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1.0 INTRODUCTION

This Stormwater Drainage Strategy has been amended in accordance with
Information Request of 17 August 2009 (D-R/2008-705) and in response to
meeting minutes prepared by Michael Donaldson received 13 October 2009.
Calculations prepared on behalf of our Client are also in response to Councils
original Information Request of 22 October 2008 (D-705/2008). The following
report has been prepared to detail an overall drainage strategy encompassing
the entire stormwater catchment area contributing to stormwater flows on the
subject site. Further to the Reconfiguration of Lot Application submitted to
Rockhampton Regional Council in May 2008, major (Q1o0) and minor (Quo)
rainfall event peak discharges for the pre-development and post-development
scenarios have been presented.

0880708 Revision B p‘ Page 1
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2.0 CALCULATION PROCESS

Pre-development and Post Development calculations have been prepared
using the Rational Method:

Q=KC.LA
In accordance with QUDM 4.06.6 Overland Flow, time of concentration (t) has
been calculated for Sheet Flow and Concentrated Flow using Friends
Equation and Bransby-Williams Equation respectively:

t=(107n x L") s s'® Friends Equation

t=58L/( A% x 8% Bransby-Williams Equation
As a result of site inspections and DTM survey, Sheet Flow has been adopted
for a maximum of 50m and accounts for a Horton’s Roughness Coefficient for

Sparse Vegetation.

Open channel drainage capacity has been calculated using Mannings
Formula:

V=1/in. R¥*. s"
Q=VA

Existing concrete pipe capacity has been calculated using Colebrook-White
formula:

111 = -2log10 (/3.7D + 2.51/Re. ,/f

Where k = 0.006

Existing cross drainage structure capacity has been calculated using Culvetw
software.

0880708 Revision B NG Page 2
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3.0 RESULTS SUMMARY

The following results summary represents pre-development and post-
development catchment discharge. All calculations and catchment plans can be
referred to in Attachment A.

Stage 1: Proposed 7 Lots on German Street

(Refer Attachment A for all Stage 1 calculations and catchments)

Pre-development Q4qp discharge from Catchment 7 to existing 1200
RCP cross drainage under German Street has been calculated at
8.0m°%/s. Refer Attachment A - Catchment 7 calculations.
i b el *
Na—
\ 940 —
&

930 ——
~—~—— L

G‘;P 4,4”
sr

Figure 1: Image taken from Schiencker Surveying Drawing 2112-11 Sh4.

2. Using Colebrook-White’s formula, the existing 1200 RCP at 3%
grade has an existing capacity of approx 8.7m%s. This figure is
conservative as it is demonstrates pipes flowing full but not under
head.

0880708 Revision B M Page 3
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3 The proposed stage 1 development will provide minor intensification
of stormwater runoff as only Lots 32, 33 and 34 will discharge to the
existing 1200 RCP. Lots 28 to 31 7 35 will discharge directly to
German Street via kerb adaptor. The Post Development net
discharge to the existing 1200 RCP is increased by only 0.2m%s to
8.2m%/s. Refer Attachment A Catchment 8.

4. Depth of flow for the existing gully (post development) has been
calculated at 810mm. Refer Attachment A - Mannings Calculations:
Stage 1 Post Development Discharge and Figure 1 and 2.

§ 5
£ Stage 1 Access Place o
zé‘S_ 2 o S Lot3t
e =]
wo - o -—
ru Lot 5 f ‘@ o feE TR NSL
RPB36559 e —
o Exigting Gully —
| 3 i
Q100 Depth
Datum 50

Chainage 30.000

Figure 2: Cross Section through access to Stage 1.

5 Existing 1200mm cross drainage structures (under German Street)
is suitably sized to cater for the proposed development. No
amendment to the existing downstream structures is required.

6. With construction of proposed diversion drain at the back of Lots 28,
29, 32, 33 & 34, there will be no impact or modification to existing
Catchment 8a. Catchment 8c also remains unchanged post

development.

Stages 2 and 3: Proposed 27 Lots off Sunset Drive:

(Refer Attachment B for all Stage 1 calculations and catchments)

7. Lot 14 will maintain a trafficable access during a Q10 event with the
installation of 900 x 750 RCBC. Refer Attachment B - Catchment 1
calculations and CulvertW Design Case No 1 detailing trafficable
access during a Q1o storm event and Figure 3 below.

0880708 Revision B M Page 4
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10.
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Figure 3: Image taken from Schlencker Surveying drawing 2112-11 Sh3

Major ‘western’ gully crossing will maintain trafficable cross over
with the construction of 800 x 900 RCBC. Refer Catchment 2
calculations and CulvertW Design Case No 2 detailing trafficable
cross over during a Qg storm event.

Major ‘eastern’ gully crossing will maintain trafficable cross over with
the construction of 2/750 x 750 RCBC. Refer Attachment B -
Catchment 3 calculations and CulvertW design Case 3 and Image 4
below.

The total pre-development catchment discharge (into the existing
drainage reserve Lot 84 SP179522) is 20.2m°s during a Q1qo event.
Refer Attachment B - Catchment 4 calculations and Image 4 below.
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Figure 4: Image taken from Schlencker Surveying drawing 2112-11 Sh3.

The total post-development catchment discharge (into the existing
drainage reserve Lot 84 SP179522) for stages 2 & 3 during a Qo
event is 23.4m%s. This figure represents the Qiq addition of
discharge from Catchments 5, 6 and 6a.

The increase in Qqpp runoff for Stages 2 and 3 due to proposed
urban development is 3.2m%/s

The post-development discharge from Catchment 6a into the
existing concrete open channel is 1.2m%/s in a Q1q0 event.

The capacity of the existing concrete channel is 1.267m%s and has
sufficient capacity to cater for a Q00 event. Refer Attachment B -
Catchment 6a: Mannings Calculation.

Pre-development discharge to existing downstream Sunset Drive
3/2700 x 900 RCBC structure is 22.9m%s (Refer Attachment F
Drawing 030393/48). This pre-development discharge has been
calculated from the addition of Catchments 4 and 5a (Refer
Attachment B). CulvertW Design Case No 4 confirms sufficient
existing culvert capacity (with only 94mm overtopping).

0880708 Revision B Wl Page 6
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16. Proposed upstream development will increase discharge to the
Sunset Drive 3/2700 x 900 RCBC in a Qqq0 event to 26.2m%s. This
post-development discharge has been calculated from the addition
of Catchments 5, 5a, 6 and 6a (Refer Attachment B).

17.  The existing Sunset Drive RCBC structure has sufficient capacity to
cater for an increase of 3.2m%s. Refer Attachment B - CulvertW
Design Case No 5 confirming sufficient existing culvert capacity
(with only 167mm overtopping).

18. Cross sections through the open channel drainage reserve (Lot 84
SP179522) reveal that the depth of flow during pre-development
Qoo storm event is approximately 344mm. Refer Attachment C for

Mannings calculations and cross sections.

p™™ /\
SP /7956P
/ Drainage
Reserve
& Q/

2 AV |

SP 178538 v

/‘ﬁn CH30-0 \
La phu'lei }//-

IL51.719 |, i
Image taken from Schiencker Surveying drawing 2112-11 Sh 5

19.  For the same drainage reserve, the depth of flow would increase by
less than 27mm in a post-development Q4o event. The existing
reserve is highly suitable to cater for any increase in post-
development catchment discharge. An increase in depth of less
than 27mm (during a Qoo storm event) would provide no actionable

nuisance to present of future downstream landowners.

0880708 Revision B M Page 7
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4.0 CONCLUSION

Stage 1: Proposed 7 Lots on German Street:

Stage 1's lawful point of discharge in accordance with Section 3.02 of QUDM's
‘two point test’ is the existing 1200 RCP under German Street.

Modeling of stormwater flows in this report demonstrates that minor increase in
runoff intensity as a result of proposed development is offset by the construction
of open channel diversion drain resulting in a total Q100 runoff increase of only
0.2m%s. All existing downstream stormwater structures will continue operating

in their existing state.

Calculations shown herewith demonstrate that the existing 1200 RCP structure
has been suitably sized for a fully developed upstream catchment.

Stages 2 and 3: Proposed 27 Lots off Sunset Drive:

Pre and Post-development stormwater discharge has been re-analysed for
Stage 2 & 3 contributing catchments utilising both Sheet Flow and Concentrated
Flow calculations.

Stage 2 & 3's lawful point of discharge in accordance with QUDM’s ‘two point
test’ is the existing drainage reserve Lot 84 SP179522.

While this Drainage Strategy reports an increase in stormwater runoff due to the
proposed upstream development, the large cross sectional area of the existing
drainage reserve equates to a 27mm increase in flow height during a Q100
storm event. A 27mm increase in height of discharge contained adequately
within a dedicated drainage reserve is not foreseen to cause an actionable

nuisance to present or future neighbouring property owners.

0880708 Revision B L" Page 8
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It is also confirmed through the attached calculations that 3/2700 x 800 RCBC
has been designed to cater for a developed upstream catchment and has
adequate capacity to cater for the proposed development. Post Development
depth of flow across the existing culverts has been calculated at 167mm at
3.2m/s (Refer Culvert W Design Case 5). In accordance with QUDM Table
7.03.1 Major System Design Criteria, the product of flow depth and velocity is
acceptable at < 0.6m/s.

It is with these calculations that it is confirmed that no onsite detention or

modification to existing downstream drainage structures is required.

0880708 Revision B M Page 9
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5.0 ATTACHMENTS

Attachment A

Attachment B

Attachment C

Attachment D

Attachment E

Attachment F

Stage 1 Calculations and Catchment Plans.

Stage 2 Calculations and Catchment Plans.

Typical Section and Mannings Calculations for Existing
Drainage Reserve Lot 84 SP179522

Typical Section and Mannings Calculations for Proposed
Lots 14 through 17.

Existing Stormwater Network Data
Rockhampton Regional Council

Existing Downstream Development

Graham Scott & Associates
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Mcldurtrie Consulting Engineers

Catchment 7
Stage 1 Pre Development

Travel time (1) for overiand flow Js caiculated using either the Friend or Bransby Method (QUOM). Click method required below:

Overiand Flow Theory
Sheet Flow t=(107n x L") /5"~ Where: L = Length of slope (km)
(Friend's Equation) A = Area (ha)
§ = Stream Path Slope (%)
Concentrated Flow =58l A% x §°3) = time of concentration 9min)
__(Bransby-Wiliams Equation)
Sub-Catchment 1: Sub-Catchment 2:
|Catchment Area 1862|m2 0.2 Ha Catchment Area 169823]m2 17.0 Ha
|Catchment Length 50|m Catchment Length 631|m
Catchment Grade % 0.27 mvm Catchment Grade _2T% 0.27 m/m
n (Hortons Value) [{] n {Hortons Vaiue) X
Hortons Roughness Coefficlont (QUDM Table 4.06.4) Mortens Roughness Caefficient (QUDM Table 4.06.4}
Concrale and Asphant 0010013 Concrele and Asphant 001-0m3
Bare Sand 001 -0.018 Bare Sand 0.01-0016
Gravalled Surtsce 00120030 Graveled Surtace 0.012 - 0030
Bare Clay-Loam Soil 0.012-0.033 Bare Clay-Lozm Sod 0012-0033
Sparee Vegamon Q0550130 Sparse Veghaton 00520130
Short Grass Paddock 0.100- 0200 Shon Grass Paddock 0.100 - 0.200
Lawns 0.170 - 0.480 Lawns 0.170- 0480
Fow Type ~ Flow Type
’7 ® Steet Flow O Concentiated Flow © Sheet Flaw @ concentrated Fiow
Time of Concentration Time of Concentration
t= 17.2 mins 1= 15.6 mins
{ 0.29 hours I = 0.26 hours
Veloctly Check (v=d): L Velactiy Check (v=a1): o - _
v= 0.05 mfs Check Suitabilty ] v= 074 mss [ Sultable )
Ralional Method of Calculation:
C=KCla
K
0.00278 (constant)
[+
0.56 I, 0.8 Xy
D.67 Iy 0.95 x1lyg
0.7 1y 1%l
0.74 1y 105 %1,
0.81 Is 1.15 %Iy
0.84 |y 1.2 X

Rainfall Intensily lor Sub-Catchment 1 at Raintall Intensity for Sub-Catchment 2 at
17.3 ming: 15.6 mins:
1y 64.23 mm/hr b 87.20 mm/hr
Is 107.18 mm/hr lg 112.33 mmshr
o 12211 mmdhr ha 128.06 mmvnr
I 142.03 mmvhr ™ 149.08 mm/mr
lsg 169.24 mmvhr legy 177.70 mm/hr
b 180.71 mmihr heo 200.32 mm/hr
Caleulated Discharge Calculated Discharge
Q, 0.019 misec Q, 1.777 misec
Q, 0.037 m¥sec Q, 3,527 m/sec
Qyp 0.044 m7/sec Q,, 4,232 m'/sec
Qa0 0.054 m7sac Q0 5.171 m/sec
Qqy 0.071 m'fsec Qe . 6753 m'sec
Qo0 0.083 mUsec [ 7.944 m'/sec
Total Combined Discharge
Q, 1.7985 mY¥sec
0s 3.564 m/sec
Qyo 4.276 m’fsec
3
Qag 5.225 m'/sec
3
Qs £.824 m/sec
Qg0 8.027 m¥sec

0BBO708 Naturelands Estate on German Streel Rockhampton

1244/2009



Catchment 8

McMurtrie Consulling Engineers

Stage 1 Post Development

Travel time (1) for overiand flow is calculated using either the Friend or Bransby Methoo (QUDM). Click method required below:

Overland Flow Theory

Sheet Flow
(Friend's Equation)

Concentrated Flow
(Bransby-wWihams Equalion)

1=(107n x L") /57"

1=38U A°" x §°7)

A= Area (ha)

Where: L = Length of slope (km)

S = Stream Path Slope (%)

1 = time of concentration 9min)

Sub-Catchment 1:

Sub-Catchment 2:

Time of Concentration

Catchment Ares 1862{m2 0.2 Ha Catchment Area 174141 |m2 17.4 Ha
Catchment Length 50[m Catchment Length 691|m
Catchment Grade % 0.27 m/m Caichment Grade 271% 0.27 m/im
n (Hortons Value) 0.085 n (Hortons Value)
Hortons Roughness Coefficient (OUDM Table 4.06.4) Horions Roughness Coefficient (QUDM Tabie 4.06.4)
Concreln and Asphant 001-0013 Concrele and Asphant 001-0013
Bare Sand £01-0018 Baie Sand ©01-0018
Gravelied Surlace 00120030 Graveied Surlace 0.012-0030
Bars Clav-Loam Soi 0.012-0.033 Bare Clay-Loam Soi 0.012-6.033
Sparse Vagtaon §053.-0130 Sparse Vaptaton 2.053-¢ 470
Short Grass Paddock G100 - 0200 Shon Grass Paddock 0100 - ¢ 200
Lavms 0.170 - 04B0 Lawns 0.170 - 0.4680
r~ Flow Type - Flow Type
® Sheet Fiow O Concentrated Flow O sheet Fiow ® Concentrated Flow

Time of Concenlration

L= 17.3 mins 1 15.6 mins

1= 0.29 hours t= 0.26 hours

Veloctiy Check fv=dA). B Velocty Check (v=d1): . _
vs= 0.05 m/s [ CheckSuitabiity v= 074 mis — Suable

Raiional Metnod of Calculation:

Q=KCIA

K
0.00278 (conslant)

c
0.56 | 08 X1
0.67 Is 0.95 x g
0.7 Iy 1 X1y
0.74 I3 1.05 x 1yg
0.B1 lgg 115 x Iy
0.84 o 1.2 xlyg

Raintall Intensily for Sub-Catchment 1 at

17.3 mins:
Iy 64.23 mm/hr
le 107.19 mmihr
he 122. 11 mm/hr
e 142 03 mminr
Iey 168.24 mmihr
lipa 150.71 mmihr

