be caught
in gully inlets during a large storm and would be less visible with the
large flow depths in the gutters.

A blockage factor of 0.5 is recommended, however with side inlet gullies
it is felt that this can be increased to 0.75, (75% operational)
resulting in the following equation.

Qap = K CA(I_ - 0.75 F' 1)
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8.4 FLOW TIMES

{a) Sheet Flow Times - are obtained from the Kinematic Wave Equation.

t = 6-9" sL-n)o.ﬁ
IO.# s0.3

where t = overland sheet flow time
L = flow path length (m) (L = 200m maximum)
n = gurface roughness co-efficient (similar but not
identical to Manning's "n")
I = rainfall intensity (mm/hr)
S = slope (m/m)

As the equation involves intensity which is time based, it has to be
solved iteratively, however this can be done directly by a table of
values of (t I° ) for the various times of concentration and
A.R.Is.

Using the flow length, slope and values of "n" from Table 8.1 and
the equation:-

t 1%°% = 6.94(L.0)0°6

S0.3

0.4

values of (t I"°") can be easily calculated, and the time of

concentration can be interpolated directly from Table §.2.

It should be noted that the above is based on the assumption of no
inflow to the area of gheet flow, therefore it is incorrect to add
values of (tI0 4) for a number of upstream sections. Reference

should be made to Chapter 14, "Australian Rainfall and Runoff' in

such sgituations.

Example 1

For (tIO'h) =59 A.R.I. = 10 years
tl = 7 mins. V = 59, Vl = 57, Vz = §3

therefore t = 7 + 39=57 = 7.3 mins.
63-57
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(b)

(c)

(d)

Example 2

For (t19°%) = 38 A.R.I. = 10 years
tl = 5 lllina-, V= 38, vl = “2, Vz = 50

therefore t = 5 +-( = = 3.0 mins.
50 - 48

This estimation is acceptable when the sheet flow time is a
component of the overall flow time, however the minimum total time

of concentration cannot be less than 5 minutes.

Sheet Flow Length Limitation

The time adopted for travel in large pervious areas must recognige
the limits of the overland flow phenomenon. It is a matter of field
obgervation that "gheet" flow rarely travels more than 200m before
entering a "wash'" which then falls into the natural channel category.

Overland Chanpel and Gutter Flow Times

Estimates of overland flow times are not highl} accurate, and the
gutter flow times to be added to these need not be calculated
precisely. In many cases, the gutter flow times need only be
estimated to the nearest half minute.

Where flow pathe are mostly along gutters, it is likely that the
total travel time will be less than 5 minutes, the shortest duration
for which rainfall intensity data are available.

In Rational Method calculations it is customary to adopt a minimum
duration of 5 minutes, o it is not necessary to calculate short

times precisely.

Both overland and gutter flow times can be estimated from Chart 8.1.

Roadway Flow Times

Roadway flow times can be estimated more accurately from Charts 8.3
and 8.4. It is suggested that these be used for flow times down
hill of the first location where roadway capacities are investigated.
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(e) Roof-to-Gutter Flow Tiges

Congiderable uncertainty must surround roof-to-gutter flow times.

In cases where roof water from both residential and
commercial/industrial buildings is conveyed directly to the gutter
or to a rear-of-allotment open channel, recommended travel times are
given in Table 8.3. These times refer to the roof-to-drain times
only, and gutter or channel flow times are to be treated as separate

elementg.

8.5 RUNOFF CO-EFFICIENTS

8.6

Weighted Runoff Co-~efficients for the various land uses are given in
Table 8.4. These values include allowances for impervious area fractions
(f) and A.R.I. frequency factors.

EQUIVALENT IMPERVIOUS AREA

Sub-catchments having multiple land uses are catered for by adding the
equivalent impervious areas of each land uge within the sub-catchment.
For example, if a sub-catchment hag three land uses having runoff
co—efficients of Cl, Cz. and 03 and areas Al’ Az, and A3, the
equivalent Impervious Area is given by:-

ZCA = ClA1 + CzAz + C3A3

where the total sub-catchment area A = Al + Az + A3

In this manner, the equivalent impervious areas (ICA) of successive
sub-catchments can be accumulated as design proceeds down the catchment,

8.7 INTERSECTION DESIGN CHECK

(a) Levee Height ~ If a flow is moving down-slope towards a "
intersection and was abruptly stopped by a pond of water, the height
of a levee which would be required to contain the pond can be
estimated by the formula:-



69.

SECTION 8.7 (Cont.)

8.8

(b)

(c)

(d)

(e)

(f)

h = vzlzg

vhere h = levee height above top—of-kerb (m)
= velocity of flow (m/sec)
= 9.81m/sec2

nggg_ﬂgigh;g_g_;g_zﬁmm - the standard footpath cross-sectional

grade of 2.5% (in 40) for a width of 3.0m in accordance ‘with
R.D.S.21 shall be maintained.

Levee Heights 75mm to 230mp - Levees ghall be constructed such that

the required levee height is located at the pProperty boundary and
the standard footpath maximum cross-sectional grades in accordance
with R.D.5.21 shall be maintained. In addition, fill earthworks
shall extend a minimum of 6.0m from the boundary into the Property.

