Appendix E: ESC design details
CWBs/CWDCs — GDO5 pgs 38-43

Also referred to as clean water diversions (CWDs), clean water diversion channels
(CwDCs) are to be constructed as maintained as per the below GDO5 typical detail,
unless indicated otherwise — in some cases, CWDs may be existing and not
necessarily designed to GDO05 standards, but it is preferable to leave these
vegetated and undisturbed rather than re-work them and expose potentially clean
upslope water to contamination.
Existing vegetation to remain undisturbed Flow capacity to be confirmed Bund must be fully stabilised with
vegetation, geotextile or non-
erodible aggregate/rock
300 mm

550 mm minimum
Flow B

— pes.
LR I’I" e de
LA AR AR, L4
Fii

s

Original Ground

2 m minimum

Cross Section

Figure 24: Clean water diversion typical detail (GD05)

Figure 25: Clean water bund with grass establishing
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Figure 26: Clean water bund with established grass stabilisation

Key design criteria for CWDs are as follows:

e Ensure bunds are compacted and immediately stabilised — this may require
erosion control blankets or a thick layer of hay mulch until grass can
establish.

e Ensure bunds roughly follow the contour, to avoid steep gradients and runoff
velocities.

e CWDs must have a stabilised outlet to prevent scour, such as riprap.

DWBs/DWDCs — GDO5 pgs 43-46

Dirty water diversion channels (DWDCs; DWSBS; DWDs) are to be constructed and
maintained as per the below GDO05 typical detail unless the attached calculations
indicate otherwise. Where DWDC longitudinal grade exceeds 2%, they should be
lined (preferably with HDPE) or stabilised with either a thick coating of polymer or
topsoil and hydroseed, to prevent scour. Unlined DWDCs should be monitored for
scour, and may require retrospective lining where scour risks undermining the
integrity or shape of the channel as shown below.

321 or flatter

2:1 or flatter

Compacted Embankment
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|

Design flow depth

Cross Section

Figure 27: GDO5 DWDC typical detail
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Figure 28: DWDC with establishing direct-drilled grass. When all of the catchment and the
channel itself is fully stabilised, it will become a clean water diversion

AT TR

Figure 29: DWDC with rock check dams

Key design criteria for CWDs are as follows:
e Ensure bunds are compacted and a shallow grade — at least 2:1 or flatter

¢ The upslope batter into the channel needs to be 3:1 or flatter — the flatter the
channel batters are, the less likely they are to scour or fail
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e Formally design diversion channels where catchments exceed 5 ha,
ensuring they have capacity to carry the 5% AEP storm plus 300 mm
freeboard

e Consider lining channels where gradients exceed 2% - however check dams
can also help reduce flow velocities and scour in steeper drains.

Trafficable contour bund — GD0O5 pgs 47-50

Contour drains or contour bunds are constructed parallel to the contour to break
up flowpaths, reduce slope catchments and minimise runoff velocities. Bunds need
to be well-compacted, low and wide, to ensure heavy machinery can track over
the bunds without damaging them. A shallow drain it to be formed on the upslope
side of the bund.
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Cross-section

Due to the virtually flat gradient of most of earthworks Areas 1-3, contour bunds can
be installed every 50 to 100 m, and adjusted to suit vehicle movements and site
needs.

Silt fencing GDO5 pgs I11-118

Silt fences are very effective perimeter sediment controls when installed correctly,
however they are not designed to treat concentrated flows, and should only be
relied on as a final element in a runoff treatment train — not a standalone ESC
solution. For larger catchments, super silt fences provide more robust sediment
control.

Key design criteria for installing silt fencing is as follows:

e Ensure silt fence height is 600 mm above ground level and 200 mm below
ground level.

¢ Install silt fence parallel to contours to avoid formation of low points, where
runoff can collect and destabilise the fence.
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» Locate supporting posts/waratahs for silt fences 2-4 m apart with support
provided by a tensioned wire (2.5 mm HT) along the top of the silt fence.

e Join lengths of silt fence by doubling over fabric ends around a waratah or
by stapling the fabric ends to a batten and butting the two battens together.

- Ends of return wired back to
stake or waratah

Returns 1-3m in length to reduce velocity
along the silt fence and provide intermediate
Provide leakproof joint at junction of

impoundment / \
I/ﬁ alignment

the returns and main sit fence

Provide leakproof joint at join using wooden
stakes buried 200mm in to the ground and
extending the full height of the fabric

Silt fence with returns and support wire

Geotextile fixed firmly to ——_

postiwaratah N B E TE—
600mm
minimum height
of geotextile

x&
200mm
A [deplh of fabric

Compacted backfil —~

Trench geotextile

200mm minimum

Cross-section
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Figure 30: Super silt fence treating dirty upslope water

Silt socks — GDO5 pgs 125-129

Silt socks are a tubular runoff sediment control consisting of either a mesh tube
filled with filter material (e.g. compost, sawdust) or a log composed entirely of
coconut fibre (coir log). They are used to intercept and slow sediment-laden runoff
for smaller catchments, and (in the case of completely biodegradable products
like coir logs) can be left to degrade into soil over time and/or be directly seeded
to provide vegetated filtration bunds or check dams.
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Key design criteria for installing silt socks includes:

« install socks/logs flush with the ground, to prevent runoff from flowing under
the device. Where necessary, prepare the ground first to ensure 100%
contact.

 similar to silt fencing, socks/logs should be installed parallel to the contour

o for perimeter control, ensure there is sufficient overlap with the next sock so
that runoff can’t flow in between the socks

e for 300 mm diameter silt socks, install as indicated below:

Slope steepness (%) Maximum slope length Spacing of returns
(m) )]

Flatter than 2% 100 A

2% - 10% 40 30

10% - 20% 30 23

Stabilised construction entrance — GDO5 pgs 60-64

SCEs provide a stabilised access and egress point for construction/earthworks sites
that is designed to vibrate/shake mud and dirt off wheels and minimise the amount
of dirt tracked onto public roads, along with keeping dust to a minimum. To be
effective, they must be regularly maintained/refurbished as mud begins to
accumulate between the aggregate. For sites with mud issues or a high volume of
traffic entering and exiting the site, combining an SCE with a series of trackout mats
can be effective.
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150mm minimum thickness
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Figure 31 SCE design - section (above) and plan view (below)
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Figure 32: Combination of trackout mats and SCE at site entrance

Silt curtains

A specification for silt curtains in relation to the cove construction in-water works
will be developed in association with a domestic supplier of this specialised
equipment. The below specification is taken from the IECA’s Best Practice Erosion
and Sediment Control (BPESC) manual, and is provided for indicative purposes only
- noting that the specific design for the proposed applications will likely vary from
that specified below.

Rope A~

Float

Silt curtain

| 1 |
Flow 15030m - Flow
I spacing of | |
marine anchors [—
Buoy 45% or less Floating I (typical) ;—L'(\ I
silt curtain | o 450 1
= isolation — orleca
= barrier | | |
Meximum 1/3 ! Madmum 13 || I
channel width | channel width [ | |
without hydraulic without hydraulic [
3000 (min) analysis of | | analysis of —_| |
|.._.. Marine scour risk \ \ scour risk = |

Anchor

- Chain weight Anchor chain

(d) Typical installation of (e) Typical installation of
floating silt curtain floating silt curtain

After Trow Consulting
Engineers Lid (1997)

(c) Typical marine anchorage system T3
Feb-10 | Floating Silt Curtain | FSC-01

GMW
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Appendix F: Infiltration basin and diversion drain calculations
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Infiltration basin Identifier:
Input

Contributing catchment

Slope length (longest flow path)
Slope gradient (longest)

Slope gradient (immediately upslope)
Project duration

IB1
Value 1
1.8
220
6.36
0. 50

Value 2

Total/design

Units

ha

m

%

%
months

Notes / Reference

Based on project shapefiles and assumed ESC installations
Longest flow path within contributing catchment

Greater of slope immediately (within 20 m) above IB OR average slope over contributing catchment
Assumed worst case for Area 1 works until 80%+ stabilisation achieved

Catchment ground cover
% cover

Runoff coefficient (C)
Rainfall (i)

Catchment area (A)

Peak runoff flow (Q)

Flat gravel Sloping gravel
92% 8%
0.15 0.25
2.59 2.59
1.66 0.14
0.0018 0.0003

mm/hr
ha

m3/s

Flat gravel interspersed with small areas of sloping gravel at quarry level interfaces.
From NZTA ESC Guidelines Table 6.5

HIRDS V4 'Northburn' 5% AEP (20-year ARI), 24-hr duration

Assumed catchment based on prelim design

Hourly volume required

24-hour volume required
Assumed infiltration rate

Minimum basal area required
Top length (A)

Top width (B)

Basal length (a)

Basal width (b)

Depth (h)

Internal batter ratio
Calculated actual volume (V)

Actual basal infiltration area
Length-width ratio
Additional storage buffer

154.5

22.4

176.9

175

175

175

36.8

5.3

42.1

45.00

11.25

38.00

4.25

0.7

1:5

228.0

161.5

4:1

28.9|%

mm/hr

33333 3

rise/run

3
m

2
m

ratio

Based on accumulated peak runoff flow over 1 hour

Based on accumulated peak runoff flow over 24 hours
Based on indicative soakage testing within the catchment

Calculated via A=V/ft, where V = infiltration volume (m3), f = infiltration rate (m/hr) and t = time (hrs)

Shallow to enable easy maintenance and avoid high water table
1:5 ratio as not space limited. Reduces scour and stability risk and is trafficable if needed

Ratio must be 23:1 & <5:1, measured at height of primary spillway
~29% additional storage above minimum storage required (not including infiltration capacity)

Depth
Width
Length

800

11.25|m

m

1:5 batters with 1 m wide forebay flat bottom
Full width of basin

Width
Height above emergency spillway invert
Downstream inlet batter gradient

11.25|m

015

m
5|rise/run

Must span full width of basin
Must be 0.1 - 0.2 m above emergency spillway invert

Spillway invert depth from crest
Spillway bottom width

4.25

m

Minimum 0.3 m below top of IB embankment
Full width of the IB base



Emergency spillhway crest RL: 1.0

Emergency spillway RL: 0.7

Table 6.5 Representative C values for different soil types and slope (Environment