Caiculaled Discharge

Raintall Intensity for Sub-Catchment 2 at

156 mins:
h 67 28 mminhr
1 112.46 mmihr
he 128.21 mnvhr
ks 149.20 mmshr
leg 177 90 mmnre
hiea 200.55 mmvhr
Caleuiated Discharge
[} 1824 misec
Qs 3.620 m'sec
Qe 4,345 m'/sec
Q., 5.309 m'/sec
Qi 6.933 m'sec
O 8.155 m'/sec

Total Combined Discharge

1.842 m¥sec
3.857 msec
4.389 m’/sec

Q, 0.019 m/sec

Qe 0.037 m’/sec

Qe 0.045 m/sec

Qz 0.054 M sec

Qy 0.071 m'sec

[} 0.083 mfsec
Q,
Q;
Oﬂ)
Qzo
Qe,
Qum

5363 m/sec
7.004 m*sec
8.238 m*/sec

0880708 Nalurelands Estate on German Slreet Rockhamplon

12/4/2009



McMurtrie Consulling Engineers

Catchment 8a
Stage 1 Pre Development

Trave! time (t) for overtand flow is caiculated using either the Friend or Bransby Methoo (QUDM). Glick method required below:

Overland Flow Theory
Sheet Flow =107nx L' /g™ Where: L = Lengih ol siope (km)
(Friend's Equation) A = Area (ha)
S = Stream Path Slope (%)
Concentrated Flow 1=58Lf A°' x 8°%) t = lime of concentration $min)
{Bransby-Wiliams Equation)

Sub-Catchment 1: | Sub-Catchment 2:

Catchment Area 422|m2 0.0 Ha Catchment Area 16212{m2 1.6 Ha
Catchment Length | 50|m Catchment Length 186|m
Catchment Grade 7% 0.27 m/m Catchment Grade 271% 0.27 mim
n (Hortons Value) 0.1 n {Hartons Value) 01
Hortons Roughness Cosflicient (QUDM Table 4.06.9) Hortans Roughness Caefficient (QUDM Table 4.06.4)
Concrele ang Asphant 001 -0013 Concrate and Asphant 001-0013
Bare Sanc 201.0018 Haro Sand 0.01-0016
|Gravefied Surtace 60120030 Graveled Sufaca 0012 -0.030
Bare Clay-Loam Soil 0012 0.033 Bare Clay-Loam Soi 0012-0.033
S-a18e Vegtation 003 0130 Sparve Vegtaion o052 0.150
Shor Liress Paotoce 010U D200 Shod Grass Padacex G100 0290
Lawns 0.170-0.480 Lawns 0.170 - 0,460
Flow Type Fiow Type
@ Sheet Flow O Concentrated Flow { O sheet Fiow @ Concentrated Flow
Time of Concentration Time of Concentration
t= 20.4 mins t = 5.3 mins
t= 0.34 hours t= 0.09 hours
Veloctiy Check (v=d/): Veioctiy Check (v=dn): .
v= 0.04 mis C Check Sutability | v= 058 mis [ Check Suilability
Rational Mathod of Caiculation:
Q=KCIA
X
0.00278 (constant)
C
0.56 I, 08 xlp
0.87 g 0.95 x Iy
0.7 1 xlhg
0.74 1y 1.05 x1,y
0.81 Iy 1.15 xlyg
0.84 I,0 1.2 X by
Rainfall Intensily for Sub-Catchment 1 at Ralntall Intensity lor Sub-Catchment 2 at
204 mins: 5.3 mins;
Iy 58.69 mm/hr Iy 101.84 mmhr
Iy 98.39 mmvhr I 17219 mmvhr
Tix 113.12 mmvhr ha 197.17 mmvhr
lg 131.47 mminr | by 230.42 mm/hr
lso 156.52 mmMr lig 275.90 mmihr
oy 176.27 mm/hr hey 312.01 mnvhr
Caiculated Discharge Calculated Discharge
£ 0.004 msec 0, 0.257 m'/sec
o} 0.008 m'/sec 0 0.516 m'sec
Q, 0.009 m'/sec Qie 0.622 m'fsec
™ 0.011 msec Q0 0.763 msec
Qg 0.015 m'isec Q. 1.001 m7sec
Qoo 0.017 m'sec s 1.181 m'/sec
Total Combined Discharge
Q, 0.261 m/sec
3
Qe 0.524 m*/sec
(27 0.631 m¥/sec
k)
Qg 0.775 m°/sec
Qzo 1.016 m¥sec
Qs 1.199 m¥/sec

0880708 Natureiznds Estate on German Sireet Rockhampion

12/4,2008



Catchment 8c

Stage 1 Pre & Post Development

McMurrie Consulling Engineers

Travet time (1) for overland flow is calculated using either the Fuend or Bransby Method (QUDM). Click method required below:

Overland Flow Theory

Sheet Flow 1=(107n x L")/ " Where: L = Lengih of slope (k)
(Friend's Equation) A = Area (ha)
S = Stream Palh Siope (%)
Concentrated Flow t=58L( A% x 577 t = time of concentration Smin)
{Bransby-Wiliams Equaticn;
Sub-Catchment 1: | Sub-Catchment 2:
Catchment Area 520{m2 0.1 Ha Catchment Area 12763[m2 1.3 Ha
Catchment Length 50fm Catchment Length 250|m
Catchment Grade 27|% 0.27 m/m Catchment Grade 27] 0.27 m/m
n (Hortons Value) ai n (Hortons Vaiue) 01
Hortons Roughness Coefficient (QUDM Tabic 4.05.4) Hortons Roughness Coefficient {OUDM Table 4.05.4)
Concrele and Asphant o0 -0l Concrela and Asphant J01-0012
Bare Sand 001 -0016 | Bare Sand C01-0016
Gravelled Suiace 0.012-0.030 | Graveled Surtace 0012-0030
Bare Clay-Loam Soi 00120033 Bare Clay-Loam Soil 0.012-0.033
Spaise Vegiewon Q0830130 Sparse Vegtsmon 0052-013
Shan Grass Paddsc 0100 -0.200 ' Shor Grass Paddock G100 ¢ 200
Lawns 0.170 - G.480 Lawns 0.170- 0.480
r Flow Type ~ Flow Type
® Sheet Flon O Concentrated Flaow O sheet Flow ® Concentrated Flow
Time of Concentration Time of Concenlration
1= 20.4 mins ta 7.3 mins
t= 0.34 hours b= 0.12 hours
Veloctly Check (v=d/1). Veloctiy Check (v=di): - o
vz 0.04 m/s Chack Suitabilty i v= 057 mis Check Suitability
Rational Method of Calcularion:
Q=KClA
K
0.00278 (constant)
[
0.56 I, 0.8 xlyp
067 Ig 085 x I
0.7 he 1 xly
0.74 1, 1.05 ¥ Iy
081 Iy 1.15 xIjg
0.84 l100 12 %,

Rainfall Intensity for Sub-Catchment 1 al

20.4 mins
I 59.69 mmr
Iy $9.39 mmthr
I 113.12 mm/hr
byo 131.47 mmhr
Ly 166.52 mm/r
hiea 176 27 mmme

Calcuiated Discharge )

Q, 0.005 m/sec
Qe 0.010 m'sec
Qg 0.011 m'/sec
[ 0.014 msec
0y 0.018 m'isec
O 0.021 m'lsec

Rainfall Ir:tensity lor Sub-Catchment 2 at

7.3 mins:
h 80.52 mm/hr
L 153.04 mm/hr
b 175.32 mm/hr
= 204 86 mm/r
by 245.34 mm/hr
lice 277.43 mmMhr

Calculaled Discharge

Q, 0.180 m'/sec
o, 0.361 m’sec
Oy 0.435 m'/sec
Q- 0.534 m/sec
i 0.701 m'isec
Qs 0.627 m'/sec

Total Combined Discharge

Q, 0.185 m¥sec
Qs 0.371 m¥sec
Q, 0447 m’fsec
fonl 0.548 m*/sec
Q. 0.719 m¥sec
Qo 0.848 m’/sec

0880703 Nalurelands Estale on German Street Rockhampton

12:4:2009
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McMurtrie Consulting Engineers

Mannings Calculations
Stage 1: Post-development Discharge

Existing Gully
Typical Section A-A

A 2.07
WP 5.36
R 0.386
] 0.05 5%

V=1/n xR x 8"

n 0.03
1/n 33.333

el 0.530

g'2 0.223607

A" 3.953 m/sec
Q=VA

Q 8.2 m¥/sec

Depth of Flow: 810 mm

(Manngings: Grass Channel)

Typical section taken approx 30m into Stage 1 Access Place

511m

4

v

1in 3 I 0.81 1in3

- % Stage | Actess Place a"';
2 5 @ - ! Lol31
W ui =) B =

Lots cg 't u: i N&EL

~ BI6653 2 Jerm—m— - e
i, A E
T Q100 Depth A
Datum &) T
Chainage 30.000

0880708 Proposed Res Subdivision on German Street 5/21/2009
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Catchment 1

Access to Lot 14

McMurtrie Consulting Enginears

Travel time (t] for overland fiow is eslculated using either the Friend or Bransby Method (QUDM). Click method required below:

5]

Overland Flow Theory

Sheet Flow
(Friena's Equation)

1=(107n x L")/

Where:

L = Length of siope
A = Area (ha)

fkm)

S = Stream Path Slope (%)

Concentrated Flow 1=58L/( A" x8%7) = time of concentration Srmin)
(Bransby-iiliams Equation)
Sub-Catchment 1: Sub-Catchment 2:
Catchment Area 0.4 Ha Catchment Area 73874|m2 7.4 Ha
Catchment Length Catchment Length 300{m
Catchment Grade 0.35 m/m Catehment Grade KEA 0.35 m/m
n (Hortans Value) n (Hortons Value) 01
Hortons Roughness Coefficient (QUDM Table 4.05.4) Horlons Roughness Coefficient (QUDM Table 4. 06.4)
Concrete and Asphant 001-0013 Concrete and Asphant 001-0013
Bare Sand 001-0.018 Bare Sang 001 -0016
Gravelad Surlace 0.012-0030 Surface 00120030
Bare Clay-Loam Soil ©012-0033 Barg Clay-Loam Sod 00120033
topane Vagiahoo B053 0130 |Spanss Veghation 00500430
Shon Gmas Paddock 090G 0250 Shon Grass Paddock 1100 0200
Lawns 0.170 - 0.480 Lawns 0.170 - 0.480
Flow Type Flow Type
® sheet Fiow O Concentrated Flow O Sheet Flow @ Concertrated Flow
Time of Concentration Time of Concenlration
t = 20.3 mins t= 7.0 mins
1= 0.34 hours t= 0.12 hours
Veloctiy Check (v=d/): Veloctiy Check (v=d#): -— =
Ve 0.05 mvs [ Check Sultability ] v= 071 nvs i Suitable
sdf kasg
Ralional Method of Calculation:
Q=KCla
K
0.00278 (constant)
[
0.56 I, 08 xly
0.67 Ig 0.85 x Iy
0.7 I 1%l
0.74 |y 1.05 x1yg
0.81 Iy 1.15 21
0.84 lygo 1.2 %1yp
Raintall Intensily for Sub-Catchment 1 at Rainfall Intensity tor Sub-Catchment 2 al
20.3 mins: 7.0 mins:
Iy 59.76 mm/hr I 92.04 mm/he
lg 99.50 mm/hr Iy 155.66 mmvhr
[ 113.25 mm/he lia 178.34 mmvhr
b 131.62 mm/hr bag 208.42 mmvhr
lsg 156.70 mmhr lea 249.62 mm/hr
hea 176.48 mmvhr lida 282.30 mmihr
Calculated Discharge Calculated Discharge
o, 0.04D M7seC Q, 1.058 m'/sec
Q 0.078 m/sec Q. 2.126 m'isec
Qo 0.034 mfsec Qo 2.564 m'/sec
Oy 0.114 m7sec Oa 3.146 mIsec
[o73 0.145 m'sec Q. 4.127 mYsec
Qj00 0.175 m'/sec Cupo 4.870 m'/sec
Total Combined Discharge
3
Q, 1.098 m'fsec
a
Qs 2.204 m'/sec
3
Q9 2.658 m'/sec
Qi a.260 mYsec
Qgq 4.276 m*sec
3
Q100 5.045 m'/sec

C8e0708 Nalurelands Eslale on German Street Anckhampton

11302009
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CulvertW - Design Case No 1

(File: 088070~1.CUL - Date: 1-1 2-2009)

! 10.000m —— !
fﬁd' - -
. e
1 No 900x750 RCBC (0.908x0.762) at a slope= 1.0000%
Inlet RL 65.000m OQutlet RL 684.900m

Culvert Data

Using Mannings 'n' = 0.013
Entrance Loss Coefficient 'k' 0.500
Entrance - Wingwall flare 90-15 deg

Weir Data

Weir Length = 10.000m

Weir Coefficient = 0.577

Weir Crest Height = 1.600m (RL 66.500m)

No Channel Data specified to be used

Headwater

Approach Flow = 5.045m3/s

Flow over weir = 2.898mM3/s (Head = 0.307m)
Critical Depth of Flow = 0.20m (Velocity = 1.42m)
Tailwater depth = 0.000m (RL 64.900m)

Using fixed Tailwater depth

Critical depth at outlet = 0.827m (RL 65.727m)
Effective tailwater depth = 0.762m (RL 65.662m)

Head Loss in Culvert = 0.864m

Depth at outlet adopted to
calculate outliet velocity
Outlet Velocity

0.722m (RL 65.622m)
3.267m/s

il

INLET control

Headwater is 1.807m above culvert inlet invert
Headwater is at RL 66.807m - 0.307m above Weir Crest
Tailwater is at RL 64.900m - 0.000m above outlet invert

Copyright lceMinster Pty Ltd(1994)
Ph Australia 041-9714208

_ o i
|
|




McMurtne Consulting Engineers

Catchment 2
Major Western RCBC

Travel time (t} for overiand fiow is caiculated vsing either the Friand or Bransby Method (QUDM). Click method required below:

Overland Flow Theory
Sheet Flow 1=(107nx L' )rg'” Where: L = Length of siope (km)
(Friend's Equation) A = Area (ha)

§ = Stream Path Skope (%)

Concentrated Flow =581/ A" x §°% t = time of concentration Smin)

_(EBransby-Williams Equation)

Sub-Catchment 1: Sub-Catchment 2:
Catchment Area 4200|m?2 0.4 Ha Catchment Area 87716/m2 88 Ha
Catchment Length 50im Catchment Length 3s4|m
Catchment Grade : % 0.3 m/m Catchment Grade 30:°% 0.3 m/m
n (Hortons Value) 01 n (Hortons Value) 0.085
|Hortons Roughness Coefficient (OUDM Table 4.06.4) Hortons Roughness Coeflicient (QUDM Tabie 4.06.4)
Concrate and Asphant 001-60%3 Concrets and Asphant 0C1-0013
Bare Sard 00%-0016 Bare Sand o001-0016
Gravelied Surtace 00120030 Graveled Surtace 00120030
Bare Clay-Loam Soil 0012 -0.033 Bare Clay-Loam Soil 0.012-0033
topaise Vayghauon 0053-0130 |Sparss Vegiaton €053 -0 130
[8har Grass Paodock 0100 - 0.200 Shon Grass Paddock ©.100- 0200
Lawns 0.170 - 0.480 Lawns 0.170 -0 480
r Flow Type Flow Type
® sheet Flow O Concenteated Flow !; O sheet Flow ® Concentrated Fiow
Time of Concentration Time of Concentration
t= 20.0 mins = 8.1 mins
t= 0.33 hours | = 0.15 hours
Veloctiy Check (v=a/t): _— = Veloctiy Check (v=a/1): .
v= 0.04 mis { Check Suitability v= 070 m/s - Suitable
sdfkasg

Rational Method of Calculation:

0=KCIA
K
0.00278 {constant)
c
056 I, 0.8 x Iy
0.67 Iy 0.85 x lyo
0.7 hy 1xhe
0.74 I 1.05 xlyg
061 ey 1.15 % lyg
0.84 Iy 1.2 %1
Rainfall Intensily for Sub-Catchment 1 at Raintall Intensity for Sub-Catchment 2 al
20.0 mins: 9.1 mins:
h 60.27 mmhr I 83.53 mmvhr
Is 100.38 mmvnr by 140.87 mm/hr
he 114.26 mm/hr b 161 23 mmihr
I 132.81 mmvhr Ly 180.21 mm/hr
I:a 158.13 mmhr | 4 22516 mmthr
b 178.10 mmvhr Iy 254 46 mm'hr
Caleutated Discharge Calculated Discharge
Q 0.038 msec a, 1 141 misec
Q. 0.078 m/sec [+ 2984 misec
0, 0.093 m'/sec | i 2.752 m'/sec
Oug D.114 m/sec I Q, 3373 msec
Qs 0.149 m/sec Oy 4.420 m'/sec
[ 0.175 m'/sec Q1o 5.212 m'/sec
Total Combined Discharge
G, 1.180 m’/sec
3,
Qq 2.362 nrisec
Qs 2.845 m*/sec
3
Q3 3.487 m'/sec
Q, 4.569 m'isec
3
Qo0 5.387 m/sec

0880708 Nalurelanys Estate on German Siree! Rockhampton 120172008
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CulvertW - Design Case No 2

(File: 088070~1.CUL - Date: 1-1 2-2009)

P GE06 .)
— ]
1 No 900x900 RCBC (0.908x0.914) at a slope= 1.0000%
Inlet RL 67.500m Outlet RL 57.400m

Culvert Data

Using Mannings 'n'

Entrance Loss Coefficient 'k'
Entrance - Wingwall flare 90-15 deg

0.013
0.500

Weir Data

Weir Length = 15.000m

Weir Coefficient = 0.577

Weir Crest Height = 1.600m (RL 59.000m)

No Channel Data specified to be used

Headwater

5.387m3/s

3.008m3/s (Head = 0.240m)
0.16m (Velocity = 1.25m)
0.000m (RL 57.400m)

Approach Flow

Flow over weir

Critical Depth of Flow
Tailwater depth

Using fixed Tailwater depth
Critical depth at outlet = 0.885m (RL 58.285m)
Effective tailwater depth 0.899m (RL 58.299m)
Head Loss in Culvert 0.721m

Depth at outlet adopted to

calculate outlet velocity = 0.774m (RL 58.174m)
Outlet Velocity 3.371m/s

il

Il

It

INLET control

Headwater is 1.740m above culvert inlet invert
Headwater is at RL 59.240m - 0.240m above Weir Crest
Tailwater is at RL 57.400m - 0.000m above outlet invert

Copyright lceMinster Pty Ltd(1994)
Ph Australia 041-9714208




Catchment 3

McMurtrie Consulling Engingers

Major Eastern RCBC

Trave! time (1) for overand fiow Is calculated using either the Friend or Bransby Method (QUDM). Giick method requnred below:

Overland Flow Theory
Sheet Flow =(107n x L7) s ™° Where: L = Length of slope (km)
(Friend's Equation) A = Area (ha)
S = Stream Path Siope (%)
Concentrated Flow 1=58L/1 A°' x5°3) [ = time of cancentration 9min)
(Bransby-Williams Equanon)
Sub-Catchment 1: Sub-Catchment 2;
Catchment Area 2344{m2 0.2 Ha Catchment Area 344588|m2 34.5 Ha
Catchment Length 50[{m Catchment Length S16[{m
Catchment Grade o 351% 0.35 mim Catchment Grade | “a8]% 0.35 m/m
n (Hortons Value) [ n (Hortons Value) 0.085]
Horfons Roughness Coefticient (QUDM Table 4.06.4) Hortans Roughness Cosfficient (QUDM Table 4,06.4)
Concrete and Asphant 001-0013 Conerete and Asphan! 001 -C013
Bare Band 001-008 Bare Sand 001-0018
Gravetied Surlace 0.012-0030 Gravelied Surface 0.012- 0030
Bare Clay-Loam Soi 0012-0033 Bare Clay-Loam Sail 0012 -0.033
fspares Veginio, 00550136 Sparme Veghaton 00530120
[Shon Girass Paddock 01005200 Shon Grass Paddock 0.100 - 0 200
Lawns 0.170 - 0.480 Lawns 0.170 - 0.480
r Fow Type Flow Type
® sneet Flow O Concentrated Flow J' O Sheel Flow @© Concenrated Flow
Tirme of Concentration Time of Concenlration
t = 19.4 mins t= 18.3 mins
t= 0.32 hours I = 0.31 hours
Valocty Check (v=a/): Veloctly Check (v=d/):
v= 0.04 mis y v= 0B3ms [ Suitable
sdf;kasg
Rational Method of Calculation:
Q=KClA
K
0.00278 (constant)
C
058 1, 08 xly
067 I 0.95 x lyg
0.7 ho 1 X1y
0.74 Ipg 1.05 % by
0.81 Iy 1.15 x 1y
0.84 s 1.2 Xy

Rainfall Inlensity for Sub-Catchment 1 at

19.4 mins:

h 61.12 mmitir

Iy 101.85 mmvhr

he 115.95 mm/hr

bo 134.79 mmihr

tep 160.52 mmvhr

lica 180.80 mm/hr
Caloulzted Dischargs
Q. 0.022 m/sec
0 0.044 m'isec
Qi 0.053 m/sec
Q. 0.065 m’/sec
Qo 0.084 mYsec
Q10 0.099 m/sec

Raintall Inlensity for Sub-Catchment 2 al

18.3 mins:

hy 62.68 mm¢hr

Iy 104.51 mm/nr

Iy 118.02 mm/hr

b 138.40 mnvhr

leg, 164.86 mm/he

lina 185.73 mmehr
Calcuiated Discharge
Q, 3.362 M sec
Qg 6.658 mYsec
Qy 7.981 msec
Qx §.745 msec
Qe 12.714 m'fsec
Oy 14.946 m'/sec

Total Combined Discharge

Q, 3.385 mYsec
Q. 6.702 misec
Gy 8.034 m’/sec
Qs 9,809 m*/sec
Qs 12.798 mYsec
CHiog 15.045 m*/sec

0880708 Naturelands E<lale on German Streal Rockhamplon

1 1/30/2008
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CulvertW - Design Case No 3

(File: 088070~1.CUL - Date: 1-1 2-2009)

! - 10.000m S
_ o ]
2 No 750x750 RCBC (0.756)(07.762) at a slope= 1.0000%
Inlet RL 57.500m Outlet RL 57.400m
Culvert Data
Using Mannings 'n’ =0.013
Entrance LLoss Coefficient 'k’ = 0.500

Entrance - Wingwall flare 90-15 deg

Weir Data

Weir Length = 50.000m

Weir Coefficient = 0.577

Weir Crest Height = 2.100m (RL 59.500m)

No Channel Data specified to be used

Headwater

Approach Flow = 15.045m3/s
Flow in each Culvert 2.050m3/s
Flow over weir

Critical Depth of Flow
Tailwater depth

Using fixed Tailwater depth
Critical depth at outlet = 0.906m (RL 58.306m)
Effective tailwater depth 0.762m (RL 58.162m)
Head Loss in Culvert 1. 157m

Depth at outlet adopted to
calculate outlet velocity
Outlet Velocity

Il

I

0.17m (Velocity = 1.29m)
0.000m (RL 57.400m)

0.762m (RL 58.162m)
3.547m/s

INLET control

Headwater is 2.255m above culvert inlet invert
Headwater is at RL 59.755m - 0.255m above Weir Crest
Tailwater is at RL 57.400m - 0.000m above outlet invert

Copyright lceMinster Pty Ltd(1994)
Ph Australia 041-9714208

10.945m3/s (Head = 0.255m)




Catchment 4

Total Pre Development

McMurtrie Consulling Engineers

Travel lime 1) for ovenand flow is caiculated using either the Friend or Bransby Method (QUDM). Ciick method required below:

Overland Flow Theory
Sheet Flow =107 x L'y /s"° Where: | = Length of slope (km)
(Friend's Equation) A = Area (ha}
S = Slream Path Siope (a)
Concentrated Flow t=58L/( A°' x 8°%) = lime of concenlration 9min)
(Bransby-Winams Equation)
Sub-Catchment 1: Sub-Catchment 2:
Catchment Area 2344im2 0.2 Ha Catchment Area 473237|m2 47.3 Ha
Catchment Length 50im Catchment Length 855!m
Catchment Grade 20|°: 0.3 mim Catchment Grade % 0.3 m/m
n {Hortens Value) ot n {Hortons Value) 0.1
Hortons Roughness Casficlent (OUDM Table 4. 06.4) Hortans Roughnese Coeflicient (OUDM Table 4.06.4)
Concrele and Asphan! 0e¢r-0c13 Conerale and Asphant 001-6013
Bare Sand 001-0016 Bare Sand 0.01-0016
Gravelled Surfaca 0.012 -0.030 Gravalted Suftace 0.092-0.030
Bare Clay-Loam Soit ©012-0.033 Bare Clay-Loam Soil 0.012-0.033
Sparea Vagiuion 0.053-6.130 SpAree Vegiaton 0052 -0130
Shart Grass Padsock 0440 - 0200 Shon Grass Paddeek G100 -0 200
Lawns 0.170 - 0.4BC Lawns. 0470 - 0480
Flow Type  Flow Type
( ® sheet Fiow O Concentrated Flow O Sheet Flow @® Concentrated Flow
Time of Concentration Time o! Concenlration
t= 20.0 mins t= 18.1 mins
t= 0.33 hours 1= 0.32 hours
Veloctiy Check {v=d"). . Veloctiy Check (v=dA): N
vz 0.04 nvs { Check Suitability vz 083 ms L Suitable
sdikasg
Rational Method of Calculation:
Q=KCiA
K
0.00278 (constant)
C
056 1 0.8 xly
0.67 I, 0.95 X1y
0.7 lye 1 xhg
0.74 I 105 xlg
0.81 lyg 115 x by
0.84 |, 1.2 x1y4

Rainfall inlensity for Sub-Catchment 1 at

20.0 mins:

Iy 60.27 mmihr

Is 100.38 mm/hr

[ 114.26 mm/hr

Iae 132.81 mm/hr

g 15813 movie

bz 178.10 mmvhr
Caiculated Discharge
Q, 0.022 m7/sec
Q 0.043 m'/sec
Qyo 0.052 m¥/sec
[+}% 0.064 msec
Qe 0.083 mYsec
Qo 0.097 m'/sec

Rainfall intensity for Sub-Catchment 2 al

18.1 mins:

Iy 6153 mm/hr

Iy 102.55 mnvhr

hin 11676 mmvhr

1 135.74 mmihr

1. 161.66 mmihr

hea 182.10 mm/hr
Caiculated Discharge
Q, 4.533 msec
Qe 8.972 msec
[*1 10.753 m'/sec
Qu 13 126 m/sec
Qo 17.121 m'/sec
Qoo 20.124 m/sec

Total Combined Discharge

Q, 4.565 msec
Qs 5.015 m'/sec
Q,p 10.805 mYsec
Qs 13.180 m/sec
Qs 17 204 m’/sec
Giigs 20.222 m’/sec

0230706 Naturelands Estale on German Sireel Fockhamplon

124172009
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Catchment 5
Post Development Lots Only

McMurine Consulting Engineers

Travel ime (1) for overiand llow is calculated using elther the Frieng or Bransby Method (QUDM)  Click method required below:

Overland Flow Theory

Sheet Flow
(Friend's Equation}

=(107n x L™/ 80

® Where:

L = Length of slope (km)
A = Area (ha)
S = Stream Path Slope (%)

Concentrated Flow 1=58L/1 A% x 879 1 = time of concentration 9min)
(Bransby-Williams Equation) J
Sub-Catchment 1: Sub-Catchment 2:
Catchment Area 4.0 Ha Catchment Area D[mz 0.0 Ha
Catchment Length Catchment Length 0.1|m
Catchment Grade 0.1 m/m Catchment Grade 0.1]% 0.001 m/m
n {Hortons Vaiue) X n {Hortons Valug) 1
Hortons Roughness Coefficient (QUDM Table 4.06 4) Hortons Roughness Coefficient (QUDM Tabie 4.06.4)
Concrete and Asphant 0.01- 0013 Corcrete and Asphant oot-0013
Bara Sand 0.01-0015 Bare Sang ©01.0,018
Gravebed Surtace 0,012 -0030 |Graveled Burface 0.012-0030
Bare Clay-Loam Sof 0.012-0.033 Bare Clay-Loam Soi 00120033
Spane Vegtaten 0.053-01%0 Sparse Veghtaton 0053-0.430
Shorl Grass Paddack 0100 - 0.200 Shon Grass Paddock 0.100 - 0 200
Lawns 0170- 0480 Lawns G170-0.480
Flow Type - Flow Type
!: O sheet Fiow ® Concentrated Fiow @ sheet Flow O Concentratad Fiow

Time of Concentration

Time of Concentration

1= 4.8 mins t= 78.7 ming
i = 0.08 hours ts 1.31 houwrs
Veloctiy Check (v=a/t): o - - Veloctly Check (v=a/): . -
Ve 0.52 mis C Check Suilability ] vz 0.00 mis Check Suftability 7]
sdf;kasg
Ralional Method of Caicutation:
G=KCIA
K
0.00278 (constant)
C
0.56 Iy 08 xlyp
06715 0.85 x Iy
0.7 Iy 1%y
0.74 I, 1.05 % 1y
0.81 Iy 115 %o
0.84 Iy 1.2 X by
Rainfail intensity for Sub-Catchment 1 at Rainfali Intensity for Sub-Catchment 2 at
4.8 mins: 78.7 mins:
Iy 106.60 mmihr I 2860 mrmvhe
Is 178.85 mmshr Ie 47 47 mmvhr
lig 204.70 mmhr lin 53.95 mmihr
[ 239.10 mmvhr Iy 62.64 minihe
la 266,09 mmnhr I 74.48 mmihr
liay 323.40 mm/hr Ty 83 81 mmihr
Calculated Discharge | Calculated Discharge
Q, 0.859 m/sec l Q, 0.000 M sec
Qs 1.321 m'sec 1 Q. 0.000 m'/sec
Qe 1.591 m'lsec | [+T% 0.000 m'/sec
[ 1.951 m/sec | C., 0.000 M7sec
Qg 2,557 misec Dis 0.000 m*/sec
oo 2.016 m'sec I O 0.000 m'/sec
Total Combined Discharge
aQ, 0.65¢ mYsec
Q. 1321 m¥sec
Qs 1.591 msec
Ty 1951 m¥isec
Gy 2.557 misec
Qoo 3.016 m'isec

0880708 Nalurelands Eslate on German Slreel Rockhampton

11/30/2009
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Catchment 6

Remaining Undeveloped

MeMurtrie Consulting Engineers

Trave! lime (t) for overiand flow is calculated using eithes the Friend or Bransby Method (QUDM). Click method required below:

Overfand Flow Theory
Sheet Flow 1=(107n x L") /5" Where: L = Length of siape (km)
(Friend's Equation) A = Area (ha)
5 = Stream Path Siope (%)
Concentrated Flow 1=58U A®' x 5% ! = fime of concentration 9min)
(Bransby-Wiliams Equation)
Sub-Catchment 1: ! Sub-Catchment 2:
Catchment Area 2344]m2 0.2 Ha Catchment Area 427234]m2 42.7 Ha
Catchment Length 50{m Catchment Length 850im
Catchment Grade 80]% 0.3 m/m Catchment Grade % 0.2 m/m
n (Hortons Value) 0.1 n (Hortons Value) .
Hortons Roughness Coeficient (QUDM Table 4.06.4) Hortons Roughnass Coefficient (QUDIA Table 4.06.4)
Concrete and Asphani 0.01-0013 Concrete and Aspham 001-.0013
Bare Sang 001-0.018 Bare Sand 001-0018
Gravelled Surface 0.012 0030 Gravaled Sutace 00120030
Bare Giay-Loam Sail 00120033 Bare Clay-Loam Soi 0012 -0.033
Spaise Yegiawon 0L83. 0430 Sparss Yagtaion 0053 0330
|Shan Guass Pacoosk D100 - 0.20D Short Grass Paddock ©100- D200
Lawns 0.170-0 480 Lawns 0.170 - 0 480
 Flow Type Flow Type
@ soeet Fow O Concentrated Flow [ O Sheet Flow ® Concentratea Fraw
Time of Concentration Time of Concentration
t= 20.0 mins t = 17.2 mins
t= 0.33 hours t= 0.29 hours
Veloctiy Check (v=a/): Veloctly Check (v=an): B ~ ~
V= 0.04 mis __Check Suitability v= 083 ms Suitable ]
sdfikasg
Rationai Method of Calculation:
Q=KCIA
K
0.00278 (constant)
c
0.56 I, 0.8 x 1o
0.67 Is 0.95 X ho
0.7 by 1 Xy
0.74 1, 1.05 X Iyo
0.81 Iy 1.15 x ljg
0.84 Iy, 1.2 X1y
Rainfal! Intensily for Sub-Catchment 1 at Rainlall Intensity for Sub-Catchment 2 at
20.0 mins: 17.2 mins:
h 60.27 mm/nr Iy 64.52 mm/hr
Iy 100.38 mmvhr ! 107.70 mmihr
he 114,26 mm/hr [ 122 70 mmvhr
b 132.81 mmvhr by 142 72 mmyhr
lso 158.13 mminr [ 170.07 mmehe
oo 178.10 mavhr higo 191.65 mmihr
|
Cafculated Dischar, Calculated Discharge
Q, 0.022 m'sec O, 4.292 m'isec
[+ 0.043 m¥sec [+} 8.506 misec
Qo 0.052 m'isec Q,, 10.201 m/sec
Q- 0.064 M7sec Qx 12.459 m7Tsec
Q:y 0.083 m'sec [+} 16.261 mfsec
Qoo 0.097 m/sec Gyoo 19.120 m'/sec

Total Combined Discharge

Q, 4.314 m¥isec
Qs 8.550 msec
Qo 10.253 m'/sec
Qs 12 523 m/sec
Qus 16.344 m*/sec
Quo0 19.218 m/sec

0880708 Nalurelands Estate on German Street Rockhampton

11/30/12009
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McMurtrie Consulting Engineers

Catchment 6a: Mannings Calculations

Existing Concrete Open Channel
Proposed Residential Subdivision on German Street

A 0.2356
wp 1.52
R 0.155
S 0.05

V=1/nx R® x

n 0.012  (Manngings: Concrete - Finished)
1/n 83.333
R° 0.289
s 0.223607
v 5.377 m/sec
Q=VA
Q 1.267 m’/sec
i.ar a8 :
Image 1: Existing Concrete Open Channel
0.211 1.0m

-

5%

1/2
S

N

Byl
e 8

Measurements taken on site.

0880708 Proposed Res Subdivision on German Street

5/21/2009



Catchment 6a

McMurtrie Consulting Engineers

Total Contributing to Open Channel

Travel time (1) for overland flow is calculated using either the Friend or Bransby Methed (QUDM). Click method required below:

Overland Flow Theory

(Bransby-witams Equation)

)

Sheet Flow 1=(107a x L™y 1§75 Where: L = Lengih of siope {km)
(Friend's Equation) A = Area (ha)

S = Slream Path Siope (%)
Concentrated Flow 1=58Lsf A% x 597

I = time of concentration 9min)

Sub-Catchment 1;

Catchment Area 594[m2 0.1 Ha
Catchment Length 50|m

Catchment Grade 3 % 0.27 mm
n (Hortons Value) 0.1

Hortens Roughness Coefficlent (OUDM Table 4.05.4)

Concrete and Asghan! 001-0013

Bare Sand 001 0.016

Gravelled Surface 0.012 -0 030

Bere Clay-Loam Soil 0.012-0033

Spaiss Yageston 0053 0150

Short Grass Padrocx 0160 0200

Lawns 0.170 - 0.480 J

Flow Type
!' ® sheel Fiow

Q Concentrated Fiow

|

Time of Concentration

t= 20.4 mins
t= 0.34 hours
Vieloctiy Check (v=dn):

V= 0.04 mvs
sdfkasg

Check Suilabiity |

Sub-Catchment 2:

Catchment Area 18750{m2 1.9 Ha
Catchment Length 248|m

Catchment Grade % 0.27 m/m
n (Hortons Vaiue) 01

Hortons Roughness Coefficient (QUDM Table 4.05.4)

Concrete and Asphant oo -co13

Bare Sand 001-0015

Gravaied Suace 0.012-0030
Bare Clay-Loam Soil 0.012 - 0,033
Sparss Vughaion vose-013e
Shor Grass Padoock ¢100. 0200
Lawns €.170- 048D

Flow Type
}V O sheet Fiow @ concentrated Fiow

Time of Concentration
1 7.0 mins
1 0.12 hours

now

Veloctiy Check (v=ah):
v= 059 ms

[T Check Sultablity ]

Ralional Method of Calculation:

Q=KCiA
K
0.00278 (constant)

c
056 I, 0.8 xlyp
0.67 Iy 0.95 X Iyg
0.7 lg 1 Xy
0.74 1y 1.05 %l
0.81 Igy 1,15 x hyo
0.84 hgo 1.2 xlyg

Rainfall intensity tor Sub-Catchment 1 at

20.4 mins:
I 59.89 mmvhr
Ig 99.39 mmvhr
lig 113.12 mavhr
) 131.47 mmvhr
lea 156.52 mnvhe
hes 176.27 mmr

Calcuiated Discharge
Q, 0.00E m/sec
Q. 0.011 mYsec

Qe 0.013 m'/sec
Qs 0.016 m/sec
Qso 0.021 mYisec
Qe 0.024 mYsec

Raintall Intensity for Sub-Catchment 2 al

7.0 mins:
ly 92.08 mm/hr
ke 155.74 mmr
ha 178.43 mmvhr
iy 208.52 mm/Mir
I 249.75 mm/hr
heo 282.45 mmrhe

Caleulaled Discharge

Q, 0.269 M 'sec
Qs 0.540 m'/sec
Qo 0.651 m'/sec
Qs 0.79g m'sec
0, 1.048 m7/sec
Q1o0 1.237 m/sec

Total Combined Discharge

0.274 m’fsec
0.551 m*/sec
0.664 m'/sec

0.815 m¥/sec
1.069 m/sec
1.261 m/sec

0880708 Naturelands Eslate on German Slrest Rockhamplon

_

12112009



Catchment 5a

McMurtrie Consuiting Engineers

Total Contributing to Open Channel

Travel time (1) for overiand flow is caicufated using either the Friend or Bransby Method (QUDM,). Click method required below .

Overland Flow Theory
Sheet Flow 1=(107ax L' 75" Where: L = Length of siope (km)
(Friend's Equation) A = Area (ha)
8 = Stream Path Slope (%)
Concentrated Flow 1=58L( A®' x 5°7) = time of concentration 9min)
(Branshy-Withams Equation)
Sub-Catchment 1: Sub-Catchment 2:
Catchment Area 4.3 Ha Catchment Area 0.1jm2 0.0 Ha
Catchment Length Catchment Length 1jm
Catchment Grade : 0.1 m/m Catchment Grade % 0.01 m/im
n (Hortons Value) : n (Hortans Value) 1
Hortans Roughness Coefficient (QUDM Table 4.06.4) Hortons Roughneas Coefficient (QUDM Table 4.06.4)
Conerate and Asphant 001-0013 Concrate ang Asphant 00t-0013
Bare Sand 001 -0.015 Bare Sang 001-00v6
Graveled Surlace 0.012-0030 Graveled Surtace 0012 0030
Bare Clay-Loam Sol 0012.0.033 Bare Clay-Loam Soi 0.012 - 0.033
Sparse Vagaton 0.053 -0 130 Sparss Vegration 0053-0130
Shon Grass Paddock 0.100 - 0 200 Shor Grass Pagdec). 0100-0 200
Lawns 0170 - DdBY Lawns 0.170-0.480
r Flow Type Flow Type
O Sheet Flow @ Concentrated Flow " O sheet Fiow @ Concentrated Fiow

Time of Concentration
= 7.9 mins
0.13 hours

i
1
Veloctly Check (v=dA);

V= 0.53 nvs

[ Check Suitabiiity v=

Time of Concentration
t= 0.2 mins
t= 0.00 hours

Velocliy Check (v=a/1):
0.08 mis

sdi kasg

([ Check Svilabiily

Ralional Method of Caleulation:

=KCIA

K

0.00278 (constant)

c
0.56 |, 0.8 xlyg
0.67 Is 0.95 % Iyg
0.7 lyg 1%y
0.74 Iy 1.05 % by
0.81 I 1.15 x Iy
0.84 Iy 1.2 %o

Rainfall Intensily for Sub-Catchment 1 at

7.8 mins:
h B87.98 mm/hr
b, 148.65 mm/hr
ihe 170.24 mnvhr
Izg 198.87 mm/hr
ley 238.10 mavhr
lioy 269.18 mmvhr

Calculated Discharge

Qy 0.592 m'/sec
Q. 1.188 mYsec
Q.o 1.432 m'/sec
O 1.756 m/sec
Qy 2.303 m’isec
O 2,716 m/sec

0.2 mins:

Raintall Intensity for Sub-Catchment 2 at
I 14505 67 mmvhr

Is, 1431.51 mmv/nr
lin 37603 mm/hr
L 154.03 mm/hr
By 55.31 mmmy
g 27 .59 mmhr

Caiculated Discharge

Q, 0.000 m/sec
o} 0.000 m¥isec
J Qs 0.000 min‘se:
1 O 0.000 mUsec
: Qg 0.600 m Isec
Qo 0.000 m/sec

Total Combined Discharge

o, 0.592 mY/sec
Q. 1,188 msec
Qq 1.432 m¥/sec
Qus 1.756 msec
Q:s 2303 m/sec
Qyo0 2.716 m¥sec

0880708 Naturelands Estate on Genngn Street Rockhampton

12/1/2009
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CulvertW - Design Case No 4

(File: 088070~1.CUL - Date: 1-12-2009)

S 10.930m s el
- ' T
3 No 2700x900 RCBC (2.743x0.91 4) at a slope= 0.4575%
Inlet RL 46.000m Outlet RL 45.950m

Culvert Data

Using Mannings 'n'

Entrance Loss Coefficient 'k’
Entrance - Wingwall flare 90-15 deg

0.013
0.500

Weir Data

Weir Length = 35.000m

Weir Coefficient = 0.577

Weir Crest Height = 1.670m (RL 47.620m)

No Channel Data specified to be used

Headwater

Approach Flow = 22.938m3/s

Flow in each Culvert =7.077m3/s

Flow over weir = 1.708m3/s (Head = 0.094m)

Critical Depth of Flow
Tailwater depth

Using fixed Tailwater depth
Critical depth at outlet 0.877m (RL 46.827m)
Effective tailwater depth = 0.895m (RL 46.845m)
Head Loss in Culvert = 0.667m

Depth at outlet adopted to
calculate outlet velocity
Outlet Velocity

0.06m (Velocity = 0.78m)
0.000m (RL 45.950m)

1l

0.794m (RL 46.744m)
3.239m/s

Il

INLET control

Headwater is 1.714m above culvert inlet invert
Headwater is at RL 47.714m - 0.094m above Weir Crest
Tailwater is at RL 45.950m - 0.000m above ocutlet invert

Copyright lceMinster Pty Ltd(1994)
Ph Australia 041-9714208




CulvertW - Design Case No 5

(File: 088070~1.CUL - Date: 1-12-2009)

e 10.930m _
- , ]
3 No 2700x900 RCBC (2.743x0.914) at a slope= 0.4575%
Inlet RL 46.000m Outlet RL 45.950m

Culvert Data

Using Mannings 'n'

Entrance Loss Coefficient 'k'
Entrance - Wingwall flare 90-15 deg

0.013
0.500

I

]

Weir Data

Weir Length = 35.000m

Weir Coefficient = 0.577

Weir Crest Height = 1.670m (RL 47.620m)

No Channel Data specified to be used

Headwater

Approach Flow

Flow in each Culvert
Flow over weir

Critical Depth of Flow
Tailwater depth

Using fixed Tailwater depth
Critical depth at outiet
Effective tailwater depth
Head Loss in Culvert
Depth at outlet adopted to
calculate outlet velocity
Outlet Velocity

26.211m3/s

7.382m3/s

4.065m3/s (Head = 0.167m)
0.171m (Velocity = 1 .04m)
0.000m (RL 45.950m)

I

Il

0.902m (RL 46.852m)
0.908m (RL 46.858m)
0.727m

1l

0.818m (RL 46.768m)
3.283m/s

INLET control

Headwater is 1.787m above culvert inlet invert
Headwater is at RL 47.787m - 0.167m above Weir Crest
Tailwater is at RL 45.950m - 0.000m above outlet invert

Copyright IceMinster Pty Ltd(1994)
Ph Australia 041-9714208
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McMurtrie Consulting Engineers

Mannings Calculations
Post-development Discharge
Existing Open Channel Drainage Reserve
Chainage 30

Lot 84 SP179522

Naturelands Estate

A 7.656 Depth of Flow: 371 mm
WP 24.58

R 0.311

S 0.05 5%

V=1/nx R¥ x §'2

n 0.03  (Manngings: Grass Channel)
1/n 33.333
R23 0.459
ghe 0.223607
v 3.425 m/sec
Q=VA
Q 26.221 m¥/sec
24.531m

<
S

w()% Io.:m

Cross Section 30.0m downstream from
Naturelands Estate's point of discharge

Measurements taken from survey.

0B80708 Proposed Res Subdivision on German Street

5%

v

"

5/21/2009



Mannings Calculations
Pre-development Discharge
Existing Open Channel Drainage Reserve
Chainage 30

Lot 84 SP179522

Naturelands Estate

A 7.002 Depth of Flow: 344 mm
WP 23.978

R 0.292

S 0.05 5%

V=1/nx R¥ x g™

n 0.03  (Manngings: Grass Channel)
1/n 33.333
R2? 0.440
g 0.223607
Vv 3.281 m/sec
Q=VA
Q 22.972 m%/sec
23.932m

-

Y

-

wo% 10.344 /5’/’_

Cross Section 30.0m downstream from
Naturelands Estate's point of discharge

Measurements taken from survey.

/
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Mannings Calculations

Post Development Discharge
Open Channel Q100 Calculations
Chainage 0 - LOT 14

For Lots 14, 15 & 16

A 1.725 Depth of Flow: 390 mm
WP 6.605

R 0.261

] 0.05 5%

V=1/nxR¥ x g2

n 0.03  (Manngings: Grass Channel)

1/n 33.333

R¥? 0.409

gWe 0.223607

Vv 3.045 m/sec

Q=VA

Q 5.3 m*/sec 5.387
o 3.976m - 2.560m s
P 6.537m

W I 0.39 m 1in6.3__ ="
/—

Chainage 0.0

Measurements taken from survey.

v



Mannings Calculations

Post Development Discharge
Open Channel Q100 Calculations
Chainage 20 - LOT 14

For Lots 14, 15 & 16

A 1.889 Depth of Flow: 440 mm
wp 8.08

R 0.234

S 0.05 5%

V =1/ x R¥ x s™?

n 0.03 (Manngings: Grass Channel)

1/n 33.333

R 0.380

Che 0.223607

Vv 2.829 m/sec

Q=VA

Q 5.3 m%/sec 5.387
. 4.959m - 3.062m >
a 8.02m R
W I 0.44 m 1in55 ="

Chainage 20.0

Measurements taken from survey.