Levee Beights above 230mg - shall be referred to the Shire Engineer

and each situation will be assessed on its meritg.

Levee Length - shall be twice the width of the terminating road (at
the full levee height) and located such that half the levee length
is directly opposite the terminating road and half the length ig
located on the down slope side.

Ronding - In some situationg it may be necessary to carry out f£ill
earthworks to allotments to eliminate any potential ponding of water

caused by levee construction.

WIDE ROAD DESIGN CHECK

During the design procedure it should be recognised that with wide

pavements the maximum allowable flow depth may be reached before the

water
half

level is high enough to flow over the crown, and therefore only the

—roadway capacities can be uged in design.
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8.9

8.10

OQVER-CROWN FLOWS

Where runoff enters the roadway from one side only and over—crown flows
are expected, it is essential that the capacity of the kerb and channel
on the opposite side is not surcharged if it fronts allotments. In such
cases, the full width roadway flow capacity may be estimated by assuming
the maximum flow level on the high side equal to the designed crown
level, plus the standard flow depth limits for the low sides.

This procedure utilises the fact that crowng are constructed as slight
curves rather than apex points, which would allow flows to "equalige"
across the crown.

DESIGN PROCEDURE

The design procedure is aided by the use in the Design Chart as per the
following explanation and example based on Fig. 8.1,

Column 1 - Location — generally viewed as a
cross—section perpendicular to
the flow direction and various
nomenclature can be used.

Column 2 - Flow Path Description - describes the land uge through
which the runoff flows.

Column 3 - Flow Length = to note the flow lengths of the
various flow paths elements.

Column 4 - Roughness Factor - Surface Roughness Value from
Table B8.1.

Column 5 - Slope ~ to note the slope of the various

flow path elements.
O'A) ~ calculates values of
(tIo'A) for use with
Table 8.2 to determine flow times
{Column 7) for gheet flow only,

Column 6 - (tI
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Column

Column

Column

Column

Column

Column

Columm

Columm

Column

Colum

Column

7

10

11

12

13

14

15

16

17

Flow Times (tmins)

Total Time

Time of Concentration

Major System Intensity

Minor System Intensity

Blockage, Frequency
Factor

Gap Intensity

Runoff Co-efficient

Contributing Area

Equivalent Impervious

Calculative Impervious
Area (XICA)

71.

to note the individual flow times
of the various elements of the
flow path. (See Section 8.4).

is the sum of the individual flow
times of the flow path elementsg
in Column 7.

1s the greatest of the total
times of the various flow pathsg
in column 8.

Rainfall Intensity from Chart 2.1
for the Major System A.R.I, uging
the value in Columm 9,

Rainfall Intensity from Chart 2.1
for the Minor System A.R.I.

allows for 25% blockage, and
frequency factor (fl) from
Table 8.5,

is the difference between columng
10 and 12,

is obtained from Table 8.4 for
the various land uses,

area of the various land usgeg in
the catchment.

Product of Columns 14 ang 15.
allows for upstream imperviogus

areas to be carried down for

calculation,
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SECTION 8,10 (Cont.)

Columm 18 ~ Gap Flow - calculates the gap flow which is
to be compared with Columm 22

(Columns 19 to 22 are primarily intended for roadway flow capacity.
Overland flow or open channel flow should be inveatigated separately and
the (Q) value inserted in Column 22).

Columm 19 - Escape Path Description - to note the roadway width and
whether one or two gides can be

considered in the capacity.

Column 20 - Maximum Allowable Flow - is used for Chart 8.2,
Depth (See Section 8.2).
Column 21 - Roadway Grade , - is also used for Chart 8.2.
Column 22 - Roadway Capacity -~ is derived from Chart 8.2 using
Columng 20 and 21.
EXAMPLE
s T I .

¢
: i
1 Q 30
I (=__ = ]
I
! /._- AREA @ Residentiat = 0 960hg
16— Road = Q182 ha.
Residential = i-4i0 ha.
Road = 0295hqg.
© Residential = O %(0ha.
Road * 0-435ho.

1
t.~SO-16€> Levee & ASSUMED suB- CATCHMENTS & FLOW PATHS
allotment fii

EXAMPLE CATCHMENT - MAJOR SYSTEM

Fig., g,
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Surface Type n

Paved Surface 0.015
Mown Surface 0.25
Thickly Grassed Surface 0.50

Overland Flow "n" Values

Table 8.1
Duration A.R.I. (years)
t(mins.) 1 2 5 i0 20 50 100

5 33 36 40 42 45 48 51
6 38 43 47 50 53 57 59
7 44 49 54 57 60 65 68
8 49 54 60 63 67 72 76
9 54 60 66 70 74 80 84
10 59 66 73 76 8l 87 91
11 64 71 79 83 88 94 99
12 69 76 84 89 9% 101 106
13 74 82 90 95 101 108 113
14 78 87 96 101 107 115 120
15 83 92 102 107 113 121 127
16 88 97 107 113 120 128 134
17 92 102 113 118 126 134 141
18 97 107 118 124 131 141 147
19 101 112 123 129 137 147 154
20 105 116 128 135 143 153 160

Sheet Flow Times Related to Values of tIo'&

Note:- (1) For use with the formula t(I1)0.4 = 6.9&(%4§)0'6
s .