Canterbury, 2007)

Soil types/slope

Flat grawvel (<5%)
Sloping gravel (=10%)
Flat silt loam (<5%)
Sloping silt loam (10-
20%)

Steep silt loam (>=20%)
Clay (<108)

Clay (=102%)

0.15
0.25
0.3
0.4

0.5
0.65
0.75

Level spreader RL: 085

45

IB dimensions at emergency spillway invert

A 45 m Pond volume calc:
B 11.25 m 228.00

a 38.00 m

b 4.25 m

h 0.7 m

<y>

A

Obelisk
(1) volume : V = ’—(;(Ab + aB + 2(ab + AB))



Infiltration basin Identifier:
Input

Contributing catchment

Slope length (longest flow path)
Slope gradient (longest)

Slope gradient (immediately upslope)
Project duration

IB2

Value 1
4.41
220
6.82
0. 50

Value 2

Total/design

Units

ha

m

%

%
months

Notes / Reference

Based on project shapefiles and assumed ESC installations
Longest flow path within contributing catchment

Greater of slope immediately (within 20 m) above IB OR average slope over contributing catchment
Assumed worst case for Area 1 works until 80%+ stabilisation achieved

Catchment ground cover
% cover

Runoff coefficient (C)
Rainfall (i)

Catchment area (A)

Peak runoff flow (Q)

mm/hr
ha

m3/s

Flat gravel interspersed with small areas of sloping gravel at quarry level interfaces.
From NZTA ESC Guidelines Table 6.5

HIRDS V4 'Northburn' 5% AEP (20-year ARI), 24-hr duration

Assumed catchment based on prelim design

Hourly volume required

24-hour volume required
Assumed infiltration rate

Minimum basal area required
Top length (A)

Top width (B)

Basal length (a)

Basal width (b)

Depth (h)

Internal batter ratio
Calculated actual volume (V)

Actual basal infiltration area
Length-width ratio
Additional storage buffer

Flat gravel Sloping gravel

87% 13%
0.15 0.25
2.59 2.59
3.83 0.58
0.0041 0.0010

14.9 18.6|m

357.4 90.2 447.6

175 175 175

85.1 21.5 106.6

60.00

15.00

53.00

8.00

0.7

1:5

457.7

424.0

4:1

mm/hr

33333 3

rise/run

3
m

2
m

ratio

Based on accumulated peak runoff flow over 1 hour

Based on accumulated peak runoff flow over 24 hours
Based on indicative soakage testing within the catchment

Calculated via A=V/ft, where V = infiltration volume (m3), f = infiltration rate (m/hr) and t = time (hrs)

Shallow to enable easy maintenance and avoid high water table
1:5 ratio as not space limited. Reduces scour and stability risk and is trafficable if needed

Ratio must be 23:1 & <5:1, measured at height of primary spillway
~2% additional storage above minimum storage required (not including infiltration capacity)

Depth
Width
Length

800

15.00|m

m

1:5 batters with 1 m wide forebay flat bottom
Full width of basin

Width
Height above emergency spillway invert
Downstream inlet batter gradient

15.00|m

015

m
5|rise/run

Must span full width of basin
Must be 0.1 - 0.2 m above emergency spillway invert

Spillway invert depth from crest
Spillway bottom width

8.00

m

Minimum 0.3 m below top of IB embankment
Full width of the IB base



Emergency spillway crest RL: 1.0

Emergency spillway RL: 0.7

Level spreader RL: 0.85

Table 6.5 Representative C values for different soil types and slope (Environment

Canterbury, 2007)

Soil types/slope

Flat grawvel (<5%)
Sloping gravel (=10%)
Flat silt loam (<5%)
Sloping silt loam (10-
20%)

Steep silt loam (>=20%)
Clay (<108)

Clay (=102%)

0.15
0.25
0.3
0.4

0.5
0.65
0.75

60

IB dimensions at emergency spillway invert

A

> T o0 W

1
5

Obelisk

(1) volume :

60 m Pond volume calc:
5.00 m 457.68
3.00 m
8.00 m

0.7 m

<y>

A

V = 4 (Ab+ aB + 2(ab+ AB))



Infiltration basin Identifier:
Input

Contributing catchment

Slope length (longest flow path)
Slope gradient (longest)

Slope gradient (immediately upslope)
Project duration

IB3
Value 1 Value 2
13.68
482
3.73
0. 50

Total/design

Units

ha

m

%

%
months

Notes / Reference

Based on project shapefiles and assumed ESC installations
Longest flow path within contributing catchment

Greater of slope immediately (within 20 m) above IB OR average slope over contributing catchment
Assumed worst case for Area 1 works until 80%+ stabilisation achieved

Catchment ground cover
% cover

Runoff coefficient (C)
Rainfall (i)

Catchment area (A)

Peak runoff flow (Q)

mm/hr
ha

m’/s

From NZTA ESC Guidelines Table 6.5
HIRDS V4 'Northburn' 5% AEP (20-year ARI), 24-hr duration
Assumed catchment based on prelim design

Hourly volume required

24-hour volume required
Assumed infiltration rate

Minimum basal area required
Top length (A)

Top width (B)

Basal length (a)

Basal width (b)

Depth (h)