Mannings Calculations

Post Development Discharge
Open Channel Q100 Calculations
Chainage 40 - LOT 14

For Lots 14,15 & 16

A 2.07 Depth of Flow: 350 mm
WP 9.95

R 0.208

S 0.05 5%

V=1nxR¥ x s

n 0.03  (Manngings: Grass Channel)

1/n 33.333

R 0.351

s'"? 0.223607

v 2.617 m/sec

Q=VA

Q 5.4 m*/sec 5.387
. 4.959m > 3.062m >
h 8.02m iy
W I 0.35 m 1in71_ ="

Chainage 40.0

Measurements taken from survey.



Mannings Calculations

Post Development Discharge
Open Channel Q100 Calculations
Chainage 60 - LOT 15

For Lots 14, 15 & 16

A 23 Depth of Flow: 220 mm
WP 13.3

R 0.173

S 0.05 5%

V =1/n x R?® x §'2

n 0.08  (Manngings: Grass Channel)

1/n 33.333

R¥® 0.310

gi= 0.223607

v 2.314 m/sec

Q=VA

Q 5.3 m*/sec
n 13.283m %
W I 022 m }_9’_ o

Chainage 60.0

Measurements taken from survey.



Mannings Calculations

Post Development Discharge

Open Channel Q100 Calculations
Chainage 100 - LOTS 15 & 16
For Lots 14, 15 & 16

2.02
9.69

0.208

0.05

5%

V=1/n x R x g2

Depth of Flow:

220 mm

n 0.03 (Manngings: Grass Channel)

1/n 33.333

ReA 0.352

g2 0.223607

v 2.620 m/sec

Q=VA

Q 5.3 m¥/sec 5.387
= 7.87m i 1.786m >
l 9.661 _
s i 1ind7_

I 0.22 m

Chainage 100.0

Measurements taken from survey.



Mannings Calculations

Post Development Discharge
Open Channel Q100 Calculations
Chainage 120 - LOT 16

For Lots 14, 15 & 16

A 2.02 Depth of Flow: 255 mm
WP 9.39

R 0.215

S 0.05 5%

V=1/nx R? x "2

n 0.03 (Manngings: Grass Channel)

1/n 33.333

R?? 0.359

g= 0.223607

A 2.676 m/sec

Q=VA

Q 5.4 m*/sec 5.387
2 7.146m - 2.210m >
P 9.356m "

1in 9.3 /

w I 0.255 m

Chainage 120.0

Measurements taken from survey.
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Lot 2 RP614467, 229-237 German Street, Norman Gardens

Prepared for McMurtrie Consulting Engincers

1 INTRODUCTION

A slope stability investigation was carried out for & proposed 34 lot residential subdivision at 229-237
German Streel, Norman Gardens as requested by Mark Wyer representing McMurtrie Consulting
Engineers.

It was understood that Rockhampton City Council required a site specific investigation report
regarding slope stability in areas of the site where slopes were in excess of 15%. It was also
requested that, if earthworks are being proposed, it does not cause or increase the risk of landslip
occurring.

The following methodology was undertaken in order to achieve the objective above.

« To carry out a structural field mapping exercise.

» To collate and carry out stereographic interpretation from relevant aerial photographs.

= Check with Council to determine if there was any previous slope instability across the site.

= To carry out a slope stability assessment of the site.

= Atthe completion of the investigation work, an engineering report was prepared which included all
the data gathered. The information was analysed and discussed, and conclusions and
recommendations presented to salisfy the objectives of the investigation.

This report must be read in conjunction with our attached ‘General Notes’, the ASFE publication
‘Important Information About Your Geotechnical Engineering Report’ and ‘Guidefines for Hillside
Construction’, Australian Geomechanics Soclety Journal, Volume 37, No. 2, May 2002.

10 May 2008 Cardno Bowler Pty Ltd 1



Lot'2 RP614467, 229-237 German Street, Norman Gardens

Prepared for McMurtrie Consulting Engincers

2 SITE DESCRIPTION

The subdivision consisted of two separate areas within Lot 2 of RP614467. One area was 1o the
eastern side of this lot and the other to the west. The sites were located at the foot of the Mt Archer
Mountain Range. Most of the site areas were a combination of grassland and bushland. It was noted
that two disused old dams existed at the eastern block and an old demolished dwelling existed at the
western block. Access to most part of the steeper areas of site was barely accessible by a 5 tonne

excavator. Two major gullies were observed at the eastern block which diverged to one gully at the
southern side.

The site was thickly grassed and sparsely treed. The site areas consisted of variable slopes which
generally increased in steepness towards the northern part of the site. Most proposed allotments are
to be situated on platforms with a slope of between 0% to 25% with several blocks having slopes in
excess of 30%. Drainage of the area was good.

Refer to the following plates for typical views of the site:-

AS »."-’ 4 ,I‘f}'e a1 b AL ¥ Jiitr Ay
Plate 1: Typical bushland view of the eastern block

10 May 2009 Cardno Bowler Ply Ltd 2
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Lot 2 RP614467, 229-237 German Street, Norman Gardens
Prepared for McMurtric Consulting Engineers

lee I

Plate 2: Typical view of the eastern block looking south

o iia o TN by B e

Plate 3: Typical bushland view of the eastern block

10 May 2009 Cardno Bowler Pty Ltd 3



Llot'2 RP614467, 229-237 German Street, Norman Gardens
Prepared for McMurtrie Consulting Engineers

Plate 4: The steeper area of the western site. Rock at surface at some allotments.

10 May 2008 Cardno Bowler Ply Ltd
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Lot 2 RP614467, 229-237 German Street, Norman Gardens

Prepared for McMurtric Consulting Engineers

3 INVESTIGATION WORK

3.1 Background Search

As part of the slope stability assessment for the site, Rockhampton City Council was ligised with to
determine if there was any record of previous instability on site.

A historical aerial photographic interpretation at selected years, using stereographic projection, was
carried out to assess if any physical evidence of previous landslips on the site could be observed.

3.2 Fieldwork

Fieldwork for the investigation was carried out on the 8 April 2009 and included the excavation of 12
test pits as shown on the attached site sketch, Figure 1A and 1B. The material encountered at each
location is described on test pit log sheets included in Annex A.

A structural mapping exercise, ‘'site walkover' was also carried out by a Geotechnical Engineer on the
8 April 2009.

Fieldwork was carried out in accordance with Australian Standard, AS1726-1983 ‘Site Investigation
Code', and the State Planning Policy 1/03 ‘Mitigating the Adverse Impacts of Flood, Bushfire and
Landslide’.

10 May 2009 Cardno Bowler Pty Ltd 5



Lot 2 RP614467, 229-237 German Street, Norman Gardens

Prepared for McMurtrie Consulting Engineers

4 SUBSURFACE CONDITIONS

Regional Geology

The Geological Survey of Queensland's 1:250,000 Series ‘Rockhampton’ Geological map indicates
that the site is underlain by the Berserker Beds which consist of acid lapilli tuff, vitric and crystal tuff,
andesitic and acid flows, agglomerate, tuffaceous. conglomerate, mudstone and lithic arenite. Refer
to Figure 3 for an extract of the site’s geological map.

The weathered rock encountered during the fieldwork is considered typical of the Berserker Bed.

Fieldwork Results

The fieldwork indicated that, generally at the investigation locations, relatively similar subsurface
strata was encountered.

Generally, a layer of topsoil was encountered overlying predominantly residual silty clay or clayey
sand material. Extremely to distinctly weathered rock was encountered to test pit termination depths
of between 0.5m and 1.5m.

Some of the residual soils were observed to be mixed with some weathered rock fragments.
Suspected colluvium existed at TP8 to a depth of 0.6m.

The logs in Annex A should be referred to for the detailed description of material encountered at each

investigation location. A summary of conditions encountered at each investigation location is detailed
in Table 1 below.

Table 1 Summary of Subsurface Strata

TP Topsoil Natural

8 SittyClay | Colluvium |
S - | ShtyClay | Si
0.0-0.1 - :
4'*66'-6'."2—'”""‘- 0298 T A Y s
3 Topoz |- T Tozee T 097D
4 | 0003 T 0306 | - T 067D
";r;'“li 0002 | - 0208 | - T o
6 0002 | - 0206 0612 T 15T
L2 B X e T Y-S R Ry s
. SN e e s S —— -~ s i e
| B | 0007 0.1-06 06-1.0 | 1.012 * 12-TD
9 1 o001 | - 0102 | - T g3ap
= S o e 'r s § e e ety ittt st i g
10, 0001 | - 0.1:04 | 2 . 04D
S S | CEY . A B s S| F S S B
1 0001 | ; | - | 0403 | 0.3-TD .
: 12| 0.0-0.1 | .  0.1-03 | S 03.7D
10 May 2009 Cardno Bowler Pty Ltd 6
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Lot 2 RP614467, 229-237 German Street, Norman Gardens

Prepared for McMurtric Consulting Engineers

NOTES:

1. Bucket refusal with a 5 tonne excavator on weathered rock.

2. All depths measured in metres below ground level at the time of the investigation on the 8 April
2008.

3. TD = Termination Depth.

No groundwater was encountered in any of the test pits during the investigation. However, it is
possible that seepage could occur along the sand-clay and soil-rock interfaces during and after
periods of wet weather.

10 May 2009 Cardno Bowler Pty Ltd 7



Lot 2 RP614467, 229-237 German Street, Norman Gardens

Prepared for MclMurtrie Consulting Engineers

5 SLOPE STABILITY ASSESSMENT

The fieldwork exercise included & broadscale inspection, where possible, of the entire site to assess
the following;

« Determine slope angle

= Observe vegetation

= Note any evidence of tension cracking
= Note any evidence of seepage

= Note any evidence of soil creep

= Note any evidence of previous slips

« Geological features

=« Subsurface conditions

e Drainage issues

Based on the information provided by the client, we understood that a majority of the site will remain
relatively unchanged. No major fill is proposed across the site except at the head of each proposed
cul-de-sac where some fill and/or retaining wall may be constructed. Construction of sewer and

roofwater trenching will be required in areas between 15% and 25%. A majority of the roads were
proposed on areas less than 15% slope.

It was also noted that diversion drains will be constructed along the northern boundary of the sites to
divert all stormwater originating up slope from the sites into the gully and not to the allotments.

The following drawings were supplied and used during our analysis:

Ref. 2112-08, Rev B - Slope Map of Eastern Block (Schiencker Surveying)

Ref: 2112-08, Rev B - Slope Map of Western Block (Schlencker Surveying)

Ref. 2112-07E Sh4 - Proposed Stormwater Diversion Map of Western Block (Schlencker Surveying)
Ref: 2112-07E Sh5 ~ Proposed Stormwater Diversion Map of Eastern Block. (Schiencker Surveying)

Aerial photographs were also obtained and analysed to determine if any obvious slip areas were
evident. The following aerial photos were reviewed:

= Rockhampton, QAP8040, Run 10, Frame 64, 2004
= Ridgeland, QAP5222, Run 10, Frame 21, 1994

» Rockhampton, QAP4223, Run 1, Frame 53, 1983
= Rockhampton, Q1587, Run 1, Frame 3409, 1964
= Rockhampton, QAP615, Run 4, Frame 16, 1956

During our interpretation, no physical evidence was noted across the site to indicate that the site had
undergone any previous instability. Vegetation across the sites varied over the years reviewed.

The slope angles on site varied. Most allotments are to be situated on platforms with a slope of
between 0% to 25% with several blocks having slopes in excess of 30%.

10 May 2009 Cardno Bowiler Pty Ltd 8
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Lot 2 RP614467, 229-237 German Street, Norman Gardens

Prepared for McMurtrie Consulting Engineers

Some minor soil creep within the steep drainage gullies was observed. However, no significant
physical evidence of previous movement, seepage, soil creep etc was observed during the mapping
exercise across the site in its current state.

Proposed earthworks levels and building house pad locations were not known at this time. However,
it is recommended that any cutffilling construction be restricted to the area where natural slope
angles are less than 25% and where residual soils/weathered rock existed. This cut and fill should be
limited to heights not exceeding 1m without more detailed geotechnical investigation work. Where
slopes exceed 25%, it is recommended that no cut/fill be undertaken without detailed geotechnical
assessment. This includes areas at the end of the proposed cul-de-sac where slopes are 10 be
greater than 25% and some fill and retaining walls will be constructed.

It is recommended that removal of vegetation (with the exception of topsoil stripping) be kept to a
minimum and thal any vegetation removal only be undertaken where it is necessary in order to
construct building platforms.

Refer to Figure 2 for an overall view of the site in relation to slope percentage.
Background Search

Rockhampton City Council was contacted o determine if there are any record of instability at the subject
site. We were informed that no record of instability was available from the Council regarding the site.

Drainage

The stability of individual lots will largely be a function of adequate drainage control on each individual
site. Therefore, it is assumed that stormwater management will be designed and constructed in
accordance with recognised building practices/standards to control all drainage issues.

Hazard Rating

An indicative quantitative hazard rating has been assigned to the sites based on the test pits
excavated and site walkover, the resuits of which provided a range of relative frequencies of between
0.189 to 0.567. This indicates the site has a 'very low’ to fow’ likelihood of instability for the site.
Detailed calculations of frequency analysis for TP8 {worst) and TP (best) are attached in Annex B.

Refer to Table 2 below for typical implications with respect to risk’ level.

10 May 2008 Cardno Bowiler Pty Ltd 9



Lot 2 RP614467, 229-237 German Street, Norman Gardens

Preparedifor McMurtric/Consulting Engineers

Table 2 Risk Level Implications

Risk Level Example Implications T

! VH | VERY HIGH RISK
i H

i . of treatment options essential to reduce risk to acceplable levels; may be
i too expensive and not practical

| H  HIGHRISK

Detailed investigation, planning and implementation of treatment options
!

required 1o reduce risk to acceptable levels

| Y,
M | MODERATE RISK
|

i 1 risks. May be accepted. May require investigation and planning of
‘ ! i trealment options.

L LOWRISK
| . to maintain or reduce risk,
| VL | VERYLOW RISK

Acceptable. Manage by normal slope maintenance procedures

Notes:

1. The implications for a particular situation are to be determined by all parties to the risk
assessment; these are only given as a general guide.

2. Judicious use of dual descriptors for Likelihood, Consequence and Risk to reflect the uncertainty
of the estimate may be appropriate In some cases,

Considering the investigation results, and provided that all the above measures are carried out, all lots
would be considered suitable and feasible for development.

The development on the sites is not expected to adversely affect the current stability of adjoining
properties provided the recommendations above are adhered to and adequate civillhydraulic and
structural issues are addressed.

It is recommended that all proposed cut/fill levels for individual building pad construction and major
retaining walls (in particularly lots with a moderate to high risk of instability) be reviewed and analysed
prior to the commencement of any earthworks to confirm that a theoretical stability factor of safety
(FOS) against failure of >1.5 can be achieved. Further, during the construction phase of the project,
A geotechnical consultant should be engaged to inspect the cut/fill batters and certify that the required
FOS can be achieved or whether remediation works are required.

10 May 2009 Cardno Bowler Pty Ltd 10
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Lot 2 RP614467, 229-237 German Street, Norman Gardens

Prepared for McMurtrie Consulting Engineers

6 CONSTRUCTION INSPECTIONS

It is recommended that placement of all structural fill and cut/fill batters be inspected, tested and
certified where necessary, 1o ensure recommendations made in this report have been adhered to.

Should subsurface conditions other than those described in this report be encountered, a
geotechnical consultant should be consulted immediately and appropriate modifications developed
and implemented if necessary.

10 May 2008 Cardno Bowler Pty Ltd 1



Lot 2 RP614467, 229-237 German Street, Norman Gardens

Prepared for'McMurtrie Consulting Engineers

7 CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations are made in regard to the slope stability
investigation for the proposed residential subdivision at 229-237 German Street, Norman Gardens.

However, the preceding sections of this report should be read for a full description of the conclusions
and recommendations.

1. The subsurface conditions, at the investigation locations generally consisted of topsoil over

residual silty clay or clayey sand material overlying weathered rocks at depth. Some colluvium
was encountered to 0.6m at TP8.

