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Investigation Details 

Client: Bayden Reardon 

Site Address: Lot 10, 3027 Channel Highway, Kettering 

Date of Inspection: 16/01/2024 

Proposed Works: Proposed new dwelling 

Investigation Method: Geoprobe 540UD - Direct Push 

Inspected by: M. Campbell

Site Details 

Certificate of Title (CT): 60358/10 

Title Area: Approx. 1462 m² 

Applicable Planning Overlays: None identified 

Slope & Aspect: Approx. 12% N facing slope 

Vegetation: Grass & Weeds 

Background Information 

Geology Map: MRT 

Geological Unit: Jurassic dolerite 

Climate: Annual rainfall approx. 900mm 

Water Connection: Tank 

Sewer Connection: Unserviced-On-site required 
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Investigation 

A representative of bore hole was completed to identify the distribution and variation of the soil materials 

at the site. See soil profile conditions presented below.  

 

Soil Profile Summary 

 

BH 3 

Depth (m) 

 
USCS 

 
Description 

 
0.00-0.20 

 
SM Silty SAND: trace of gravel, grey, brown, slightly moist, 

loose, 

 
0.20-0.30 

 
CI Silty CLAY: trace of gravel, medium plasticity, grey, brown, 

slightly moist, stiff, 

 
0.30-0.40 

 
GW Sandy GRAVEL: yellow, brown, slightly moist, dense, refusal. 

 
 

Soil Conditions 
 

Soils on the site are developing from Jurassic dolerite sandstone and consist of shallow silty clays over 

weathered gravels. The soil has a moderate estimated permeability of between 0.12 – 0.5m/day. 

 

GES have identified the following at the site: 

 

• The site has a gentle slope with an average grade of 12%. The site presents a low risk to slope stability 

and landslip.  

• There are known proposals for a change of grade which may impact on any proposed onsite 

stormwater absorption. 

• The site soils have been identified as comprising of silty topsoils overlying a silty clay layer underlain 

by weathered gravel materials. 

• No soil dispersion was identified. 

• No evidence of a water table was observed at the time of the investigation 

• There is a low risk of the natural soils being impacted by contamination 

• Bedrock was encountered at approximately 0.40m depth. 

 

Soil Dispersion 

The soils on site have not been identified as dispersive. 
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Summary 

The soil and site are suitable for in-ground absorption of stormwater from the proposed structure. A 

hydraulic assessment and design for the absorption system has been completed by Flussig Engineers 

and can be found attached to this report with a form 35.  

It is also recommended that regular inspection and maintenance is conducted to ensure the stormwater 

system is operating without obstruction.  A schematic of recommended checks is also attached. 

Please contact me if you have any further questions. 

Dr John Paul Cumming B.Agr.Sc (hons) PhD CPSS GAICD 

Director 
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GES Stormwater Maintenance Plan Checklist  
 

Indicative 
frequency 

Inspection and criteria Maintenance activities 
(where required) 

Annual Check whether any tree branches 
overhang the roof or are likely to grow 
to overhang the roof 

If safe and where permitted, consider 
pruning back any overhanging branches 

Check that access covers to storage 
tanks are closed 

Secure any open access covers to prevent 
risk of entry 

Check that screens on inlets, overflows 
and other openings do not have holes 
and are securely fastened 

Repair any defective screens to keep out 
mosquitoes 

Inspect tank water for presence of rats, 
birds, frogs, lizards or other vermin or 
insects 

Remove any infestations, identify point of 
entry and close vermin and insect-proof 
mesh 

Inspect tank water for presence of 
mosquito larvae (inspect more 
frequently in sub-tropical and tropical 
northern Australia, based on local 
requirements) 

Identify point of entry and close with insect-
proof mesh with holes no greater than 1.6 
mm in diameter 

Inspect gutters for leaf accumulation 
and ponding 

Clean leaves from gutters-remove more 
regularly if required. If water is ponding, 
repair gutter to ensure water flows to 
downpipe 

Check signage at external roof water 
taps and that any removable handle 
taps are being properly used 

