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1 INTRODUCTION

Moolarben Coal Mines Proprietary Limited proposes to develop a series of coal mines at a site
located 40 kilometres north-east of Mudgee. The proposed mines are referred to as the Moolarben
Coal Project and are located immediately east and south of the existing Ulan Colliery near the
village of Ulan (refer Figure 1).

The Exploration License (Reference No. 6288) covers an area of about 11,000 hectares. However,
mining operations are only expected to extend across an area of about 3,450 hectares (refer
Figure 2). The mining operations will involve the extraction of 12 million tonnes per annum
(Mtpa) of run-of-mine coal, of which 8 Mtpa is to be extracted from open cut operations and

4 Mtpa from underground operations.

The Moolarben Coal Project will comprise the staged development of three open cut mines, an
underground mine as well as associated mine infrastructure and services. The open cut operations
will occupy a total land area of about 1,120 hectares and will be situated in the central and
southern sections of the Exploration License (refer Figure 2). The extent of the open cut
operations are defined by a number of economic and physical constraints such as roads, railways
and watercourses.

The underground operations will be located in the northern section of the Exploration License
(refer Figure 2). The coal will be extracted from the underground mine using longwall mining
methods. Mine infrastructure areas are also proposed between Open Cut No. 1 and the
underground mine area adjacent to the Gulgong to Sandy Hollow Railway. The mine
infrastructure will comprise coal stockpiling, a washing plant and rail loading facilities.

As shown in Figure 2, Moolarben Creek extends through and adjacent to the proposed open cut
operations. The Goulburn River is also located within close proximity to the western boundary of
the proposed underground mine area. A number of tributaries also join Moolarben Creek and the
Goulburn River within the Exploration License. These include Ryans, Lagoons, Spring and Bora
Creeks (refer Figure 2).

There is potential for inundation of the open cut mines when Moolarben Creek and the Goulburn
River overtop their banks. There is also potential for the earthworks associated with the proposed
mine development to impact on existing flood behaviour along each of the watercourses that drain
through the Exploration License.

Accordingly, Moolarben Coal Mines Proprietary Limited commissioned Patterson Britton &
Partners to investigate the potential for inundation of the proposed mine sites from Moolarben
Creek and the Goulburn River during a range of design floods. This report documents the
findings of those investigations and defines predicted peak flood levels and velocities along
Moolarben Creek, the Goulburn River and their tributaries, for existing catchment conditions.
The investigation also considers the potential impact that the mine development may have on
existing flood behaviour.

Patterson Britton & Partners page 1
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2 CATCHMENT AND STREAM CHARACTERISTICS

21 CATCHMENT CHARACTERISTICS

The Exploration License for the Moolarben Coal Project is drained by two major watercourses,
namely Moolarben Creek and the Goulburn River. Moolarben Creek generally flows in a
southerly direction from the Munghorn Gap Nature Reserve through the Exploration License until
it crosses the Ulan-Cassilis Road and the Gulgong to Sandy Hollow Railway near Ulan (refer
Figure 2). At this point Moolarben Creek becomes the Goulburn River.

The Goulburn River is a major tributary of the Hunter River and flows in a southerly direction
along the eastern boundary of the existing Ulan Colliery (refer Figure 2).

Vegetation coverage across the Moolarben Creek and Goulburn River catchment varies
considerably. The floodplain areas adjoining Moolarben Creek and the Goulburn River are
generally cleared with only occasional scattered trees which are generally in close proximity to the
creek lines (refer Plate 1). The steeper sections of the catchment are generally densely vegetated
and uncleared, although the valley walls are typically defined by rocky outcrops.

S

Plate1 VIEW LOOKING SOUTH-EAST FROM LAGOONS ROAD SHOWING CLEARED PASTURES AND
SCATTERED TREES ACROSS FLOODPLAIN

Patterson Britton & Partners page 2
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Moolarben Mine Project Catchment and
Flood Impact Assessment Stream Characteristics

With the exception of the existing Ulan Colliery, land use across the catchment is predominately
low density grazing. Dwellings are generally sparsely distributed throughout the catchment. The
village of Ulan is the only concentrated urban settlement in the area. A small airstrip is also
located near the intersection of the Ulan-Cassilis Road and Wollar Road (refer Figure 2).

Topographic relief across the Exploration License is considerable. Ground surface elevations vary
from less then 400 mAHD to over 550 mAHD. Numerous intermittent streams extend across the
lower-lying sections of the catchment and drain to Moolarben Creek and the Goulburn River.

These include a number of unnamed watercourses as well as Spring, Lagoons and Ryans Creeks
(refer Figure 2).

2.2 STREAM CHARACTERISTICS

2.2.1 Moolarben Creek

Moolarben Creek is located in the headwaters of the Hunter River catchment. It drains a
catchment of about 126 km? to the Ulan-Cassilis Road at Ulan.

Moolarben Creek generally has a well defined low flow channel. However, the channel
and immediate floodplain are generally covered by low level vegetation which often
obscures the channel banks (refer Plate 2). The low flow channel of Moolarben Creek is
generally less than 10 metres in width.

SHOWING DENSE VEGETATION ALONG CREEKLINE

Patterson Britton & Partners page 3
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Moolarben Mine Project Catchment and
Flood Impact Assessment Stream Characteristics

The longitudinal grade of Moolarben Creek is typically about 1 vertical in 200 horizontal,
although some sections approach grades of 1 in 100. These sections where steeper grades
are evident indicate that high velocity flows are likely to occur during floods. This is
substantiated by evidence of severe erosion in the upper sections of the catchment as
shown in Plate 3.

e

L -:-' wat S reT

Plate3 VIEW LOOKING EAST FROM ULAN ROAD SHOWING SEVERE EROSION ALONG THE UPPER
REACHES OF RYANS CREEK

Several roadways within the Exploration License cross Moolarben Creek. These crossings
include a low level causeway crossing along Moolarben Road and a low level causeway
and pipe culvert crossing along Lagoons Road (refer Figure 2). Two bridge crossings for
the Ulan-Cassilis Road and Gulgong to Sandy Hollow Railway are also located at the
downstream end of Moolarben Creek.

2.2.2 Goulburn River

The Goulburn River commences downstream of the Gulgong to Sandy Hollow Railway
Bridge. The river meanders past the village of Ulan and generally comprises a channel that
is about 20 metres wide. The river extends into the existing Ulan Colliery where it has
been permanently diverted to the eastern boundary of the colliery (located immediately
west of the Ulan-Cassilis Road).

The diverted channel is typically trapezoidal in shape with a base width of 15 to 20 metres
and a longitudinal grade of 0.25%. It has been designed to contain the peak 100 year
recurrence flood with a freeboard of 2 metres. It is suggested that this freeboard would
afford protection during floods up to and including the 1,000 year recurrence event
(Department of Environment & Planning, 1981).

Patterson Britton & Partners page 4
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Moolarben Mine Project Catchment and
Flood Impact Assessment Stream Characteristics

2.23

224

Downstream of Ulan Colliery, the diverted section of the Goulburn River rejoins its
original alignment. In this area, the river is largely incised with heavy flanking vegetation
and limited overbank storage.

Three bridge crossings extend across the Goulburn River in the vicinity of the Moolarben
Mine Project. These include:

= asingle span bridge located along the service road within Ulan Colliery which provides
access across the diverted section of the Goulburn River;

» atwo span bridge located along the Ulan Colliery access road which is located
upstream of the confluence of the Goulburn River with Ulan Creek; and,

= athree span bridge located along the Ulan-Cassilis Road near “The Drip” picnic area
(refer Figure 2).

Bora Creek

Bora Creek is a small intermittent watercourse that drains through the proposed
underground mine area and discharges to the diverted section of the Goulburn River. It
drains a catchment area of about 670 hectares and flows in a westerly direction toward the
Ulan-Cassilis Road (refer Figure 2).

In the vicinity of its headwaters, Bora Creek is a relatively narrow and incised tree lined
channel. The grade of the creek within the upper reaches is generally about 2%. Due to
this hydraulically steep grade, it is likely that flows carried by the stream would be
characterised by high velocities.

The grade of Bora Creek flattens as it approaches the Ulan-Cassilis Road and is typically
about 0.9% in the lower reaches. The channel is more well defined along the lower reaches
of the creek with a channel width generally in excess of 20 metres (refer Appendix B).
Vegetation coverage along the lower reaches of Bora Creek is generally more sparse with
tree coverage typically limited to the immediate vicinity of the creek line (refer Plate 3).

Bora Creek drains beneath the Ulan-Cassilis Road via three 1500 mm diameter pipe
culverts. The Ulan-Cassilis roadway embankment is generally elevated 4 to 5 metres
above the adjoining floodplain. Accordingly, the embankment would afford a significant
impediment to the free flow of water along Bora Creek during floods in excess of the
capacity of the pipe culverts.

Moolarben Dam

Moolarben Dam is located along the lower reaches of Moolarben Creek (refer Figure 2).

It was constructed by Ulan County Council in 1957 to provide general purpose and cooling
tower water to the Ulan Power Station (Ulan Coal Mines, 1981). The power station was
decommissioned in 1968.

The water surface area of the dam at full supply level is about 60,000 m*. The dam
comprises a 30 metre wide concrete spillway outlet. It is considered that the dam would
provide only limited attenuation during a large flood.

Patterson Britton & Partners page 5
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Moolarben Mine Project Catchment and
Flood Impact Assessment Stream Characteristics

W

Plate3 VIEW LOOKING EAST FROM ULAN-CASSILIS ROAD TOWARDS BORA CREEK

Patterson Britton & Partners page 6
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3  ASSESSMENT OF EXISTING FLOOD BEHAVIOUR

3.1 GENERAL

The Moolarben Coal Project is to comprise the staged developed of three open cut mines and an
underground mine. As shown in Figure 2, the proposed open cut mines are located within close
proximity to Moolarben Creek and it’s tributaries. The Goulburn River and Bora Creek are also
located in close proximity to the proposed underground mine area.

Accordingly, there is potential for the open cut mines to be inundated during large floods along
Moolarben and Bora Creek, and the Goulburn River.

Inundation of the mine areas would have a significant adverse impact on the mine as operations
would be halted while floodwaters were pumped out of the mine pit and treated. This may
sterilise the mine areas for a substantial period of time, resulting in associated production
downtime.

In recognition of this issue, investigations were undertaken to assess the susceptibility of the
Exploration License to flooding from Moolarben Creek, the Goulburn River and their tributaries.
The methodology and results of this analysis are described in the following sections.

3.2 PREVIOUS INVESTIGATIONS

Several investigations have been previously undertaken to quantify and define design flood
behaviour along Moolarben Creek and the Goulburn River. However, the majority of the
investigations were prepared for the existing Ulan Colliery and did not consider those sections of
Moolarben Creek upstream of the Gulgong to Sandy Hollow Railway Bridge.

Notwithstanding, a preliminary design report was prepared for a new dam along Moolarben
Creek. A brief synopsis of this report is provided below.

‘Moolarben Creek Dam Preliminary Design Report’ (July 1981)

This report was prepared by Sinclair Knight & Partners Pty Ltd for Ulan Coal Mines Limited.
The report summarised the results of preliminary design investigations for a new dam along
Moolarben Creek The new dam was required to augment the existing water supply to the Ulan
Mine site and thereby accommodate a proposed expansion to the open cut and underground mine
operations. The new dam was to be located immediately upstream of the existing Moolarben
Creek Dam (i.e., between the proposed Moolarben Open Cut No. 1 and Open Cut No. 2).

The investigations undertaken for this study included an assessment of the design 100 year
recurrence and Probable Maximum Flood (PMF) flows into the proposed dam. The design flood
hydrographs were derived using the Unit Hydrograph Method and temporal patterns based on
available gauging information for a stream gauge located at Ulan and daily read rainfall records at
Dunedoo, Gulgong, Mudgee, Cassilis and Wollar.

Patterson Britton & Partners page 7
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Moolarben Mine Project Assessment of Existing
Flood Impact Assessment Flood Behaviour

The investigations determined that the critical duration for the catchment draining to the proposed
dam was approximately 18 hours. The peak 100 year recurrence flood and PMF discharges were
determined to be about 400 m*/s and 2,000 m?/s, respectively.

The PMF estimate was derived using procedures outlined in ‘Australian Rainfall and Runoff —
Flood Analysis and Design’ (1977) and the “Myers Maximum” flood method. Both of these
methodologies have since been superseded.

It is understood that approval was granted for Ulan Coal Mines Limited to construct the proposed
dam. This work was not undertaken, but as the expansion approval for the Ulan Mine is still
valid, it is possible that the dam could be constructed in the future.

If constructed, the dam would have a full supply level of 442 mAHD and would provide
approximately 7,300 megalitres of water storage.

3.3 HYDROLOGIC ANALYSIS

A hydrologic analysis of the Moolarben Creek and Goulburn River catchment was undertaken to
quantify peak design flood discharges throughout the Exploration License. The peak discharges
derived from the hydrologic analysis are used as the upstream boundary conditions for the
hydraulic model. The hydraulic model is then used to quantify and define flood behaviour
through the study area.

3.3.1  Model Development
Sub-Catchment Parameters

The Runoff Analysis and Flow Training Simulation (RAFTS-XP) software was employed
to quantify flood discharges along Moolarben Creek and the Goulburn River for existing
catchment conditions. RAFTS-XP is a deterministic runoff routing model that simulates
catchment runoff processes. It is recognised in ‘Australian Rainfall and Runoff — A
Guideline to Flood Estimation’ (1987) as one of the available tools for use in flood routing
within Australian catchments.

The Goulburn River catchment was subdivided into 40 smaller sub-catchments to better
define the runoff processes across the catchment. Each of the sub-catchments is identified
in Figure 3. The location of each sub-catchment outlet was based on consideration of the
boundaries of the Exploration License, the location of significant storages (e.g., Moolarben
Dam), and the probable extent of the hydraulic model used to simulate flood behaviour
along the watercourses.

The RAFTS-XP model was developed using the physical characteristics of the catchment
including catchment area, slope, roughness and percentage impervious area. The physical
characteristics of each sub-catchment were defined using available ground surface contours
presented in 1:25,000 topographic maps of the catchment, aerial photography as well as a
visual inspection of the catchment.

Adopted parameter values for all sub-catchments are included in Appendix A.

Patterson Britton & Partners page 8
rp6173djt060109-Moolarben Mine FIA




T3AON JID0TOUAAH SL14VY ¥O4 up kel syerOy
AININIONVHAVY YMNIT ANV JAON

<E:0Ew_8§.m=on._
E._an_w_oéun_.w
/ uoyug uosieped
&@@ 5 ]
sSaljle o,
P e v
0082 000Z 00SL 00OL 00 0 005

oleos

esincoeepy

Remiiey ——

Aempeoy ——

seale sujw
punoJiBispun pasodoud jo Juelxg

S

sease suIw
1o uado pasodoid o Jusxg

8879 ON asea"] Bulul jo Aiepunog

apou abela}s jepow g vy «o_z

o
epou Awwnp jopow S1Jvy  ¢on

®
SpOou [BPOW 14V  LOW
Aepunoq juswyojes-qng
Arepunoq Juswysie) Q

aN3aoa1

7 (B W@l ©
810 UeQIEION @)
< # —S 0lOW

ZON3NIN LND
N3dO g3s0d0ud

L ON3NIN LND
N3dO0 Q3S0d0o¥d

€ ON3NIW LND
N340 a3S0d0dd

¥ ON INIW ANNOYOUIANN 03SOdOUd

P ;
yd
€ ENOId /



Moolarben Mine Project Assessment of Existing
Flood Impact Assessment Flood Behaviour

After sub-catchment delineation was completed and suitable parameters were determined
for each sub-catchment, the data was input into the RAFTS-XP software package. The
node and link arrangement for the RAFTS-XP model is presented in Figure 3.

Moolarben Dam

The Moolarben Creek Dam has the potential to ‘store’ a proportion of the total storm
runoff volume. This may alter flooding characteristics along Moolarben Creek and the
Goulburn River downstream of the dam. Accordingly, the Moolarben Creek Dam was also
incorporated into the RAFTS model.

The representation of a flood storage basin such as Moolarben Dam in RAFTS requires the
storage and outflow characteristics of the storage to be defined. The storage characteristics
are specified as a stage-storage relationship and the outflow characteristics are specified as
a stage-discharge relationship.

The spillway of the dam was surveyed as part of the project by Pegasus Technical. A long
section of the spillway crest is reproduced in Appendix B as Section M21 and was used to
derive a stage-discharge relationship for the spillway by assuming it approximated a broad-
crested weir.

The stage-storage relationship was developed using 0.2 metre contours that were derived
from photogrammetry by Pegasus Technical.

It was assumed that no storage was provided by the dam below the level of the spillway.
That is, it was assumed that the dam would be full prior to the commencement of the design
storms that would generate significant flooding of the creek system. This assumption was
made as it provides the most conservative peak discharge estimate downstream of the dam
and the most conservative water level estimate upstream of the dam.

Rainfall Loss Model

In a typical storm event, not all of the rainfall that falls onto the catchment is converted to
runoff. Some of the rainfall may be lost to the groundwater system through infiltration into
the soil, or may be intercepted by vegetation and stored. This component of the overall
rainfall is considered to be “lost” from the system and does not contribute to the estimated
catchment runoff.

To account for rainfall losses of this nature, a rainfall loss model can be included within the
RAFTS-XP model. For this study, the /nitial-Continuing Loss Model was used to simulate
rainfall losses across the catchment. This model assumes that a specified amount of
rainfall (e.g., 10 mm) is lost from the system at the beginning of the storm being
considered, and that further losses occur at a specified rate per hour (e.g., 1.5 mm/hr).
These rainfall losses are effectively deducted from the total rainfall over the catchment,
thereby leaving the remaining rainfall to be distributed through the catchment as runoff.

Continuing loss rates for the Hunter River catchment are documented in Table 3.1 of
‘Australian Rainfall and Runoff’ (1987). However, these loss rates are not necessarily
representative of loss rates within the upper sections of the Hunter River catchment.

Patterson Britton & Partners page 9
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Moolarben Mine Project Assessment of Existing
Flood Impact Assessment Flood Behaviour

3.3.2

3.3.3

Moreover these loss rates are significantly larger than the loss rates suggested in
‘Australian Rainfall and Runoff’ (1987) for design flood estimation.

In recognition of the significant impact that inundation of the open cut mines may have, it
was considered that the most conservative loss rates should be adopted for the design flood
estimation. Accordingly, standard design rainfall losses outlined in Table 3.2 of
‘Australian Rainfall and Runoff” (1987), comprising an initial loss of 20 mm and a
continuing loss of 2.5 mm/hour were adopted for the design storm simulations.

Model Calibration

Flood routing models such as RAFTS should be calibrated and verified using rainfall and
stream flow data from specific flood events. Rainfall records from a major storm that
caused flooding are routed through the model and discharge hydrographs are generated at
locations where stream flow records for the flood corresponding to the storm have been
gathered. Calibration is completed by modifying model parameters to achieve the best
match between recorded and model generated discharge hydrographs.

Continuous stream flow data for historic floods is required for the calibration and
verification process. A review of the Department of Natural Resources’ PINEENA
database (Version 8) indicates that a stream flow gauge was operational along the Goulburn
River at Ulan for the period 1956 to 1982. However, the stream gauge only provides
monthly stream flow readings. Accordingly, there is insufficient continuous stream flow
information available to reliably calibrate the hydrologic model.

In the absence of suitable calibration data, RAFTS model parameter values were based on
recommendations outlined in the RAFTS User Manual and documented in ‘Australian
Rainfall and Runoff’ (1987). A RAFTS model storage delay parameter (Bx) value of 1.0
was adopted for all design simulations.

Results

The RAFTS-XP model was used to simulate the 5, 20 and 100 year recurrence floods using
rainfall intensities and temporal patterns for the study area, which were derived from
standard procedures outlined in ‘Australian Rainfall and Runoff — A Guide to Flood
Estimation’ (1987).

A range of different storm durations were considered to establish the critical storm duration
for the Goulburn River catchment, as well as for the Bora Creek sub-catchment. The
critical duration for the Goulburn River catchment was defined as the storm duration that
produced the highest peak discharge at ‘The Drip’ picnic area which is located near the
northern limit of the Exploration License. The critical duration for the Bora Creek
catchment was defined as the storm duration that generated the highest peak discharge at
the Ulan-Cassilis Road crossing of Bora Creek.