(2) Linear Interpolation t = t] + ( V-V1)
(Vz-Vl)

Table 8.2



Roof=to-Drain
Development Type Flov Times
Residential 5 ainutes
Coomercial/Industrial ,
(a) Small < 20002 5 minutes
(b) Medium . 2000m-5000m2 10 minutes
(¢) Large > 5000a2 15 minutes

Roof~to-Drain Flow Times
Table 8.3
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NOTES:

1. Flow travel tice (approximste) may be obtained directly from this
chare for:
% gerb-and-gutter channels

¢ undergrownd siormwater pipes

2. A wultiplier, A, should be applie’ to values obtained directly

from the chart ir the following cases:
% blade-cuyt earth roadside channels, vell maintained

and witkout drivewsy crossings A2
* ratural channels As3
* gTassed sveler, well maintained and witbout

drivewsy ¢rogfingE A=y

Craanel Flow Times
Crart 8.1
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Weight Runoff Co-efficients (Cw)
Land Use
ARI = 50 years ARI = 100 years
Parks/Open Space 0.8 0.85
Residential _ 0.9 0.95
Commercial/Industrial 1.0 1.0
Road Reserves (incl. footpaths) 1.0 1.0

Major System Weighted Runoff Co-efficients

Table 8.4
ARI (years) 1 2 5 10 20 50 100
Conversion
Factor Fy 0.80 0.85 | 0.95 1.00 1.05 | 1.15 1.20
Example Major System ARI m = 100 years

Minor System ARI n = 5 yearg

F' = FS = 0.95 = 0.79
FIOO 1.20

Conversion Factors (Fy) for Various ARI's

Table 8.5
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9.2

The flow quantity to each gully box location is based on the runoff
quantity from each individual gully box sub-catchment area Plus by-pass
flows from higher gully boxes.

The location and number of gully boxes is determined by the maximum
aliowable width of flow on the roadway or around a corner, and the gully

box interception flow rates.

DESIGN GUIDELINES

Without limitation, design of the minor system surface drainage sghall

conform to the following:-

(a) Flow Criteria

(i) Maximum Flow Spread = 3.0m (including sags)

= 1.0m around corners

(ii) Maximum Flow into sags or at = 95% of gully
inlet
points where flow bypass is capture
not acceptable

(iii) Concentrated Flow into kerb & channel = 20

llsec.(mgx.)

(iv)  Minimum Capture Rate of Gully Grate = 80%

(b) Gully Box Location

" (1) Gullies should be located at the midpoint of
allotment frontages to reduce the likelihood of
conflict with service conduits and future

driveways.

(1i) Gullies at intersections should be located at the
tangent points of kerb radii.
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9.3 PEAK RUNOFF DETERMINATION

9.4

9'5

9.6

The peak runoff is calculated by the Rational Method for both full area
and part area cases (Section 9.6), and the highest value from each cage
is used for design purposges,

A.R.Is are obtained from Table 7.1 and the rainfall intensities
corresponding to the flow times derived in Section #9.4 below are
obtained from Chart 2.1.

SURFACE FLOW TIMES

Surface flow times are to be calculated in accordance with Section 8.4,

RUNQFF CO-EFFICIENTS

Weighted Runoff Co-efficients for the various land uses in a
sub-catchment are given in Table 9.1 for various A.R.Is. Thege values
include allowances for impervious area fractions (f) and A.R.I. frequency

factors.

RARTJAL AREA EFFECTS
(a) Design Bagis

The Rational Method requires that the critical storm duration (time
of concentration) to be get equal to the total catchments longest
travel time, however, the calculated peak digcharge from the
full-area in some situations will be less than the discharge of an

impervious part-area having a shorter time of concentration,

These situations arige particularly when the catchment hag multiple
land uses and the impervious area is in the lower part of the
catchment. Homogeneous land use catchments usually don't suffer
from this partial effect.

The Partial Area calculation derives the digcharge associated with
these impervious part-areas in each catchment for comparison with
the full-area discharge, and the largest value is used for design

purposes.
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SECTION 9.6 (Cont.)

(b)

(c)

To be included in the calculation, the impervious area ghould be
directly connected to the gutter or stormwater system, e.g. roof and
carpark runoff should be piped, or flow directly to the gutter over
an impervious surface. If runoff from an impervious area (roof)
flows across a pervious area (lawn) before entering the gutter, this
impervious area should be included as part of the pervious area, not

the impervious area.

By determining the flow paths and then calculating the flow times to
the gully box or interception point of each individual directly
connected impervious area, the partial area time of concentration
(tp) is determined as being the longest of these individual flow

times, and from which the partial area design rainfall intensity
(I )} can be obtained.