Replace or repair the missing or damaged 
signage and fittings 

Check plumbing and pump 
connections are watertight/without 
leakage 

Repair any leaks as necessary 

Check suction strainers, in-line 
strainers and pump location for debris 

Clean suction strainers, in-line strainers or 
debris from pump location 

Check pump installation is adequate 
for reliable ongoing operation 

Modify and repair as required 

Check first flush diverter, if present Clean first flush diverter, repair and replace 
if necessary 

Check health of absorption trench area 
and surrounding grass or plants 

Investigate any adverse impacts observed 
that might be due to irrigation 

Check condition of roof and coatings Investigate and resolve any apparent 
changes to roof condition, such as loss of 
material coatings 
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Triennial Drain, clean out and check the 
condition of the tank walls and roof to 
ensure no holes have arisen due to 
tank deterioration 

Repair any tank defects 

Check sediment levels in the tank Organise a suitable contractor to remove 
accumulated sediment if levels are 
approaching those that may block tank 
outlets 

Undertake a systematic review of 
operational control of risks to the 
system 

Identify the reason for any problems during 
inspections and take actions to prevent 
failures occurring in future 

After 20 
years and 
then every 
5 years 

Monitor the effectiveness of the 
stormwater absorption area to assess 
for any clogging due to algal growth, or 
blocking due to tree roots/grass 
growth/trench failure.  

Clean or replace clogged equipment 

Ongoing Inspect and follow up on any 
complaints or concerns raised that 
could indicate problems with the 
system 

Repair or replace any problems that are 
notified 
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INTRODUCTION 

This report details the stormwater management strategies for the proposed development located Lot 10, 3027 

Channel Hwy, Kettering TAS 7155. The objective of the report is to demonstrate how stormwater runoff would be 

captured and conveyed from the subject site safely to the receiving drainage network while considering stormwater 

quantity management and the incorporation of stormwater tank and dispersive raingarden pit elements. 

EXISTING CONDITIONS AND ASSUMPTIONS 

The full site covers an area of approximately 1,424m² with proposed roof, gravel and concrete driveway of 220m², 

29m² and 36m² respectively. 

Stormwater from the site would be routed through the proposed conventional underground drainage system 

comprising of Grated Sumps and PVC Pipes, coupled with dispersive raingarden pit elements for on-site detention. 

The stormwater management report is prepared in accordance with the design criteria listed below: 

• The stormwater drainage system is designed using Bureau of Meteorology (BOM) published rainfall

Intensity Frequency Duration (IFD) data as a minor / major system to accommodate the 5% AEP / 20

min storm events.

• The flow rate of stormwater leaving the site shall be designed so that it does not exceed the pre-

developed flow rate for both the minor and major rain events.

• The total site discharges are modelled as described in Storm Drainage Design in Small Urban

Catchments, a handbook for Australian practice by Australian Rainfall and Runoff (ARR2019), Book 9 –

Runoff in Urban Areas.

DETENTION COMPUTATIONS 

Detention calculations are provided in Appendix B 

SUMMARY AND CONCLUSIONS 

• The proposed 10,000 L stormwater tank is sized over a 20-minute stormwater duration with dedicated 

3,000L detention for the proposed all proposed impervious roof area and the tank overflow will outflow 

into proposed dispersive raingarden pit of 14 m² base (7.00 m x 2.00 m) 0.65m deep. The gravel and 

concrete driveway areas are also detained in the dispersive raingarden pit.

• A DN100 slotted PVC pipe with geotextile covering on top of aggregate is to be installed within the 

dispersive raingarden pit.

• The performance solution drawing is schematic only and must be read in conjunction with construction 

plans provided by others.
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STORMWATER CONCEPT DRAWING 

APPENDIX A 
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STORMWATER SERVICES NOTES:
1. ALL SITE SAFETY & MANAGEMENT PROCEDURES SHALL BE IN

ACCORDANCE WITH THE DEPARTMENT OF STATE GROWTH
SPECIFICATIONS:

      SECTION 168 OCCUPATIONAL HEALTH AND SAFETY
      & SECTION 176 ENVIRONMENTAL MANAGEMENT.
2. ALL PIPES UNDER TRAFFIC ABLE AREAS ARE TO BE BACK FILLED