Internal batter ratio
Calculated actual volume (V)

Actual basal infiltration area
Length-width ratio
Additional storage buffer

Flat gravel Sloping gravel

66% 34%
0.15 0.25
2.59 2.59
8.97| 4.710677196
0.0097 0.0085

34.9 30.5 65.4|m

837.0 732.6 1569.6

175 175 175

199.3 174.4 373.7

104.00

26.00

97.00

19.00

0.7

1:5

1585.7

1843.0

4:1

mm/hr

333333

rise/run

m
ratio

Based on accumulated peak runoff flow over 1 hour

Based on accumulated peak runoff flow over 24 hours
Based on indicative soakage testing within the catchment

Calculated via A=V/ft, where V = infiltration volume (m3), f = infiltration rate (m/hr) and t = time (24 hrs)

Shallow to enable easy maintenance and avoid high water table
1:5 ratio as not space limited. Reduces scour and stability risk and is trafficable if needed

Ratio must be 23:1 & <5:1, measured at height of primary spillway
~1% additional storage above minimum storage required (not including infiltration capacity)

Depth
Width
Length

800

26.00|m

m

Full width of basin

Width
Height above emergency spillway invert
Downstream inlet batter gradient

26.00|m

015

m
5|rise/run

Must span full width of basin
Must be 0.1 - 0.2 m above emergency spillway invert

Spillway invert depth from crest
Spillway bottom width

19.00

m

Minimum 0.3 m below top of IB embankment
Full width of the IB base



Emergency spillway crest RL: 1.0

Emergency spillway RL: 0.7

Lewvel spreader RL: 0.85

Table 6.5 Representative C values for different soil types and slope (Environment

Canterbury, 2007)

Soil types/slope

Flat gravel (<5%)
Sloping gravel (=10%)
Flat silt loam (<5%)
Sloping silt loam (10-
20%)

Steep silt loam (>20%)
Clay (<10%)

Clay (>10%)

0.15
0.25
0.3
0.4

0.5
0.65
0.75

104

IB dimensions at emergency spillway invert

A

> T o W

Obelisk

(1) volume :

104 m Pond volume calc:
26.00 m 1585.73
97.00 m
19.00 m

0.7 m

<y 22

A

V = ¢ (Ab+aB+ 2(ab+ AB))



Infiltration basin Identifier:
Input

Contributing catchment

Slope length (longest flow path)
Slope gradient (longest)

Slope gradient (immediately upslope)
Project duration

Units

ha

m

%

%
months

Notes / Reference

Based on project shapefiles and assumed ESC installations
Longest flow path within contributing catchment

Greater of slope immediately (within 20 m) above IB OR average slope over contributing catchment
Assumed worst case for Area 1 works until 80%+ stabilisation achieved

Catchment ground cover
% cover

Runoff coefficient (C)
Rainfall (i)

Catchment area (A)

Peak runoff flow (Q)

mm/hr
ha

m’/s

From NZTA ESC Guidelines Table 6.5
HIRDS V4 'Northburn' 5% AEP (20-year ARI), 24-hr duration
Assumed catchment based on prelim design

Hourly volume required

24-hour volume required
Assumed infiltration rate

Minimum basal area required
Top length (A)

Top width (B)

Basal length (a)

Basal width (b)

Depth (h)

Internal batter ratio
Calculated actual volume (V)

Actual basal infiltration area
Length-width ratio
Additional storage buffer

1B4
Value 1 Total/design
4.63
284
1.41
0. 50
Flat gravel
100%
0.15
2.59
4.63
0.0050
18.0 18.0|m
432.0 432.0
175 175
102.9 102.9
60.00
15.00
53.00
8.00
0.7
1:5
457.7
424.0
4:1

mm/hr

333333

rise/run

m
ratio

Based on accumulated peak runoff flow over 1 hour

Based on accumulated peak runoff flow over 24 hours
Based on indicative soakage testing within the catchment

Calculated via A=V/ft, where V = infiltration volume (m3), f = infiltration rate (m/hr) and t = time (24 hrs)

Shallow to enable easy maintenance and avoid high water table
1:5 ratio as not space limited. Reduces scour and stability risk and is trafficable if needed

Ratio must be 23:1 & <5:1, measured at height of primary spillway
~6% additional storage above minimum storage required (not including infiltration capacity)

Depth
Width
Length

800

15.00|m

m

Full width of basin

Width
Height above emergency spillway invert
Downstream inlet batter gradient

15.00|m

015

m
5|rise/run

Must span full width of basin
Must be 0.1 - 0.2 m above emergency spillway invert

Spillway invert depth from crest
Spillway bottom width

8.00

m

Minimum 0.3 m below top of IB embankment
Full width of the IB base



Emergency spilbway crest RL: 1.0

Emergency spillway RL- 0.7

Level spreader RL: 0.85

Table 6.5 Representative C values for different soil types and slope (Environment

Canterbury, 2007)

Soil types/slope

Flat gravel (<5%)
Sloping gravel (=10%)
Flat silt loam (<5%)
Sloping silt loam (10-
20%)

Steep silt loam (>20%)
Clay (<10%)

Clay (>10%)