A critical storm duration of 9 hours was determined for the Goulburn River catchment for
all of the design storms. A critical duration of 2 hours was determined for the Bora Creek
catchment for the 100 year recurrence storm and a critical duration of 9 hours was

determined for the 5 and 20 year recurrence storms. A summary of peak discharges for the

Patterson Britton & Partners page 10
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5,20 and 100 year recurrence events is presented in Table 1 at key locations within the
study area.

Table1 PEAK DESIGN FLOWS FOR EXISTING CATCHMENT CONDITIONS

RAFTS MODEL PEAK DISCHARGE (m?/s)
NODE
DESCRIPTION OF LOCATION NUMBER
5 Year ARI 20 Year ARI 100 Year ARI
(refer Figure 3)

Moolarbgn Creek flow into MC2 43 71 107
Exploration License
S.pring Creek flow into Exploration SC 17 % 36
License
Junption of Moolarben Creek & MC4 69 10 160
Spring Creek
Moolarben Creek between Open Cut
No.1 and Open Cut No.2 MCe 82 128 184
Junction of Moolarben Creek & MC9 141 217 314
lagoons Creek
Upstream of Moolarben Creek Dam MC13 173 279 418
Peak Stage in Moolarben Creek Dam MC15 429.1% 429.5% 430.0%
Outflow from Moolarben Creek Dam MC15 176 283 423
Ulan-Cassilis Road crossing of MC18 248 398 596
Moolarben Creek
Gpulbgrn River near start of river GR? 251 403 603
diversion
Junction of Goulburn River & Bora GR4 258 412 618
Creek
Junction of Goulburn River & Ulan GR7 314 499 754
Creek
“The Drip” picnic area GR10 316 502 758
Bgra Creek flow into underground BC 23 33 48
mine area

BC2 47 6.4 12.3
Unnamed creek flow into Bora Creek BC3 14 2.2 2.9
Junction of Bora & unnamed Creeks BC4 7.7 11.0 15.0
Ulan-Cassilis Road crossing of Bora BCS % 37 50
Creek
Ryans Creek flow into Exploration RYC4 50 87 120
License

*stage (metres relative AHD) specified at this node, not flow

The results provided in Table 1 show that the peak discharge for the Goulburn River
catchment at “The Drip” picnic area is predicted to be about 760 m*/s during the 100 year
recurrence event. Table 1 also shows that the existing Moolarben Creek Dam affords only
limited attenuation of the peak flow during each of the design floods.

Patterson Britton & Partners page 11
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As outlined in Section 3.2.1, the ‘Moolarben Creek Dam Preliminary Design Report’
(Ulan Coal Mines Limited, 1981) estimated the peak 100 year recurrence discharge in the
vicinity of the Moolarben Creek Dam to be 400 m*/s. The RAFTS model developed for
this study predicts a peak discharge of 418 m’/s upstream of the Moolarben Creek Dam.
This indicates the RAFTS model generates similar peak design discharge estimates for
Moolarben Creek to those estimated by the previous investigation.

3.4 HYDRAULIC ANALYSIS

A HEC-RAS hydraulic model was developed to define design flood behaviour along Moolarben
Creek, the Goulburn River and their tributaries, for the 5, 20 and 100 year recurrence floods.

The HEC-RAS software can be used to perform one-dimensional water surface profile
calculations for steady state and gradually varied flow in natural or constructed channels. It was
developed by the US Army Corp of Engineers and is based on solution of the Energy Equation
using an iterative procedure known as the Standard Step method. It is the successor to the steady-
flow HEC-2 Water Surface Profiles software, which has been used widely to simulate flood
behaviour in river and channel systems, particularly where structures (e.g., bridges) constrain free
surface flow.

3.41 HEC-RAS Model Development

To facilitate development of the HEC-RAS hydraulic model, cross-sections of Moolarben,
Spring, Lagoons, Ryans and Bora Creeks, and the Goulburn River, were gathered. The
cross-sections were surveyed by Pegasus Technical during December 2005 and January
2006. Representative photographs of the watercourses were also taken as part of the
survey for each cross-section to assist in defining suitable Manning’s ‘n’ roughness values
in the HEC-RAS model.

The location and extent of cross-sections used to develop the HEC-RAS model are shown
in Figures 4 to 8. Plots of each cross-section are also enclosed within Appendix B.

Ground surface contours of the Exploration License were also provided by Pegasus
Technical and are also shown in Figures 4 to 8. The contours were provided at 0.2 metre
intervals and were used in conjunction with peak flood level estimates to map the extent of
flood liable land. The contours were derived using photogrammetric survey techniques and
are considered to be provide a vertical accuracy of 500 mm.

The surveyed cross-sections were used to develop two separate HEC-RAS models for the
investigation. The first model extended upstream along Moolarben Creek from the existing
Moolarben Creek Dam to the southern boundary of the Exploration License. The second
model extended downstream from the Moolarben Creek Dam to ‘The Drip’ picnic area
(located downstream of the Ulan-Cassilis Road bridge crossing of the Goulburn River).

Channel and Floodplain Roughness

Main channel and overbank roughnesses were determined for each model cross-section
based on the photographs gathered during the topographic survey and from field
observations undertaken to assess channel and floodplain vegetation density.

Patterson Britton & Partners page 12
rp6173djt060109-Moolarben Mine FIA




SFANOI4 LNOAVT TIAON
SVY-33H 40 NOILV.LN3INO
ANV NOILVOOT1 ONIMOHS A3

ubp Aexy sx By
V14 uequejoop - £2p9di
P Aid sieuped 8
uoylg uosiaped
I

Sansy
e ™ s s " 5
009 000z 00SL 00DI 008 o o0og
aleas
[
8
o
ﬁ m
w&?&o&'
b@o&‘
(re1ep Joj g pue 1 'g o@o

‘G saunBi4 Jsjel) uoo8s-5S0I0 [opow
SVH-OTH 40 juejxe pue juewubily

weq gé%%%

/s
ssincoseep ~J
Kemjiey mwaOe AWM\ \

%
% JOVTIIA
AEMPEOY e w& AN m<|_3/
sbein vein  Ygm ka '\
auiw punosBuspun pasodoid o Jusixg % /c\ %
aujw no uedo pasodaud Jo Jueixg % :o&n_oos_“ w
\f\\l &

8829 ON 5USO UORBIO(AXT JO AIEPUNOY == PP sowvo
e -"~ = LoN
1
anN3oa \l// / WI/ RO h = s i B /
ZON NI
1D Na3do g 0o |==
sang "
‘vw@uu e «_m>_m
Qwvé; & sseoveily

peod
EON

ANIA 1ND N340

a1 ei0g

ANIN ANNOYOUIANN P

20y &\.‘uwmo ueln
pecy eqyl mmﬂs

— | —p-

V&\Y siisseg oL
1epow olnephy Svy
@ ~OH Jo iy Wealsumog
%
S,

£

|9pow ajnelpAy SV
~O3H Jo Hui| weagsdn A@o‘v&
Q

)

AN

¥ ANOId



MI3HD NIFAVTIOON 40 STFHOVIN ¥3ddn g S sy
JHL ONOTV SNOILO3IS-SSO¥D T3AON P Aid Siouped B
SVY-33H 40 LN31X3 ANV NOILVOO1

uopug uosieped
sensiN

e ™

0001 008 002 ooy 002 [} 00z
olesg

yeauD suoobeT =

L

esincoselepy

Aempeoy

aHvw
0} 9Aljejel 8BNS [einjeu JO INOJU0D

aulw no uado pasodoud jo jusixg

_ Buisso.o Jaano yeas) buuds _|/ -

8829 ON @suso|7 uonelojdx3 jo Aiepunog

yeau) Buudg jo
UO[J09S-§S04D JO JUBIXS PUE JUSWUBIY

yeai usqlejoop Jo
UONO8S-SSOID JO JusIxe pue Juswubiy

aN3oa1

gloml | O

Yo,
0 Q&QQ% -

—_

| 1epow onnespAy Swa-93H so yu wesxsdn |

_ UOBULIOJU| JNOJUCD PB|IE}SP JO JusixX _

_ Buissolo Aemasned >aa1) uagqie|oop

S NOIH




MIFHO NIFAVTIOON 40 STHOVIY VMO ccvsoon €119

Vi USQIBIC0N - 2191

3HL ONOTV SNOILOIS-SSOND T3IAON pr Ad sieued 5
SVY-23H 40 IN31X3 ANV NOILVOO1 — —
™ ™ e, % e
000L 008 009 00y 002 O 00Z UORBULIOJU] NG00 PANIEISp 10 1 v svo
oos [ uoneuwoyur inoywioo pspieiep o juepa | Peoy Siissegu / ﬁnw ’
_ Buisso.o HaAInD yea1) sueky
weqg E%a%
8sINCISIEA \)k
Remjjpy
Aempeoy ——
aHvw

0} GA)E|S 0BMNS [BINJEU JO INONOD

oc_EEo:cnovwmoao._&oEouxm_ %
8829 ON 8susol uofesojdx] jo Alepunog =
—

y88I) sueky jo
UON0es-850.0 4O Jueixe pue Juewubiy (€ 1]

1oAY UINGINOS)/48210) USHEI00N JO
UoNoes-850.9 JO Jusxa pue Juswubly  1LCW

aN3oa1

9 ¥NOId




AR NANGTNOO FHL 40 STIHIOVIY ¥U3ddn
JHL ONOTV SNOILO3IS-SSO¥D T13AON
SVY-03H 40 LN31X3 ANV NOILVOOT

e

senep

™ ™

0001 008 009 oo 00z 0 [1+14
eleos

weq 1
SSINOISIEM ~_f

J =7 Y[ [—

Kempeoy ——

aHvu
0} SAlJe|e] SOBYNS [eINjeu JO INOJU0D

ooy —

uoifal
aujw punoJbiepun pasodoid jo jusixg Q
uojfas aujw Jno uado pasodoud jo Jusixg %
8829 ON esee uojelojdx3g jo fiepunog ——

}E8ID BIOH JO
UONOBS-SSOID JO Jus)xe pue Juswiubify

18AIY WINGINODHBIY) USGIE|00) JO
UOO8S-5501 JO JuBiX® pue Juswubyy (O]

aN3aoI

ubpgjuexe~sx-By

V4 uagiejool - €219
P11 Aid sieuped 9
uoyg uosiayed
I

JOVTIIA
NVIN

Buissos YeAjno yeal) elog |-

puod sb

Kisijj0 ue|n Bunsixs Jo}

Ie} pue s8|d00lS

aujw Y uado
Kiayj09 ueln Bunsixg

| uoneuuojur najuoo payesep jo uera | /

L ¥NOI4

8 FHNOIL 1848l

ebpnyy o T3

M
Woxy suewsyods



AIAR NHNGTNO0O FHL 40 STHOVIY ¥IMO w6 huepcs™ox By

FHL ONOTV SNOILOIS-SSOAD 13A0ON . FIT A Siote 3
SV¥-03H 40 LN31X3 ANV NOILVOO1 uopug uosiored

/

senen

0001 oo 008 oo 00z 0 002
8[eog

esinoossleM  ~J

1167 Ueif BRske o)
8bpug Jenry winqinog |-

=

Rempeoy ———

aHvw
0} BAlEje) EDBUNS [BIM)BU JO JNOJUOD

— oo —

aulw punosBispun pssodoud Jo Jusixg
YeerD uejn

BN WINgInog 40

wwmwozom:mo_._co_uw._o_axm:obwu::omI
I
LO)0BS-SSO.0 JO Jus)xe pue Juswubiy @_

aN3OT1

_o— Y3AME NYNEIN0O

- { uopeuiojur nojuoo pejelep o uepxa |

Ny E:n__._oo,_

8 NSOId



Moolarben Mine Project Assessment of Existing
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The adopted Manning’s ‘n’ roughness values were determined by comparing observed
vegetation density and soil types with standard photographic records of stream and
floodplain condition for which Manning’s ‘n’ values have been calculated.

Typical roughness values adopted in the model are summarised as follows:

= Dense Reeds/Trees - 0.100
=  Medium to long grass - 0.050
= Short grass - 0.035

Boundary Conditions

Upstream Model

The upstream boundary conditions for the hydraulic model of the upstream section of
Moolarben Creek were based on peak discharges determined from the RAFTS hydrologic
model (refer Table 1). Separate boundary conditions were extracted for each of the 100,
20 and 5 year recurrence floods.

The downstream boundary condition for the “upstream hydraulic model” of Moolarben
Creek was specified as a fixed water level. The water level was based on the predicted
stage in the Moolarben Creek Dam which was extracted from the RAFTS hydrologic
model (refer Table 1).

Downstream Model

The upstream boundary conditions for the “downstream hydraulic model” were based on
the peak outflow from the Moolarben Creek Dam which was extracted from the RAFTS
hydrologic model (refer node MC15 in Table 1).

The downstream boundary condition for the “downstream hydraulic model” was specified
using normal depth calculations.

As the energy slope was not known, the slope of the channel bed was determined based on
thalweg elevations for the three most downstream cross-sections. A slope of 0.32% was
determined and adopted for modelling purposes.

Bridge and Culvert Modelling

The details of all bridge, culvert and causeway crossings were also collected as part of the
project and incorporated into the HEC-RAS model. This information is reproduced in
Appendix C.

There is potential for any culvert or bridge crossing to become partially blocked by debris
during a flood, thereby reducing its conveyance capacity. This may generate increases in
peak flood levels upstream of each bridge/culvert crossing. Accordingly, simulations were
undertaken using the HEC-RAS model assuming 0% and 50% blockage of all culvert and
bridge crossings to assess the potential impact that blockage may have on flood behaviour
through the study area.
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3.4.2 Results
No Blockage of Culverts and Bridges

The HEC-RAS models of the Goulburn River and Moolarben Creek were used to simulate
the 100, 20 and 5 year recurrence floods. Simulations were initially undertaken assuming
no blockage of bridge or culvert crossings. Peak flood levels and velocities for each model
cross-section are summarised in Tables 2, 3 and 4 for Moolarben Creek, the Goulburn
River and Bora Creek, respectively.

Design water surface profiles for the 100 year recurrence flood are provided in Figures 9,
10, 11 and 12 for Moolarben Creek, the Goulburn River and Bora Creek.

HEC-RAS model output for the 5, 20 and 100 year recurrence floods is provided in
Appendix E.

50% Blockage of Culverts and Bridges

The HEC-RAS models of Moolarben Creek and the Goulburn River were also used to
simulate the 100, 20 and 5 year recurrence floods assuming 50% blockage of all culvert
and bridge crossings. Peak flood levels and velocities are summarised in Tables 5, 6, and
7 for Moolarben Creek, the Goulburn River and Bora Creek respectively. Design water
surface profiles for the 100 year recurrence flood are provided in Figures 9, 10, 11 and 12.

The peak design flood levels listed in Tables 5, 6, and 7, were also “mapped” to the
available contour information for the Exploration License to determine the predicted extent
of inundation for each design flood.

The predicted extent of inundation for the 100 year recurrence flood with 50% culvert and
bridge blockage is shown in Figures 13, 14, 15, 16 and 17. HEC-RAS model output for
scenario is also provided in Appendix E for the 5, 20 and 100 year recurrence floods.
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Moolarben Mine Project Assessment of Existing
Flood Impact Assessment Flood Behaviour

Table 2 DESIGN FLOOD LEVELS AND VELOCITIES FOR MOOLARBEN CREEK WITH NO
CULVERT/BRIDGE BLOCKAGE

HEC-RAS | 100 YEAR RECURRENCE EVENT | 20 YEAR RECURRENCE EVENT 5 YEAR RECURRENCE EVENT
MODEL Peak Peak Velocity Peak Peak Velocity Peak Peak Velocity
CROSS- Level (m/s) Level (m/s) Level (m/s)

SECTION* [ (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right

M32 502.0 2.3 1.1 2.1 501.8 1.8 0.9 1.7 501.7 14 0.7 1.2
M31.3 497.5 1.0 2.3 0.3 497.2 0.7 2.3 N/A 496.8 N/A 24 N/A
M31.2 497.6 N/A 1.6 N/A 4972 N/A 1.7 N/A 496.8 N/A 2.0 N/A
M31.1 4974 N/A 1.7 N/A 4971 N/A 15 N/A 496.7 N/A 14 N/A
M30.6 4951 N/A 0.9 0.7 4949 N/A 0.8 04 494 8 N/A 0.6 0.1
M30.5 4924 1.3 1.1 15 4922 1.3 1.1 14 4919 14 1.1 1.3

M30 491.6 15 1.3 N/A 491.3 14 1.2 N/A 491.0 1.3 1.0 N/A

M29 482.8 N/A 0.9 1.3 482.7 N/A 0.9 1.2 4825 N/A 0.9 1.1

M28 477.8 0.8 1.4 0.7 4774 0.8 1.2 0.5 476.8 04 1.1 N/A

M27 463.8 N/A 3.0 N/A 4634 N/A 2.7 N/A 462.9 N/A 2.3 N/A

M26 460.7 1.3 1.2 1.3 460.1 1.1 1.1 1.1 4595 0.9 1.0 0.8
M25.5 4591 N/A 1.3 N/A 4585 N/A 1.2 N/A 458.0 N/A 1.0 N/A

M25 4543 1.6 3.7 04 4541 1.3 3.3 N/A 453.7 0.8 3.0 N/A

M24 4485 0.6 0.5 N/A 4485 04 0.4 N/A 4485 0.3 0.2 N/A
M23.5 4475 1.0 2.8 0.9 4473 0.8 2.6 0.5 446.7 N/A 3.6 N/A

M23 4429 0.9 2.2 1.2 4426 0.8 2.0 1.0 4424 0.7 1.8 0.9
M22.3 440.5 1.6 2.1 14 4404 1.3 1.7 15 440.2 1.1 15 1.3
M22.1 440.6 1.1 1.2 0.7 4404 1.1 1.1 0.7 440.3 1.0 1.1 0.6
M21.5 438.2 N/A 3.4 0.5 4379 N/A 3.1 N/A 4374 N/A 3.1 N/A
M21.4 436.0 0.2 1.1 0.3 435.6 0.2 1.0 0.2 435.2 0.1 0.9 0.2
M21.3 435.6 0.6 1.4 0.9 435.2 0.5 1.3 0.8 434.8 04 1.2 0.8

M21 433.1 1.0 1.9 0.5 432.6 0.8 1.7 0.5 432.2 0.6 15 0.4
M20.5 4317 N/A 1.6 N/A 431.0 N/A 1.4 N/A 4305 N/A 1.3 N/A

M20 430.2 04 48 0.5 429.7 04 42 04 429.3 0.3 35 0.3

M19 426.2 1.1 1.9 0.7 4255 1.0 1.7 0.3 4247 0.8 14 N/A

M18 4237 0.5 1.7 0.8 4232 04 1.4 0.6 422.7 0.2 1.1 04
M17.5 422.7 1.0 1.2 0.7 422.4 0.8 1.1 0.6 422.0 0.7 0.9 0.4
M17.3 422.2 1.1 1.2 1.1 421.9 0.8 1.1 14 421.6 0.6 1.1 15
M17.1 421.7 14 0.9 0.6 4215 1.2 0.8 0.5 421.3 0.9 0.7 0.4
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Moolarben Mine Project Assessment of Existing
Flood Impact Assessment Flood Behaviour

Table 3 DESIGN FLOOD LEVELS AND VELOCITIES FOR THE GOULBURN RIVER WITH NO
CULVERT/BRIDGE BLOCKAGE

HEC-RAS | 100 YEAR RECURRENCE EVENT | 20 YEAR RECURRENCE EVENT 5 YEAR RECURRENCE EVENT
MODEL Peak Peak Velocity Peak Peak Velocity Peak Peak Velocity
CROSS- Level (m/s) Level (m/s) Level (m/s)