Contributing Area

As the time of concentration is taken as the longest flow time of
all directly connected impervious areas, it follows that all
directly connected impervious areas will contribute to the discharge.

t algo follows that a portion of the various pervious areas may
also contribute to the discharge quantity. This can be investigated
by determining the flow paths and calculating the total flow times
(tt) for each individual pervious area. Note that the total flow
time (t ) i usually made up of a component flow time across the
pervious area plus a component flow time (t ) along an impervious

surface (gutter),

For any pervious area with a total flow time (t ) less than

(t ), its total area will contribute to the discharge, and for any
pervious area with a flow time greater than (tp), only a portion
of its area will contribute to the discharge. This proportion of
the area which contributes is estimated by the formula:-
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SECTION 9,6 (Cont.)

(d)

(e)

P = (t -ti) A (Equ. 9.1)
tt-ti)

where P = the proportion of the pervious area contributing to
the discharge (ha)

t = partial-area time of concentration (ming.)

t. = total flow time of the particular pervious

area (mins.)

t; = that component of the full-area flow time along an
impervious surface (mins.)

A = total area of the pervious area (ha)

In practice, the (ti) term is usually omitted and algo the area
(A) is expressed as the equivalent impervious area, giving a more

convenient expression in terms of equivalent impervious area.

tt
Because the Runoff Co-efficients for impervious and pervious are
relatively close, full-area discharges will usually be the largest.

Runoff Co-effici

Weighted runoff co-efficlents for pervious and impervious surfaces
and the various A.R.Is are given in Table 9.1.

Discharge

The partial-area discharge is calculated by the Rational Method in
the normal manner by summing the equivalent impervious areas of all
the individual impervious areas and contributing portions of the
pervious areas (ZCA), and using (Ip) as the rainfall intensgity.
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(f) Examples

The following examples will demonstrate the above,

Example 1

Impervious Area (Cor Pork)
\C‘r O-85, A= 0-6ho

|~ Porvious Area ( Pork )
Cz0-65,4:= 0 -5ho.

Gutly Bo, .
oy Box N [ impervious Areo (Road)
C:085,4:02p

- . Smins -

(Volues for AR = S years )

Fig. 9.1

From the above diagram, both the full-area and part-area discharges
can be calculated.

Full-Area Digcharge

Full-Area time of concentration (tf) = 25 mins.
Full-Area Intensity I = 95 mm/hr.(ARI 5 years)

L}

0.85 x 0.6 = 0.5]
0.85 x 0.2 = 0.17
0.65x 0.5 = 0,33

Zca = 1,01

Equiv. Imp. Area -+ Carpark (CA)
-+ Road (ca)
-3 Park {CcA)

Discharge Qfy17 = (ZCA)I = 1.01 x 95 = 266 1/sec
0.36 0.36

Partial Area Discharge

Impervious — Road Flow Time = 7 mins,
— Car Park Flow Time = 14 ming.

Therefore Partial Area time of concentration (tp) = 14 mins.
Partial Area Intensity IP = 125mm/hr.

Pervious Area tt = 25 mins.
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Equiv. Imp. Area -9 Car Park (CA) = 0.85 x 0.5 = 0.51
-2 Road (CA) = 0.85 x 0.2 = 0,17
- Park (Part CA) = J._a_)x 0.65x 0.5 = 0.18

25

Ica = 0,86

Discharge Qpart = (ZCA)T = 0.86 x 125 = 298 1/gec.
0.36 0.36

In this case the Partial Area discharge of 298 1/gec. is used for

design purposes.

For comparison, equation 9.1 can be used where ti = 5 mins.

~9 Car Park + Road (CA) = 0.51 + 0.17 = 0.68

-3 Park (Part CA) = 0.65 x(lﬁ:i)x 0.5 = 0.15
25-5

0.83

% = 0.83 x 125 = 288 1/sec.
0.36

which is not significantly different and for all practical purposes,
the additional work is not warranted,

Example 2
Residentiat
Yc-— 0-75,4=06ha
7~
¥ ; X
* )
|— Pervious Areg ( Pork )
p ¥ | ¢:065,4:05ha
¥ ¥
v >
W "]
T ! | IMpervious Area ( Road) *
guoI;y . - dmins . s : .‘-‘4-‘//6'-'0-85, Az 0 2ha
L_ Smins 2mins

{Volves for ARJ = 5 years )

Fig. 9.2



SECTION 9.6 (Cout.)
Full Area Digcharge

Full Area time of concentration (tf) = 25 min.

Full Area Intensity (If) = 95mm/hr. (ARI 5 yearsg)
Equiv., Imp Area -3 Road (CA) = 0.85x0.2 = 0.17
=% Residential (CA) = 0.75 x 0.6 = 0.45
-+ Park (CA) = 0.65 x 0.5 = 0,33
ZCA = 0,95

-

Discharge Qf,j; = (ZCA)I a 0.95x 95 = 25] 1/gec.

0.36 0.36

Partial Area Discharge

Impervious Area -3 Road flow time =5 4 2 7 mins,
= House flow time = 5 + 4 = 9 mins.
(Note:- Tabie 8.3 Standard House Roof-to-drain flow time = S mins.)
Therefore: Partial Area time of concentration (tp) = 9 ming.
Partial Area Intensity (Ip) = 150mm/hr.
Resid. pervious area tc = 18 mins.
Park pervious area tt = 25 ming.
Equiv. Imp. Area -3 Road (cA) = 0.85x 0.2 = 0,17
-3 Resid. (Part cA) =« (9/18)x0.75%0.6 = .23
=2 Park (Part CA) = (9/25)%0.65%0.5 = 0,12

Zca = 0,52

Discharge Qpart = (ZcA)Ip = Q.52 X 150 = 217 1/gec.
0.36 0.36

In this case the fyl} area discharge of 251 1/sec. is used for
design purposes.