0.15
0.25
0.3
0.4

0.5
0.65
0.75

al

IB dimensions at emergency spillway invert

A

> T o W

Obelisk

(1) volume :

60 m Pond volume calc:
15.00 m 457.68
53.00 m
8.00 m
0.7 m

<y 22

A

V = ¢ (Ab+aB+ 2(ab+ AB))



Infiltration basin Identifier:
Input

Contributing catchment

Slope length (longest flow path)
Slope gradient (longest)

Slope gradient (immediately upslope)
Project duration

Units

ha

m

%

%
months

Notes / Reference

Based on project shapefiles and assumed ESC installations
Longest flow path within contributing catchment

Greater of slope immediately (within 20 m) above IB OR average slope over contributing catchment
Assumed worst case for Area 1 works until 80%+ stabilisation achieved

Catchment ground cover
% cover

Runoff coefficient (C)
Rainfall (i)

Catchment area (A)

Peak runoff flow (Q)

mm/hr
ha

m’/s

From NZTA ESC Guidelines Table 6.5
HIRDS V4 'Northburn' 5% AEP (20-year ARI), 24-hr duration
Assumed catchment based on prelim design

Hourly volume required

24-hour volume required
Assumed infiltration rate

Minimum basal area required
Top length (A)

Top width (B)

Basal length (a)

Basal width (b)

Depth (h)

Internal batter ratio
Calculated actual volume (V)

Actual basal infiltration area
Length-width ratio
Additional storage buffer

IB5
Value 1 Total/design
6.03
311
0.32
0. 50
Flat gravel
100%
0.15
2.59
6.03
0.0065
23.4 23.4{m
562.7 562.7
175 175
134.0 134.0
66.00
16.50
59.00
9.50
0.7
1:5
571.6
560.5
4:1

mm/hr

333333

rise/run

m
ratio

Based on accumulated peak runoff flow over 1 hour

Based on accumulated peak runoff flow over 24 hours
Based on indicative soakage testing within the catchment

Calculated via A=V/ft, where V = infiltration volume (m3), f = infiltration rate (m/hr) and t = time (24 hrs)

Shallow to enable easy maintenance and avoid high water table
1:5 ratio as not space limited. Reduces scour and stability risk and is trafficable if needed

Ratio must be 23:1 & <5:1, measured at height of primary spillway
~2% additional storage above minimum storage required (not including infiltration capacity)

Depth
Width
Length

800

16.50|m

m

Full width of basin

Width
Height above emergency spillway invert
Downstream inlet batter gradient

16.50|m

015

m
5|rise/run

Must span full width of basin
Must be 0.1 - 0.2 m above emergency spillway invert

Spillway invert depth from crest
Spillway bottom width

9.50

m

Minimum 0.3 m below top of IB embankment
Full width of the IB base



Emergency spillway crest RL: 1.0

Emergency spillway RL: 0.7

Level spreader RL: 0.85

Table 6.5 Representative C values for different soil types and slope (Environment

Canterbury, 2007)

Soil types/slope

Flat gravel (<5%)
Sloping gravel (=10%)
Flat silt loam (<5%)
Sloping silt loam (10-
20%)

Steep silt loam (>20%)
Clay (<10%)

Clay (>10%)

0.15
0.25
0.3
0.4

0.5
0.65
0.75

a6

IB dimensions at emergency spillway invert

A

> T o W

Obelisk

(1) volume :

66 m Pond volume calc:
16.50 m 571.61
59.00 m
9.50 m
0.7 m

<y 22

A

V = ¢ (Ab+aB+ 2(ab+ AB))



Infiltration basin Identifier:
Input

Contributing catchment

Slope length (longest flow path)
Slope gradient (longest)

Slope gradient (immediately upslope)
Project duration

Units

ha

m

%

%
months

Notes / Reference

Based on project shapefiles and assumed ESC installations
Longest flow path within contributing catchment

Greater of slope immediately (within 20 m) above IB OR average slope over contributing catchment
Assumed worst case for Area 1 works until 80%+ stabilisation achieved

Catchment ground cover
% cover

Runoff coefficient (C)
Rainfall (i)

Catchment area (A)

Peak runoff flow (Q)

mm/hr
ha

m3/s

Flat gravel within the active works area; flat grass underlain by topsoil and then compacted fill for rest
From NZTA ESC Guidelines Table 6.5

HIRDS V4 'Northburn' 5% AEP (20-year ARI), 24-hr duration

Assumed catchment based on prelim design

Hourly volume required

24-hour volume required
Assumed infiltration rate

Minimum basal area required
Top length (A)

Top width (B)

Basal length (a)

Basal width (b)

Depth (h)

Internal batter ratio
Calculated actual volume (V)

Actual basal infiltration area
Length-width ratio
Additional storage buffer

IB6
Value 1 Value 2 Total/design
36.09
650
0.46
0. 50
Flat gravel Flat grass
25% 75%
0.15 0.2
2.59 2.59
8.91 27.18
0.0096 0.0391
34.6 140.9 175.5|m
831.4 3381.7 4213.2
175 175 175
198.0 805.2 1003.1
166.00
41.50
159.00
34.50
0.7
1.5
4325.4
5485.5
4:1

mm/hr

33333 3

rise/run

3
m

2
m

ratio

Based on accumulated peak runoff flow over 1 hour

Based on accumulated peak runoff flow over 24 hours
Based on indicative soakage testing within the catchment