FULL DEPTH WITH 20 F.C.R. AND FULLY COMPACTED.
3. ALL STORM WATER PIPES  TO BE PVC-U-SWJ  CLASS "SN8" TO AS

1254 UNO.
4. ALL DRAIN AND TRENCH CONSTRUCTION SHALL COMPLY WITH

THE LGAT STANDARD DRG TSD G01.
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Lot 10, 3027 Channel Hwy, Kettering TAS 7155 Designed: MA
GES Project No.: 24001-76

Lot 10, 3027 Channel Hwy, Kettering TAS 7155 - Roof
STORMWATER DETENTION V5.05 Flussig Engineers

Location: Kettering TAS
Site: 220m² with tc = 20 and tcs = 15 mins.
PSD: AEP of 5%, Above ground PSD = 0.86L/s
Storage: AEP of 5%, Above ground volume = 2.81m³

Design Criteria (Custom AEP IFD data used)

Location = Kettering TAS
Method = E (A)RI 2001,A(E)P 2019

PSD average recurrance interval (ARI) = 5 years
Storage average recurrance interval (ARI) = 10 years
PSD annual exceedance probabiliy (APE) = 5 %

Storage annual exceedance probabiliy (APE) = 5 %

Storage method = A (A)bove,(P)ipe,(U)nderground,(C)ustom
Permissible site discharge (Qu=Custom) = 0.861 L/s

Site Geometry

Site area (As) = 220 m²    = 0.022 Ha
Pre-development coefficient (Cp) = 0.30

Post development coefficient (Cw) = 1.00

Total catchment (tc) = 20 minutes
Upstream catchment to site (tcs) = 15 minutes

Coefficient Calculations

Pre-development Post development
Zone Area (m²) C Area * C Zone Area (m²) C Area * C

Concrete 0 0.90 0 Concrete 0 0.90 0
Roof 0 1.00 0 Roof 220 1.00 220

Gravel 0 0.50 0 Gravel 0 0.50 0
Garden 220 0.30 66 Garden 0 0.30 0

Total 220 m² 66 Total 220 m² 220

Cp = ΣArea*C/Total = 0.300 Cw = ΣArea*C/Total = 1.000

Permissible Site Discharge (PSD)  (AEP of 5%)

PSD Intensity (I) = 45.0 mm/hr For catchment tc = 20 mins.
Pre-development (Qp = Cp*I*As/0.36) = 0.83 L/s

Peak post development (Qa = 2*Cw*I*As/0.36) = 5.51 L/s =(0.122 x I) Eq. 2.24

Storage method = A (A)bove,(P)ipe,(U)nderground,(C)ustom
Permissible site discharge (Qu = PSD) = 0.861 L/s

Above ground - Eq 3.8
0 = PSD² - 2*Qa/tc*(0.667*tc*Qp/Qa + 0.75*tc+0.25*tcs)*PSD + 2*Qa*Qp

Taking x as  = PSD and solving
a = 1.0 b = -11.4 c = 9.1

PSD = -b±√(b²-4ac)/(2a)
PSD = 0.861 L/s

Below ground pipe - Eq 3.3
Qp = PSD*[1.6*tcs/{tc*(1-2*PSD/(3*Qa))}-0.6*tcs²·⁶⁷/{tc*(1-2*PSDp/(3*Qa))}²·⁶⁷]

= 0.83
PSD = 0.855 L/s

Below ground rectangular tank - Eq 3.4
t =tcs/(tc*(1-2*PSD/(3*Qa))) = 0.834

Qp = PSD*[0.005-0.455*t+5.228*t²-1.045*t³-7.199*t⁴+4.519*t⁵]
= 0.83

PSD = 0.829 L/s
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Lot 10, 3027 Channel Hwy, Kettering TAS 7155 Designed: MA
GES Project No.: 24001-76

Lot 10, 3027 Channel Hwy, Kettering TAS 7155 - Roof
STORMWATER DETENTION V5.05 Flussig Engineers

Design Storage Capacity  (AEP of 5%)

Above ground (Vs) = [0.5*Qa*td-[(0.875*PSD*td)(1-0.917*PSD/Qa)+(0.427*td*PSD²/Qa)]]*60/10³ m³ Eq 4.23
Below ground pipe (Vs) = [(0.5*Qa-0.637*PSD+0.089*PSD²/Qa)*td]*60/10³ m³ Eq 4.8