9.7 FELOW SPREAD

2.8 ITIES

charts 9,3 tgo 9.6,
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9.9 DESIGN PROCEDURE AND EXAMPLE
Gully Box location and Spacings

The location of gully boxes and spacings can be approximated ag a "first
trial" by the following method.

(a) Determine the maximum flow rate in the kerb and channel based on the
maximum allowable flow width (3.0m) and the kerb and channel grade.

e.g. Crossfall = 3%, Grade = 0.6%
Therefore Q = 100 i/sec. (Chart 9.1)

(b) Determine a trial Intensity

e.g. assume t, = 5 minutes, A.R.I, = 5 years
Therefore I = 180mm/hr.

(c) Convert the catchment to an approximate rectangular area giving -

Area A = x L
where x = distance from catchment boundary to the road
centreline and is known.
L = 1length of the catchment and ig the distance to
the first gully box or gully box spacing - which
is to be calculated. -

e.g. let x = 40m
therefore A = 40L

(d) From the Rational Method

Q = CIA
0.36

For Residential catchments and A.R.I. = 5 years, C = 0,75

Therefore Q = 0,75 x 180 x (401/10,000)
0.36

Q = 1.5L
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SECTION 9,9 (Cont.)

For Q = 100 1/sec. from (a)

L = 100 = 66.7m
1.7

(e) If the gully intercepts 90 1/sec., the by-pass quantity is
100 -90 = 10 1/gec.

(f) Spacing to the next gully box

L = (100 -10) = 60m
1.5

(g) The above process can be continued down the catchment

The subsequent degign procedure is gimilar to that for the Major System
design and is aided by a Design Chart as per the following example, using
the layout in Fig. 8.1.

LEGEND
Residential = hg
Rood = pag.

MINOR SYSTEM - SuB - CATCHMENTS, AREAS AND GULLY
80X LOCATIONS

Fig. 9.3
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Weighted Runoff Co-Efficients C‘“r
A.R.I.
Land Use Impervious
function(f) 2 5 10 20

1. Parks/Open Space

(=Pervious Area) 0.1 0.60 0.65 0.70 0.75
2, Residential 0.50 0.70 0.75 0.80 0.85
3. Rocad Reserve

(including footpath) 0.85 0.75 0.80 0.85 0.90
4. Commercial/Industrial 0.85 0.75 0.80 0.85 0.50
5. Impervious Area

(Road -~ excluding

footpath) 1.0 0.80 0.85 0.90 0.95

Minor System Weighted Runoff Co-efficients (Cw)

NOTE: Values for 1. Pervious Areas and §. Impervious Areas are
essentially Basic Runoff Co-efficients (C) for the catchment

surface.

Table 9.1
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SECTION 10 - MINOR SYSTEMS PIPE NEIWORK

10.1

10.2

DESIGN BASIS

Design flows for gully box inlets are calculated for each particular
sub—catchment, however, the design flows for mainline pipes are
calculated for the total catchment draining to each pipe. Unless all
gully box catchments have identical times of concentration, it ig not
correct just to sum all these flows, as this will over estimate the fiow
rates and thus the pipe sizing.

Pipe flow rates are estimated by accumulating "equivalent impervious
areas" (ZCA) for the various sub-catchments and applying the

appropriate (I) values corresponding to the times of concentration at the
various points along the drainline using the Rational Formula.

DESIGN GUIDELINES

Without limitation, the design of pipe networks shall comply with the
following:-

Pipes

(a) Minimum Scour Velocity - 0.5m/sec. at Design Flow.

(b) Minimum Pipe Size = 375mm diameter.

(c) Pipe sizes should not decrease in the downstream direction unless
approved by the Shire Engineer.

r Ker

(d) Pipes up to a maximum of 600mn diameter may be laid under the kerb
and channel to connect gully boxes (refer S.W.D.S.4).

(e) Gully boxes connected by pipes under the kerb and channel, shall be
designed for maximum water levels to be 0.450m below the kerb and
channel invert level (e.g. as for Manholes).

(f) Gully boxes with outlet Pipes under the kerb and channel shall have
2 maximum of two (2) inflow pipes.

(g) Maximum distance between gully connected by pipes under the kerb and
channel shall be 120m (e.g. as for manholes).
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SECTION 10.2 (Cont.)

10.3

Gully Boxeg

(h) Gully Box Water Levels = 0.150m (min.) below gutter invert.

(1) Gully Box Outlet Pipes = Obvert to be 0.700m below top of gutter.

Manholes

(j) Manhole Water Levels = 0.450m (min.) below road (or top cover)
level,

(k) Fall across Manhole = 0.050m (min.).

(1) Consecutive Manhole Water Levels = shall differ by at least 0.100m
in the downstream direction.