2. Based on our site walkover, no signs of previous significant instability was observable. Only
some minor soil creep within the steep draining gullies existed.

3. The background aerial photo search showed no physical evidence of previous slips or instability
across the site.

4. Based on our indicative quantitative hazard rating assessment across the sites, the site varies in
likelihood of instability from ‘very low' risk to ‘low’ risk,

5. Effective drainage control at each lot will be critically important for slope stability. It is assumed

that stormwater management will be designed and constructed in accordance with recognised
building practices to control all drainage issues.

6. It is recommended that all proposed cutfill levels and retaining walls, be reviewed and analysed
by a geotechnical consultant prior to commencement of any earthworks.

Yours faithfully

SAMMY KWOK DAVID STIRLING
GEOTECHNICAL ENGINEER SENIOR GEOTECHNICAL ENGINEER

| 10 May 2009 Cardno Bowiler Pty Ltd i2
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Shaping the Future

GENERAL NOTES

April 2005
GENERAL

This report comprises the resulls of an investigation carried out for a speciic purpose and client as defined
in the introduction section(s) of the document. The report should not be used by other parties or for other
purposes as it may not contain adequate or appropriate information.

TEST HOLE LOGGING

The information on the Test Hole Logs (Boreholes, Backhoe Pits, Exposures etc.) has been based on a
visual and tactile assessment excepl at the discrete locations where test information is available (field
andlor laboratory resulls).

Reference should be made to our standard sheets for the definition of our logging procedures (Soil and
Rock Descriptions).

GROUNDWATER

Unless otherwise indicated the water levels given on the test hole logs are the levels of free water or
seepage in the fest hole recorded at the given time of measuring. The actual groundwater level may differ
from this recorded level depending on material permeabilities. Further vanations of this level could occur
with time due 1o such effects as seasonal and tidal fluctuations or construction activities. Final confirmation
of levels can only be made by appropriate instrumentation techniques and programmes.

INTERPRETATION OF RESULTS

The discussion and recommendations conlained within this report are normally based on & site evaluation
from discrele test hole data. Generalised or idealised subsurface conditions (ncluding any cross-sections
contained in the report) have been assumed or prepared by interpolation/extrapolation of these data. As
such these conditions are an interpretation and must be considered as a guide only.

CHANGE IN CONDITIONS

Local variations or anomalies in the generalised ground conditions used for this report can oceur,
parlicularly between discrete test hole locations. Furthermore, certain design or construclion procedures
may have been assumed in assessing the soil structure interaction behaviour of the site.

Any change in design, in construction methods, or in ground conditions as noted during construction, from
those assumed in this repor should be referred to this firm for appropriate assessment and comment.

FOUNDATION DEPTH

Where referred to in the repor, the recommended depth of any foundation (piles, caissons, footings, elc.)
is an engineering estimate of the depth to which they should be constructed. The estimate is influenced
and perhaps limited by the fieldwork method and testing carried ou! in connection with the site
investigation, and other perlinent information as has been made available. The deplth remains, however,
an gstimate and lherefore liable to variation. Footing drawings, designs and specifications based upon this
report should provide for variations in the final depth depending upon the ground conditions al each point
of support.

REPRODUCTION OF REPORTS

Where it is desired to reproduce the information contained in this report for the inclusion in the contract
documents or engineering specification of the subject development, such reproduction should include at
least all the relevant test hole and test data. together with the appropriate standard description sheets and
remarks made in the written report of a factual or descriptive nature.

This report is the subject of copyright and shall not be reproduced either totally or in part without the
express permission of this firm.

CARDNO GROUP
Brisbane Sydney Canberra Melbourne Perth Darwin Regional

Cardno Bowler Pty Ltd
ABN 74 128 B0S 735

7/98 Anzac Avenue

Hillcrest Queensland 4118
Australia

Telephone: 07 3800 6446
Facsimile: 07 3800 0816
Intemational: +61 7 3800 6446
admin@bowler.com.au
www.cardno.com.au
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IMPORTANT INFORMATION
ABOUT YOUR

GEOTECHNICAL ENGINEERING REPORT

More construction problems are caused by site
subsurface conditions that any other factor.  As
troublesome as subsurface problems can be, their
frequency and extent have been lessened considerably
10 recent years, due in large measure to programs and
publications of ASFE / The Association of Engineering
Firms Practicing in the Geosciences.

The following suggestions and observations are offered
to help you reduce the geotechnical-related delays cost-
overruns and other costly headaches that can occur
during a construction project.

A GEOTECHNICAL ENGINEERING
REPORT IS BASED ON A UNIQUE SET OF
PROJECT-SPECIFIC FACTORS

A geotechnical engineering report is based on subsurface
exploration plan designed to incorporate a unique set of
project-specific factors. These typically include the
general nature of the structure involved, its size and
configuration; the location of the structure on the site and
its orientation; physical concomitants such as access
roads, parking lots and underground utilities, and the
level of additional risk which the client assumed by
virtue of limitations imposed upon the exploratory
program. To help avoid costly problems, consult the
geotechnical engineer to determine how any factors
which change subsequent to the date of the report may
affect its recommendations.

Unless your consulting geotechnical engineer indicates
otherwise, your geotechnical engineering report should
not be used:

¢  When the nature of the proposed structure is
changed, for example, if an office building
will be erected instead of a parking garage, or
if a refrigerated warehouse will be built
instead of an unrefrigerated one,

e when the size or configuration of the proposed
structure is altered:

e when the location or orientation of the
proposed structure is modified:

¢ when there is a change of ownership, or

¢ for application to an adjacent site

Geotechnical engineers cannot accept responsibility for
problems which may develop if they are not consulted
after factors considered in their report’s development
have changed

MOST GEOTECHNICAL “FINDINGS” ARE
PROFESSIONAL ESTIMATES

Site exploration identifies actual subsurface conditions
only at those points where samples are taken, when they
are taken Data derived through sampling and
subsequent testing are extrapolated by geotechnical
engineers who then render an opinion about overall
subsurface conditions, their likely reaction to proposed
construction activity and appropriate foundation design.

Even under optimal circumstances actual conditions may
differ from those inferred to exist, because no
geotechnical engineer, no matter how qualified, and no
subsurface exploration program, no matter how
comprehensive, can reveal what is hidden by earth, rock
and time. The actual interface between materials may be
far more gradual or abrupt than a report indicates. Actual
conditions in areas not sampled may differ from
predications.  Nothing can be done 1o prevent the
unanticipated, but steps cun be iaken to help minimise
their impact. For this reason, most experienced owners
retain  their geotechnical consultants through the
construction stage, to identify variances, conduct
additional tests which may be needed, and to recommend
solutions to problems encountered on site.

SUBSURFACE CONDITIONS
CAN CHANGE

Subsurface conditions may be modified by constantly
changing natural forces. Because a geotechnical
engineering report is based on conditions which existed
st the time of subsurface exploration, construction
decisions should not be based on a geotechnical
engineering report whose adeguacy may have been
affected by time. Speak with the geotechnical consultant
to learn if additional tests are advisable before
construction staris

Construction operations at or adjacent to the site and
natural events such as floods, earthquakes or
groundwater fluctuations may also affect subsurface
conditions and thus, the continuing adequacy of a
geotechnical report. The geotechnical engineer should be
kept apprised of any such events, and should be
consulted to determine if additional test are necessary.

GEOTECHNICAL SERVICES ARE
PERFORMED FOR SPECIFIC PURPOSES
AND PERSONS

Geotechnical engineers’ reports are prepared to meet the
specific needs of specific individuals. A repont prepared
for a consulting civil enginecr may not be adequate for a
construction contractor, or even some other consulting
civil engineer. Unless indicated otherwise, this report
was prepared expressly for the client involved and
expressly for purposes indicated by the client. Use by
any other persons for any purpose, or by the client for a
different purpose, may result in problems. No individual
other than the client should apply this report for its
intended purpose withour first conferring with the
geotechnical engineer.  No person should apply this
report for any purpose other than that originally
contemplated  without  first  conferring with  the
geotechnical engineer




A GEOTECHNICAL ENGINEERING REPORT
IS SUBJECT TO MISINTERPRETATION

Costly problems can occur when other design professionals
develop their plans based on misinterpretations of a
geotechnical engineering report To help avoid these
problems, the geotechnical engineer should be retained to
work with other appropriate design professionals to explain
relevant geotechnical findings and to review the adequacy
of their plans and specifications relative to geotechnical
issues,

BORING LOGS SHOULD NOT BE
SEPARATED FROM THE ENGINEERING
REPORT

Final boring logs are developed by geotechnical engineers
based upon their interpretation of field logs (asscmbled by
site personnel) and laboratory evaluation of field samples,
Only final boring logs customarily are included in
geotechnical enginecring reports.  These Jogs should not
under any circumstances be redrawn for inchision in
architectural or other design drawings, because drafters
may commit errors or omissions in the transfer process.
Although  photographic reproduction  eliminates this
problem, it does nothing to minimize the possibility of
contractors misinterpreting the logs during bid preparation.
When this occurs, delays, disputes and unanticipated costs
are the all-too-frequent result,

To minimize the likelihood of boring log misinterpretation,
ive contractors ready access 1o the complete geotechnical
engineering report prepared or authorized for their use*.
Those who do not provide such access may proceed under
the mistaken impression that simply disclaiming

*  For further information on this aspect reference should
be made to “Guidelines for the Provision of
Geotechnical Information in Construction Contracts”
published by The lnstitution of Engineers Australia,
National Headquarters, Canberra, 1987.

respensibility for the accuracy of subsurface information
always insulates them from attendant liability. Providing
the best available information 1o contractors helps prevent
costly construction problems and the adversarial attitudes
which aggravate them to disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY

Because geotechnical engineering is based extensively on
judgment and opinion, it is far less exact than other design
disciplines.  This situation has resulted in wholly
unwarranted claims being lodged against geotechnical
consultants. To help prevent this problem, geotechnical
engineers have developed model clauses for use in written
transmittals. These are nor exculpatory clauses designed to
foist geotechnical engineers’ Jiabilities onto someone else.
Rather, they are definitive clauses which identify where
geotechnical engineers’ responsibilities begin and end.
Their use helps all parties involved recognize their
individual responsibilities and take appropriate action.
Some of these definitive clauses are likely to appear in your
geotechnical engineering report, and you are encouraged to
read them closely. Your geotechnical engineer will be
pleased to give full and frank answers to your questions.

OTHER STEPS YOU CAN TAKE TO REDUCE
RISK

Your consulting geotechnical engineer will be pleased to
discuss other techniques which can be employed to
mitigate risk. In addition, ASFE has developed a variety of
materials which may be beneficial. Contact ASFE for a
complimentary copy of its publications directory.

Published by

ASFE

THE ASSOCIATION
OF ENGINEERING FIRMS
PRACTICING IN THE GEOSCIENCES

8811 Colesville Road / Suite G106 / Silver Spring Maryland 20910/(301) 565-2733
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SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

GOOD ENGINEERING PRACTICE POOR ENGINEERING PRACTICE
ADVICE
GBOTECHNICAL Obtain edvice from & qualified, experienced geotechnical consultant &t early Propare detailed plan and start slte works before
ASSESSMENT stage of planning and before sitc works geotechnical sdvice.
~SLANNING _ \
SITEPLANNING Having obtained geotechnical advice, plen the development with the ris Plan development without regand for the Risk

arising from the identified hazards end consequences in mind.

DESIGN AND CONSTRUCTION

[ +0UsE DESIGN

Use fiexible structures which Incorporate properly designed brickwork, timber
or stee] frames, timber or pane] cladding,

Floor plans which require extensive cutting and

[owner's
RESPONSIBILITY

Consider use of split levels. Movement intolerant strectares.
. Use decks for recreational arcas where sppropriate.
SITE CLEARING Retain natural where ver Indiscriminately cloar the site.
ACCESS & Satisfy requiremests below for cuts, fills, retaining walls and drainage. Excavate and fll for site scceas bofore
DRIVEWAYS Council specifications for grades may need 1o be modified. gootochaical advice.

Driveways and perking areas may peed to be fully supported ca piers.

BARTHWORKS _Mw;m&. Indiscriminant bufk certhworks
curs | Minimise depth. wmwdu&h&

Support with eaginecred retaining walls or batter to appropriate slope. Unsupported cuts.

] Frovide drainage measures and erosics control Ignore daivago requirements |
FiLs | Minimis height Loose ar poerly compacted fill, which if it fails,

Strip vepetation sad topsoil and key into natural slopes prior to filling may flow s considerable distezce including

Uez clean fill metesials and compect to englocering standerds. cato below.

Batter 1o appropriate slope or support with enginoered retaining wall. Block natural drainage lines.

Provide surface drainage and appropriste subsurface drainage. Fill over existing vegetation and topsail.
lochude stumps, trees, vegetation, topsoil,
boulders, building yobble etc in fill.

ROCK OUTCROPS | Remove or stabilise boulders which may bave umecceptsble nisdk. Disturb or undercat dstached blocks or
& BOULDERS rock faces where boalders
RETAINING Fqiuwu-pmnuwm-ﬂmhm Constroct a strecterally insdoquate wall sixch ns
WALLS Found on rock where practicable. mndstons flagging, brick or unreinforced

Provide subsurface drainage within wall backfill and surface drainage oa dope | blockwork

sbove, Lack of subsurfece drains and woopholes.

Construct wall 25 soon as possible afier cut/fill operation.

POOTINGS Found within rock where i Found oa topsoil, loose fill, detached boulders

Use rows of piers or strip footings oricated up apd dowa slope. or undercut cliffs.

Design for lateral creep pressures if pecessary.

Backfill footing excavations to exclude of surface waier.

SWIMMING POOLS | Engincer designed.

Suppart on piers to rock whore practicable.

Dezign for high sall prospures which may develop on uphil! side whilst there

may be litiie or no lateral support on downhill side.

DRAINAGE 2
SURFACE | Provide ot tops of cut and fil) gopes. Discharge at top of fills and culs.

Discharge to street drainage or netural water courses. Allow water to poad on bench sreas.

Provide general falls to provont blockage by siltatico end incorporate silt traps.

mwwmmmmmm

1o disj 2t chanpes of andlor direction.
SUBSURPACE filter arousid subsurfefe dppin. - . - ] Discharge roof runoff into shsorption trenches
mem‘ﬂa

Uese flexible pipglines with acceas for maintenance.

Frevent inflow of

Senck UndlrﬂlmwwuhInwmom absorption trenches may thnh;euﬂqedmalymndiﬂodopu
SULLACE ponibkhmqmimthmqubl:. Use without ution

Stamge tanks | ly founded. of landdide risk.

EROSION Cmdmuﬂismyludlowny Railure 1o observe earthworks and drainage
CONTROL & Revegetite pleancd ares. recommendations whea landscaping.

| LANDSCAPING = e

DRAWINGS AND SITE VISITS G CONSTRUCTION

DRA! ing-J i sbould be viewed by gectechnical copsultant

SITE VISITS construction/

Where structural distress is cvident sce advice.

!fmaseobaﬂ-mli determine causes or seek advice oo conscquences.




EXAMPLES OF GOOD HILLSIDE PRACTICE

SURFACE DRAMAGE -\\
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TANKS ADEQUATFLY FOMDED

EXGRETRED RETABING WALLS
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Houst

EXAMPLES OF POOR HILLSIDE PRACTICE

UNSTABLISED ROCK TOPPLES
VEGETA Tiow AND TRAVELS DOWNSLOPE

LOOSE, SATURATED FEL SLIDES
AND POSSBLY FLOWS DOMWNSLOPT

ll.ll!'ﬂll.ﬂi",[)’1
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o7 FLs

SATURATED
SLOPE FARS

N Py wATTR RS
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FIGURE 11: Dlustrations of Good and Poor Hillside Practice
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Annex A

Fieldwork Results
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September, 2001

SOIL DESCRIPTION

This procedure involves the description of a soil in terms of its visual and taclilerropenies, and relates 1o both laboratory samples and ficld exposures as
applicable. A detailed soil profile description, in association with local geclogy and experience, will facilitate the initial (and often complete) site assessment
for engineering purposes,

The method involves an evaluation of each of the items listed below and is in general agreement with the Site Investigation Code AS1726-1993.