Below ground rect. tank (Vs) = [(0.5*Qa-0.572*PSD+0.048*PSD²/Qa)*td]*60/10³ m³ Eq 4.13

td I Qa Above Vs Pipe Vs B/G Vs
(mins) (mm/hr) (L/s) (m³) (m³) (m³)

5 87.8 10.7 1.39 1.45 1.47
21 43.8 5.4 2.49 2.70 2.78
29 36.1 4.4 2.64 2.92 3.03
37 31.2 3.8 2.73 3.06 3.20
45 27.8 3.4 2.77 3.17 3.33
53 25.3 3.1 2.80 3.24 3.43
61 23.3 2.8 2.81 3.30 3.52
69 21.7 2.7 2.81 3.35 3.59
77 20.5 2.5 2.81 3.38 3.65
85 19.4 2.4 2.80 3.41 3.70

td I Qa Vs
Type (mins) (mm/hr) (L/s) (m³)

Above 68.2 21.9 2.7 2.81
Pipe 124.1 16.0 2.0 3.46

B/ground 181.1 13.3 1.6 3.93

Frequency of operation of Above Ground storage

Qop2 = 0.75 Cl 2.4.5.1
Qp2 =Qop2*Qp1 (where Qp1=PSD) = 0.65 L/s at which time above ground storage occurs

I = 360*Qp2/(2*Cw*As*10³) = 5.3 mm/h Eq 4.24

Period of Storage

Time to Fill:
Above ground (tf) = td*(1-0.92*PSD/Qa) Eq 4.27

Below ground pipe (tf) = td*(1-2*PSD/(3*Qa)) Eq 3.2
Below ground rect. tank (tf) = td*(1-2*PSD/(3*Qa)) Eq 3.2

Time to empty:
Above ground (te) = (Vs+0.33*PSD²*td/Qa*60/10³)*(1.14/PSD)*(10³/60) Eq 4.28

Below ground pipe (te) = 1.464/PSD*(Vs+0.333*PSD²*td/Qa*60/10³)*(10³/60) Eq 4.32
Below ground rect. tank (te) = 2.653/PSD*(Vs+0.333*PSD²*td/Qa*60/10³)*(10³/60) Eq 4.36

Storage period (Ps = tf + te) Eq 4.26

td Qa Vs tf te Ps
Type (mins) (L/s) (L/s) (mins) (mins) (mins)

Above 68.2 2.7 2.8 48.0 70.4 118.4
Pipe 124.1 2.0 3.5 87.8 125.2 213.0

B/ground 181.1 1.6 3.9 119.7 290.9 410.7

Orifice

Permissible site discharge (Qu=PSD) = 0.86 L/s (Above ground storage)
Orifice coefficient (CD) = 0.61 For sharp circular orifice

Gravitational acceration (g) = 9.81 m/s²
Maximum storage depth above orifice (H) = 666 mm

Orifice flow (Q) = CD*Ao*√(2*g*H)

Therefore:
Orifice area (Ao) = 390 mm²

Orifice diameter (D = √(4*Ao/π)) = 22.3 mm

Table 1 - Storage as function of time for AEP of 5%

Table 2 - Storage requirements for AEP of 5%

Table 3 - Period of Storage requirements for AEP of 5%
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Lot 10, 3027 Channel Hwy, Kettering TAS 7155 Designed: MA
GES Project No.: 24001-76

Lot 10, 3027 Channel Hwy, Kettering TAS 7155 - Driveway
STORMWATER DETENTION V5.05 Flussig Engineers

Location: Kettering TAS
Site: 65m² with tc = 20 and tcs = 15 mins.
PSD: AEP of 5%, Underground rectangular tank PSD = 0.24L/s
Storage: AEP of 5%, Underground rectangular tank volume = 0.62m³

Design Criteria (Custom AEP IFD data used)

Location = Kettering TAS
Method = E (A)RI 2001,A(E)P 2019

PSD average recurrance interval (ARI) = 5 years
Storage average recurrance interval (ARI) = 10 years
PSD annual exceedance probabiliy (APE) = 5 %

Storage annual exceedance probabiliy (APE) = 5 %

Storage method = U (A)bove,(P)ipe,(U)nderground,(C)ustom
Permissible site discharge (Qu=Custom) = 0.252 L/s