SECTION* [ (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right

M16.1 419.8 2.1 15 1.2 4195 1.8 1.3 14 4191 15 1.2 15
M15.5 4191 25 1.4 14 418.8 24 1.4 1.1 4184 2.0 14 0.9
M15 418.3 2.2 1.3 1.0 418.0 1.7 1.1 0.7 417.8 1.3 0.9 04
M14.5 417.0 1.7 1.2 2.0 416.5 1.6 1.4 2.0 4161 0.6 1.8 1.6
M14 416.4 15 0.9 1.8 415.9 1.3 0.8 15 4154 1.2 0.7 1.2
M13.5 415.6 35 2.0 N/A 415.3 2.9 1.7 N/A 4149 2.3 15 N/A
M13 4140 1.8 1.3 2.2 4135 1.8 1.3 2.1 413.0 2.0 1.3 1.9
M12.6 4137 1.6 0.9 1.1 4132 15 0.8 1.1 412.7 1.3 0.7 1.1
M125 4129 N/A 1.6 N/A 4124 N/A 14 N/A 4119 N/A 1.2 N/A
M12 4122 1.6 0.8 N/A 4116 14 0.7 N/A 4110 1.3 0.6 N/A
M11.5 4115 2.6 1.8 N/A 410.9 2.3 1.7 N/A 410.2 1.9 1.6 N/A
M11 409.7 N/A 2.3 N/A 408.6 N/A 2.2 N/A 407.9 N/A 1.8 N/A
M10.5 409.3 15 1.7 1.2 407.9 1.7 1.8 1.1 406.6 2.1 2.0 1.0
M10 409.0 N/A 2.1 N/A 4076 N/A 2.0 N/A 406.2 N/A 1.9 N/A
M9.5 408.4 N/A 3.2 N/A 4071 N/A 2.7 N/A 405.7 N/A 2.2 N/A
M9 4071 N/A 44 N/A 406.2 N/A 35 N/A 405.0 N/A 29 N/A
M8 403.7 1.6 14 14 402.7 0.9 1.3 1.0 401.8 N/A 1.1 0.3
M7.3 401.8 04 1.8 04 400.6 N/A 1.6 N/A 399.9 N/A 1.2 N/A
M7.1 401.1 0.3 1.1 0.6 400.4 0.3 1.0 04 399.7 0.1 0.8 0.2
M6.5 400.3 0.8 1.1 0.6 399.5 0.7 1.1 0.6 398.9 0.6 1.0 05
M6 399.8 0.6 0.9 N/A 398.8 0.6 1.2 N/A 397.9 04 14 N/A
M5.6 399.6 0.3 05 04 398.4 0.3 05 04 397.2 0.3 0.5 04
M5.5 399.4 04 0.9 0.6 398.2 0.3 0.8 0.6 396.9 0.3 0.8 05
M5 399.0 1.0 15 0.5 397.8 0.8 1.3 0.3 396.5 0.7 1.1 N/A
M4 397.3 0.9 1.4 0.7 396.0 0.9 1.4 0.6 394.6 0.8 14 0.6
M3 395.4 0.9 3.0 0.3 394.2 0.5 2.3 N/A 3929 N/A 1.8 N/A
M2.3 3927 0.9 2.0 1.0 391.6 0.7 1.9 0.8 390.6 0.5 1.7 0.7
M2.1 3926 0.6 1.4 0.8 391.3 0.7 15 0.7 390.1 0.5 14 0.8
M1 391.6 15 2.1 1.2 390.2 1.3 1.9 1.1 388.9 1.0 1.6 0.9
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Moolarben Mine Project
Flood Impact Assessment

Assessment of Existing
Flood Behaviour

Table 4 DESIGN FLOOD LEVELS AND VELOCITIES FOR BORA CREEK WITH NO

CULVERT/BRIDGE BLOCKAGE

HEC-RAS | 100 YEAR RECURRENCE EVENT | 20 YEAR RECURRENCE EVENT 5 YEAR RECURRENCE EVENT
MODEL Peak Peak Velocity Peak Peak Velocity Peak Peak Velocity
CROSS- Level (m/s) Level (m/s) Level (m/s)

SECTION* [ (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right

B7 4656 | NA | 08 | NA | 4655 | NA | 07 | NA | 4654 [ NA | 08 | NA
B6 4530 | NA | 17 | NA | 4529 | NA | 16 | NA | 4527 [ NA | 15 | NA
B5 4409 | NA | 12 | NA | 4408 | NA | 11 NA | 4408 | NA | 10 | NA
B4 4374 | NA | 06 | NA | 4374 | NA | 05 | NA | 4371 [ NA| 04 | NA
B3.6 4358 | NA | 12 | NA | 4358 | NA [ 12 | NA | 4358 | NA | 14 N/A
B35 4327 | NA | 14 NA | 4327 | NA | 11 NA | 4326 | NA | 10 | NA
B3 4281 | 03 | 06 03 | 4280 | 02 | 05 02 | 42719 | NA | 05 0.1
B2 4184 | NA | 20 | NA | 4183 | NA | 18 | NA | 4182 [ NA| 17 | NA
B1.3 4135 | 01 | 04 0.1 425 | NA | 05 | NA | 4113 [ NA | 10 | NA
B1.1 4097 | NA | 30 | NA | 4096 | NA | 28 | NA | 4004 [ NA| 26 | NA

NB: ‘N/A’ denotes that the design flows are contained to the creek or river channel. Therefore an overbank velocity cannot be

defined.

* Refer to Figures 4 to 8 for model cross-section locations.
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Moolarben Mine Project
Flood Impact Assessment

Assessment of Existing
Flood Behaviour

Table 5 DESIGN FLOOD LEVELS AND VELOCITIES FOR MOOLARBEN CREEK WITH 50%
CULVERT/BRIDGE BLOCKAGE

HEC-RAS | 100 YEAR RECURRENCE EVENT | 20 YEAR RECURRENCE EVENT 5 YEAR RECURRENCE EVENT
MODEL Peak Peak Velocity Peak Peak Velocity Peak Peak Velocity
CROSS- Level (m/s) Level (m/s) Level (m/s)

SECTION* | (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right

M32 502.0 2.3 1.1 2.1 501.8 1.8 0.9 1.7 501.7 14 0.7 1.2
M31.3 497.6 1.0 2.3 0.3 497.2 0.7 2.3 N/A 496.8 N/A 24 N/A
M31.2 497.6 N/A 1.6 N/A 4972 N/A 1.7 N/A 496.8 N/A 2.0 N/A
M31.1 4974 N/A 1.7 N/A 4971 N/A 15 N/A 496.7 N/A 14 N/A
M30.6 4951 N/A 0.9 0.7 4949 N/A 0.8 04 494 8 N/A 0.6 0.1
M30.5 4924 1.3 1.1 15 4922 1.3 1.1 14 4919 14 1.1 1.3

M30 491.6 15 1.3 N/A 491.3 14 1.2 N/A 491.0 1.3 1.0 N/A

M29 482.8 N/A 0.9 1.3 482.7 N/A 0.9 1.2 4825 N/A 0.9 1.1

M28 477.8 0.8 1.4 0.7 4774 0.8 1.2 0.5 476.8 04 1.1 N/A

M27 463.8 N/A 3.0 N/A 4634 N/A 2.7 N/A 462.9 N/A 2.3 N/A

M26 460.7 1.3 1.2 1.3 460.1 1.1 1.1 1.1 4595 0.9 1.0 0.8
M25.5 4591 N/A 1.3 N/A 4585 N/A 1.2 N/A 458.0 N/A 1.0 N/A

M25 4543 1.6 3.7 04 4541 1.3 3.3 N/A 453.7 0.8 3.0 N/A

M24 4485 0.6 0.5 N/A 4485 04 0.4 N/A 4485 0.3 0.2 N/A
M23.5 4475 1.0 2.8 0.9 4473 0.8 2.6 0.5 447.0 0.2 2.7 N/A

M23 4429 0.9 2.2 1.2 4426 0.8 2.0 1.0 4424 0.7 1.9 0.9
M22.3 440.5 1.6 2.1 14 4404 1.3 1.7 15 440.3 1.0 14 1.3
M22.1 440.6 1.1 1.2 0.7 4404 1.1 1.1 0.7 440.3 1.0 1.1 0.6
M21.5 438.2 N/A 3.4 0.5 4379 N/A 3.1 N/A 4374 N/A 3.1 N/A
M21.4 436.0 0.2 1.1 0.3 435.6 0.2 1.0 0.2 435.2 0.1 0.9 0.2
M21.3 435.6 0.6 1.4 0.9 435.2 0.5 1.3 0.8 434.8 04 1.2 0.8

M21 433.1 1.0 1.9 0.5 432.6 0.8 1.7 0.5 432.2 0.6 15 0.4
M20.5 4317 N/A 1.6 N/A 431.0 N/A 1.4 N/A 4305 N/A 1.3 N/A

M20 430.2 04 48 0.5 429.7 04 42 04 429.3 0.3 35 0.3

M19 426.2 1.1 1.9 0.7 4255 1.0 1.7 0.3 4247 0.8 15 N/A

M18 4237 0.5 1.7 0.8 4232 04 1.4 0.6 422.7 0.2 1.1 04
M17.5 422.8 0.9 1.1 0.6 4225 0.7 1.0 0.5 4222 0.6 0.8 0.4
M17.3 422.3 1.2 1.0 1.1 4221 0.9 0.8 1.2 421.8 0.7 0.7 1.2
M17.1 4218 15 0.7 0.7 421.6 1.2 0.6 0.5 4214 1.0 0.5 0.4
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Moolarben Mine Project Assessment of Existing
Flood Impact Assessment Flood Behaviour

Table 6 DESIGN FLOOD LEVELS AND VELOCITIES FOR THE GOULBURN RIVER WITH 50%
CULVERT/BRIDGE BLOCKAGE

HEC-RAS | 100 YEAR RECURRENCE EVENT | 20 YEAR RECURRENCE EVENT 5 YEAR RECURRENCE EVENT
MODEL Peak Peak Velocity Peak Peak Velocity Peak Peak Velocity
CROSS- Level (m/s) Level (m/s) Level (m/s)

SECTION* [ (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right

M16.1 419.8 2.1 15 1.2 4195 1.8 1.3 14 4191 15 1.2 15
M15.5 4191 25 1.4 14 418.8 24 1.4 1.1 4184 2.0 14 0.9
M15 418.3 2.2 1.3 1.0 418.0 1.7 1.1 0.7 417.8 1.3 0.9 04
M14.5 417.0 1.7 1.2 2.0 416.5 1.6 1.4 2.0 4161 0.6 1.8 1.6
M14 416.4 15 0.9 1.8 415.9 1.3 0.8 15 4154 1.2 0.7 1.2
M13.5 415.6 35 2.0 N/A 415.3 2.9 1.7 N/A 4149 2.3 15 N/A
M13 4140 1.8 1.3 2.2 4135 1.8 1.3 2.1 413.0 2.0 1.3 1.9
M12.6 4137 1.6 0.9 1.1 4132 15 0.8 1.1 412.7 1.3 0.7 1.1
M125 4129 N/A 1.6 N/A 4124 N/A 14 N/A 4119 N/A 1.2 N/A
M12 4122 1.6 0.8 N/A 4116 14 0.7 N/A 4110 1.3 0.6 N/A
M11.5 4115 2.6 1.7 N/A 410.9 2.3 1.7 N/A 410.2 1.9 1.6 N/A
M11 409.7 N/A 2.4 N/A 408.6 N/A 2.2 N/A 407.9 N/A 1.8 N/A
M10.5 409.2 1.6 1.8 1.3 407.8 1.7 1.8 1.1 406.6 2.1 2.1 1.0
M10 408.9 N/A 2.2 N/A 4075 N/A 2.1 N/A 406.2 N/A 2.0 N/A
M9.5 408.2 N/A 3.3 N/A 406.9 N/A 2.8 N/A 405.6 N/A 2.3 N/A

M9 406.6 N/A 4.8 N/A 405.9 N/A 3.8 N/A 404.9 N/A 3.1 N/A
M8 404.4 15 1.1 1.2 403.3 1.1 1.1 1.0 402.4 04 0.9 0.6
M7.3 403.2 0.8 1.3 0.7 401.2 0.3 2.0 04 400.5 N/A 1.6 N/A
M7.1 401.1 0.3 1.1 0.6 400.4 0.3 1.0 04 399.7 0.1 0.8 0.2
M6.5 400.3 0.8 1.1 0.6 399.5 0.7 1.1 0.6 398.9 0.6 1.0 05
M6 399.9 0.6 0.9 N/A 398.8 0.6 1.1 N/A 397.9 04 14 N/A
M5.6 399.6 0.3 05 04 398.4 0.3 05 04 397.2 0.3 0.5 04
M5.5 399.4 04 0.9 0.6 398.2 0.3 0.8 0.5 397.0 0.3 0.8 05
M5 399.0 1.0 1.5 0.5 397.8 0.8 1.3 0.3 396.5 0.7 1.1 N/A
M4 397.5 0.9 1.4 0.7 396.2 0.8 1.3 0.6 394.8 0.8 1.3 0.6
M3 395.8 0.9 2.8 04 394.7 0.5 2.2 0.1 393.4 0.2 1.7 N/A
M2.3 3928 1.0 2.2 1.2 391.7 0.9 2.2 1.1 390.7 0.7 2.0 1.0
M2.1 3926 0.6 1.4 0.8 391.3 0.7 15 0.7 390.1 0.5 14 0.8
M1 391.6 15 2.1 1.2 390.2 1.3 1.9 1.1 388.9 1.0 1.6 0.9
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Moolarben Mine Project
Flood Impact Assessment

Table 7 DESIGN FLOOD LEVELS AND VELOCITIES FOR BORA CREEK WITH 50%

CULVERT/BRIDGE BLOCKAGE

Assessment of Existing
Flood Behaviour

HEC-RAS | 100 YEAR RECURRENCE EVENT | 20 YEAR RECURRENCE EVENT 5 YEAR RECURRENCE EVENT
MODEL Peak Peak Velocity Peak Peak Velocity Peak Peak Velocity
CROSS- Level (m/s) Level (m/s) Level (m/s)

SECTION* [ (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right | (mAHD) | Left | Chann | Right

B7 4657 | NA | 07 | NA | 4655 | NA | 07 | NA | 4654 [ NA | 06 | NA
B6 4532 | NA | 20 | NA | 4529 | NA | 16 | NA | 4527 [ NA | 15 | NA
B5 4409 | NA | 13 | NA | 4408 | NA | 11 NA | 4408 | NA | 10 | NA
B4 4374 | NA | 06 | NA | 4374 | NA | 05 | NA | 4371 [ NA| 04 | NA
B3.6 4359 | NA | 13 | NA | 4358 | NA [ 12 | NA | 4358 | NA | 14 N/A
B35 4327 | NA | 14 NA | 4327 | NA | 11 NA | 4326 | NA | 10 | NA
B3 4281 | 03 | 06 04 | 4280 | 02 | 05 02 | 42719 | NA | 05 0.1
B2 4184 | NA | 20 | NA | 4183 | NA | 18 | NA | 4182 [ NA| 17 | NA
B1.3 4159 | 01 | o1 0.1 457 | 00 | o 0.1 4140 | 01 | 01 0.1
B1.1 4098 | NA | 30 | NA | 4096 | NA | 28 | NA | 4004 [ NA| 26 | NA

NB: ‘N/A’ denotes that the design flows are contained to the creek or river channel. Therefore an overbank velocity cannot be

defined.

* Refer to Figures 4 to 8 for model cross-section locations.

3.5

DISCUSSION

Figure 9 shows that 50% blockage of all bridge and culvert crossings within the study area
will have only a minimal impact on flood behaviour along the upper reaches of Moolarben
Creek. This is because the culvert crossings along this section of the creek only have a
limited capacity. Accordingly, during large floods, the majority of the flow passes over the
top of the roadways.

Figures 10 and 11 show that larger increases in peak 100 year recurrence water levels are
predicted in the vicinity of major bridge crossings such as the Ulan-Cassilis Road bridge
and Gulgong to Sandy Hollow Railway bridge. An afflux of about 100 mm is predicted at
this location. The most significant increase in peak flood level occurs at the Ulan-Cassilis
culvert crossing of Bora Creek where 50% blockage of the culverts is predicted to increase
peak 100 year recurrence flood levels by over 2 metres.

As shown in Plate 4, the Ulan-Cassilis Road forms a significant embankment.
Accordingly, during large floods, water will effectively “build up” behind the embankment
until it is able to pass through the culverts. If the capacity of the culverts is compromised,
then floodwaters will continue to build up behind the embankment, generating higher peak
flood levels.
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Moolarben Mine Project Assessment of Existing
Flood Impact Assessment Flood Behaviour

" ol

e D o o

Plate4 VIEW SHOWING CULVERTS DRAINING RUNOFF FROM BORA CREEK BENEATH THE
ULAN - CASSILIS ROAD

Figures 9 to 12 also show that the hydraulic gradient along each of the watercourses is
generally steep. This indicates that flood behaviour along the watercourses is typically
characterised by relatively shallow fast moving water. This is confirmed by the results
provided in Tables 2 to 7 which indicate that flow velocities along each of the
watercourses are generally in excess of 1 m/s during the 5, 20 and 100 year recurrence
floods.

As shown in Figures 14 to 17, Open Cut No.1 and Open Cut No.2 are located well outside
of the predicted peak 100 year recurrence flood extent. Figure 14 indicates that Open Cut
No.3 will be within the 100 year recurrence flood extent. However, it is understood that
mining activities will be excluded from those areas predicted to be inundated at the peak of
the 100 year recurrence flood.

As shown in Figures 16 and 17, the 100 year recurrence flood extent is predicted to extend
across the lower lying sections of the area proposed for underground mining. However, the
inundation is predicted to be restricted to small sections near the south-west and south-east

corners of the underground mine area.

A small section of land near the eastern edge of the underground mine is also predicted to
be inundated at the peak of the 100 year recurrence flood (refer Figure 17).
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4

FLOOD IMPACT ASSESSMENT

41

DESCRIPTION OF DEVELOPMENT PROPOSAL AND POTENTIAL IMPACTS

The proposed Moolarben Coal Mine Project is to comprise the staged development of three open
cut mines (Open Cuts No. 1, 2 and 3) and an underground mine (Underground No. 4) (refer
Figure 2). Mine infrastructure, surface facilities and coal handling and preparation facilities will
also be constructed between Open Cut No. 1 and Underground No. 4 (refer Figure 2).

41.1

Potential Flood Impacts along Moolarben and Bora Creek

As shown in Figures 15 and 16, Open Cuts No 1 and No 2 are located well outside the
predicted 100 year recurrence flood extent. Accordingly, all earthworks associated with
the construction and operation of Open Cut No 1 and Open Cut No 2 are unlikely to impact
on existing flood behaviour along the lower reaches of Moolarben Creek and sections of
the Goulburn River adjacent to the Exploration License.

As shown in Figure 14, Open Cut No.3 is predicted to be located within the 100 year
recurrence flood extent. However, it is understood that mining activities will be excluded
from those section of the mine area where inundation is predicted during the 100 year
recurrence flood. This will reduce the potential for inundation of the open cut area and
subsequent disruption to mining activities following heavy rainfall in the catchment.

Accordingly, it is understood that no alteration to the topography of Moolarben Creek or its
floodplain will be undertaken across areas that are currently inundated during floods up to
and including the 100 year recurrence event. Therefore, works associated with Open Cut
No. 3 will have no measurable impact on flood behaviour along Moolarben Creek during
events up to and including the 100 year recurrence flood.

As shown in Figure 16, inundation of small sections of the underground mine area could
occur as a result of flooding of Bora Creek. However, as mining activities in this area will
be underground, inundation across the surface of these areas is not expected to present any
impediment to mine operations.

Notwithstanding, there is potential for subsidence and surface cracks to provide a passage
for surface water into the underground mine. However, it has been determined that
‘..surface drainage patterns are likely to function with minimal changes after subsidence
trough development’ (Moolarben Coal Mines Pty Ltd, May 2006). That is, the proposed
mine is note predicted to alter existing drainage behaviour.

Moreover, it should be recognised that no permanent watercourses extend across the land
surface above the proposed underground mine. That is, those sections of the underground
mine that are predicted to be inundated will generally only be subject to inundation during
relatively rare rainfall events.
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Moolarben Mine Project Flood Impact Assessment
Flood Impact Assessment

41.2 Proposed Moolarben Creek Dam

As outlined in Section 3.2.1, Ulan Coal Mines Limited has approval for the construction of
a new water supply dam immediately upstream of the existing Moolarben Creek Dam.