Calculated via A=V/ft, where V = infiltration volume (m3), f = infiltration rate (m/hr) and t = time (hrs)

Shallow to enable easy maintenance and avoid high water table
1:5 ratio as not space limited. Reduces scour and stability risk and is trafficable if needed

Ratio must be 23:1 & <5:1, measured at height of primary spillway
~3% additional storage above minimum storage required (not including infiltration capacity)

Depth
Width
Length

10. 00

41.50[m

m

1:5 batters with 3 m wide forebay flat bottom
Full width of basin

Width
Height above emergency spillway invert
Downstream inlet batter gradient

41.50[m

015

m
5|rise/run

Must span full width of basin
Must be 0.1 - 0.2 m above emergency spillway invert

Spillway invert depth from crest
Spillway bottom width

34.50

m

Minimum 0.3 m below top of IB embankment
Full width of the IB base



Emergency spillway crest RL: 1.0

Emergency spillway RL: 0.7

Level spreader RL: 0.85

Table 6.5 Representative C values for different soil types and slope (Environment

Canterbury, 2007)

Soil types/slope

Flat grawvel (<5%)
Sloping gravel (=10%)
Flat silt loam (<5%)
Sloping silt loam (10-
20%)

Steep silt loam (>=20%)
Clay (<108)

Clay (=102%)

0.15
0.25
0.3
0.4

0.5
0.65
0.75

166

IB dimensions at emergency spillway invert

A

> T o0 W

166 m Pond volume calc:
41.50 m 4325.36
159.00 m
34.50 m
0.7 m

Obelisk

(1) volume :

<y>

A

V = 4 (Ab+ aB + 2(ab+ AB))

o

10



Infiltration basin Identifier:
Input

Contributing catchment

Slope length (longest flow path)
Slope gradient (longest)

Slope gradient (immediately upslope)
Project duration

Units

ha

m

%

%
months

Notes / Reference

Based on project shapefiles and assumed ESC installations
Longest flow path within contributing catchment

Greater of slope immediately (within 20 m) above IB OR average slope over contributing catchment
Assumed worst case for Area 1 works until 80%+ stabilisation achieved

Catchment ground cover
% cover

Runoff coefficient (C)
Rainfall (i)

Catchment area (A)

Peak runoff flow (Q)

mm/hr
ha

m3/s

Flat gravel within the active works area; flat grass underlain by topsoil and then compacted fill for rest
From NZTA ESC Guidelines Table 6.5

HIRDS V4 'Northburn' 5% AEP (20-year ARI), 24-hr duration

Assumed catchment based on prelim design

Hourly volume required

24-hour volume required
Assumed infiltration rate

Minimum basal area required
Top length (A)

Top width (B)

Basal length (a)

Basal width (b)

Depth (h)

Internal batter ratio
Calculated actual volume (V)

Actual basal infiltration area
Length-width ratio
Additional storage buffer

IB7
Value 1 Value 2 Total/design
12.58
800
1.88
0. 50
Flat gravel |Sloping gravel |Flat grass
58% 12% 30%
0.15 0.25 0.2
2.59 2.59 2.59
7.27 1.51 3.80
0.0079 0.0027 0.0055
28.3 19.7 48.0|m
678.4 234.8 472.8 1386.0
175 175 175 175
161.5 55.9 112.6 330.0
100.00
25.00
93.00
18.00
0.7
1.5
1455.2
1674.0
4:1

mm/hr

33333 3

rise/run

3
m

2
m

ratio

Based on accumulated peak runoff flow over 1 hour

Based on accumulated peak runoff flow over 24 hours
Based on indicative soakage testing within the catchment

Calculated via A=V/ft, where V = infiltration volume (m3), f = infiltration rate (m/hr) and t = time (hrs)

Shallow to enable easy maintenance and avoid high water table
1:5 ratio as not space limited. Reduces scour and stability risk and is trafficable if needed

Ratio must be 23:1 & <5:1, measured at height of primary spillway
~5% additional storage above minimum storage required (not including infiltration capacity)

Depth
Width
Length

800

25.00m

m

1:5 batters with 1 m wide forebay flat bottom
Full width of basin

Width
Height above emergency spillway invert
Downstream inlet batter gradient

25.00m

015

m
5|rise/run

Must span full width of basin
Must be 0.1 - 0.2 m above emergency spillway invert

Spillway invert depth from crest
Spillway bottom width

18.00

m

Minimum 0.3 m below top of IB embankment
Full width of the IB base



Emergency spillway crest RL: 1.0

Emergency spillway BL: 0.7

IE base RL: D

Level spreader RL: 0.85

Table 6.5 Representative C values for different soil types and slope (Environment

Canterbury, 2007)

Soil types/slope

Flat grawvel (<5%)
Sloping gravel (=10%)
Flat silt loam (<5%)
Sloping silt loam (10-
20%)

Steep silt loam (>=20%)
Clay (<108)

Clay (=102%)

0.15
0.25
0.3
0.4

0.5
0.65
0.75

IB dimensions at emergency spillway invert

A

> T o0 W

100 m Pond volume calc:
25.00 m 1455.18
93.00 m
18.00 m

0.7 m

Obelisk

(1) volume :