Site Geometry

Site area (As) = 65 m²    = 0.0065 Ha
Pre-development coefficient (Cp) = 0.30

Post development coefficient (Cw) = 0.72

Total catchment (tc) = 20 minutes
Upstream catchment to site (tcs) = 15 minutes

Coefficient Calculations

Pre-development Post development
Zone Area (m²) C Area * C Zone Area (m²) C Area * C

Concrete 0 0.90 0 Concrete 36 0.90 32
Roof 0 1.00 0 Roof 0 1.00 0

Gravel 0 0.50 0 Gravel 29 0.50 15
Garden 65 0.30 20 Garden 0 0.30 0

Total 65 m² 20 Total 65 m² 47

Cp = ΣArea*C/Total = 0.300 Cw = ΣArea*C/Total = 0.722

Permissible Site Discharge (PSD)  (AEP of 5%)

PSD Intensity (I) = 45.0 mm/hr For catchment tc = 20 mins.
Pre-development (Qp = Cp*I*As/0.36) = 0.24 L/s

Peak post development (Qa = 2*Cw*I*As/0.36) = 1.17 L/s =(0.026 x I) Eq. 2.24

Storage method = U (A)bove,(P)ipe,(U)nderground,(C)ustom
Permissible site discharge (Qu = PSD) = 0.243 L/s

Above ground - Eq 3.8
0 = PSD² - 2*Qa/tc*(0.667*tc*Qp/Qa + 0.75*tc+0.25*tcs)*PSD + 2*Qa*Qp

Taking x as  = PSD and solving
a = 1.0 b = -2.5 c = 0.6

PSD = -b±√(b²-4ac)/(2a)
PSD = 0.252 L/s

Below ground pipe - Eq 3.3
Qp = PSD*[1.6*tcs/{tc*(1-2*PSD/(3*Qa))}-0.6*tcs²·⁶⁷/{tc*(1-2*PSDp/(3*Qa))}²·⁶⁷]

= 0.24
PSD = 0.981 L/s

Below ground rectangular tank - Eq 3.4
t =tcs/(tc*(1-2*PSD/(3*Qa))) = 0.870

Qp = PSD*[0.005-0.455*t+5.228*t²-1.045*t³-7.199*t⁴+4.519*t⁵]
= 0.24

PSD = 0.243 L/s
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Lot 10, 3027 Channel Hwy, Kettering TAS 7155 Designed: MA
GES Project No.: 24001-76

Lot 10, 3027 Channel Hwy, Kettering TAS 7155 - Driveway
STORMWATER DETENTION V5.05 Flussig Engineers

Design Storage Capacity  (AEP of 5%)

Above ground (Vs) = [0.5*Qa*td-[(0.875*PSD*td)(1-0.917*PSD/Qa)+(0.427*td*PSD²/Qa)]]*60/10³ m³ Eq 4.23
Below ground pipe (Vs) = [(0.5*Qa-0.637*PSD+0.089*PSD²/Qa)*td]*60/10³ m³ Eq 4.8

Below ground rect. tank (Vs) = [(0.5*Qa-0.572*PSD+0.048*PSD²/Qa)*td]*60/10³ m³ Eq 4.13

td I Qa Above Vs Pipe Vs B/G Vs
(mins) (mm/hr) (L/s) (m³) (m³) (m³)

5 87.8 2.3 0.28 0.17 0.30
19 46.4 1.2 0.46 0.06 0.53
26 38.6 1.0 0.48 -0.06 0.57
33 33.4 0.9 0.48 -0.18 0.59
40 29.8 0.8 0.47 -0.30 0.61
47 27.1 0.7 0.47 -0.43 0.61
54 25.0 0.6 0.46 -0.55 0.62
61 23.3 0.6 0.45 -0.66 0.62
68 21.9 0.6 0.43 -0.77 0.62
75 20.8 0.5 0.42 -0.88 0.61

td I Qa Vs
Type (mins) (mm/hr) (L/s) (m³)

Above 32.0 34.1 0.9 0.48
Pipe 7.4 75.4 2.0 0.18

B/ground 60.2 23.5 0.6 0.62

Frequency of operation of Above Ground storage

Qop2 = 0.75 Cl 2.4.5.1
Qp2 =Qop2*Qp1 (where Qp1=PSD) = 0.19 L/s at which time above ground storage occurs