The proposed dam is to be located between Open Cut No.1 and Open Cut No.2.

Therefore, the open cut operations will not directly impact on the proposed dam.

However, Moolarben Coal Mines Pty Ltd does propose to construct a haul road between
Open Cut No.1 and Open Cut No.2 to form a bund along the eastern bank of the proposed
dam. The alignment of the proposed haul road is shown in Figure 2.

Available topographic survey along the alignment of the haul road indicates that the
roadway would have a minimum elevation of about 448 mAHD. As discussed in
Section 3.2.1, the proposed Moolarben Dam is to have a full storage level of 442 mAHD.
Therefore, the proposed haul road will be located 6 metres above the full supply level of
the dam. That is, the haul road will not encroach into the dam and therefore will not
compromise the capacity of the proposed dam.
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5 CONCLUSIONS

Moolarben Coal Mines Pty Limited plans to develop a series of coal mines across an Exploration
License located adjacent to Moolarben Creek and the Goulburn River near Ulan. Investigations
carried out for the proposed mine have defined existing flood behaviour along each of the
watercourses that drain through the mining Exploration License. These investigations have also
considered the potential for mining operations to adversely impact on existing flood behaviour
along each of the watercourses.

Existing flood behaviour along each of the watercourse has been defined using hydrologic and
hydraulic computer models developed specifically for the Moolarben Mine Project. The
hydrologic model has been used to define design flood flows at various locations across the
Exploration License. The hydraulic model has been applied to predict flood characteristics such
as peak water levels and flow velocities along each of the primary watercourses.

The results of the modelling indicate that flood behaviour across the Exploration License is
generally characterised by shallow, high velocity flood flows. As shown in Figures 14 to 17, the
open cut and underground mining operations are generally located well outside of the predicted
100 year recurrence flood extent. Accordingly, the majority of the proposed mine areas will not
be inundated during all floods up to and including the 100 year recurrence event.

A small intermittent watercourse, known as Bora Creek, currently extends across sections of the
proposed underground mine. However, results documented in the ‘Mine Subsidence Impact
Assessment for the Proposed Longwall Panels LWs 1 to 14, Approved No. 4 Underground Area,
Moolarben Coal Project’ (May 2006), indicate that mine subsidence is not predicted to adversely
impact on existing drainage behaviour.

Therefore, the proposed mine operations will generally be located outside of the predicted

100 year recurrence flood extent. Accordingly, any earthworks associated with the proposed mine
development are not predicted to adversely impact on existing flood behaviour across or outside
of the Exploration License.

Overall, the Moolarben Coal Project is not predicted to be impacted by floodwaters inundating the
mine site during all events up to and including the 100 year recurrence flood. Moreover, any
proposed earthworks are not predicted to adversely impact on existing flood behaviour along each
of the watercourses that currently drain through the Exploration License.
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ADOPTED RAFTS MODEL SUB-CATCHMENT PARAMETERS

Patterson Britton & Partners

rp6173djt060109-Moolarben Mine FIA



an eleq yoled Bled S14vy €19\ doy\iele M 90eUnS @ Bulpoo]d - V3 UIN UBQIEI00N - ££L9\H
%¥S el 6E0'SLZ°LEL %Ly vEV'LL L08°0VE'YLL Isv've 852'60Sv¥T ANIWHOLVD TV10L
888’y 115'288'8Y
09 ve 008’12V’ 0F 622 €05'982'C 434 0% 0Ly 43y 00} (75} €0€'80L'S juawiyojed ron
/o0L 806 121°080'6 0€ 8€ 9€0'GEB'E EEL! 8Ly 18Y 43y 009" 621 L0T'SL6'TL juawiyojed on
001 9LL°L ¥09'29L°LL 0 0 0 434 icid 025 EEL] 00€" 9L’y ¥09'29L'LL Juswiyoles 0N
67 809 L1210 %lS 9 2518119 434 Sy 86Y 43y 006" 0sZ'L €9v'96V'2L Juswiyoled on JeAry uinqinog {981] uein
S.9 §9€'26L'9
wwnp 0!
%0% 6L 0vL'e6L %09 ozl 819'€0Z'L i434# (434 06% 0082 002 85.'966'L juawiyojed O
%t 95 062'195 %865 08 85008 0zy 06Y 000z 9€L v18°19€"L Juswiyoyes 0!
%Y 85 210085 %LS LL vLLL9L 8Ly 9y 009'} SEL 98L'LVEL Juswiyoled D!
wwnp [
%0 0 0 %001 a4 VOL'YYY ey SEY 0v6. (a4 YOL'vry uswyoled €08
%CE (43 0zz'zze %89 0L €v1L'00L 144 3:14 009'L 20k €9€'220°}L juswiyoled 208
%001 85 08Y'6.5 %0 0 0 0Ly 005 000'L 85 08V'6.S juawiyojed 108 JaARy uinginog 3@81) esog
9sz'e 58Y'095'2¢
\wiwinp 0LH9
%6L 192 1¥0'0£9°'2 %lT 69 812'689 26€ ovy 005'} 9€€ 65.'65E'E uswyoled 849
%001 Yor 8ZY'LE9'Y %0 0 0 06€ 697 00v'y Leid 8ZY'LE9'Y juawiyoled x|
wwnp N
%8E €2 1vZ'veee %29 £9€ 088'2€9'E i434# oLy 08% i439# 008'C 186 121°198'S juawiyojed o
%0L 85€ LETY8S'E %0€ 151 286'G95"L i439# 86€ £9Y i439# 00L'y SiS €1Z05L'S Juswiyoles 2|
wwnp 1|
%Sy 09€ 8Z€'165' %SS SeY 110'0SE'Y i434# (134 8Ly 009'€ S6L SYE'LVE'L uawyoled €49
Kwiwnp FT)
%8% 89¢ 669'189'C %25 262 V16'916'C i434# 134 88Y i439# 0062 095 €19'865'S juawiyojed 3°5] JaARy winginog J9ARY uINgINoo
198'L 6v6°119'8)
%6E 6L ¥15'016'L %19 00€ +26'966'C i435# osy 0lS 000'S 15810 3 [enUSpISal [eni 134 867'206't Juswiyoed 200y
%L L10'L 126’7110 %9T 65€ 0£5'685'€ 09% 0€S 009'9 lesns i 0L€'L LSY'v0L'EL uswyoled 100y 18810 moj| 981D sesnoy
899'C Sv2'289'92
%19 60€ 82°060°€ %6€ 861 €6Y'086'L 9y 06% 009'¢ 105 111°0.0'S juawiyojed OH
%EE 692 2610697 %L9 ovs 928'S6E'S £y 0€s 009z 608 810'980'8 Juswiyoles OH
Awwnp OH
%ES S6€ 6.5'9V6'C %Ly 95€ 066'655'€ Siy ors 00€'e [einJ pue saio) 373 695'905'L uswyoled OH
%98 918 0v9'09L'S %l 98 1v2'8s8 9Ly ES oov'e [einJ BWOS pue 3$810} 209 188'810°9 juswiyoled LOHS JoARy winginoo 8310 MOJIOH Suewspods
[11%4 820°069°'LZ
%65 8T L8E'9E8'Z %ol 661 092'066'L 8Ly S.S 00e'z leans £8Y 1v9'9z8'y juawiyojed YOAY
%Y 26 902916 %LS 243 6925021 05y 0ls 000'€ |enuspisal [ens {424 Sl6'12L'T Juswiyoled £OAY
%bb oL LvS'P0L'L %68 916 962'091'6 8€S 265 008'L |enuspisa [esns 120'L £Y€'59Z'0L uswyoled 20AY
%9 ST 161'0S2 %Y6 (144 z18'szz'y 8€S 119 00L's |enuspisai jesns 8y 690'9LV't juswyoled LOAY 8810 uaqeoo o310 sueky
££5'e 862°1EE'GE
\wwinp €01
%¥T 8L 816'L¥8'L %9L 165 €22'596'S £S5y 8YS 0022 leans 18L LvL'208'L Juswiyoled o1
%y €6L S50'1€S'L %8S o'l £v9'9EV'0L (744 08S 002'2 |esns 161'L 869'296'L1 Juswiyoyed 101
%Ll 191 086219} %ES 6L BLY'EVE'L (234 085 00L'9 leans 956 657'955'6 uawyoled 201 8810 uaqeoo 8319 uoobe]
125 TL8'192'S
%¥ 0ze 0vL'€0z'T %8S 90€ 2€9'€90'e i439# 061 029 i439# 00Z's €1nD uado Jo 1ed Jo doj sujejuoo ‘lein I 128 TLELT'S Juswydleds {9810 usqelooN #o01) Buuds
069 6v2'006'9
%¥8 L1 922'0LL'S %91 €L €20'0€L' L 805 ov9 000'S [eand jie 069 6+2'006'9 juawiydes 8810 uague|jooN Aiino Buyspiny
€81y 069°0€8°LY
\wiwinp 8LOW
winp SLOW
%9 L 108'59 %6 86 182'086 {444 osy 000'L S0 285'9%0'} Juswiyoed LLOW
%ST 0S 05€'867 %SL 0st 192'G6'L (454 (734 000'€ 661 LLL'PE6'L uswyoled 7IOW
%8S 68 816'068 %ly 9 26Y'9€9 (44 6% 0042 €51 0L0'225'} juswiyoled 0
%ty (44 L¥9'6LY %95 S 8L'EVS (4 9€5 00€'L 96 528'296 juawiyoled 0
Awwnp 5
%6¢ 28 7£6918 %19 8zl 826'182°) vy Si5 00€°) 01z 298'860' uswiles 5
%EE 113 SLS'VIS'L %L9 90€ 916'290'¢ (444 005 0097 8sY 161125y Juswiyojed $9)
Awwnp 60N
%8S 34 8LLOLY %SY e SGZ'6EE i434# 85Y Sy i439# (54 SL €LE'6VL juswiyoled 0
%1€ o L1197 %69 €01 €82'G20'L i434# ELid €S i439# 005'L 2InQ uedp Jjo doy 671 SSY'98Y' L juawiyoled )
Awwnp 0
%ch 0% €95°100'% %8S 185 S96'LS'S 18y 0SS 006'L €11 uado Jo Auofew sianoo ‘eale [ens 856 825'9/5'6 Juswiyoles )
Wwwnp 9
%19 182 096'718'2 %6E Ll 98Tl 86% S09 0002 €1nD uado Jo doy ‘eale [einu 6SY 98G'/85'Y uswyoled ON
Awwnp ZON
%89 9.6 S0G'2SL'6 %C€ 514 V66'CISY i434# 805 029 i439# 00€'9 39910 UBQIE|00N O o) Je eale pajsalo) prian 66V'0L2'7L juawiyojed 9910 UaqIe|j00N 9810 UsqIejooN
ealy
(eu)eary | (zyw)easy | eauy pessesn (ey) eory (zyw) eory (aHvw) Jenno (aHvw) (w) (zw) eary ;
POJAQUILL | o ioqu) | pesequi) | eamsed uonuodold pessel | painised | passel / aimsed adois paiojoan JeuoneAs|d | %0z e uoneAsid | WS JO %07 (w) yBuaT yyedmold jejoL uonduoseq (BU) BRIV JUBWIYIE-ANS |\ o iongng | 29KLOPON ON 3PON S14vd A
enjen Wnwiuiw,
- ymosBiapun enjeA ,wnwixew
oy ‘soan - lewsou, - sselb uonduosep u, s,Buiuuep|
umop may ‘Jequily ybiy - ysniq ou - aimsed
10 puels Aneay - see}
| 800 00 \u, s,bujuuey
JuBWYOJD JOAKY J8JUNH 8Y) 10j 866} &Y Y JO OML %OOg Ul L°E BJqeL WOJj Ud)e} SSoj buinupuo) sz x4 (y/ww) sso Buinuy
[ I 0z [ (wiw) sso7 jenu|
| [ 06 S6 snoiAlad %
$d0.19)0 %001 SNOIBLLINU 10] JUNODE O] SEAIE PaIEGU] oj oS Bale SO JOYBIH ob S snoinadu] %
SeloN BRIV PRIAULL | pary passeln | aimised
ejeq adojs pue ealy Juswyoled-qng
[
|
suopipuo) Buysixg - ejeq SL4VY

9002/L/19




o

2 e Wieo jeQ SL4VY €210\ 192 89BN '8 BUIPOOIS - /3 BUIN USGIEIOON - ELLIVH
[ [ 0 ERE) ¥on £0°0E €051
6 291 [12 6 002 zs %S0 6e 607 016 888" ¥on £on 2008 2051
15 691 [ vz 161 9L %80 607 ey Lh0'e L1eY £0n zon 1008 L0'sL
6 €91 (12 12 91 SL %L°0 zey sy 96T 920'e zon 1on 0008 00’5
[ 05zl 1on
%0010 Uein
0
[} 0 0 808 108 0042 0%l
0 0 0 808 908 0092 00'el
80! Ot 0052
pO! O 002 00zt
] O 00°€Z
] o] 202 201k
2 sL 44 ve 6 vl %E'L 907 242 zvet 519 0 bOf 102z [y
Jig 6€ Pig €2 09 z8z %8 ey oLy 0£9') S0z ] f 0022 00’k
€ 85 108
s8I0 eiog
01D o 00'1€ 00'ZL
0149 o 0028
24 o 0082 00’9}
24 0062
v 00’12 0004
2y 0002
9% 81 9% 3 19¢ g %2 98¢ (3 L9E" s8l'ee oLy Ji oL’ 60°
(12 s91 [12 6 sze ' %ot v6e 907 996 16v'1) 14 o 60’ 80"
Pig 68 Pig 9 9le ¥ %2’ 907 [IE2 209° 10£°9) i 249 80° 10°
(2 D v v oLe ¥ %2’ oLy 9Ly €9 215’5l 2y 810N 20° 90°
90€ 256'7L 60N
JOA UINGINOS
0 [ 0 €OHS 200d 1061 106
8L 19 8l st 661 z6 %60 0s¥ 09v 060°) 1981 200¥ 100¥ 00’6} 006
€zt o0s€'l 100Y
#0810 sesNoY
[ 0 10 OH £0' €08
oy el or 2L 651 0L %0 oy 3 ST 8997 OH OH 20 208
] [ 15 24 ) EE %90 ey 05% 980'¢ 11z OH OH 10 108
[ OH OH 00'
e 8zt 8€ z €2k €1l %L o5t oy 60£ £5€'l €OHS LOHS 00'ZL 008
06 209 LOHS
%0810 MOloH
[ [ 0 ZL0N YOAY £02Z) €09
2 L 2 €l 9t ozl %' ey osv 9ee’l 6912 YOAY £OAY 20k 209
6¢ 95 6c L €el z6l %6'L o5t 67 6E€T 989') £0AY 20AY 1021 109
[ [} [ 12 i) ol %b'L s6v 865 2.0 viv'L 20AY LOAY 002k 009
[ vy LOAY
0810 sueky
0 60N 01 208 20
05 7] 05 4 o 8y %Sy vy 085 216 £66'E 01 €01 10'8 10t
[ €01 201 006 0%
€01 101 008
0310 UooBET
[ 0 YON 108 00 007
#0010 Buiidg
o 0 00°
o 0 00°
0 k) 00°
9 B 00'
ke 9 00°
ke on 00’
60 0l 00°
60 Pie] 00’ 0L
90 SOl 00° 00s
] ] 00' 00€
(4 8L £z 98 %60 oLy 82y oov't 810 SLoN 90t
2z 16 z %2 19 re %0 8zy ey 2v9'L €2v'0l SLON Z1o0N so'L S0k
6¢ [ € 09 % ¥ %9’ (32 vy SEE” 856" 210N 0 o' 0"
05 S91 S 2 18| g %b Ly 09% £L6° Jox oN 0 €0 €0°
8L 092 L (4 1L : %9' 09% 06 249" 66" on 0 20 20°
ve il ve [ 15 ' %6° 06% 805 840" 946" N 0 10" 10°
syl L1 oN 9 00’
)@81) uaqJejoop
0 069 LOW LON 00 00’k
Aiing BuLBPINA
Suj) b suj) /i) U sui
,..a..._wuu._ ,_._.:. Lu .Mzﬁ_.__uo_mr (sute) (ou) (sutw) yuy 1oy 93 ‘ w.._"._as_.ou ° untre) adojs weang ___Mﬂﬁ__.m (QHYW) uoneAs|3 weans xep (w) yBua weans (ew) 9PoU S/ 01 BUIIEIP | o oy iq | oN9PON SN |“ON UM SLAVA MON| “ON Ul SLAVY PIO JuaWYdED 38IN0DIB}EM
- - U1 40 Bl [9ABIL YU JOj BWI| [9ABI) N - - ado|g weans Ny ‘eaJE JUBIYIIED [BJO L N ;
leud | ewyp eIl | SVN-O3H 10} 9} ||esoAQ weaxns uN
SV4-03H LSTELTENN Ayo0joA SYH-O3H POYIBIN [eUOREY ONSIIGeqOId ejeq weals pue Juswydled ejeq U
pawnssy Wano
L 2} POUIO |euoney JNSIIIGEqoId
104 1039€ 4 UOHONPAY|
buijapoul Syy-03H wold S/w)
[enueyy ebeureiq ueqin O Ul °G0°G 8/qeL uo paseg S/Ww L0 %G’ 1< S2dO|S Juawydjed 104|
[enueyy abeureiq ueq.n no Ul $'60°G 9|qeL uo paseg S/w €0 %SG’1> sado|s 04|
A3I20|2A MO|} pawnssy
[
EEC) PUE JaAY UINGIog 8y} Jo YjBus] paUIGUIOD [810) U] O] BAlE[e] SYIBUB] i HOYS o) 0] 8P S0UEISU] SIg) Ui [enbd 5 0} paLlinsse aie oM o) aramoy “5dojs eale [enba ay) jou S| 8djs WEals Jey) S10N]
souiy Bey pajeujse auj jo 100 S pash Uaq oABY 866 HLHY O & 00F JO L'’} UOI8S Ul '} Uojenbs U UeAIB Bjnitiio} POYIaN [eUole 1Sl U W0y peAep Uoj Jo saui|
| | | Auoojen jouueyo pawnsse ue uo peseq ale sauwi) beq
| | | [ BjeQ Yurl SLAvY
| | | |

9002/L/19




APPENDIX B
SURVEYED CROSS-SECTIONS OF MOOLARBEN, SPRING,
RYANS AND BORA CREEKS AND THE GOULBURN RIVER
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APPENDIX C
DETAILS OF BRIDGE CROSSINGS OF MOOLARBEN
CREEK AND THE GOULBURN RIVER

Patterson Britton & Partners

rp6173djt060109-Moolarben Mine FIA
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APPENDIX D
RAFTS MODEL OUTPUT FOR DESIGN FLOOD SIMULATIONS

Patterson Britton & Partners

rp6173djt060109-Moolarben Mine FIA



Run started at: 21st March 2006 10:57:27

FHEH A A R A R R A R R A R R R A R R R
iEEEaaadddi

RUNTIME RESULTS
FHEH A A A R R A R R A R R R A R R R
iEEEaaadddi

Max. no. of links allowed = 2000

Max. no. of routng increments allowed = 25000

Max. no. of rating curve points = 25000
Max. no. of storm temporal points = 25000
Max. no. of channel subreaches = 25

Max link stack level = 25

Input Version number = 650
LINK BC3 1.000
ESTIMATED VOLUME (CU METRES*10**3) = 32.10
ESTIMATED PEAK FLOW (CUMECS) = 3.00
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK BC1 2.000
ESTIMATED VOLUME (CU METRES*10**3) = 42.52
ESTIMATED PEAK FLOW (CUMECS) = 4.43
ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK BC2 2.001
ESTIMATED VOLUME (CU METRES*10**3) = 117.3
ESTIMATED PEAK FLOW (CUMECS) = 11.63
ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK BC4 1.001
ESTIMATED VOLUME (CU METRES*10**3) = 149.4
ESTIMATED PEAK FLOW (CUMECS) = 14.60
ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK BC5 3.000
ESTIMATED VOLUME (CU METRES*10**3) 98.94

ESTIMATED PEAK FLOW (CUMECS) = 10.99
ESTIMATED TIME TO PEAK (MINS) = 320.00



LINK BC6

ESTIMATED
ESTIMATED
ESTIMATED
LINK BC7

ESTIMATED
ESTIMATED
ESTIMATED
LINK BCS8

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR3

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC13
ESTIMATED
ESTIMATED
ESTIMATED
LINK MC14
ESTIMATED
ESTIMATED
ESTIMATED
LINK MG1

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC1

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC2

ESTIMATED
ESTIMATED
ESTIMATED
LINK SC1

ESTIMATED
ESTIMATED
ESTIMATED

LINK MC3

4.000

VOLUME
PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

5.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

1.002
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

6.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

7.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

8.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

9.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

10.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

9.001
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

11.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

12.000

99.64
10.82
330.00

145.7
14.86
330.00

493.7
49.21
330.00

579.2
45.55
340.00

70.36

8.56
310.00

146.3
13.84
340.00

502.7
39.58
340.00

1034.
68.21
360.00

1537.