SOILTYPE

The soil is described on the basis of the grain sizc compasition of the constituent particles, and the plasticity of the fraction of material passing the 425pm
sieve.

Furthermore, as most natural soils are part combinations of various constituents, the primary soil is described and modified by minor components. In brief,
the system is as follows;

SILT OR CLAY AS MINOR COMPONENT RAVEL OR SAND AS MIN OMPONENT
% Fines Modifier % Conrse Modifier
<5 omit, or use "trace"” =15 omit, or use "trace”
>5<]2 describe as "with clay/silt” as applicable >|8 <30 describe as “with sand’gravel" as applicable
>12 prefix soil as "silty/clayey" as applicable >30 prefix soil as “sandy/gravelly' as applicable

Note:  For soils containing both sand and grave! the minor coarse fraction is omitted if less than 15%, or described as "with sand/gravel” as applicable when
greater than 15%

The eppropriate classification group symbol for soil classification is also given before the soil type description in accordance with AS1726-1993, Table A1

For granular soils, an assessment of grading (well, uniform, gap or poor), particle size (fine, medivm elc), angularity, shape and particle composition may also
be given.

COLOUR

Calour is imponiant for correlation of data betweer test holes and for subsequent excavation operations.  The prominent colour is noted, followed by (spotted,
mottled, streaked etc.) secondary colours as applicable. Colour should be described in the “moist" condition, though both wet and dry colours may also be
appropnate.

MOISTURE

The moisture condition of the soil is described by the appearance and feel of the soil using one of the following terms:

Dry cohesive soils - hard, fnable or powdery, granular soils - cohesionless, free funning.

Moist  so0il cool, darkened colour: cohesive soils - can be moulded; granular soils - tend to cohere.

Wet soil cool. darkened colour: cohesive soils - usually weakened, free water on hands when handling; granular soils - tend to cohere.

In addition, the presence of any seepage or free waler is noled on all fes( hole logs

CONSISTENCY/RELATIVE DENSITY . _ )
Granular soils are generally described in terms of relative density (density index) as listed in Table A5 AS1726. These soils are inherently difficult to assess

and normally a penetration test procedure (SPT, DCP or CPT ) is used in conjunction with published corelation tables. Alternatively, insitu density tests can
be conducted in association with minimum and maximurn densities performed in the laboratory.

Cohesive soils can be essessed by direct measurement (shear vane), or estimated approximately by tactile means and/or the aid of 8 geological pick as given
on the following table 1t is emphasised that a "design shear strength” must take cognisance of the insitu moisture content and the possible variations of
moisture with time.

Term Tactile Properties Undrained Shear Strength (kPa) |
Very Soft Exudes between the fingers when squeezed in the hand <12
Soft Easily J)enetraled by thumb about 30-40mm. Pick head can be pushed 1 up 1o shaft 12 <25
Moulded bg' light finger pressure.

Firm Penetrated by thumb 20-30mm with moderatc effort. Sharp end of pick pushed in >2%5 <50
some 30-40m Moulded by strong finger pressure )

Stiff Indented by thumb about 4mm with moderate effort. Pick pushed in up to 10mm. 50 €100
Cannot be moulded in fingers.

Very Suff Readily indented by thumb nail. Slight indentation produced by pushing pick into =100 <200
s0il. -

Hard Difficull to indent with thumb nail. Requires power tols for excavation. =200

STRUCTURE/OTHER FEATURES

The structure of the soil may be described with reference 1o zoning, where soils consist of separate zones differing 1n colour, grain size or other ;;rggcmes,
defects, including fissures, cracks, root-holes and the like; cementing, with the strength (weakly to strongly), and nature of the cementing agent; additional
observations incl%xding geological origin. odour and the like. In addition, the presence of other features (ferricrete nodules, organic inclusions) should also be
noted as applicable
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TEST PIT LOG SHEET
Client: McMURTRIE CONSULTING ENGINEERS .
Project: PROPOSED RESIDENTIAL SUBDIVISION Ho]e No' TP1
Location: GERMAN STREET, ROCKHAMPTON Job No: BB46 Sheet: 1 of 1
Posltion: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 90° Surface Elevation:
Machine Type: 5 Tonne Excavator Excavation Method: Operator:
Excavation Dimensions: 4.50 m WIDE Contractor: CARDNO BOWLER PTYLTD
Date Started : 8/4/08 Date Completed: 8/4/09 Lopged By: SK Date Logged: B/4/08
Drilling 3 _
Bl | e b g‘ . E Descnption i
= |&lele | 5 Sample or 5(la | ¥ | £ & (SYMBOL, SOIL NAME, plestcily/particle
§Reiee )l R [5B|c|35)2 el
C & B850 2 & = b
i:'gg ] 8 =
[ i j I SLTY CLAY, high plastelty, dark grey, moist. with gravel. grass ront zone, moisl, TOPSOL
il
! ! !!l
B —_— -
! SILTY CLAY WITH SAND. tugh plasticity, brown, some rounded ano angular cobbles. moist.
i RESIDUAL
|
L |
11
\
\
| | CH
T4
H
|
_0_5 : —3
“f*-f’;' | WEATHERED ROCK_ brown, low to medium stength, hignly fractured, some round preces, |
¥ ¥ A extremely wealhered to distinclly weathared
‘ %}
X ¥ A
» & A
. X N
| X X M
| X ¥
1] o
| l ¥ » ,XW-
. DWW
o X%}
| 1 K ¥
| x XK N
1 K X
| $: X N
10 ! 3% .
| L
1l ¥ X A
! % ¥
51 [ B! AU B2 X ¥ » e Pt ————
7‘ BUCKET REFUSAL
‘f TEST PIT TERMINATED AT 1,10 m
! |
|
|
5 | i
e
‘ 1
(]
i |
E | | 1
H
|
|
E L ;
| 1] l
3 1 ’
H Pl
g
Cardno Bowler
Lt See Standard Sheets for details of Pl
g abbreviatons & basis of ( ) Cardno LUEE S0 e
i descriptions mqim PH  (07) 3800 6446
§' , FAX (07) 3800 0816




0LGLB Log BG SO LOG BBE GPJ <<Dirmwingt fe>> 12/06/2009 09:12

BG_LiB

TEST PIT LOG SHEET
Client: McMURTRIE CONSULTING ENGINEERS =
Project:  PROPOSED RESIDENTIAL SUBDMISION Hole No: TP2
Location: GERMAN STREET, ROCKHAMPTON Job No: 8846 Sheet: 1 of 1
Position: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 90° Surface Elevation:
Machine Type: 5 Tonne Excavator Excavation Method: Operator:
Excavation Dimensions: 4.50 m WIDE Contractor: CARDNO BOWLER PTY LTD
Date Started : B/4/09 Date Completed: £/4/09 Logged By: SK Date Logged: 8/4/09
. Drilling 3 _ 5
T I}_! T l }" T % & -E Description
< Ig|E] . & Sample or ¢la |z |=c & (SYMBOL. S0IL NAME, plasbcily/particla
Freire | mna (g B[c|EEl shmtl, i, g g
o g EIE &|o 2 4 b @
g I o =
I i s Pt SILTY CLAY, low Lo intermediate plasticity, dark grey, lraca ofgn:wd arass rool zone, moisi,
J — TOPSOIL
¥ 7
| — |cL-
e P B
| =
| f.'_/
| | . 71 SILTY CLAY, intermediate plaslicity, orsngefbrown, trace of Tme_l_o coarse grained gra\-refﬁ. =
i s RESIDUAL
| PV
| 1
1 i
| /
: i
| A
g
05 | "o -
7,
: 7
S
2
Z
i R ) B ]
Tl- r SILTY CLAY WITH SAND, high plasticity, brown, some roundeo and angular cobbles, moisl,
[ | | RESIDUAL
n |
\
|
|| | !
‘I |
cH
|
|
f | l |
1] e —
‘ :' :‘ WEATHERED ROCK, brown, low to medium strength highly fractured. some round pieces,
¥ ¥ dwioyy eremely weathered 1o distinctly weathered
SN RS W % ¥ o I
’ | BUCKET REFUSAL
| TEST PIT TERMINATED AT 1.5C m
|
|
| i f
I |

er
See Standard Sheets for detalls of P, %gg:oqzmve
ablreviations & basis of Q Y Cardno |\ oesien i
descriptons 4 PH (07) 3800 6446
FAX (07) 3800 0816
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TEST PIT LOG SHEET

Client: McMURTRIE CONSULTING ENGINEERS
Project: ~ PROPOSED RESIDENTIAL SUBDIVISION

Hole No: TP3

|
j .
| |
|

| |

\
|
|
J

.,

e
N

.
BN

b
0% e N g e e

NN N R M NN
MY RFEM XXM ARXN AN L XXM XMNN X 1N

X

XV
Dw

C W W MW WM WM

.,...,
AP SCN N R BN N ST S N e 8 O e,

T % ™
2
L

T
T
i
|
|
J

Location: GERMAN STREET, ROCKHAMPTON Job No: 8846 Sheet: 1 of 1
Pesition: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 90° Surface Elevation:
Machine Type: 5 Tonne Excavator Excavation Method: Operator:
Excavation Dimensions: 4.50 m WIDE Contractor: CARDNO BOWLER PTYLTD
Date Started : B/4/08 Date Completed: B/4/09 Logged By: SK Date Logged: 8/4/09
Dling | £ >
T T =2 = £ .
- i - B o Description
£l e - Sample of 8la| X E (SYMBOL. SOIL NAME, plesticiy/particle
SR Fieid Test ol g n charscienisbics. colour, minor components,
¢ CigglEl 2 EES el = 8 malsture, consistency, structure, ORIGIN)
S |Bl§E8S| 3 & g @
2|2 E3 2 =
< i 5]
] =
l ! SILTY CLAY, low o intermediale plasticily, dark grey. trace of gravel, mixed wilh cobbles, gress
rool zone. moist TOPSOIL
SFLTY- E-Mﬁunn'ndmo plesticity, olnnge'brc;wn. fine lo coa; grained grav;l::;;w
ccbbles, moist RESIDUAL
|
- 0.5
A
,//
S
o
7

exiremely wealheted fo distinctiy weathered

| BUCKET REFUSAL
TEST PIT TERMINATED AT 150 m

See Standard Sheets for details of
abbrewiations & basis of
descriptions

. 7 A
Q " Cardno HﬁéNRugngLDAHS
Bowier

Cardne Bowler

PH. (07) 3800 6446
FAX (07) 3800 0B16




TEST PIT LOG SHEET

Client: McMURTRIE CONSULTING ENGINEERS

Project:  PROPOSED RESIDENTIAL SUBDMISION Hole No: TP4
Location: GERMAN STREET, ROCKHAMPTON Job No: BB46 Sheet: 1 of 1

Position: REFER SITE SKETCH FIGURE 1 Angle from Horlzontal; 90° Surface Elevation:

Machine Type: 5 Tonne Excavator Excavatlon Method: Operator:

Excavation Dimensions: 4.50 m WIDE

Contractor: CARDNO BOWLER PTY LTD

AG_UB_03.GLE Log BG SOIL LOG BRBGPJ <<DrwingFite>> 1210572000 0912

Date Started : 8/4/09 Date Completed: B8/4/09 Logged By: SK Date Logged: 8/4/09
Drlling =
. E — %
3 ._lg‘ [ P b % o Description
= @ + Samgle or ¢l a 3 E ISYMBOL. SOI. NAME, plasucily/particie
£ |slbiglZel 2 Freld Test 21 € w charactenslics, colour, minor components,
o (gl %86 2 = @ moislure, consigtancy, structure, ORIGIN)
o E,mﬁ ool 2 o = @
2|8z £ 'x 5
<q l G}
|
] SILTY CLAY, low lu intermediate plasticity, dark grey, Vrece of pravel, mixed wilh cobbles, grass
| zone, moisl, TOPSOIL
| s
| 7
[ " EL-
| []]
|
| !
e 77
| I SILTY CLAY WITH SAND AND GRAVEL, high plasticity, mixed wilh cobbies, orange/brown, fine
| | I J I coarse grained grave!, moisl, RESIDUAL
|
H!
| t 1
! | ,
I CH
0.5 i ! .
|
, §|
Ex WEATHERED ROCK, brown, extremely low Lo medium strength, some round pieces exiremely
% X N lo distincly weathered
noA N
] N N
I X ¥ A
PR
I EE
% % N
® K A
J X X ¥
xx Y
s e W
' | %o Yow
| X ¥ X
1" ] O
| EEER
X n N
WM oo
10 i e il
X ¥ A
X K
X ¥ N
RARY. 1z x o e B
| | BUCKET REFUSAL
[ TEST PIT TERMINATED AT 1.10 m
|
15 | | I | i
i
|
f oo ‘
‘ |
|
: ' '
| !
L
Cardno Bowler
See Standard Sneats for details of ,'"'?a} 7/98 Arzac Ave
abbrevielions & basis of J Cardno [ ohestan 4118
descrptions Bowien  PH. (07) 3600 6as
FAX (07) 3800 0816

ey E—

F

s e

b |

s B e |

T2 em

F=2 §FEs

| e ]

| g |

-—

.



ik

r-—v—ﬂ‘.

—

AR

TEST PIT LOG SHEET

Client: McMURTRIE CONSULTING ENGINEERS
Project: PROPOSED RESIDENTIAL SUBDIVISION

Hole No: TP5

i
|
|
|
i

|

Location: GERMAN STREET, ROCKHAMPTON Job No: 8B46 Sheet: 1 of 1
Poslition: REFER SITE SKETCH FIGURE 1 Angle from Horlzontal: 80° Surface Elevation:
Machine Type: 5 Tonne Excavator Excavation Method: Operator:
Excavation Dimensions: 4.50 m WIDE Contractor: CARDNO BOWLER PTY LTD
Date Started : 8/4/09 Date Completed: 8/4/08 Logged By: SK Date Logged: 8/4/09
Driling | Lo
AR 3 8l, | g Descriotion
< |5Dis ® Sample or Ela | T |E0 |SYMBOL. SOIL NAME. piasticity/paricle
£ lolpidie 5 5] 2o |0 characleristics, colodr. minor companenis,
N R TR A e L
o g'@;{ulu ] o T @
<z ' I =
! |
| ‘ ‘ | [ i ! : SILTY CLAY. high plasbeily dark grey, moisl, with gravel, grass roo! zone, moist, TOPSOIL
| | l it
I Hl \
| it en
(1)1
i s emeeans ]
| 2 T SILTY CLAY, inlermediale plasticily, red/oranga, mixed with weathered rock. hne lo coarse
| ! s grained gravel, mo'st, RESIDUAL
A
/ g
s
f 1
[ | / .
los ‘ cl
i
| 7,
j s
v
i
e
f : : WEATHERED ROCK. fine grained, brown/grey, medium to high strength, highly fractured,
x x M dislinctly weathered
o
¥ ¥ ¥
X X N
X ¥ ¥
¥ %oy
L 1.0 e
] M ¥ M
= K MDW
X K N
1 X ¥
: X ¥ ¥
{ LR
| X X N
i R OK )
| Ll
P
| ¥ N U
X ¥ N
¥ = ¥
S A - { . X N X
BUCKET REFUSAL
TEST PIT TERMINATED AT 1,30 m
15

See Standard Sheets for daisils of

( Py
abbrewations & basis of y
descnplions m
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Cardno Bowder

7/98 Anzac Ave
HILLCREST QLD 4118
PH  (07) 3800 6446
FAX (07) 3800 0016
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BG_Lia_nd.