<y>

A

V = 4 (Ab+ aB + 2(ab+ AB))

4



Infiltration basin Identifier:
Input

Contributing catchment

Slope length (longest flow path)
Slope gradient (longest)

Slope gradient (immediately upslope)
Project duration

IBS

Value 1
2.11
141
0.71
0. 50

Total/design

Units

ha

m

%

%
months

Notes / Reference

Based on project shapefiles and assumed ESC installations
Longest flow path within contributing catchment

Greater of slope immediately (within 20 m) above IB OR average slope over contributing catchment
Assumed worst case for Area 1 works until 80%+ stabilisation achieved

Catchment ground cover
% cover

Runoff coefficient (C)
Rainfall (i)

Catchment area (A)

Peak runoff flow (Q)

Flat gravel

100%

0.15

2.59

2.11

0.0023

mm/hr
ha

m’/s

From NZTA ESC Guidelines Table 6.5
HIRDS V4 'Northburn' 5% AEP (20-year ARI), 24-hr duration
Assumed catchment based on prelim design

Hourly volume required

24-hour volume required
Assumed infiltration rate

Minimum basal area required
Top length (A)

Top width (B)

Basal length (a)

Basal width (b)

Depth (h)

Internal batter ratio
Calculated actual volume (V)

Actual basal infiltration area
Length-width ratio
Additional storage buffer

196.9

196.9

175

175

46.9

46.9

44.00

11.00

37.00

4.00

0.7

1:5

2155

148.0

4:1

mm/hr

333333

rise/run

m
ratio

Based on accumulated peak runoff flow over 1 hour

Based on accumulated peak runoff flow over 24 hours
Based on indicative soakage testing within the catchment

Calculated via A=V/ft, where V = infiltration volume (m3), f = infiltration rate (m/hr) and t = time (24 hrs)

Shallow to enable easy maintenance and avoid high water table
1:5 ratio reduces scour and stability risk and is trafficable if needed

Ratio must be 23:1 & <5:1, measured at height of primary spillway
~9% additional storage above minimum storage required (not including infiltration capacity)

Depth
Width
Length

800

11.00|m

m

1:5 batters with 1 m wide forebay flat bottom
Full width of basin

Width
Height above emergency spillway invert
Downstream inlet batter gradient

11.00|m

015

m
5|rise/run

Must span full width of basin
Must be 0.1 - 0.2 m above emergency spillway invert

Spillway invert depth from crest
Spillway bottom width

4.00

m

Minimum 0.3 m below top of IB embankment
Full width of the IB base



Emergency spillway crest RL: 1.0

Emergency spillway RL: 0.7

IB base RL: 0

Level spreader RL: 0.85

Table 6.5 Representative C values for different soil types and slope (Environment IB dimensions at emergency spillway invert
Canterbury, 2007) A 44 m Pond volume calc:
B 11.00 m 215.48

Flat gravel (<5%) 0.15 b 400 m

Sloping gravel (=10%) 0.25 h 0.7 m

Flat silt loam (<5%) 0.3

Sloping silt loam (10- 0.4

20%)

Steep silt loam (>20%) 0.5

Clay (<10%) 0.65

Clay (>10%) 0.75

A

Obelisk
(1) volume : V = '_t;(Ab + aB + 2(ab + AB))



Indicative DWDC and CWDC design
& RUNOFF COEFFICIENTS FOR THE RATIONAL FORMULA
Swale drains to: IB6 (DWDC) & Area 4c & 4b southern (CWDC) Typical Composite Runoff Normal Range
Coefficients by Land Use of Runoff Coefficients
Area Description C-value Surface Characteristic C-value
DWDC CWDC
Catchment area (ha) 36.09 6.00 Busi Lawns
Downtown Areas 0.70-0.95 Sandy Soil, Flat (2%) 0.05-0.10
Catchment flowpath length (m) 450 229 Neighborhood Areas 0.50-0.70 sandy Sail, Ave. (2-7%) 0.10-0.15
Catchment elevation fall (m) 4 6 sandy Soll, Steep (>7%) | 0.15-0.20
. o Residential Heavy Soil, Flat (2%) 0.13-0.17
Gradient (%) 0.9 2.6 Single Family Areas 0.30-0.50 Heavy Soil, Ave. (2-7%) 0.18-0.22
Retardance coefficient (N)* 0.01 0.01|*Representative of smooth, packed gravel Multi-Units {detached) 0.40-0.60 | Heavy Soil, Steep (>7%) | 0.2500.35
Multi-Units (attached) 0.60-0.75
Suburban 0.25-0.40 | Agricultural
Conveyance capacity requirements: 5% AEP storm plus 300 mm freeboard (assumed) Apartments 0.50-0.70 | Bare Packed Soil
Smooth 0.30-0.60
Industrial Rough 0.20-0.50
5% AEP rainfall intensity calculations Light Use 0.50-0.80 | Cultivated Rows
Heavy Use 0.60-0.90 Heawvy Soil, no crop 0.30-0.60
DWDC catchment source: Railroad Yards 0.20-0.35 Heawvy Soil, with crop 0.20-0.50
Area ha https//wwwmalnegov/dep/land/stormwater/stormw Unimproved Areas 0.10-0.30 Sandy Soil, no crop 0.20-0.40
o o o q - . Sandy Soil, with crop 0.10-0.25
Rainfall intensity (10 min duration)* 44.5 44.5!mm/hour aterbmps/vol3/appendixa.pdf Park Pasture
*Based on hirds.niwa.co.nz for Site ID: NORTHBURN Park/Cemeteries 0.10-0.25 Heavy Soll 0.15-0.45
Playgrounds 0.20-0.35 Sandy Soil 0.05-0.25
Peak runoff calculations Pavement Wooedland 0.05-0.25
. . . _ Asphalt and Concrete 0.70-0.95
Using Rational Method: Q = CiA/360 ik 570081
DWDC CWDC Unit
C (runoff coefficient) 0.55 0.55 N/A Generally flat, compacted gravels Roof 0-75:0.95
i (rainfaII intensity) 445 445 mm/hour The presented C-values are typical for return periods of 2-10-year storms with the
higher values for the larger design storms. Judgement must be used to select the
A (catchment area) 36.09 6 ha appropriate C-value within the range for the land use. Generally, larger areas with
3 permeable soils, flat slopes, and dense vegetation should have the lower C-value; and
Q (peak ﬂOW) 2.4536 0.4079 m /S smaller areas with low permeability soils, steep slopes and sparse vegetation should be
assigned higher a C-value.