I = 360*Qp2/(2*Cw*As*10³) = 7.3 mm/h Eq 4.24

Period of Storage

Time to Fill:
Above ground (tf) = td*(1-0.92*PSD/Qa) Eq 4.27

Below ground pipe (tf) = td*(1-2*PSD/(3*Qa)) Eq 3.2
Below ground rect. tank (tf) = td*(1-2*PSD/(3*Qa)) Eq 3.2

Time to empty:
Above ground (te) = (Vs+0.33*PSD²*td/Qa*60/10³)*(1.14/PSD)*(10³/60) Eq 4.28

Below ground pipe (te) = 1.464/PSD*(Vs+0.333*PSD²*td/Qa*60/10³)*(10³/60) Eq 4.32
Below ground rect. tank (te) = 2.653/PSD*(Vs+0.333*PSD²*td/Qa*60/10³)*(10³/60) Eq 4.36

Storage period (Ps = tf + te) Eq 4.26

td Qa Vs tf te Ps
Type (mins) (L/s) (L/s) (mins) (mins) (mins)

Above 32.0 0.9 0.5 23.6 39.5 63.2
Pipe 7.4 2.0 0.2 4.9 6.2 11.1

B/ground 60.2 0.6 0.6 44.3 133.8 178.1

Orifice

Permissible site discharge (Qu=PSD) = 0.24 L/s (Underground storage)
Orifice coefficient (CD) = 1 For sharp circular orifice

Gravitational acceration (g) = 9.81 m/s²
Maximum storage depth above orifice (H) = 650 mm

Orifice flow (Q) = CD*Ao*√(2*g*H)

Therefore:
Orifice area (Ao) = 68 mm²

Orifice diameter (D = √(4*Ao/π)) = 9.3 mm

Table 1 - Storage as function of time for AEP of 5%

Table 2 - Storage requirements for AEP of 5%

Table 3 - Period of Storage requirements for AEP of 5%
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Dispersive raingarden pit 

Hydrology 

A1 = impervious area collected 220 sqm 
C1 = coefficient (Roof) 1.0 

A2=Impervious area (Concrete & gravel) 65 sqm 
C2= Coefficient 0.72 

AEP = Annual Exceedance Probability 5 % 

Ground Conditions 

Hydraulic conductivity K (absorption rate) 0.2153 mm/min 

Adjusted rate (15% clogging factor) 0.1830 mm/min 

Pit Design 

Length, L 7 m 
Width, B  2 m 
Depth, h  0.65 m 

14 sqm 
35% 

Base area, BA 
Void space 
Pit Storage 3.185 cum 

3185.00 L 

Detention tank data Final Check 

Tank storage 3.00 cum Criteria Required Design Check 

Tank Underflow 1.10 L/s 

Total 
Detention 
Required 3,900 6185 OK 

66.00 L/m 

Trench 
capacity 
underflow 
for 5% AEP 
20-minute
storm 1971 3185 OK Tank Underflow 

Total available detention storage (tank 
+ Pit) 6.185 cum 

6185 L 
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Checking storms 

Duration 
(min) 

Intensity 
(mm/hr) 

Vol in 
System(L) 

Vol in Pit 
(L) 

Vol out Pit 
(L) 

Storage total 
System (L) 

Storage Pit 
(L) 

Hours to empty 
Pit 

5Mins 5 87.8 1952 672 13 1939 660 4 
6Mins 6 83.36 2224 786 15 2209 771 5 
10Mins 10 65.6 2917 1172 26 2891 1146 8 
20Mins 20 45 4002 2022 51 3951 1971 13 
30Mins 30 35.4 4722 1722 77 4646 1646 11 
1Hr 60 23.5 6270 3270 154 6116 3116 21 
2Hrs 120 16.2 8644 5644 307 8337 5337 37 
3Hrs 180 13.4 10725 7725 461 10264 7264 50 
6Hrs 360 9.91 15864 12864 922 14942 11942 84 
12Hrs 720 7.31 23404 20404 1845 21559 18559 133 
24Hrs 1440 5.06 32400 29400 3689 28711 25711 191 
48Hrs 2880 3.1 39700 36700 7378 32322 29322 239 
72Hrs 4320 2.19 42069 39069 11067 31002 28002 254 
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IFD Design Rainfall Intensity 
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