TEST PIT LOG SHEET
Client: McMURTRIE CONSULTING ENGINEERS .
Project: PROPOSED RESIDENTIAL SURDIVISION HOIE No» TPG
Location: GERMAN STREET, ROCKHAMPTON Job No: 8846 Sheet: 1 of 1
Position: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 90° Surface Elevation:
Machine Type: 5 Tonne Excavator Excavation Method: Operator:
Excavation Dimensions: 4.50 m WIDE Contractor: CARDNO BOWLER PTY LTD
Date Started : 8/4/09 Date Completed: 8/4/09 Logged By: SK Date Logged: 8/4/09
Drilkng 3 =
= 7 ) 3 o 5 Descnption
NN £ o o | % |2 g E (SYMBOL. SOIL NAME, plasticity/pariicie
£ s ’F‘!Big’ gl z Field Test g Ol E 8319 characterislics, colour, minor componants,
] e z ~ 1o a molsture, consisiency, structure, ORIGINY
S (B 2(8|c] 3 [ 2 @
<3 | | o ! =
1
i £/ SILTY CLAY, intermediste piaslicity. dark grey, molst. with gravel, grass root 20ne, moist
| /;/ TOPSOIL
H .
/ cl
i Al
1 /‘ '/.‘
ST éfW CLAY, intermediate plusha?y? u;Hmy. maolst, with gravel, some grass roat, NATURAL
A
| v _
S SILTY CLAY  intlermediate plaslicity. red/orange. finé to coarse grained grave, RESIDUAL
| &
r vy
’ '/Jf:?/
4/ g
cl
05
,f/
| 44 e ~
prg e, CLAYEY SAND, fine grained, pale brown, low plasticty, mors! RESIDUAL
A
|
1.0
Tending Lo waathered rock
o
)
L] S -
! * X A WEATHERED ROCK (TUFF?), fina fo medium grained, vory low 1o low slrength, extremely to
| ¥ OX A distinclly weathered
| x x A
X x A
| X X NYW-
% x o DWW
x x A
| x x A
f X ¥ N
st L] S I =
13 i NEAR BUCKET REFUSAL ]
| ’ TEST PIT TERMINATED AT 1.50 m
1
{ I
]
| i
]
i .
See Standard Shects for details of CRIN Bviid

»
7198 Anzac
abbreviations & basis of (‘ ‘q) Cardno HﬁiCREsrAgimns
descriptions . &,Mm PH  (07) 3800 6446
FAX: (07) 3800 0816
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TEST PIT LOG SHEET

Client: McMURTRIE CONSULTING ENGINEERS
Project: PROPOSED RESIDENTIAL SUBDIVISION

Hole No: TP7

DI.GLA Log BG SOIL LOG 8846 GPJ <<DrawingFile>> 12/05/2009 09:12

Location:. GERMAN STREET, ROCKHAMPTON Job No: BB46 Sheet: 1 of 1
Position: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 90° Surface Elevation:
Machine Type: 5§ Tonne Excavator Excavation Method: Operator:
Excavation Dimensions: 4.50 m WIDE Contractor: CARDNO BOWLER PTYLTD
Date Started : 8/4/09 Date Completed: 8/4/09 Logged By: SK Date Logged: B/4/09
Drilling £ =
tR T3 Bl.18: |£ b
= |EB@le! B Bla | % |£ (SYMBOL, SOIL NAME, plastictylparticle
ﬁ 5 ;K:) 15 ‘ ge %ﬂ ?z;:-l?;{ $ 8 E g‘g $ characlenslics. colour, minor companents,
¢ [SITI51E8| € % =~ |3 4] maoisture, consistency. structure. ORIGIN)
o |§EI8ici5| 3 o & @
ERE-3E a o 2
< qJ ()
| i | £ 11 SILTY CLAY. high plaslicity, dark grey, grass rool zone, moisl, TOPSOIL
| l i CH
] !
1 111 i s a R e S
| [ I l | SILTY CLAY, high piastciy. dark grey, moisl, NATURAL
} ? |
‘ ‘ [ il ten
I l SILTY CLAY WITH SAND, high p]asum;:m‘bmn. fine gramned sand, moist. NATURAL
i |
! | : cH
- 0.5 \[ | -1
‘ " | SITY CLAY WITH SAND. high piasticity, biown, fne grained sana, momst, NATURAL B
' |
a on
N
o
|| ‘
i ]
| | ALl g
l o SILTY CLAYEY SAND, fine it medium grained, brown, moisl. RESIDUAL
| |
1
1.0 4 { £
| |
o {8C-
Lo sM
| . |
| il
] — p— -
| X ¥ N WEATHERED ROCK (TUFF), fine to medium grained. very low 1o low strength, exdremety to
x x X distincly weathered
X * N
i ¥ X N
’ | x x "XW
! = x ADW
I x X X
| ] 1 x X M
| I | X x X
Y | v SO PSS L, (R T LS cemoece o
il I | NEAR BUCKET REFLISAL
TEST PIT TERMINATED AT 1,50 m
]
|| | .
|| |
! !
I
{
Pl ‘
i |

See Standard Sheels for deta''s of
abbreviations & basls of
descriplions
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TEST PIT LOG SHEET
Client: McMURTRIE CONSULTING ENGINEERS .
Project:  PROPOSED RESIDENTIAL SUBDIVISION Hole No: TP8
Location: GERMAN STREET, ROCKHAMPTON Job No: 8846 Sheet: 1 of 1
Position: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 80° Surface Elevation:
| Machine Type: § Tonne Excavator Excavation Method: Operator:
Excavation Dimensions: 4.50 m WIDE Contractor: CARDNO BOWLER PTY LTD
Date Started : 8/4/09 Date Completed: 8/4/09 Logged By: SK Date Logged: 8/4/08
Drilling 3 I -
— [}
LR TT1s © 8 b Description
E H g AR E Sample or g g z ;:—:i & 5 (SYMBOL, SO NAME, pissiiciyiparticle
E g E cheractenstics, colour, ponents.
& i HHE Field Tes glo| £l = i moIsture, consiency, sinuchire, CRIGIN)
o |z &0 <l 2 14 7 @
(2 6 =
l
| 1] I ,?'f, SILTY CLAY. intermediate olasticity, mixed with weathered rock, dark grey, moisl, TOPSOIL
A
i ]
| yi's SILTY CLAY, intermediate plasicily. mixed with wealhered rock, dark gray, mols!,
. A COLLUVIUM?
| i ‘
I |
i A
,", ‘/;'
4 'r’
7
’{/ SILTY CLAY, mtermediste plaslicly. wilh sand nd gravel, mixed wilh weathered rock, maie,
[ g GOLLUVIUM?
05 ‘ | €1
[ o o -
| [‘ r(r SILTY CLAY WITH SAND, high plasticily, brown, fine grained sand, moist, RESIDUAL
\
| ‘ cH
|
1
T 775 | CLAYEY SAND, tre to medivm praned. brown, ot RESIDUAL o
v s e
i 0] sc
i
| 7
(AA - S .
1 X x N WEATHERED ROCK (TUFF), fine lo medium grained, vory iow lo low slrength, extremely fo
| ® X A distinclly weathered
x o> )ixw’
X X )‘DW
» X N
| X x M
—t—r— el X X - a— SR
BUCKET REFUSAL
| TEST PIT TERMINATED AT 1.4Cm
15 | !
: |
§ |
‘ ]
st | |
il
"
4 P ‘
& | | |
« | ]
3 | I
8 | | I
5 |
d L
g |
Rt
sl See Stendard Shee's for details of gy il a8
8 abbrevaion: & basis of (., Q‘} Cardno v crest oo s ‘
g descriptions Bl‘JWLE? PH  (07) 3800 6446 |
3 FAX (07)3800 0816 |
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. TEST PIT LOG SHEET
Client: McMURTRIE CONSULTING ENGINEERS N
_ Project: PROPOSED RESIDENTIAL SUBDIVISION HO'e No' TPg
i Location. GERMAN STREET, ROCKHAMPTON Job No: 8846 Sheet: 1 of 1
}_ Position: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 80° Surface Elevation:
Machine Type: 5 Tonne Excavator Excavation Method: Operator:
- Excavation Dimensions: 4.50 m WIDE Contractor: CARDNO BOWLER PTY LTD
i Date Started : 8/4/09 Date Completed:; B/4/09 Logged By: SK Date Logged: 8/4/09
e Drilling -
E _ N
s i = k-] [a) g Descnption
- E’ IR £ Sample or g o E E o §~ (SYMBOL, SOIL NAME, plasticitylparucie
T £ [s]0 E aig g Figid T 1 e |ps |2 characlenstcs, colour, mInor components
3 ClElgE| © eid Test Ol =145 2 moisture, consistency, structure. ORIGIN;
o |ElgI815|8] 5 2 & @
. H e - 3
i g ,//’ SILTY CLAY, Intermediate piasticity, mixed with westhered rock, dsrx grey, moist, TOPSOIL
! 4 [+]]
k N | I i
g /.' STy CLAY, Inlermediale plasticity, mixed with weathered rock, derk grey. moist, NATURAL
i B+
| ! e 8 e e ‘
i | x x WEATHERED RCCK (TUFF), low lo medium strength, extremely to distinctly westhered wff
x x »
W OoX N
X x M
¥ XX MY
i ®x x o DW
L X x X
x x A
X X A
v B I x x I o 7 o o
| i BUCKET REFUSAL
B TEST PIT TERMINATEC AT 0.50 m
L
_:.
ke
r
I
& - 1.0 ~
f 1
| & | |
i ]
’ l
[
| | |
[ |
- 1 5 [ ! -
¥ é |
) g R
z |
i )\
‘%‘ | 1
1 11
& |
g |
|
2
| gLl |
5 Cs
rdnc Bowler
L] See Standard Sheets for detals of oy
g sbixenalons & basis o ( l. Y Cardno (s s v
criptions PH  (07) 3800 6445
§ Bowier FAX: (07) 3800 0816




TEST PIT LOG SHEET

Cllent: McMURTRIE CONSULTING ENGINEERS .

Project:  PROPOSED RESIDENTIAL SUBDIVISION Hole No: TP10
Location: GERMAN STREET, ROCKHAMPTON Job No: 8846 Sheet: 1 of 1

Position: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 80° Surface Elevation:

Machine Type: 5 Tonne Excavator Excavation Method: Operator:

Excavation Dimensions: 4.50 m WIDE

Contractor: CARDNO BOWLER PTY LTD

{
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Client: McMURTRIE CONSULTING ENGINEERS
Project: PROPOSED RESIDENTIAL SUBDIVISION

Hole No: TP11

Location: GERMAN STREET, ROCKHAMPTON Job No: 8546 Sheet: 1 of 1
Position: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 80° Surface Elevation:
Machine Type: 5 Tonne Excavator Excavation Method: Operator:
Excavation Dimensions: 4.50 m WIDE Contractor: CARDNO BOWLER PTY LTD
Date Started : 8/4/09 Date Completed: 8/4/09 Logged By: SK Date Logged: 8/4/08
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TEST PIT LOG SHEET

Client: McMURTRIE CONSULTING ENGINEERS

Hole No: TP12

Project: PROPOSED RESIDENTIAL SUBDIVISION
Location: GERMAN STREET, ROCKHAMPTON Joh No: 8846 Sheet: 1 of 1
Position: REFER SITE SKETCH FIGURE 1 Angle from Horizontal: 90° Surface Elevation:
Machine Type: 5 Tonne Excavator Excavation Method: Operator:
Excavation Dimensions: 4.50 m WIDE Contractor: CARDNC BOWLER PTY LTD
Date Started : 8/4/09 Date Completed: 8/4/09 Logged By: SK Date Logged: 8/4/09
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Annex B

Hazard Rating
Assessment




LANDSLIDE HAZARD

TP8

LANDSLIDE FREQUENCY ANALYSIS

NATURAL SHALLOW LANDSLIDES

LOCATION:

1 Basic Frequency

Site No.

MACGREGOR & TAYLOR

Analysis No.;

Site name:

D 6 Concentration of surface water

Appendix Bl

2 Slope Angle kite) Levell Factor
Ridge L1007
Site Level | Factor || Crest M| 03
Less than § degrees L ] 01 || Jpperslope M| 08
Between 5 and 15 degrees M | 05 Mid slope H | 12
X_Between 15 and 30 degrees M | 08 ||X Lowerslope H| 15
Between 30 and 45 degrees H 12
pore than 45 degrees M 08 | 7 Evidenceof groundwater
3 Slope Shape Site] Level Factor
L. X WNone apparent L 0.7
Site Level | Factor | inor moistness M| 09
Crest or ridge L | 07 Iy wet H) 15
Planar M | 09 Surface springs VH| 3
X Convex M 0.9
Concave H 1.5 | 8 Evidence of instability
4 Site geology site Level| Factor
% o sign of instability L|os
Site Level | Factor Trees bent H| 1S5
Volcanic rock H 1.1 Minor irregularity VH| 2
X Bedimentary rock M 1 Major irregularity VH| §
Low prade metamorphic rock M 1 Scarps VH| 10
High prade metamorphic rock L 0.9
Granitic rock M 1 Summary
Factor
5 Material strength 2 Slope Anple 0.8
3 [Slope Shape 0.9
Site Level | Factor || 4 Kite peology 1.0
Rock at surface VL | 01 || 5 Material strength 1.5
Residual soil < 1 m deep L_| 05 || 6 KConcentration of surface water 1.5
Residual soil 1-3 m deep M 0.9 | 7 [Evidence of groundwater Q.
esidual soil >3 m decp H | 15 || 8 Evidence of instability 0.5
* IColluvial soil < 1 m deep H 1.5
Colluvial soil 1-3 m deep VH 2 llku:htive Frequency (2x3x4x5x61718) “ h =5t I
Colluyial soil > 3 m deep VH
[Fill (slope regrading) ) VH 5 Site Frequency (1 x 9) D

60

Australian Geomechanics September 2001
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LANDSLIDE HAZARD

TP9

LANDSLIDE FREQUENCY ANALYSIS
NATURAL SHALLOW LANDSLIDES

LOCATION:

1 Basic Frequency

Site No

Site name:

MACGREGOR & TAYLOR

Appendix Bl

Analysis No.j

D 6 Concentration of surface wafer

2 Slope Angle @ Levell Factor
L{idgc L | 07
ite Level | Factor Crest M| 08
Less than § degrees L | o1 Upper slope M| 03
Between 5 and 15 degrees M | 05 id slope H| 12
X Between 15 and 30 degrees M | 08 |[X Lowerslope H| LS
Between 30 and 45 degrees H 1.2
PMore than 45 deprees M | 08 | 7 Evidenceof groundwater
3 Slope Shape ite vell Factor
I X_None apparent L |07
Site Level | Factor inor moistness M| 09
Crest or ridge L | 07 Geoerally wet H| 15
lanar M | oS Burface springs VH| 3
X Convex M 0.9
Concave H 1.5 8 Evidence of instability
4 Site geology Site Level Factor
X _MNo sign of instability L] os
[Site] Level | Factor || rrees beat H| 15
Volcanic rock H | 11 Minor irregularity Vi | 2
¥ Sedimentary rock M| 1 Major irregularity VH| 5
Low grade metamorphic rock M 1 Scarps VH| 10
Hiph prade metamorphic rock L 09
Granitic rock M 1 Summary
Faclor
5 Material strength 2 Slope Angle g : g
e oy 3 3}0m Shape . 2
Site Level | Factor || 4 [Site geology Frd
Rock at surface VL | 01 | § Material strenpth 0.5
X Residual soil < | m deep L | 05 || 6 (Concentration of surface water 1.5
Residual soil 1-3 n deep M 0.9 || 7 [Evidence of groundwater 0.
Residual soil >3 m deep H | 15 || 8 [Bvidence ofinstability 0.5
Colluvial soil < 1 m deep H 1.5
Colluvial soil 1-3 m deep VH | 2 lilﬂelative Frequency (I3zdsSa6r7s) | | 9.8 c‘*l
| {Colluvial soil > 3 m deep VH 4
_Jﬂ(slope reprading) VH 5 Site Frequency (1 x 9) D
60
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