Manning's Roughness

Surface Material Coefficient
. -n-
Calculate channel design Asbestos cement 0.011
. . . Asphalt 0.016
Using Manning's Formula Trapezoidal Channel Flow calculator Brass 0011
Brick and cement mortar sewers 0.015
Canvas 0.012
Roughness coefficient (n): 0.025 (Earth, gravelly) Cast or Ductile iron, new 0.012
Clay tile 0.014
Concrete - steel forms 0.011
. Concrete (Cement) - finished 0.012
DWDC CWDC Unlt Concrete - wooden forms 0.015
Concrete - centnfugally spun 0.013
Channel flow path (length) Copper 0011
Elevation fa” Corrugated metal 0.022
Earih, smooth 0.018
Slope i i Earth channel - clean 0.022
Earth channel - gravelly 0.025
Earth channel - weedy 0.030
s . Earth channel - stony, cobbles 0.035
ource: Floodplains - pasture, farmland 0.035
https://www.engineeringtoolbox.com/mannings- Floodplains - light brush 0.050
p // g g / g Floodplains - heavy brush 0.075
roughness-d_799.html Floodplains - trees 0.15
- Galvanized iron 0.016
Glass 0.010
Gravel, firm 0.023
Lead 0.011
Masonry 0.025
Metal - corrugated 0.022
Matural streams - clean and straight 0.030
Matural streams - major rivers 0.035
Matural streams - sluggish with deep pools 0.040
Matural channels, very poor condition 0.080
Flastic 0.009
Polyethylene PE - Corrugated with smooth N
inner walls 0.009 - 0.015
Puolyethylene PE - Comrugated with 0.018 - 0.025

corrugated inner walls

Polyvinyl Chloride PVC - with smooth inner 0.000 - 0.011
walls ’ ’



Sizing calculations for DWDC:
Inputs

Bottom width, b 2 Results
' —{|Flow area, a 1.4147| m*2 || X

e e e | X||wetted perimeter, P[4 7196][m v] [x
Side slope 2 (horiz_/vert.) 3 X|[Hydraulic radius, Ry, [0.2998(|m ~| |X
Manning roughness, n ? Velocity, v 17916|m/s  ~| (X
COStrickler OB/B (See notes} X Flow, Q 2.5345| m"3/s v || X
Channel slope, S 1 [% rise/run ||| |[Velocity head, hy 0.1637|m ~| |X
EErr 043 X Top width, T 4.5800(m | |X
Thus with a bottom width of 2m, side slopes of 3:1, and a design flow depth of 0.43 m,

flow capacity of 2.53 m>/s is achieved. This exceeds the 2.45 m*/s design flow for the DWDC.

Sizing calculations for CWDC:

I Results

Bottom width, b ! 2 [Flow area, a 04375[m*2_ v||x
e e | X||Wetted perimeter, P,[25811[m +] |X
Side slope 2 (horiz_ /vert.) 3 X|[Hydraulic radius, Ry |0.1695||m | |X
Manning roughness, n ? Velocity, v 1.2251||mfs  ~| (X
COStrickler OB/B (See notes) X Flow, Q 0.5360| m*3/s w|| X
Channel slope, S 1 [% rise/run v ||x Velocity head, hy 0.0765 M X
Flow depth. y 025 X Top width, T 25000(m ~| |X

Thus with a bottom width of 1m, side slopes of 3:1, and a design flow depth of 0.25 m,
flow capacity of 0.54 m>/s is achieved. This exceeds the 0.41 m>/s design flow for the DWDC.

Bottom width (b)

Side slope gradient

Effective depth (d)

Depth + 300 mm freeboard (D)
Average channel slope

Flow capacity (Q)
Q (peak flow)

Summary of dimensions for all swales

Swale 1 Swale 2

Unit

1