107.11
340.00

384.4
35.62
340.00



ESTIMATED
ESTIMATED
ESTIMATED

LINK MC4

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC5

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC6

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC7

ESTIMATED
ESTIMATED
ESTIMATED
LINK MCS8

ESTIMATED
ESTIMATED
ESTIMATED
LINK LC2

ESTIMATED
ESTIMATED
ESTIMATED
LINK LC1

ESTIMATED
ESTIMATED
ESTIMATED
LINK LC3

ESTIMATED
ESTIMATED
ESTIMATED
LINK LC4

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC9

ESTIMATED
ESTIMATED

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

9.002

9.003

9.004

13.000

14.000

15.000

16.000

15.001

15.002

9.005

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10%**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3) =

(CUMECS)

335.1
35.39
330.00

2255.

159.54
360.00
2951.
184.40
420.00
2951.
184.40
420.00

109.2
12.54
320.00

54.95

6.22
320.00

697.0
55.26
340.00

1306.
90.69
360.00

2003.

145.27
350.00
2572.
179.81
390.00
5683.
313.51



ESTIMATED TIME TO PEAK (MINS) = 460.00

LINK MC10 17.000

ESTIMATED VOLUME (CU METRES*10**3) = 334.2
ESTIMATED PEAK FLOW (CUMECS) = 33.03
ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK MC11 18.000

ESTIMATED VOLUME (CU METRES*10**3) = 153.8
ESTIMATED PEAK FLOW (CUMECS) = 17.50
ESTIMATED TIME TO PEAK (MINS) = 320.00
LINK RYC1 19.000

ESTIMATED VOLUME (CU METRES*10**3) = 327.1
ESTIMATED PEAK FLOW (CUMECS) = 28.40
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK RYC2 19.001

ESTIMATED VOLUME (CU METRES*10**3) = 1077.
ESTIMATED PEAK FLOW (CUMECS) = 91.18
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK RYC3 19.002

ESTIMATED VOLUME (CU METRES*10**3) = 1233.
ESTIMATED PEAK FLOW (CUMECS) = 100.99
ESTIMATED TIME TO PEAK (MINS) = 380.00
LINK RYC4 19.003

ESTIMATED VOLUME (CU METRES*10**3) = 1586.
ESTIMATED PEAK FLOW (CUMECS) = 120.20
ESTIMATED TIME TO PEAK (MINS) = 390.00
LINK MC12 9.006

ESTIMATED VOLUME (CU METRES*10**3) = 7753.
ESTIMATED PEAK FLOW (CUMECS) = 417.53
ESTIMATED TIME TO PEAK (MINS) = 420.00
LINK MC15 7.001

ESTIMATED VOLUME (CU METRES*10**3) = 7965.
ESTIMATED PEAK FLOW (CUMECS) = 423.07
ESTIMATED TIME TO PEAK (MINS) = 450.00
LINK MC16 20.000

ESTIMATED VOLUME (CU METRES*10**3) = 112.1
ESTIMATED PEAK FLOW (CUMECS) = 12.89
ESTIMATED TIME TO PEAK (MINS) = 310.00
LINK MC17 21.000

ESTIMATED VOLUME (CU METRES*10**3) 76.92

ESTIMATED PEAK FLOW (CUMECS) = 8.62
ESTIMATED TIME TO PEAK (MINS) = 320.00



LINK ROC1
ESTIMATED
ESTIMATED
ESTIMATED
LINK ROC2
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHC1
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHC2
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHC3
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHC4
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHCS
ESTIMATED
ESTIMATED
ESTIMATED
LINK MC18
ESTIMATED
ESTIMATED
ESTIMATED
LINK GRI1

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR2

ESTIMATED
ESTIMATED
ESTIMATED

LINK GR4

VOLUME
PEAK FLOW
TIME TO PEAK

VOLUME
PEAK FLOW
TIME TO PEAK

VOLUME
PEAK FLOW
TIME TO PEAK

VOLUME
PEAK FLOW
TIME TO PEAK

VOLUME
PEAK FLOW
TIME TO PEAK

VOLUME
PEAK FLOW
TIME TO PEAK

VOLUME
PEAK FLOW
TIME TO PEAK

VOLUME
PEAK FLOW
TIME TO PEAK

VOLUME
PEAK FLOW
TIME TO PEAK

VOLUME
PEAK FLOW
TIME TO PEAK

22.000

22.001

23.000

23.001

22.002

22.003

22.004

7.002

24.000

7.003

1.003

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

975.2
47.95
390.00

1332.
72.73
360.00

437.9
30.46
340.00

984.6
69.24
370.00

2317.

141.25
370.00
2903.
168.73
400.00
3268.
184.47
430.00
0.1141E+05
595.45
460.00

409.2
37.25
340.00

0.1181E+05
602.93
500.00



ESTIMATED
ESTIMATED
ESTIMATED

LINK GR5

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR6

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC1

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC2

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC3

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC4

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR7

ESTIMATED
ESTIMATED
ESTIMATED
LINK GROY

ESTIMATED
ESTIMATED
ESTIMATED
LINK GRS

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR1O0

ESTIMATED
ESTIMATED

VOLUME
PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

25.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

26.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

27.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

27.001
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

27.002
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

27.003
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

1.004
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

28.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

29.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

1.005

VOLUME (CU METRES*10**3) =
PEAK FLOW (CUMECS) =

0.1286E+05
617.55
530.00

428.1
39.43
340.00

375.1
29.17
340.00

899.0
51.16
390.00

2173.
117.75
410.00

3103.
159.52
440.00

3262.
162.44
490.00

0.1690E+05
753.60
570.00

337.3
22.91
360.00

245.8
22.95
330.00

0.1742E+05
757.66



ESTIMATED TIME TO PEAK (MINS) = 630.00

FHEH A A R A R R A R R R R R A R R R
FHEHFSHAAEAS

Critical Duration

Results for period from O0: 0.0 1/ 1/1990

to 20: 0.0 1/ 1/1990
igsssstatssssasasasssassssssasdsadssssssaddssdasdddsassdpaddddddanandaaiddiddidii
HHAH A HAH

ROUTING INCREMENT (MINS) = 10.00
STORM DURATION (MINS) = 540.
RETURN PERIOD (YRS) = 100.
BX = 1.0000
TOTAL OF FIRST SUB-AREAS (ha) = 13734.00
TOTAL OF SECOND SUB-AREAS (ha) = 10479.00
TOTAL OF ALL SUB-AREAS (ha) = 24213.00
SUMMARY OF CATCHMENT AND RAINFALL DATA
Link Catch. Area Slope % Impervious Pern B
Link
Label #1 #2 #1 #2 #1 #2 #1 #2 #1 #2
No.
(ha) (%) (%)

BC3 44,000 0.000 1.000 0.000 5.000 0.000 .040 0.00 .2094 0.000

1.000

BC1 58.000 0.000 4.000 0.000 10.00 0.000 .080 0.00 .1753 0.000

2.000

BC2 70.000 32.000 4.000 4.000 5.000 10.00 .040 .080 .1335 .1287

2.001

BC4 .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000

1.001

BC5 77.000 58.000 5.000 5.000 5.000 10.00 .040 .080 .1255 .1569

3.000

BC6 80.000 56.000 4.000 4.000 5.000 10.00 .040 .080 .1431 .1722

4.000

BC7 120.00 79.000 3.000 3.000 5.000 10.00 .040 .080 .2040 .2377

5.000

BC8 .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000

1.002

GR3 435.00 360.00 2.000 2.000 5.000 10.00 .040 .080 .4878 .6403

6.000

MC13 54.000 42.000 8.000 8.000 5.000 10.00 .040 .080 .0825 .1049

7.000

MC14 150.00 50.000 2.000 2.000 5.000 10.00 .040 .080 .2804 .2294

8.000

MG1 113.00 577.00 3.000 3.000 5.000 10.00 .040 .080 .1977 .6685

9.000

MC1 451.00 976.00 2.000 2.000 5.000 10.00 .040 .080 .4971 1.075

10.00

MC2 .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000

9.001

SC1 306.00 220.00 3.000 3.000 5.000 10.00 .040 .080 .3319 .4049

11.00

MC3 177.00 281.00 7.000 7.000 5.000 10.00 .040 .080 .1636 .3013

12.00



MC4
9.002
MC5
9.003
MC6
9.004
MC7
13.00
MC8
14.00
LC2
15.00
LC1
16.00
LC3
15.00
LC4
15.00
MC9
9.005
MC10
17.00
MC11
18.00
RYC1
19.00
RYC2
19.00
RYC3
19.00
RYC4
19.00
MC12
9.006
MC15
7.001
MC16
20.00
MC17
21.00
ROC1
22.00
ROC2
22.00
SHC1
23.00
SHC2
23.00
SHC3
22.00
SHC4
22.00
SHC5
22.00
MC18
7.002
GR1
24.00
GR2
7.003
GR4
1.003

.00001

557.00

.00001

103.00

34.000

794.00

1044.0

.00001

597.00

.00001

306.00

128.00

423.00

916.00

121.00

199.00

.00001

.00001

64.000

98.000

359.00

300.00

86.000

356.00

.00001

540.00

198.00

.00001

292.00

.00001

.00001

0.000

400.00

0.000

46.000

41.000

161.00

753.00

0.000

184.00

0.000

151.00

82.000

25.000

110.00

92.000

284.00

0.000

0.000

89.000

7.000

1011.0

191.00

516.00

395.00

0.000

269.00

309.00

0.000

268.00

0.000

0.000

.0010

4.000

.0010

6.000

5.000

2.000

2.000

.0010

4.000

.0010

3.000

7.000

2.000

4.000

3.000

5.000

.0010

.0010

8.000

4.000

1.000

2.000

2.000

2.000

.0010

5.000

2.000

.0010

3.000

.0010

.0010

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

5.

5.

5.

.000

.000

.000

.000

.000

.000

.000

.000

.000

000

000

000

10.00

5.

5.

0.

0.

5.

5.

5.

000

000

000

000

000

000

000

10.00

5.

5.

0.

000

000

000

.000

.000

.000

.000

10.

.000 0.000

00

0.000

10.

10.

10.

10.

00

00

00

00

0.000

10.

00

0.000

10.

10.

10.

10.

10.

10.

00

00

00

00

00

00

0.000

0.000

10.

10.

10.

10.

10.

10.

00

00

00

00

00

00

0.000

10.

10.

00

00

0.000

10.

00

.000 0.000

.000 0.000

.025

.040

.025

.040

.040

.040

.040

.025

.040

.025

.040

.040

.040

.040

.040

.040

.025

.025

.040

.040

.040

.040

.040

.040

.025

.040

.040

.025

.040

.025

.025

.00

.080

.00

.080

.080

.080

.080

.00

.080

.00

.080

.080

.080

.080

.080

.080

.00

.00

.080

.080

.080

.080

.080

.080

.00

.080

.080

.00

.080

.00

.00

.0021

.3925

.0021

.1333

.0820

.6671

L7691

.0021

.4070

.0021

.3319

.1382

.4808

L4179

.2048

.2056

.0021

.0021

.0902

.1590

.6239

.3306

.2100

.4395

.0021

.3456

.3240

.0021

.3239

.0021

.0021

0.000

.4786

0.000

.1270

.1310

L4214

.9399

0.000

.3196

0.000

.2580

.1588

.1600

.2446

.2573

.3583

0.000

0.000

.1550

.0584

1.548

.4605

L7722

.6720

0.000

.3484

.5914

0.000

.4486

0.000

0.000



GRS 363.00 223.00 3.000

25.00

GR6 157.00 358.00 2.000
26.00
UcCl1 642.00 608.00 1.000
27.00
Uc2 1776.0 0.000 2.000
27.00
UcC3 384.00 908.00 2.000
27.00
uc4 229.00 .00134 3.000
27.00

GR7 .00001 0.000 .0010
1.004

GR9 464.00 0.000 2.000
28.00

GR8 69.000 267.00 4.000
29.00

GR10 .00001 0.000 .0010
1.005

Link Average Init. Loss
Link

Label Intensity #1 #2
Lag

(mm/h) ( mm )

mins
BC3 12.312 20.00 0.000
0.000
BC1 12.312 20.00 0.000
27.00
BC2 12.312 20.00 20.00
0.000
BC4 12.312 20.00 0.000
22.00
BC5 12.312 20.00 20.00
0.000
BC6 12.312 20.00 20.00
0.000
BC7 12.312 20.00 20.00
0.000
BCS8 12.312 20.00 0.000
0.000

GR3 12.312 20.00 20.00
0.000
MC13 12.312 20.00 20.00
0.000
MC14 12.312 20.00 20.00
0.000
MG1 12.312 20.00 20.00
0.000
MC1 12.312 20.00 20.00
0.000
MC2 12.312 20.00 0.000
34.00

SC1 12.312 20.00 20.00
0.000
MC3 12.312 20.00 20.00
0.000
MC4 12.312 20.00 0.000

78.00

3.000
2.000
1.000
0.000
2.000
3.000
0.000
0.000
4.000

0.000

Cont.

#1

(mm/h)

5.000

5.000

5.000

10.00

5.000

5.000

0.000

10.00

5.000

0.000

Loss

#2

2.500 0.000

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

0.

2

000

.500

.000

.500

.500

.500

.000

.500

.500

.500

.500

.500

.000

.500

.500

.000

10.00 .040
10.00 .040
10.00 .040
0.000 .080
10.00 .040
10.00 .040
0.000 .025
0.000 .080
10.00 .040
0.000 .025
Excess Rain
#1 #2
( mm )
73.308 0.000
73.308 0.000
73.308 73.308
73.308 0.000
73.308 73.308
73.308 73.308
73.308 73.308
73.308 0.000
73.308 73.308
73.308 73.308
73.308 73.308
73.308 73.308
73.308 73.308
73.308 0.000
73.308 73.308
73.308 73.308
73.308 0.000

.080 .3627 .4077
.080 .2872 .6385
.080 .8441 1.188
.00 1.468 0.000
.080 .4572 1.035
.080 .2854 .0008
.00 .0021 0.000
.00 .7307 0.000
.080 .1325 .3879
.00 .0021 0.000
Peak Time
Inflow to
(m"~3/s) Peak
3.004 340.0
4.429 330.0
11.631 330.0
14.600 330.0
10.993 320.0
10.822 330.0
14.860 330.0
49.209 330.0
45.549 340.0
8.558 310.0
13.842 340.0
39.583 340.0
68.214 360.0
107.11 340.0
35.619 340.0
35.388 330.0
159.54 360.0



MC5
0.000
MC6
50.00
MC7
0.000
MC8
0.000
LC2
0.000
LC1
0.000
LC3
50.00
LC4
0.000
MC9
39.00
MC10
0.000
MC11
0.000
RYC1
51.00
RYC2
39.00
RYC3
22.00
RYC4
0.000
MC12
27.00
MC15
23.00
MC16
0.000
MC17
0.000
ROC1
18.00
ROC2
0.000
SHC1
38.00
SHC2
0.000
SHC3
51.00
SHC4
40.00
SHCS
0.000
MC18
44.00
GR1
0.000
GR2
27.00
GR4
49.00
GRS
0.000

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

312

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

20.

00

0.000

20.

20.

20.

20.

00

00

00

00

0.000

20.

00

0.000

20.

20.

20.

20.

20.

20.

00

00

00

00

00

00

0.000

0.000

20.

20.

20.

20.

20.

20.

00

00

00

00

00

00

0.000

20.

20.

00

00

0.000

20.

00

0.000

0.000

20.

00

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.000

.500

.500

.500

.500

.000

.500

.000

.500

.500

.500

.500

.500

.500

.000

.000

.500

.500

.500

.500

.500

.500

.000

.500

.500

.000

.500

.000

.000

.500

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

73

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

.308

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

73.

308

.000

308

308

308

308

.000

308

.000

308

308

308

308

308

308

.000

.000

308

308

308

308

308

308

.000

308

308

.000

308

.000

.000

308

184.40

184.40

12.543

6.218

55.259

90.687

145.27

179.81

313.51

33.031

17.502

28.398

91.179

100.99

120.20

417.53

423.07

12.885

8.617

47.954

72.728

30.463

69.243

141.25

168.73

184.47

595.45

37.253

602.93

617.55

39.425

420.

420.

320.

320.

340.

360.

350.

390.

460.

330.

320.

340.

340.

380.

390.

420.

450.

310.

320.

390.

360.

340.

370.

370.

400.

430.

460.

340.

500.

530.

340.



GR6 12.312 20.00 20.00 2.500 2.500 73.308 73.308
0.000
Uucl 12.312 20.00 20.00 2.500 2.500 73.308 73.308
49.00
ucz2 12.312 20.00 0.000 2.500 0.000 73.308 0.000
51.00
ucC3 12.312 20.00 20.00 2.500 2.500 73.308 73.308
49.00
uc4 12.312 20.00 20.00 2.500 2.500 73.308 73.308
0.000
GR7 12.312 20.00 0.000 2.500 0.000 73.308 0.000
56.00
GR9 12.312 20.00 0.000 2.500 0.000 73.308 0.000
0.000
GR8 12.312 20.00 20.00 2.500 2.500 73.308 73.308
0.000
GR10 12.312 20.00 0.000 2.500 0.000 73.308 0.000
0.000
SUMMARY OF BASIN RESULTS
Link Time Peak Time Peak Total  -—-——-——-———-
Label to Inflow to Outflow Inflow Vol.
Peak (m"3/s) Peak (m"3/s) (m”™3) Avail
MC15 450.0 423.1 460.0 420.7 .796E+07 0.0000
SUMMARY OF BASIN OUTLET RESULTS
Link No. S/D Dia Width Pipe Pipe
Label of Factor Length Slope
(m) (m) (m) (m) (%)
MC15 1.0 1.000 0.000 20.000 0.2000
LINK BC3 1.000
ESTIMATED VOLUME (CU METRES*10**3) = 21.02
ESTIMATED PEAK FLOW (CUMECS) = 2.23
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK BC1 2.000
ESTIMATED VOLUME (CU METRES*10**3) = 27.89
ESTIMATED PEAK FLOW (CUMECS) = 3.32
ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK BC2 2.001
ESTIMATED VOLUME (CU METRES*10**3) = 76.91
ESTIMATED PEAK FLOW (CUMECS) = 8.84
ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK BC4 1.001
ESTIMATED VOLUME (CU METRES*10**3) = 97.92
ESTIMATED PEAK FLOW (CUMECS) = 11.02
ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK BCS5 3.000
ESTIMATED VOLUME (CU METRES*10**3) = 064.81

29.170
51.163
117.75
159.52
162.44
753.60
22.913
22.949

757.66

Used

184516.

340.

390.

410.

440.

490.

570.

360.

330.

630.