(m) Manhole Location = at all changes in grade, alignment pipe size and
pipe junctionms.

(n) Manhole Spacings = 120m maximum for 1050mm diameter pipes and less.

RIPE DESIGN FLOWS

(a) Iime of Concentration - The surface travel time component can be
obtained from the Minor System Surface Flow Design Chart and by
adding the flow times of upstream pipework will give the time of
concentration.
Mainline pipe work flow times will be short and can be accumulated
in increments 0.5mins.
As the primary pipe work (gully box to manhole) is usually in the
order of 10m long, flow times will be very small and can be ignored.

(b) Catchment Area - The catchment sub-areas for each mainline pipe can
also be obtained directly from the Minor System Surface Flow Chart.

(c) Elows - Both full-area and partial-area flows should be

investigated and the greater value adopted for design.
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10.4 MINIMUM GRADE ANALYSIS

10.5

The Minimum Grade Analysis is used to derive "firgt round" or "first
trial" pipe diameters while working from the top of the catchment to the
bottom or outfall. Pipes are assumed to be flowing full and manhole
head losses are ignored in this process. Primary pipework (gully box
inter—connection and gully outlet pipevork) can also be ignored during
the first round pipe sizing.

The analysis is carried out using Chart #10.1

PIPE DESIGN - HYDRAULIC GRADE LINE ANALYSIS

The application of Hydraulic Grade Line Analysis initially assumes the
pipes are flowing full and under pressure, and requires a manhole to
manhole headloss calculation commencing from the outfall of the drainage

system.

(a) dpplication - Maphole to Manhole (or Gully Box)

The headloss between manholes is made up of two components as per

the following diagram:-

éﬁaadLevef
y.d
— -“Io450nwm)
TWL — oo ve
{ Top Worer Lavel) I 2 .hv("z"a} —-—:—
=~ T—— .
HG.L,-—-_- T '——Ehf —_
! ..—-_‘—-‘--_
L et B
(Botrom Warer Leve!)
= 0,V

; —_

Fig. 10.1
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2
By = he + K V- Eqn. #10.1
2g
where hf = pipe friction headloss from the Darcy-Weisbach
formula L = 0.022 L (Vz)(metres)
D\2
8
L = Length of pipe (m)
= Pipe diameter (m)
K, = Manhole headloss co-efficient from Table #10.1
v = Flow Velocity in the pipe
g = 9,8lm/sec.

(b) Application - Manhole to Outfall

(1) Qutlet Submerged - If the downstream end of the pipe is
submerged, the B.W.L. and downstream end of the Hydraulic
Grade Line is located directly above the discharge end of
the pipe and is approximately the free surface water level
of the pond the pipe is discharging into.

(ii) Qutlet Not Submerged -~ If the outlet is not submerged, the

B.W.L. and downstream end of the Hydraulic Grade Line is
assumed to be at the pipe obvert (top of pipe).

(c) Tests

Calculations from manhole to manhole moving in an upstream
direction will give B.W.L's (T.W.L. of downstream pipe) as a design

basis for each section of pipe. Having calculated (H_..) for

TOT
each section, the following tests can be applied.

(1) Minimup Headloss Test - in accordance with design guideline

#10.2(h), the water level difference or headloss between
consecutive manholes shall be a minimum of 0.100m.

therefore H +h, >0.100m Eqn. #10.2

ToT ™ Pf
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SECTION 10.5 (Cont.)

(ii)

(ii1)

Maghole Qverflow Test - in accordance with design guideline
#10.2(f), manhole water levels ghall be 0.450m(mm) below the

road level.

therefore T.W.L. = B.W.L. + Hp,>0.450m below the road
level Eqn.#10.3

Similarly, gully boxe water lével = 0.150m(min.)
in accordance with
design guidline #10.2(d).

Pipe Obvert Level Test

Test (ii) above implieg that full barrel flow in the
discharge pipe of diameter (D) can be achieved without
overflow occuring at the upstream pit, however it does not
indicate at what depth the invert of the pipe must be to
achieve this.

The test is based on the comparison of the quantity
(hf + 1,5D) against the allowable head difference
(T.W.L. - B.W.L.) as illustrated in Fig. 10.2.

T.WL —

- Yot — Bt

 S—
"__1:::{_-
I Y
Q
g
o
s

Test (hg + 1.5D)>(T.W.L. - B.W.L.) Eqn. #10.4

Fig. 10.2
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An arbitrary invert depth limit of 2.5D below T.W.L. is
applied, which is based on the test conditions under which
much of the information in Tables #10.1 and #10.2 has been
obtained.

Regult 1

if (hf + 1.5D) (T.W.L.~B.W.L.), e.g. if the Eqn. #10.4 is
satisfied, it follows that the invert of the upstream end of
the pipe may be installed above (T.W.L.-2.5D) without losing
full barrel flow.

Limit of upstream jnvert level

Pipe I.L. (upstream)< B.W.L. + he - D Eqn. #10.5

Water level in upstream manhole

2
T.W.L. = B.W.L. + hf + Kw(L)
2

g
or

T.W.L. = B.W.L., + HT Eqn. #10.6

Result 2

If (hf + 1.5D)<(T.W.L.-B.W.L.) e.g. Eqn. #10.4 fails, it
followe that the invert of the upstream end of the pipe
needs to be installed lower than (T.W.L.-2.5D), which is
undesirable, and the alternative is to design for part-full
outflow from the upstream manhole.