ESTIMATED
ESTIMATED

LINK BC6

ESTIMATED
ESTIMATED
ESTIMATED
LINK BC7

ESTIMATED
ESTIMATED
ESTIMATED
LINK BCS8

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR3

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC13
ESTIMATED
ESTIMATED
ESTIMATED
LINK MC14
ESTIMATED
ESTIMATED
ESTIMATED
LINK MG1

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC1

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC2

ESTIMATED
ESTIMATED
ESTIMATED
LINK SC1

ESTIMATED

ESTIMATED
ESTIMATED

PEAK FLOW
TIME TO PEAK

(CUMECS) =
(MINS)

4.000
VOLUME (CU METRES*10**3) =
PEAK FLOW (CUMECS) =
TIME TO PEAK (MINS)
5.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

1.002
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

6.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

7.000
VOLUME (CU METRES*10**3) =
PEAK FLOW (CUMECS) =
TIME TO PEAK (MINS)
8.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

9.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

10.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

9.001
VOLUME (CU METRES*10**3) =
PEAK FLOW (CUMECS) =
TIME TO PEAK (MINS)
11.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

8.42

330.00
65.32
8.28
330.00
95.46
11.07
330.00
323.5
36.83
330.00
378.6
31.07
350.00
46.08
6.60
310.00
95.76
10.29
340.00
328.6
27.22
340.00
674.5
44 .54
360.00
1003.
71.00
350.00
251.8
25.98
340.00



LINK MC3 12.000

ESTIMATED VOLUME (CU METRES*10**3) = 219.6
ESTIMATED PEAK FLOW (CUMECS) = 26.84
ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK MC4 9.002

ESTIMATED VOLUME (CU METRES*10**3) = 1474.
ESTIMATED PEAK FLOW (CUMECS) = 110.10
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK MC5 9.003

ESTIMATED VOLUME (CU METRES*10**3) = 1928.
ESTIMATED PEAK FLOW (CUMECS) = 127.87
ESTIMATED TIME TO PEAK (MINS) = 440.00
LINK MC6 9.004

ESTIMATED VOLUME (CU METRES*10**3) = 1928.
ESTIMATED PEAK FLOW (CUMECS) = 127.87
ESTIMATED TIME TO PEAK (MINS) = 440.00
LINK MC7 13.000

ESTIMATED VOLUME (CU METRES*10**3) = 71.45
ESTIMATED PEAK FLOW (CUMECS) = 9.64
ESTIMATED TIME TO PEAK (MINS) = 320.00
LINK MCS8 14.000

ESTIMATED VOLUME (CU METRES*10**3) = 36.08
ESTIMATED PEAK FLOW (CUMECS) = 4.79
ESTIMATED TIME TO PEAK (MINS) = 320.00
LINK LC2 15.000

ESTIMATED VOLUME (CU METRES*10**3) = 456.1
ESTIMATED PEAK FLOW (CUMECS) = 37.86
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK LC1 16.000

ESTIMATED VOLUME (CU METRES*10**3) = 852.3
ESTIMATED PEAK FLOW (CUMECS) = 60.89
ESTIMATED TIME TO PEAK (MINS) = 370.00
LINK LC3 15.001

ESTIMATED VOLUME (CU METRES*10**3) = 1308.
ESTIMATED PEAK FLOW (CUMECS) = 98.65
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK LC4 15.002

ESTIMATED VOLUME (CU METRES*10**3) = 1681.
ESTIMATED PEAK FLOW (CUMECS) = 122.22
ESTIMATED TIME TO PEAK (MINS) = 390.00

LINK MC9 9.005



ESTIMATED VOLUME (CU METRES*10**3) = 3713.
ESTIMATED PEAK FLOW (CUMECS) = 217.33
ESTIMATED TIME TO PEAK (MINS) = 460.00
LINK MC10 17.000

ESTIMATED VOLUME (CU METRES*10**3) = 218.9
ESTIMATED PEAK FLOW (CUMECS) = 24.51
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK MCI11 18.000

ESTIMATED VOLUME (CU METRES*10**3) = 100.8
ESTIMATED PEAK FLOW (CUMECS) = 13.50
ESTIMATED TIME TO PEAK (MINS) = 320.00
LINK RYC1 19.000

ESTIMATED VOLUME (CU METRES*10**3) = 213.9
ESTIMATED PEAK FLOW (CUMECS) = 20.35
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK RYC2 19.001

ESTIMATED VOLUME (CU METRES*10**3) = 704.7
ESTIMATED PEAK FLOW (CUMECS) = 65.91
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK RYC3 19.002

ESTIMATED VOLUME (CU METRES*10**3) = 806.7
ESTIMATED PEAK FLOW (CUMECS) = 73.54
ESTIMATED TIME TO PEAK (MINS) = 380.00
LINK RYC4 19.003

ESTIMATED VOLUME (CU METRES*10**3) = 1038.
ESTIMATED PEAK FLOW (CUMECS) = 86.97
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK MC12 9.006

ESTIMATED VOLUME (CU METRES*10**3) = 5066.
ESTIMATED PEAK FLOW (CUMECS) = 278.87
ESTIMATED TIME TO PEAK (MINS) = 430.00
LINK MC15 7.001

ESTIMATED VOLUME (CU METRES*10**3) = 5204.
ESTIMATED PEAK FLOW (CUMECS) = 282.64
ESTIMATED TIME TO PEAK (MINS) = 450.00
LINK MC16 20.000

ESTIMATED VOLUME (CU METRES*10**3) = 73.36
ESTIMATED PEAK FLOW (CUMECS) = 9.84
ESTIMATED TIME TO PEAK (MINS) = 320.00

LINK MC17 21.000

ESTIMATED VOLUME (CU METRES*10**3) = 50.32



ESTIMATED PEAK FLOW (CUMECS) = 6.60

ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK ROC1 22.000

ESTIMATED VOLUME (CU METRES*10**3) = 629.4
ESTIMATED PEAK FLOW (CUMECS) = 30.27
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK ROC2 22.001

ESTIMATED VOLUME (CU METRES*10**3) = 862.9
ESTIMATED PEAK FLOW (CUMECS) = 47.64
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK SHC1 23.000

ESTIMATED VOLUME (CU METRES*10**3) = 285.2
ESTIMATED PEAK FLOW (CUMECS) = 19.88
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK SHC2 23.001

ESTIMATED VOLUME (CU METRES*10**3) = 642.0
ESTIMATED PEAK FLOW (CUMECS) = 46.78
ESTIMATED TIME TO PEAK (MINS) = 380.00
LINK SHC3 22.002

ESTIMATED VOLUME (CU METRES*10**3) = 1505.
ESTIMATED PEAK FLOW (CUMECS) = 94.03
ESTIMATED TIME TO PEAK (MINS) = 370.00
LINK SHC4 22.003

ESTIMATED VOLUME (CU METRES*10**3) = 1887.
ESTIMATED PEAK FLOW (CUMECS) = 112.59
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK SHCS 22.004

ESTIMATED VOLUME (CU METRES*10**3) = 2125.
ESTIMATED PEAK FLOW (CUMECS) = 124.09
ESTIMATED TIME TO PEAK (MINS) = 440.00
LINK MC18 7.002

ESTIMATED VOLUME (CU METRES*10**3) = 7445.
ESTIMATED PEAK FLOW (CUMECS) = 397.82
ESTIMATED TIME TO PEAK (MINS) = 470.00
LINK GRI1 24.000

ESTIMATED VOLUME (CU METRES*10**3) = 267.6
ESTIMATED PEAK FLOW (CUMECS) = 26.95
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK GR2 7.003

ESTIMATED VOLUME (CU METRES*10**3) 7699.

ESTIMATED PEAK FLOW (CUMECS) = 402.52
ESTIMATED TIME TO PEAK (MINS) 510.00



LINK GR4

ESTIMATED
ESTIMATED
ESTIMATED
LINK GRS

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR6

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC1

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC2

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC3

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC4

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR7

ESTIMATED
ESTIMATED
ESTIMATED
LINK GRY

ESTIMATED
ESTIMATED
ESTIMATED
LINK GRS

ESTIMATED
ESTIMATED
ESTIMATED

LINK GR1O0

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

PEAK FLOW

TIME TO PEAK

PEAK FLOW

TIME TO PEAK

PEAK FLOW

TIME TO PEAK

PEAK FLOW

TIME TO PEAK

PEAK FLOW

TIME TO PEAK

PEAK FLOW

TIME TO PEAK

PEAK FLOW

TIME TO PEAK

PEAK FLOW

TIME TO PEAK

PEAK FLOW

TIME TO PEAK

PEAK FLOW

TIME TO PEAK

(CU METRES*10**3)

(CU METRES*10**3)

(CU METRES*10**3)

(CU METRES*10**3)

(CU METRES*10**3)

(CU METRES*10**3)

(CU METRES*10**3)

(CU METRES*10**3)

(CU METRES*10**3)

(CU METRES*10**3)

8390.

411.65
540.00

280.6

28.80
340.00

245.2

19.55
340.00

584.3

32.76
390.00

1411.

74.32
430.00

2016.

101.72
440.00

2118.

103.53
490.00

0.1101E+05

499.45
580.00

219.8

15.07
380.00

160.4

16.66
340.00



ESTIMATED VOLUME (CU METRES*10**3) = 0.1134E+05
ESTIMATED PEAK FLOW (CUMECS) = 502.36
ESTIMATED TIME TO PEAK (MINS) = 640.00

FHEF A A A R R A R R A R R R A R R A R
iEEEaaadddi

Critical Duration

Results for period from O0: 0.0 1/ 1/1990

to 20: 0.0 1/ 1/1990
igsssstazssssssssatssssssssasdsasssssssatssssasdddasassdpaddddddananaadiddiddidii
HHAH A HAH

ROUTING INCREMENT (MINS) = 10.00
STORM DURATION (MINS) = 540.
RETURN PERIOD (YRS) = 20.
BX = 1.0000
TOTAL OF FIRST SUB-AREAS (ha) = 13734.00
TOTAL OF SECOND SUB-AREAS (ha) = 10479.00
TOTAL OF ALL SUB-AREAS (ha) = 24213.00
SUMMARY OF CATCHMENT AND RAINFALL DATA
Link Catch. Area Slope % Impervious Pern B
Link
Label #1 #2 #1 #2 #1 #2 #1 #2 #1 #2
No.
(ha) (%) (%)

BC3 44,000 0.000 1.000 0.000 5.000 0.000 .040 0.00 .2094 0.000

1.000

BC1 58.000 0.000 4.000 0.000 10.00 0.000 .080 0.00 .1753 0.000

2.000

BC2 70.000 32.000 4.000 4.000 5.000 10.00 .040 .080 .1335 .1287

2.001

BC4 .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000

1.001

BC5 77.000 58.000 5.000 5.000 5.000 10.00 .040 .080 .1255 .1569

3.000

BC6 80.000 56.000 4.000 4.000 5.000 10.00 .040 .080 .1431 .1722

4.000

BC7 120.00 79.000 3.000 3.000 5.000 10.00 .040 .080 .2040 .2377

5.000

BC8 .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000

1.002

GR3 435.00 360.00 2.000 2.000 5.000 10.00 .040 .080 .4878 .6403

6.000

MC13 54.000 42.000 8.000 8.000 5.000 10.00 .040 .080 .0825 .1049

7.000

MC14 150.00 50.000 2.000 2.000 5.000 10.00 .040 .080 .2804 .2294

8.000

MG1 113.00 577.00 3.000 3.000 5.000 10.00 .040 .080 .1977 .6685

9.000

MC1 451.00 976.00 2.000 2.000 5.000 10.00 .040 .080 .4971 1.075

10.00

MC2 .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000

9.001

SC1 306.00 220.00 3.000 3.000 5.000 10.00 .040 .080 .3319 .4049



11.00
MC3
12.00
MC4
9.002
MC5
9.003
MC6
9.004
MC7
13.00
MC8
14.00
LC2
15.00
LC1
16.00
LC3
15.00
LC4
15.00
MC9
9.005
MC10
17.00
MC11
18.00
RYC1
19.00
RYC2
19.00
RYC3
19.00
RYC4
19.00
MC12
9.006
MC15
7.001
MC16
20.00
MC17
21.00
ROC1
22.00
ROC2
22.00
SHC1
23.00
SHC2
23.00
SHC3
22.00
SHC4
22.00
SHC5
22.00
MC18
7.002
GR1
24.00
GR2

177.00

.00001

557.00

.00001

103.00

34.000

794.00

1044.0

.00001

597.00

.00001

306.00

128.00

423.00

916.00

121.00

199.00

.00001

.00001

64.000

98.000

359.00

300.00

86.000

356.00

.00001

540.00

198.00

.00001

292.00

.00001

281.00

0.000

400.00

0.000

46.000

41.000

161.00

753.00

0.000

184.00

0.000

151.00

82.000

25.000

110.00

92.000

284.00

0.000

0.000

89.000

7.000

1011.0

191.00

516.00

395.00

0.000

269.00

309.00

0.000

268.00

0.000

7.000

.0010

4.000

.0010

6.000

5.000

2.000

2.000

.0010

4.000

.0010

3.000

7.000

2.000

4.000

3.000

5.000

.0010

.0010

8.000

4.000

1.000

2.000

2.000

2.000

.0010

5.000

2.000

.0010

3.000

.0010

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

5.

5.

5.

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

000

000

000

10.00

5.

5.

0.

0.

5.

5.

5.

000

000

000

000

000

000

000

10.00

5.

5.

0.

000

000

000

.000

.000

.000

.000

.000

10.00

0.000

10.00

0.000

10.00

10.00

10.00

10.00

0.000

10.00

0.000

10.00

10.00

10.00

10.00

10.00

10.00

0.000

0.000

10.00

10.00

10.00

10.00

10.00

10.00

0.000

10.00

10.00

0.000

10.00

0.000

.040

.025

.040

.025

.040

.040

.040

.040

.025

.040

.025

.040

.040

.040

.040

.040

.040

.025

.025

.040

.040

.040

.040

.040

.040

.025

.040

.040

.025

.040

.025

.080

.00

.080

.00

.080

.080

.080

.080

.00

.080

.00

.080

.080

.080

.080

.080

.080

.00

.00

.080

.080

.080

.080

.080

.080

.00

.080

.080

.00

.080

.00

.1636

.0021

.3925

.0021

.1333

.0820

.6671

L7691

.0021

.4070

.0021

.3319

.1382

.4808

L4179

.2048

.2056

.0021

.0021

.0902

.1590

.6239

.3306

.2100

.4395

.0021

.3456

.3240

.0021

.3239

.0021

.3013

0.000

.4786

0.000

.1270

.1310

L4214

.9399

0.000

.3196

0.000

.2580

.1588

.1600

.2446

.2573

.3583

0.000

0.000

.1550

.0584

1.548

.4605

L7722

.6720

0.000

.3484

.5914

0.000

.4486

0.000



7.003
GR4
1.003
GR5
25.00
GR6
26.00
UCl1
27.00
Uc2
27.00
Uc3
27.00
uc4
27.00
GR7
1.004
GR9
28.00
GRS
29.00
GR10
1.005

Link
Link

Label

Lag

mins
BC3
0.000
BC1
27.00
BC2
0.000
BC4
22.00
BC5
0.000
BC6
0.000
BC7
0.000
BC8
0.000
GR3
0.000
MC13
0.000
MC14
0.000
MG1
0.000
MC1
0.000
MC2
34.00
SC1
0.000
MC3

.00001
363.00
157.00
642.00
1776.0
384.00
229.00
.00001
464.00
69.000

.00001

Average

(mm/h)
9.270
9.270
9.270
9.270
9.270
9.270
9.270
9.270
9.270
9.270
9.270
9.270
9.270
9.270
9.270

9.270

0.000

223.00

358.00

608.00

0.000

908.00

.00134

0.000

0.000

267.00

0.000

Init.

Intensity #1

.0010
3.000
2.000
1.000
2.000
2.000
3.000
.0010
2.000
4.000

.0010

Loss

#2

( mm )

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

0.000

0.000

20.00

0.000

20.00

20.00

20.00

0.000

20.00

20.00

20.00

20.00

20.00

0.000

20.00

20.00

0.000
3.000
2.000
1.000
0.000
2.000
3.000
0.000
0.000
4.000

0.000

Cont.

#1

(mm/h)

0.000

5.000

5.000

5.000

10.00

5.000

5.000

0.000

10.00

5.000

0.000

Loss

#2

2.500 0.000

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

0.

2

000

.500

.000

.500

.500

.500

.000

.500

.500

.500

.500

.500

.000

.500

.500

0.000 .025
10.00 .040
10.00 .040
10.00 .040
0.000 .080
10.00 .040
10.00 .040
0.000 .025
0.000 .080
10.00 .040
0.000 .025
Excess Rain
#1 #2
( mm )
48.097 0.000
48.097 0.000
48.097 48.097
48.097 0.000
48.097 48.097
48.097 48.097
48.097 48.097
48.097 0.000
48.097 48.097
48.097 48.097
48.097 48.097
48.097 48.097
48.097 48.097
48.097 0.000
48.097 48.097
48.097 48.097

.00 .0021 0.000
.080 .3627 .4077
.080 .2872 .6385
.080 .8441 1.188

.00 1.468 0.000
.080 .4572 1.035
.080 .2854 .0008

.00 .0021 0.000

.00 .7307 0.000
.080 .1325 .3879

.00 .0021 0.000

Peak Time
Inflow to

(m™~3/s) Peak

2.232 340.0
3.316 330.0
8.843 330.0
11.020 330.0
8.415 330.0
8.278 330.0

11.071 330.0

36.829 330.0

31.069 350.0

6.596 310.0

10.286 340.0

27.221 340.0

44.538 360.0

70.997 350.0

25.979 340.0

26.837 330.0



0.000
MC4
78.00
MC5
0.000
MC6
50.00
MC7
0.000
MC8
0.000
LC2
0.000
LC1
0.000
LC3
50.00
LC4
0.000
MC9
39.00
MC10
0.000
MC11
0.000
RYC1
51.00
RYC2
39.00
RYC3
22.00
RYC4
0.000
MC12
27.00
MC15
23.00
MC16
0.000
MC17
0.000
ROC1
18.00
ROC2
0.000
SHC1
38.00
SHC2
0.000
SHC3
51.00
SHC4
40.00
SHCS
0.000
MC18
44.00
GR1
0.000
GR2
27.00
GR4

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

.270

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

00 0.000

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

20.

00

0.000

20.

20.

20.

20.

00

00

00

00

0.000

20.

00

0.000

20.

20.

20.

20.

20.

20.

00

00

00

00

00

00

0.000

0.000

20.

20.

20.

20.

20.

20.

00

00

00

00

00

00

0.000

20.

20.

00

00

0.000

20.

00

00 0.000

00 0.000

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.000

.500

.000

.500

.500

.500

.500

.000

.500

.000

.500

.500

.500

.500

.500

.500

.000

.000

.500

.500

.500

.500

.500

.500

.000

.500

.500

.000

.500

.000

.000

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

097

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

.000

097

.000

097

097

097

097

.000

097

.000

097

097

097

097

097

097

.000

.000

097

097

097

097

097

097

.000

097

097

.000

097

.000

.000

110.10

127.87

127.87

9.

4.

37.

60.

98.

643

790

862

891

647

122.22

217.33

24.

13.

20.

65.

73.

86.

508

498

351

910

535

966

278.87

282 .64

9.

6.

30

47.

19.

46.

94.

839

599

.267

643

885

780

031

112.59

124.09

397.82

26.

945

402.52

411.65

360.

440.

440.

320.

320.

360.

370.

360.

390.

460.

340.

320.

340.

340.

380.

400.

430.

450.

320.

330.

400.

360.

360.

380.

370.

400.

440.

470.

340.

510.

540.



49.00

GRS 9.270 20.00
0.000
GR6 9.270 20.00
0.000
Uucl 9.270 20.00
49.00
ucz2 9.270 20.00
51.00
uc3 9.270 20.00
49.00
uc4 9.270 20.00
0.000
GR7 9.270 20.00
56.00
GR9 9.270 20.00
0.000
GR8 9.270 20.00
0.000
GR10 9.270 20.00
0.000
SUMMARY OF BASIN
Link Time Peak
Label to Inflow
Peak (m"3/s)
MC15 450.0 282.6

SUMMARY OF BASIN

Link No. S/D
Label of Facto
(m)
MC15 1.0 1.000
LINK BC3

ESTIMATED VOLUME (CU M
ESTIMATED PEAK FLOW
ESTIMATED TIME TO PEAK

LINK BC1

ESTIMATED VOLUME (CU M
ESTIMATED PEAK FLOW
ESTIMATED TIME TO PEAK
LINK BC2

ESTIMATED VOLUME (CU M
ESTIMATED PEAK FLOW
ESTIMATED TIME TO PEAK
LINK BC4

ESTIMATED VOLUME (CU M

ESTIMATED PEAK FLOW
ESTIMATED TIME TO PEAK

20.00 2.500 2.500 48.097
20.00 2.500 2.500 48.097
20.00 2.500 2.500 48.097
0.000 2.500 0.000 48.097
20.00 2.500 2.500 48.097
20.00 2.500 2.500 48.097
0.000 2.500 0.000 48.097
0.000 2.500 0.000 48.097
20.00 2.500 2.500 48.097
0.000 2.500 0.000 48.097
RESULTS
Time Peak Total --
to Outflow Inflow
Peak (m"3/s) (m”™3)
460.0 282.0 .520E+07 0
OUTLET RESULTS
Dia Width Pipe
r Length
(m) (m) (m)
0.000 20.000
1.000
ETRES*10**3) = 13.
(CUMECS) = 1.44
(MINS) = 340.00
2.000
ETRES*10**3) = 17.
(CUMECS) = 2.34
(MINS) = 340.00
2.001
ETRES*10**3) = 48.
(CUMECS) = 6.24
(MINS) = 340.00
1.001
ETRES*10**3) = 62.
(CUMECS) = 7.68
(MINS) = 340.00

48.097
48.097
48.097
0.000
48.097
48.097
0.000
0.000
48.097

0.000

Vol.
Avail
.0000

Pipe

Slope

(%)
0.2000

38

67

77

15

28.803

19.552

32.760

74.318

101.72

103.53

499.45

15.065

16.662

502.36

Used

128229.

340.0

340.0

390.0

430.0

440.0

490.0

580.0

380.0

340.0

640.0



LINK BC5

ESTIMATED
ESTIMATED
ESTIMATED
LINK BC6

ESTIMATED
ESTIMATED
ESTIMATED
LINK BC7

ESTIMATED
ESTIMATED
ESTIMATED
LINK BCS8

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR3

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC13
ESTIMATED
ESTIMATED
ESTIMATED
LINK MC14
ESTIMATED
ESTIMATED
ESTIMATED
LINK MG1

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC1

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC2

ESTIMATED
ESTIMATED
ESTIMATED

LINK SC1

3.000

VOLUME
PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

4.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

5.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

1.002
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

6.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

7.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

8.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

9.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

10.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

9.001
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

11.000

41.12
6.16
330.00
41.42
5.97
330.00
60.55
7.65
340.00
205.2
25.84
340.00
239.8
19.38
370.00
29.25
4.82
310.00
60.82
6.84
340.00
208.2
16.45
360.00
425.4
27.03
380.00
633.6
43.32
370.00



ESTIMATED
ESTIMATED
ESTIMATED

LINK MC3

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC4

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC5

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC6

ESTIMATED
ESTIMATED
ESTIMATED
LINK MC7

ESTIMATED
ESTIMATED
ESTIMATED
LINK MCS8

ESTIMATED
ESTIMATED
ESTIMATED
LINK LC2

ESTIMATED
ESTIMATED
ESTIMATED
LINK LC1

ESTIMATED
ESTIMATED
ESTIMATED
LINK LC3

ESTIMATED
ESTIMATED
ESTIMATED
LINK LC4

ESTIMATED
ESTIMATED

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

12.000

9.002

9.003

9.004

13.000

14.000

15.000

16.000

15.001

15.002

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10%**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3) =

(CUMECS)

159.6
16.96
340.00

139.4
18.84
330.00

931.9
69.25
370.00

1219.
81.56
440.00

1219.
81.56
440.00

45.41

7.03
330.00
22.85
3.48
330.00

288.7
23.85
370.00

537.7
37.18
390.00

826.4
60.52
380.00

1062.
74.03



ESTIMATED TIME TO PEAK (MINS) = 400.00

LINK MC9 9.005

ESTIMATED VOLUME (CU METRES*10**3) = 2346.
ESTIMATED PEAK FLOW (CUMECS) = 141.22
ESTIMATED TIME TO PEAK (MINS) = 470.00
LINK MC10 17.000

ESTIMATED VOLUME (CU METRES*10**3) = 139.0
ESTIMATED PEAK FLOW (CUMECS) = 16.79
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK MC11 18.000

ESTIMATED VOLUME (CU METRES*10**3) = 63.99
ESTIMATED PEAK FLOW (CUMECS) = 9.80
ESTIMATED TIME TO PEAK (MINS) = 330.00
LINK RYC1 19.000

ESTIMATED VOLUME (CU METRES*10**3) = 135.7
ESTIMATED PEAK FLOW (CUMECS) = 12.86
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK RYC2 19.001

ESTIMATED VOLUME (CU METRES*10**3) = 447.0
ESTIMATED PEAK FLOW (CUMECS) = 43.59
ESTIMATED TIME TO PEAK (MINS) = 350.00
LINK RYC3 19.002

ESTIMATED VOLUME (CU METRES*10**3) = 511.6
ESTIMATED PEAK FLOW (CUMECS) = 49.25
ESTIMATED TIME TO PEAK (MINS) = 380.00
LINK RYC4 19.003

ESTIMATED VOLUME (CU METRES*10**3) = 658.3
ESTIMATED PEAK FLOW (CUMECS) = 59.36
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK MC12 9.006

ESTIMATED VOLUME (CU METRES*10**3) = 3203.
ESTIMATED PEAK FLOW (CUMECS) = 173.19
ESTIMATED TIME TO PEAK (MINS) = 430.00
LINK MC15 7.001

ESTIMATED VOLUME (CU METRES*10**3) = 3290.
ESTIMATED PEAK FLOW (CUMECS) = 175.54
ESTIMATED TIME TO PEAK (MINS) = 460.00
LINK MC16 20.000

ESTIMATED VOLUME (CU METRES*10**3) 46.59

ESTIMATED PEAK FLOW (CUMECS) = 7.14
ESTIMATED TIME TO PEAK (MINS) = 320.00



LINK MC17
ESTIMATED
ESTIMATED
ESTIMATED
LINK ROC1
ESTIMATED
ESTIMATED
ESTIMATED
LINK ROC2
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHC1
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHC2
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHC3
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHC4
ESTIMATED
ESTIMATED
ESTIMATED
LINK SHCS
ESTIMATED
ESTIMATED
ESTIMATED
LINK MC18
ESTIMATED
ESTIMATED
ESTIMATED
LINK GRI1

ESTIMATED
ESTIMATED
ESTIMATED

LINK GR2

21.000

VOLUME
PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

22.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

22.001
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

23.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

23.001
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

22.002
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

22.003
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

22.004
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

7.002
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

24.000
VOLUME

PEAK FLOW
TIME TO PEAK

(CU METRES*10**3) =
(CUMECS) =
(MINS)

7.003

31.97
4.82
330.00
392.5
17.48
400.00
540.1
28.89
370.00
180.4
11.97
370.00
406.2
29.24
380.00
946.3
58.02
380.00
1188.
70.60
410.00
1337.
78.21
440.00
4698.
248.30
480.00
169.8
17.43
340.00



ESTIMATED
ESTIMATED
ESTIMATED

LINK GR4

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR5

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR6

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC1

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC2

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC3

ESTIMATED
ESTIMATED
ESTIMATED
LINK UC4

ESTIMATED
ESTIMATED
ESTIMATED
LINK GR7

ESTIMATED
ESTIMATED
ESTIMATED
LINK GROY

ESTIMATED
ESTIMATED
ESTIMATED
LINK GRS

ESTIMATED
ESTIMATED

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

TIME TO PEAK

VOLUME
PEAK FLOW

1.003

25.000

26.000

27.000

27.001

27.002

27.003

1.004

28.000

29.000

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10%**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3)

(CUMECS)
(MINS)

(CU METRES*10**3) =

(CUMECS)

4856.
251.36
510.00
5291.
258.33
540.00
177.8
18.73
340.00
155.2
12.06
360.00
366.3
18.86
400.00
884.2
42 .47
450.00
1265.
58.72
450.00
1327.
59.82
500.00
6930.
313.84
580.00
138.9
9.06
400.00
101.9
11.09



ESTIMATED TIME TO PEAK (MINS) = 340.00

LINK GR10 1.005

ESTIMATED VOLUME (CU METRES*10**3) = 7126.
ESTIMATED PEAK FLOW (CUMECS) = 316.13
ESTIMATED TIME TO PEAK (MINS) = 640.00

FHEH A A R R A R A R R A R R R
s adddi

Critical Duration

Results for period from O0: 0.0 1/ 1/1990

to 20: 0.0 1/ 1/1990
igsssssasssssssasasssssssssasasasssssssassssdasdddsassdpddddddananddadaiddisii
HHAH A HAH

ROUTING INCREMENT (MINS) = 10.00
STORM DURATION (MINS) = 540.
RETURN PERIOD (YRS) = 5.
BX = 1.0000
TOTAL OF FIRST SUB-AREAS (ha) = 13734.00
TOTAL OF SECOND SUB-AREAS (ha) = 10479.00
TOTAL OF ALL SUB-AREAS (ha) = 24213.00
SUMMARY OF CATCHMENT AND RAINFALL DATA

Link Catch. Area Slope % Impervious Pern B

Link

Label #1 #2 #1 #2 #1 #2 #1 #2 #1 #2

No.

(ha) (%) (%)

BC3 44,000 0.000 1.000 0.000 5.000 0.000 .040 0.00 .2094 0.000

1.000

BC1 58.000 0.000 4.000 0.000 10.00 0.000 .080 0.00 .1753 0.000

2.000

BC2 70.000 32.000 4.000 4.000 5.000 10.00 .040 .080 .1335 .1287

2.001

BC4 .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000

1.001

BC5 77.000 58.000 5.000 5.000 5.000 10.00 .040 .080 .1255 .1569

3.000

BC6 80.000 56.000 4.000 4.000 5.000 10.00 .040 .080 .1431 .1722

4.000

BC7 120.00 79.000 3.000 3.000 5.000 10.00 .040 .080 .2040 .2377

5.000

BC8 .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000

1.002

GR3 435.00 360.00 2.000 2.000 5.000 10.00 .040 .080 .4878 .6403

6.000

MC13 54.000 42.000 8.000 8.000 5.000 10.00 .040 .080 .0825 .1049

7.000

MC14 150.00 50.000 2.000 2.000 5.000 10.00 .040 .080 .2804 .2294

8.000

MG1 113.00 577.00 3.000 3.000 5.000 10.00 .040 .080 .1977 .6685

9.000

MC1 451.00 976.00 2.000 2.000 5.000 10.00 .040 .080 .4971 1.075

10.00



MC2
9.001
SC1
11.00
MC3
12.00
MC4
9.002
MC5
9.003
MC6
9.004
MC7
13.00
MC8
14.00
LC2
15.00
LC1
16.00
LC3
15.00
LC4
15.00
MC9
9.005
MC10
17.00
MC11
18.00
RYC1
19.00
RYC2
19.00
RYC3
19.00
RYC4
19.00
MC12
9.006
MC15
7.001
MC16
20.00
MC17
21.00
ROC1
22.00
ROC2
22.00
SHC1
23.00
SHC2
23.00
SHC3
22.00
SHC4
22.00
SHC5
22.00
MC18
7.002

.00001

306.

177.

00

00

.00001

557.

00

.00001

103.

00

34.000

794.

00

1044.0

.00001

597.

00

.00001

306.

128.

423.

9l6.

121.

199.

00

00

00

00

00

00

.00001

.00001

64.000

98.000

359.

300.

00

00

86.000

356.

00

.00001

540.

198.

00

00

.00001

0.000

220.00

281.00

0.000

400.00

0.000

46.000

41.000

161.00

753.00

0.000

184.00

0.000

151.00

82.000

25.000

110.00

92.000

284.00

0.000

0.000

89.000

7.000

1011.0

191.00

516.00

395.00

0.000

269.00

309.00

0.000

.0010

3.000

7.000

.0010

4.000

.0010

6.000

5.000

2.000

2.000

.0010

4.000

.0010

3.000

7.000

2.000

4.000

3.000

5.000

.0010

.0010

8.000

4.000

1.000

2.000

2.000

2.000

.0010

5.000

2.000

.0010

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

5.

5.

5.

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

000

000

000

10.00

5.

5.

0.

5.

5.

000

000

000

.000

.000

000

000

10.00

5.

5.

0.

000

000

000

.000

.000

10.

10.

.000 0.000

00

00

0.000

10.

00

0.000

10.

10.

10.

10.

00

00

00

00

0.000

10.

00

0.000

10.

10.

10.

10.

10.

10.

00

00

00

00

00

00

0.000

0.000

10.

10.

10.

10.

10.

10.

00

00

00

00

00

00

0.000

10.

10.

00

00

.000 0.000

.025

.040

.040

.025

.040

.025

.040

.040

.040

.040

.025

.040

.025

.040

.040

.040

.040

.040

.040

.025

.025

.040

.040

.040

.040

.040

.040

.025

.040

.040

.025

.00

.080

.080

.00

.080

.00

.080

.080

.080

.080

.00

.080

.00

.080

.080

.080

.080

.080

.080

.00

.00

.080

.080

.080

.080

.080

.080

.00

.080

.080

.00

.0021

.3319

.1636

.0021

.3925

.0021

.1333

.0820

.6671

L7691

.0021

.4070

.0021

.3319

.1382

.4808

L4179

.2048

.2056

.0021

.0021

.0902

.1590

.6239

.3306

.2100

.4395

.0021

.3456

.3240

.0021

0.000

.4049

.3013

0.000

.4786

0.000

.1270

.1310

L4214

.9399

0.000

.3196

0.000

.2580

.1588

.1600

.2446

.2573

.3583

0.000

0.000

.1550

.0584

1.548

.4605

L7722

.6720

0.000

.3484

.5914

0.000



GR1
24.00
GR2
7.003
GR4
1.003
GR5
25.00
GR6
26.00
UCl1
27.00
Uc2
27.00
Uc3
27.00
uc4
27.00
GR7
1.004
GR9
28.00
GRS
29.00
GR10
1.005

Link
Link

Label

Lag

mins
BC3
0.000
BC1
27.00
BC2
0.000
BC4
22.00
BC5
0.000
BC6
0.000
BC7
0.000
BC8
0.000
GR3
0.000
MC13
0.000
MC14
0.000
MG1
0.000
MC1
0.000
MC2
34.00

292.00
.00001
.00001
363.00
157.00
642.00
1776.0
384.00
229.00
.00001
464.00
69.000

.00001

Average

(mm/h)
7.168
7.168
7.168
7.168
7.168
7.168
7.168
7.168
7.168
7.168
7.168
7.168
7.168

7.168

268.00

0.000

0.000

223.00

358.00

608.00

0.000

908.00

.00134

0.000

0.000

267.00

0.000

Init.

Intensity #1

3.000
.0010
.0010
3.000
2.000
1.000
2.000
2.000
3.000
.0010
2.000
4.000

.0010

Loss

#2

( mm )

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

20.00

0.000

0.000

20.00

0.000

20.00

20.00

20.00

0.000

20.00

20.00

20.00

20.00

20.00

0.000

3.000
0.000
0.000
3.000
2.000
1.000
0.000
2.000
3.000
0.000
0.000
4.000

0.000

Cont.

#1

(mm/h)

5.000

0.000

0.000

5.000

5.000

5.000

10.00

5.000

5.000

0.000

10.00

5.000

0.000

Loss

#2

2.500 0.000

2.500 0.

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2

000

.500

.000

.500

.500

.500

.000

.500

.500

.500

.500

.500

.000

10.00 .040
0.000 .025
0.000 .025
10.00 .040
10.00 .040
10.00 .040
0.000 .080
10.00 .040
10.00 .040
0.000 .025
0.000 .080
10.00 .040
0.000 .025
Excess Rain
#1 #2
( mm )
30.472 0.000
30.472 0.000
30.472 30.472
30.472 0.000
30.472 30.472
30.472 30.472
30.472 30.472
30.472 0.000
30.472 30.472
30.472 30.472
30.472 30.472
30.472 30.472
30.472 30.472
30.472 0.000

.080 .3239 .448¢6
.00 .0021 0.000
.00 .0021 0.000

.080 .3627 .4077

.080 .2872 .6385

.080 .8441 1.188
.00 1.468 0.000

.080 .4572 1.035

.080 .2854 .0008
.00 .0021 0.000
.00 .7307 0.000

.080 .1325 .3879
.00 .0021 0.000
Peak Time
Inflow to
(m"~3/s) Peak

1.443 340.0
2.342 340.0
6.238 340.0
7.681 340.0
6.160 330.0
5.970 330.0
7.649 340.0
25.842 340.0
19.381 370.0
4.821 310.0
6.835 340.0
16.454 360.0
27.025 380.0
43.316 370.0



SC1
0.000
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GR2 7.168 20.00 0.000 2.500 0.000 30.472 0.000 251.36 510.0

27.00
GR4 7.168 20.00 0.000 2.500 0.000 30.472 0.000 258.33 540.0
49.00
GR5 7.168 20.00 20.00 2.500 2.500 30.472 30.472 18.728 340.0
0.000
GR6 7.168 20.00 20.00 2.500 2.500 30.472 30.472 12.063 360.0
0.000
Ucl 7.168 20.00 20.00 2.500 2.500 30.472 30.472 18.857 400.0
49.00
ucz 7.168 20.00 0.000 2.500 0.000 30.472 0.000 42.469 450.0
51.00
uc3 7.168 20.00 20.00 2.500 2.500 30.472 30.472 58.723 450.0
49.00
uc4 7.168 20.00 20.00 2.500 2.500 30.472 30.472 59.820 500.0
0.000
GR7 7.168 20.00 0.000 2.500 0.000 30.472 0.000 313.84 580.0
56.00
GR9 7.168 20.00 0.000 2.500 0.000 30.472 0.000 9.062 400.0
0.000
GR8 7.168 20.00 20.00 2.500 2.500 30.472 30.472 11.089 340.0
0.000
GR10 7.168 20.00 0.000 2.500 0.000 30.472 0.000 316.13 640.0
0.000
SUMMARY OF BASIN RESULTS
Link Time Peak Time Peak Total  —-——————-—-—- Basin - ———=-----
Label to Inflow to Outflow Inflow Vol. Vol. Stage
Peak (m"3/s) Peak (m"3/s) (m”™3) Avail Used Used
MC15 460.0 175.5 460.0 174.8 .329E+07 0.0000 85878.5 429.09
SUMMARY OF BASIN OUTLET RESULTS
Link No. S/D Dia Width Pipe Pipe
Label of Factor Length Slope
(m) (m) (m) (m) (%)

MC15 1.0 1.000 0.000 20.000 0.2000

LINK BC3 1.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 4.690
ESTIMATED PEAK FLOW (CUMECS) = 0.42
ESTIMATED TIME TO PEAK (MINS) = 380.00
LINK BC1 2.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 6.273
ESTIMATED PEAK FLOW (CUMECS) = 0.76
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK BC2 2.001

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) 17.24

ESTIMATED PEAK FLOW (CUMECS) = 2.18
ESTIMATED TIME TO PEAK (MINS) = 360.00



LINK BC4 1.001
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 21.
ESTIMATED PEAK FLOW (CUMECS) = 2.58
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK BC5 3.000

WARNING 8 - LOSSES POSS. EXCEED RAIN
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 14.
ESTIMATED PEAK FLOW (CUMECS) = 2.27
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK BC6 4.000

WARNING 8 - LOSSES POSS. EXCEED RAIN
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 14.
ESTIMATED PEAK FLOW (CUMECS) = 2.07
ESTIMATED TIME TO PEAK (MINS) = 350.00
LINK BC7 5.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 21.
ESTIMATED PEAK FLOW (CUMECS) = 2.42
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK BCS8 1.002

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 72.
ESTIMATED PEAK FLOW (CUMECS) = 8.86
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK GR3 6.000

WARNING 8 - LOSSES POSS. EXCEED RAIN
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 83.
ESTIMATED PEAK FLOW (CUMECS) = 5.49
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK MC13 7.000

WARNING 8 - LOSSES POSS. EXCEED RAIN
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 10.
ESTIMATED PEAK FLOW (CUMECS) = 2.02
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK MC14 8.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) 21.