Linit of upstream ipvert level

Pipe (Upstream) I.L.é—_T.W.L.—l.SKw(VZ)
- 2
g
or
Pipe (upstream) I.L, L T.W.L. - 1.5h Egqn. 10.7

(refer Table 10.1 - Code 19)
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SECTION 10,5 (Cont.)

Water level in upatream maghole

T.W.L. = the level used for test (i), (ii) and Eqn. 10.7

above.

Normally, the upstream pipe invert level given by eqn. 10.7
is above that given by equ. 10.5. However, the
inter-relationship between these levels can sometimes be
revergsed. The situations which lead to such reversal are
those where large flows must be passed through multi-pipe
junction pits or where large flows are subject to severe
direction changes at pits. In cases where the upstream
invert level given by equ. 10.5 is higher than that given by
eqn. 10.7, the former level should be adopted and B.W.L.
(upstream) computed by egqn. 10.6, i.e. treat Result 1 as the
design situation.

10.6 PRIMARY PIPEWORK

Primary pipework consists of the pipes connecting gully boxes to

manholes, and geometry is usually very similar between installations.

(a) Pipework Size Determination

Based on Hydrasulic Grade Line Analysis with the following gully box
constraints:-

(1)
(ii)
(iii)

Qutlet pipework = 20m maximum length
Floor level = 0.700 below top of kerb and channel

Maximum water level = 0.150m below kerb and channel invert
level

the following formula is derived -

R = 0.0826 (0.022L)+ 4

_EQL D D

where Hp,. = total head lgss (m)
Q = pipe flow (m”/sec.)
D = pipe diameter (m)
L = pipe length {(m)
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Based on this formula, Chart 10.2 is a plot of H vs (D)

for both L = 5m and 20m. Q

The available head'(HTOT) is calculated from the manhole
water levels (derived in the main drain line design) and the
kerb and channel invert level at the gully box location with
the 0.150m maximum gully box water level allowance. Gully
box flow rate Q is obtained from the Minor System Surface
Flow calculations.

Example calculations are given on Chart 10.2,

(b) M—Gulliﬂ_lnur_ﬁonnm_gm

Double gullies inter-connection Pipes shall be the same diameter as
the gully outlet pipe.

10.7 DESIGN PROCEDURE

The design procedure is aided by Design Charts as per the following

examplesg:-

e

_
-®
®

MINOR SYSTEM PIPE NETWCSw
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Flow Chart for Concrete Pipe Lines Flowing Full
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PIPE DiA. (mm)

Example

Tt

(8) Hygy = 0.15 = 1.5x107° = 15x107® = 4504 pipe 700 min)
Q2 (100)?
(b) Hig, = 0.1 = 2.5x10°° = 7504 pipe
Dn ANDOV 2 Pipe dia. {mm)
1050 =
LS00 VJLW’?
750
600
450 - - -
375 =
300 - -
02 03 04 05 10 2.0 0 40 50 70 50x10°°

o/

Aror. m
ot {/sec)t

PRIMARY PIPEWORK DESIGN CHART



INLET/MANEOLES WITH GUTTER FLOW

Code Description Q, = °} = q' = L
1 Inlet pit with single
pipe outflow - - Q° 4.0
Inlet on through pipeline
H q‘.,._,..q' Qoll - QOIZ 2.0
k| Q“g Qo Q° - aome 0.5
Inlet on through pipe
with lateral{s)
] Qu>> G QW some some 0.5
3 Qu > U Qof2 some Qo/2 1.5
L) Ques U Qo/2 Qo/2 some 1.5
? Quee 9 some Qo some 2,0
L} Q<< O some Q/2 Q/2 2.5
L inlet oo 'L' pipe
Junction {.e. qu =0 - Qo some .5
Inlet on 'T’ pipe
Junction {.¢. Q, = 0
10 oppesed laterals - Qo some 3.0
1n offset laterals - Q aome 2.5
MANROLES WITBOUT CUTTER FLOW
Code Description LI Q= | Q LS
12 Junction pit on through
pipeline i.e. Q“ - Q° Q° - - 0.2
Junction pit on through
pipe with lateranl(e)
13 ¢.>>q q, [ - 0.5
14 Q, = 9 Q /2 Q,/2 - 1.0
13 qu<< Ql 10me Qo - 2,0
16 Junction pit on ‘L' plpe
Junction i.e. Qu -0 - Qo - 2.0
Junction pit on 'T’ pipe
junction f.e. Q- 0
17 opposed laterals - Q° - 2.%
13 offaet laterals - Q° - 2.0
Note: Circuler pite have slightly improved performance, however these

should atil]l be used in such ceses.

Table 10.1

113,



114,

PART-FULL QUTFLOW FROM MANHOLES

YT

W
At I-&l,@;-)

—— Assumed H.G.L.

Aort - full ourfiow from a jmction pit

M
L e ey -

Code | Descriptiom

19 Part-full cut Clow

1.5 Fw

vhere ¥V QoIA.

Ao * discharge pipe fult area

MANHOLES WITR SINGLE ENTRY/EXIT P1PES

£xit foce or
F

r/

Exit foce O

of pir.
\| "

Qo

\0(45‘
Or 45 fﬂf'l;‘ltﬂﬂﬂ
intarsection
poins, PLAN VIEw
Code | Descriptiom Q' o
20 For B<4s® 0 or emall 0.5
a =% 1.5
nrersecron
poinr
ordss
. oC 48
7~ Sice woll of piy
Inn_rncrran
Peint. PLAN viIEw
Code | Description QG Kw
22 J ©>.45° all values 1.5

ABR

RCXIMATE VALUES oF CO-EFFICIENTS (Kw)

Table 10.1 (cont.)

Ref, 3



5. DROP MANBOLES WITH LENGTN ENTRY AND EXIT PIPES
(both submerged under denign [low conditiona)
Code Description Q. Rw
23 0c¢ 4 . rectanguler pite -] o
24 - circular pits 0 1.5
25 > as° - rectangular pits 2.5
26 = circular pits 2.0
6. ALL OTHER cases
Code Description Kw
7 For all flows 3.0

APPROKIMATE VALUES OF CO-EFFICIENT Xw

Table 10,1 (cont.)

Ref, 3
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SECTION 11 - QUTFALLS

11.1

11.2

11.3

11.4

11.5

GENERAL

In the design of a drainage system, it is essential that appropriate
receiving water levelsg be determined. In Steep terrain, the backwater
affects only a short digtance from the stream outlet, however, in flat
country these effects may be extengive and the size and cost of the
drainage system may be sensitive to the levels adopted.

QPEN CHANNELS

Where the system outlet discharges into a natural open channel that is
essentially an extension of the system, tailwater levels ghall be
calculated for A.R.I. = 100 years or the pipe obvert level, whichever ig
the greater. This ensures that the minor system can operate as designed
in conjunction with major system flows.

CREEKS

For creeks that have catchment areas up to 10 times the catchment area
of the drainage system, levels shall be calculated for A.R.I. = 100

years, or the pipe obvert, whichever is the greater

RIVERS

The drainage system discharge is not likely to affect the receiving
water levels, and algo its flow hydrograph will pass before the river
reaches its peak, however, subsequent storm events are possible before

the river hydrograph passes the drainage system outlet.

In such cases, statistical analysis methods from Chapter 10, "Australian
Rainfall and Runoff" should be utilized. In any case, the pipe obvert
level ghall be taken as the minimum tailwater level.

IIDAL OUTLETS

Ocean ocutlets inéluding tidal reaches of rivers etc., shall be designed
for tailwater levels in accordance with the following or the pipe obvert

level, whichever is the greater.

Tailwater Level = &4,0m A.H.D,



S.W.D.S.

(a)
(b)
(c)
(d)
(e)
(f)
(8)

STORMWATER DESIGN STANDARD DRAWINGS

End Walls and Aprons to Pipe and Box Culverts
Standard Floodway and Causeway Details
Stormwater Manholes

Under Kerb Pipes with Sub-soil Drainage

Side Inlet Manhole Components

Side Inlet Manhole Cast Iron Cover and Frame
Side Inlet Manhole Load Test Procedure

Side Inlet Manhole Construction Details

DESIGN CHARTS

Pipe and Box Culverts
Stage Discharge

Major System Design

Minor System Surface Flows
Mainline Pipe Flows

Pipe Network Design
Primary Pipework Design
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SINGLE _PIPE
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]

MULTIPLE PIPES

NOTES -

€1.)% 75 min. in firm marerig|
150 min. in rock

(2) = Sand bedding ~ m:n.um clean, siliceous sand
mi

max. particie size = m.
(3)* Backfill material ~grave| /

loam, free from

vegetable matter, particle size = 10mm (max )
linear shrinkage = 8% (max.), compacted to

subgrade level at 100%
100 mm (max ) layers, or
sand (20| mix)

std. compaction in
cement stabilized
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—
$ Subgrode leve!
™ ~ WA
£
3
S
~

300 far O
600 for O
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Surround
cast in~-s

SECTION A-A SECTION B-B

NOTES = 1. Reinforcing steel shaii be piain round structural

600
600

HOOPS

REINFORCING SHAPES

grade steel bars.
2. Concrete 20MPa/20

3. Wall thickness ™" 1050mm MH. - 50mm

1200mm M.H. - 250mm
{350mm M.H.-280mm
1500 5382.1. - 250mm
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100 dia. sus-son /| T
DRAINAGE R

UNDER KERB PIPE

{ 600 dia. max )

. PAVEMENT

PR IR
SUBGRADE

r/
6 D étmax)

NOTES : - Sub-soil drainage installation in accordance with RDS. 26 .
- FPipe installation in accordonce with SWD.S. 3.

CALLIOPE SHIRE COUNCIL
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DATE :

UNDER KEREB PIPES WITH
SUB - SOIL _DRAINAGE
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DESIGNED:

CHECKED : /.

CRAWN: OPW
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STORMWATE DRAINAGE
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