ESTIMATED PEAK FLOW (CUMECS) = 2.05
ESTIMATED TIME TO PEAK (MINS) 380.00



LINK MG1 9.000
WARNING 8 - LOSSES POSS. EXCEED RAIN
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 72.60
ESTIMATED PEAK FLOW (CUMECS) = 4.72
ESTIMATED TIME TO PEAK (MINS) = 390.00
LINK MC1 10.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 146.0
ESTIMATED PEAK FLOW (CUMECS) = 7.34
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK MC2 9.001

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 218.6
ESTIMATED PEAK FLOW (CUMECS) = 11.99
ESTIMATED TIME TO PEAK (MINS) = 390.00
LINK SC1 11.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 56.05
ESTIMATED PEAK FLOW (CUMECS) = 5.08
ESTIMATED TIME TO PEAK (MINS) = 390.00
LINK MC3 12.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 49.11
ESTIMATED PEAK FLOW (CUMECS) = 6.25
ESTIMATED TIME TO PEAK (MINS) = 350.00
LINK MC4 9.002

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 323.1
ESTIMATED PEAK FLOW (CUMECS) = 20.96
ESTIMATED TIME TO PEAK (MINS) = 390.00
LINK MC5 9.003

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 422.8
ESTIMATED PEAK FLOW (CUMECS) = 26.46
ESTIMATED TIME TO PEAK (MINS) = 450.00
LINK MC6 9.004

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) 422.8

ESTIMATED PEAK FLOW (CUMECS) = 26.46
ESTIMATED TIME TO PEAK (MINS) = 450.00



LINK MC7 13.000
WARNING 8 - LOSSES POSS. EXCEED RAIN
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 16.02
ESTIMATED PEAK FLOW (CUMECS) = 2.77
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK MC8 14.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 8.105
ESTIMATED PEAK FLOW (CUMECS) = 1.38
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK LC2 15.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 100.3
ESTIMATED PEAK FLOW (CUMECS) = 6.60
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK LC1 16.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 185.5
ESTIMATED PEAK FLOW (CUMECS) = 9.80
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK LC3 15.001

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 285.8
ESTIMATED PEAK FLOW (CUMECS) = 16.40
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK LC4 15.002

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 367.9
ESTIMATED PEAK FLOW (CUMECS) = 21.48
ESTIMATED TIME TO PEAK (MINS) = 420.00
LINK MC9 9.005

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 812.8
ESTIMATED PEAK FLOW (CUMECS) = 44.27
ESTIMATED TIME TO PEAK (MINS) = 490.00
LINK MC10 17.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) 48.82

ESTIMATED PEAK FLOW (CUMECS) = 5.07
ESTIMATED TIME TO PEAK (MINS) = 370.00



LINK MCI11 18.000
WARNING 8 - LOSSES POSS. EXCEED RAIN
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 22.57
ESTIMATED PEAK FLOW (CUMECS) = 3.81
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK RYC1 19.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 47.61
ESTIMATED PEAK FLOW (CUMECS) = 3.71
ESTIMATED TIME TO PEAK (MINS) = 390.00
LINK RYC2 19.001

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 156.9
ESTIMATED PEAK FLOW (CUMECS) = 14.54
ESTIMATED TIME TO PEAK (MINS) = 380.00
LINK RYC3 19.002

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 179.5
ESTIMATED PEAK FLOW (CUMECS) = 16.19
ESTIMATED TIME TO PEAK (MINS) = 420.00
LINK RYC4 19.003

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 231.0
ESTIMATED PEAK FLOW (CUMECS) = 19.33
ESTIMATED TIME TO PEAK (MINS) = 430.00
LINK MC12 9.006

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 1112.
ESTIMATED PEAK FLOW (CUMECS) = 54.56
ESTIMATED TIME TO PEAK (MINS) = 510.00
LINK MC15 7.001

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 1141.
ESTIMATED PEAK FLOW (CUMECS) = 55.57
ESTIMATED TIME TO PEAK (MINS) = 460.00
LINK MC16 20.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) 16.33

ESTIMATED PEAK FLOW (CUMECS) = 2.84
ESTIMATED TIME TO PEAK (MINS) = 340.00



LINK MC17 21.000
WARNING 8 - LOSSES POSS. EXCEED RAIN
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 11.19
ESTIMATED PEAK FLOW (CUMECS) = 1.71
ESTIMATED TIME TO PEAK (MINS) = 340.00
LINK ROC1 22.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 126.1
ESTIMATED PEAK FLOW (CUMECS) = 4.40
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK ROC2 22.001

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 177.6
ESTIMATED PEAK FLOW (CUMECS) = 8.49
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK SHC1 23.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 61.39
ESTIMATED PEAK FLOW (CUMECS) = 3.34
ESTIMATED TIME TO PEAK (MINS) = 390.00
LINK SHC2 23.001

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 139.4
ESTIMATED PEAK FLOW (CUMECS) = 8.29
ESTIMATED TIME TO PEAK (MINS) = 410.00
LINK SHC3 22.002

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 316.9
ESTIMATED PEAK FLOW (CUMECS) = 16.77
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK SHC4 22.003

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 400.3
ESTIMATED PEAK FLOW (CUMECS) = 21.64
ESTIMATED TIME TO PEAK (MINS) = 430.00
LINK SHCS 22.004

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) 450.6

ESTIMATED PEAK FLOW (CUMECS) = 24.18
ESTIMATED TIME TO PEAK (MINS) 470.00



LINK MC18
WARNING 8

ESTIMATED
ESTIMATED
ESTIMATED

LINK GR1
WARNING 8
WARNING 8

ESTIMATED
ESTIMATED
ESTIMATED

LINK GR2
WARNING 8

ESTIMATED
ESTIMATED
ESTIMATED

LINK GR4
WARNING 8

ESTIMATED
ESTIMATED
ESTIMATED

LINK GR5
WARNING 8
WARNING 8

ESTIMATED
ESTIMATED
ESTIMATED

LINK GR6
WARNING 8
WARNING 8

ESTIMATED
ESTIMATED
ESTIMATED

LINK UC1
WARNING 8
WARNING 8

ESTIMATED
ESTIMATED
ESTIMATED

LINK UC2
WARNING 8

ESTIMATED
ESTIMATED
ESTIMATED

LINK UC3

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

- LOSSES POSS.

PEAK FLOW

TIME TO PEAK

- LOSSES POSS.
- LOSSES POSS.

PEAK FLOW

TIME TO PEAK

- LOSSES POSS.

PEAK FLOW

TIME TO PEAK

- LOSSES POSS.

PEAK FLOW

TIME TO PEAK

- LOSSES POSS.
- LOSSES POSS.

PEAK FLOW

TIME TO PEAK

- LOSSES POSS.
- LOSSES POSS.

PEAK FLOW

TIME TO PEAK

- LOSSES POSS.
- LOSSES POSS.

PEAK FLOW

TIME TO PEAK

- LOSSES POSS.

PEAK FLOW

TIME TO PEAK

EXCEED RAIN

(CU METRES*10**3)

EXCEED RAIN
EXCEED RAIN

(CU METRES*10**3)

EXCEED RAIN

(CU METRES*10%**3)

EXCEED RAIN

(CU METRES*10%**3)

EXCEED RAIN
EXCEED RAIN

(CU METRES*10**3)

EXCEED RAIN
EXCEED RAIN

(CU METRES*10**3)

EXCEED RAIN
EXCEED RAIN

(CU METRES*10**3)

EXCEED RAIN

(CU METRES*10**3)

1614.
79.18
480.00

59.41

5.24
380.00

1665.
80.82
520.00

1813.
84.06
550.00

62.47

5.59
390.00
53.68
3.56
390.00
121.6
4.57
420.00

291.9
10.24
450.00



WARNING 8 - LOSSES POSS. EXCEED RAIN
WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 420.6
ESTIMATED PEAK FLOW (CUMECS) = 15.52
ESTIMATED TIME TO PEAK (MINS) = 460.00
LINK UC4 27.003

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 439.9
ESTIMATED PEAK FLOW (CUMECS) = 16.06
ESTIMATED TIME TO PEAK (MINS) = 500.00
LINK GR7 1.004

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 2354.
ESTIMATED PEAK FLOW (CUMECS) = 100.36
ESTIMATED TIME TO PEAK (MINS) = 600.00
LINK GR9 28.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 47.25
ESTIMATED PEAK FLOW (CUMECS) = 2.29
ESTIMATED TIME TO PEAK (MINS) = 400.00
LINK GRS 29.000

WARNING 8 - LOSSES POSS. EXCEED RAIN

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 35.31
ESTIMATED PEAK FLOW (CUMECS) = 3.30
ESTIMATED TIME TO PEAK (MINS) = 360.00
LINK GR1O0 1.005

WARNING 8 - LOSSES POSS. EXCEED RAIN

ESTIMATED VOLUME (CU METRES*10**3) = 2406.
ESTIMATED PEAK FLOW (CUMECS) = 101.53
ESTIMATED TIME TO PEAK (MINS) = 660.00

FHEF A A R R A R R R R A R R R
i adddi

Critical Duration

Results for period from O0: 0.0 1/ 1/1990

to 20: 0.0 1/ 1/1990
gttt sssatssssssssasasssssadssadsssdssdddsassddddddddanandadiddiddidii
#HdHS A S

ROUTING INCREMENT (MINS) = 10.00
STORM DURATION (MINS) = 540.
RETURN PERIOD (YRS) = 1

BX = 1.0000
TOTAL OF FIRST SUB-AREAS (ha) = 13734.00



TOTAL OF SECOND SUB-AREAS (ha) = 10479.00

TOTAL OF ALL SUB-AREAS (ha) = 24213.00
SUMMARY OF CATCHMENT AND RAINFALL DATA
Link Catch. Area Slope % Impervious Pern B
Link
Label #1 #2 #1 #2 #1 #2 #1 #2 #1 #2
No.
(ha) (%) (%)

BC3 44.000 0.000 1.000 0.000 5.000 0.000 .040 0.00 .2094 0.000
éégoo 58.000 0.000 4.000 0.000 10.00 0.000 .080 0.00 .1753 0.000
éégoo 70.000 32.000 4.000 4.000 5.000 10.00 .040 .080 .1335 .1287
ééZOI .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000
éégOI 77.000 58.000 5.000 5.000 5.000 10.00 .040 .080 .1255 .1569
gégoo 80.000 56.000 4.000 4.000 5.000 10.00 .040 .080 .1431 .1722
éégoo 120.00 79.000 3.000 3.000 5.000 10.00 .040 .080 .2040 .2377
gégoo .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000
éégoz 435.00 360.00 2.000 2.000 5.000 10.00 .040 .080 .4878 .6403
ﬁéggo 54.000 42.000 8.000 8.000 5.000 10.00 .040 .080 .0825 .1049
;éggo 150.00 50.000 2.000 2.000 5.000 10.00 .040 .080 .2804 .2294
ﬁégoo 113.00 577.00 3.000 3.000 5.000 10.00 .040 .080 .1977 .6685
iégoo 451.00 976.00 2.000 2.000 5.000 10.00 .040 .080 .4971 1.075
égéoo .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000
gégOI 306.00 220.00 3.000 3.000 5.000 10.00 .040 .080 .3319 .4049
&ééoo 177.00 281.00 7.000 7.000 5.000 10.00 .040 .080 .1636 .3013
&ééoo .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000
iégoz 557.00 400.00 4.000 4.000 5.000 10.00 .040 .080 .3925 .4786
ié203 .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000
ié304 103.00 46.000 6.000 6.000 5.000 10.00 .040 .080 .1333 .1270
égéoo 34.000 41.000 5.000 5.000 5.000 10.00 .040 .080 .0820 .1310
iééoo 794.00 161.00 2.000 2.000 5.000 10.00 .040 .080 .6671 .4214
igioo 1044.0 753.00 2.000 2.000 5.000 10.00 .040 .080 .7691 .9399
igéoo .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000
igéoo 597.00 184.00 4.000 4.000 5.000 10.00 .040 .080 .4070 .3196
&géoo .00001 0.000 .0010 0.000 0.000 0.000 .025 0.00 .0021 0.000

9.005



MC10
17.00
MC11
18.00
RYC1
19.00
RYC2
19.00
RYC3
19.00
RYC4
19.00
MC12
9.006
MC15
7.001
MC16
20.00
MC17
21.00
ROC1
22.00
ROC2
22.00
SHC1
23.00
SHC2
23.00
SHC3
22.00
SHC4
22.00
SHC5
22.00
MC18
7.002
GR1
24.00
GR2
7.003
GR4
1.003
GR5
25.00
GR6
26.00
UC1
27.00
Uc2
27.00
Uc3
27.00
uc4
27.00
GR7
1.004
GR9
28.00
GRS
29.00
GR10
1.005

306.

128.

423.

916.

121.

199.

00

00

00

00

00

00

.00001

.00001

64.000

98.000

359.

300.

00

00

86.000

356.

00

.00001

540.

198.

00

00

.00001

292.

00

.00001

.00001

363.

157.

642.

00

00

00

1776.0

384.

229.

00

00

.00001

464 .

00

69.000

.00001

151.00

82.000

25.000

110.00

92.000

284.00

0.000

0.000

89.000

7.000

1011.0

191.00

516.00

395.00

0.000

269.00

309.00

0.000

268.00

0.000

0.000

223.00

358.00

608.00

0.000

908.00

.00134

0.000

0.000

267.00

0.000

3.000

7.000

2.000

4.000

3.000

5.000

.0010

.0010

8.000

4.000

1.000

2.000

2.000

2.000

.0010

5.000

2.000

.0010

3.000

.0010

.0010

3.000

2.000

1.000

2.000

2.000

3.000

.0010

2.000

4.000

.0010

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

5.000

5.000

5.000

10.00

5.000

5.000

0.000

0.000

5.000

5.000

5.000

10.00

5.000

5.000

0.000

5.000

5.000

0.000

5.000

0.000

0.000

5.000

5.000

5.000

10.00

5.000

5.000

0.000

10.00

5.000

0.000

10.

10.

10.

10.

10.

10.

00

00

00

00

00

00

0.000

0.000

10.

10.

10.

10.

10.

10.

00

00

00

00

00

00

0.000

10.

10.

00

00

0.000

10.

00

0.000

0.000

10.

10.

10.

00

00

00

0.000

10.

10.

00

00

0.000

0.000

10.

00

0.000

.040

.040

.040

.040

.040

.040

.025

.025

.040

.040

.040

.040

.040

.040

.025

.040

.040

.025

.040

.025

.025

.040

.040

.040

.080

.040

.040

.025

.080

.040

.025

.080

.080

.080

.080

.080

.080

.00

.00

.080

.080

.080

.080

.080

.080

.00

.080

.080

.00

.080

.00

.00

.080

.080

.080

.00

.080

.080

.00

.00

.080

.00

.3319

.1382

.4808

L4179

.2048

.2056

.0021

.0021

.0902

.1590

.6239

.3306

.2100

.4395

.0021

.3456

.3240

.0021

.3239

.0021

.0021

.3627

.2872

.8441

1.468

.4572

.2854

.0021

L7307

.1325

.0021

.2580

.1588

.1600

.2446

.2573

.3583

0.000

0.000

.1550

.0584

1.548

.4605

L7722

.6720

0.000

.3484

.5914

0.000

.4486

0.000

0.000

L4077

.6385

1.188

0.000

1.035

.0008

0.000

0.000

.3879

0.000



Link Average Init. Loss
Link

Label Intensity #1 #2
Lag
(mm/h) ( mm )

mins

BC3 4.419 20.00 0.000
0.000

BC1 4.419 20.00 0.000
27.00

BC2 4.419 20.00 20.00
0.000

BC4 4.419 20.00 0.000
22.00

BC5 4.419 20.00 20.00
0.000

BC6 4.419 20.00 20.00
0.000

BC7 4.419 20.00 20.00
0.000

BCS8 4.419 20.00 0.000
0.000

GR3 4.419 20.00 20.00
0.000

MC13 4.419 20.00 20.00
0.000

MC14 4.419 20.00 20.00
0.000

MG1 4.419 20.00 20.00
0.000

MC1 4.419 20.00 20.00
0.000

MC2 4.419 20.00 0.000
34.00

Sc1l 4.419 20.00 20.00
0.000

MC3 4.419 20.00 20.00
0.000

MC4 4.419 20.00 0.000
78.00

MC5 4.419 20.00 20.00
0.000

MC6 4.419 20.00 0.000
50.00

MC7 4.419 20.00 20.00
0.000

MC8 4.419 20.00 20.00
0.000

LC2 4.419 20.00 20.00
0.000

LC1 4.419 20.00 20.00
0.000

1LC3 4.419 20.00 0.000
50.00

LC4 4.419 20.00 20.00
0.000

MC9 4.419 20.00 0.000
39.00

MC10 4.419 20.00 20.00

0.000

Cont.

#1

(mm/h)

Loss

#2

2.500 0.000

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

2.500

0.

2

000

.500

.000

.500

.500

.500

.000

.500

.500

.500

.500

.500

.000

.500

.500

.000

.500

.000

.500

.500

.500

.500

.000

.500

.000

.500

Excess Rain

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

#1

( mm

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

#2

)

0.

0.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

000

000

778

.000

778

778

778

.000

778

778

778

778

778

.000

778

778

.000

778

.000

778

778

778

778

.000

778

.000

778

Peak

Inflow

(m~3/s)

0.4249

0.7566

2.

2.

20.

26.

26.

16.

21.

44

181

580

.271

.065

.424

.856

.491

.022

.049

.724

. 342

.985

.080

.248

962

455

455

L7172

.376

.600

.800

400

476

.269

.074

Time

to

Peak

380.

360.

360.

360.

340.

350.

360.

360.

400.

340.

380.

390.

400.

390.

390.

350.

390.

450.

450.

340.

340.

400.

400.

400.

420.

490.

370.



MC11
0.000
RYC1
51.00
RYC2
39.00
RYC3
22.00
RYC4
0.000
MC12
27.00
MC15
23.00
MC16
0.000
MC17
0.000
ROC1
18.00
ROC2
0.000
SHC1
38.00
SHC2
0.000
SHC3
51.00
SHC4
40.00
SHCS
0.000
MC18
44.00
GR1
0.000
GR2
27.00
GR4
49.00
GR5
0.000
GR6
0.000
UcCl
49.00
Uc2
51.00
Uc3
49.00
Uc4
0.000
GR7
56.00
GR9
0.000
GRS
0.000
GR10
0.000

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

.419

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

20.

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

20.

20.

20.

20.

20.

00

00

00

00

00

0.000

0.000

20.

20.

20.

20.

20.

20.

00

00

00

00

00

00

0.000

20.

20.

00

00

0.000

20.

00

0.000

0.000

20.

20.

20.

00

00

00

0.000

20.

20.

00

00

0.000

0.000

20.

00

0.000

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.000

.000

.500

.500

.500

.500

.500

.500

.000

.500

.500

.000

.500

.000

.000

.500

.500

.500

.000

.500

.500

.000

.000

.500

.000

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

778

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

778

778

778

778

778

.000

.000

778

778

778

778

778

778

.000

778

778

.000

778

.000

.000

778

778

778

.000

778

778

.000

.000

778

.000

14.

16.

19.

54.

55.

16.

21.

24.

79.

80.

84.

10

15.

16.

.814

.705

542

190

327

565

574

. 842

.714

.395

.489

.343

.287

766

644

179

182

.244

824

058

.586

.559

.571

.242

518

059

100.36

2.

3.

288

297

101.53

340.

390.

380.

420.

430.

510.

460.

340.

340.

400.

400.

390.

410.

400.

430.

470.

480.

380.

520.

550.

390.

390.

420.

450.

460.

500.

600.

400.

360.

660.



SUMMARY OF BASIN RESULTS

Link Time Peak Time Peak Total  —-————————- Basin -—-———————-

Label to Inflow to Outflow Inflow Vol. Vol. Stage
Peak (m"3/s) Peak (m"*3/s) (m”™3) Avail Used Used

MC15 460.0 55.57 470.0 55.36 .114E+07 0.0000 50895.9 428.63

SUMMARY OF BASIN OUTLET RESULTS

Link No. S/D Dia Width Pipe Pipe
Label of Factor Length Slope
(m) (m) (m) (m) (%)
MC15 1.0 1.000 0.000 20.000 0.2000

Run completed at: 21st March 2006 10:57:37

mik open 0



APPENDIX E
HEC-RAS MODEL OUTPUT FOR
EXISTING CONDITIONS

Patterson Britton & Partners

rp6173djt060109-Moolarben Mine FIA
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APPENDIX F
PREDICTED WATER SURFACE PROFILES FOR THE
5 & 20 YEAR RECURRENCE FLOODS FOR EXISTING CONDITIONS

Patterson Britton & Partners
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