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1.0 INTRODUCTION

Footprint (NSW) Pty. Ltd. (Footprint) has been engaged by First Solar (Australia) Pty.
Ltd. (First Solar) to undertake a hydrological and hydraulic analysis in support of a
proposed solar farm located north-east of Wellington, New South Wales.

The purpose of the analysis is to define the flood behaviour, including depth of
inundation, over three ephemeral watercourses/overland flow paths that traverse the
subject site, in order to guide the design with respect to the extent and elevation of
proposed solar array infrastructure and to determine the potential impact of this
infrastructure on the existing flood behaviour.

1.1.Scope of Works

The scope of works for the project includes:

1. Review available background information including site survey, topographic
maps, proposed development plans.

2. Undertake hydrologic calculations to determine peak flows arriving at the site
for each watercourse for the 20%, 10%, 5%, 2% and 1% AEP events.

3. Undertake hydraulic modelling (using HEC-RAS) to determine the depth and
extent of flooding over the each of the three watercourses for each of the
above rainfall events.

4. Preparation of a concise hydrological and hydraulic report defining the
methodology and result of the above investigation.



2.0 SUBJECT SITE

The subject site is described as Lots 89, 90, 91, 92 , 99, 102, 103 and 104/DP2987;
Lot1/DP34690; Lot 1/DP520396 and Lot 2/DP807187 and is located approximately 2
kilometers north-east of the township of Wellington. The site location in relation to
Wellington is shown in Figure 1.
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Figure 1: Location of Subject Site

The site consists of an area of approximately 490 hectares and is traversed be three
watercourses including Wuuluman Creek and two tributaries. Wuuluman Creek
traverses east to west along the southern portion of the site. One of the tributaries
(Tributary 1), an overland flow path, traverses east to west in the northern and central
areas of the site. The third tributary (Tributary 2), traverses north to south across the
extreme western edge of the subject site.



All watercourses are described as ephemeral and only contain flowing water during
rainfall.

Wuuluman Creek is a tributary of the Macquarie River, which is located
approximately 1.3km west of the subject site.

The dominant land use on the subiject site is agriculture with the steeper landforms
mainly used for grazing activities whilst the flatter landforms are mostly cropped.
Native vegetation remnants are present across some of the site, particularly on the

knolls and along Wuuluman Creek.
An aerial view of the subject site showing the ephemeral watercourses described
above is depicted in Figure 2.
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Figure 2: Aerial View of Subject Site

Elevations over the site range from RL299 m AHD to RL424m AHD as depicted in
Figure 3.



Figure 3: Terrain Analysis over Subject Site (1m contour interval)



3.0 HYDROLOGICAL MODELLING
3.1.Model Adoption

XP-RAFTS was chosen to develop the hydrological model for this study. XP-RAFTS
is a non-linear runoff routing model used extensively throughout Australia and South
East Asia. XP-RAFTS has been shown to work well on catchments ranging in size
from a few square metres to 1000’s of square kilometres of both urban and rural
nature. XP-RAFTS can model up to 2000 different nodes and each node can have
any size sub-catchment as well as a storage basin.

XP-RAFTS uses the Laurenson non-linear runoff routing procedure to develop a
stormwater runoff hydrograph from either an actual event (recorded rainfall time
series) or a design storm utilising Intensity-Frequency-Duration (IFD) data together
with dimensionless storm temporal patterns as well as standard AR&R data.

3.2.Catchment Area

The catchment area contributing to Wuuluman Creek just downstream of the subject
site and including the two tributaries was estimated to be 60.45km? and was
determined using 10m contour data obtained through NSW Government Spatial
Services.

The overall catchment was discretised into 19 sub-catchments ranging in size from
27 — 780 hectares as shown in Figure 4.

The approximate catchment area draining to each of the three watercourses is
shown in Table 1.

Table 1: Summary of Catchment Areas by Tributary

Approx
Watercourse Sub-Catchments Catchment Area
(ha)
Wuuluman Creek 1.01 —1.08 1300
Tributary 1 2-2.02 235
Tributary 2 3.01-3.07 &4 4510
Total 6045




Figure 4: Sub-catchment Plan

3.3. Modelling Input Parameters

The parameters adopted for hydrological modelling are shown in Table 2.



Table 2: Hydrological Parameters Adopted

Parameter Value | Justification/Source
Adopted

Pervious Area Initial Loss (mm) 25 Recommended value for
Central NSW obtained
through ARR 2016 data hub
(refer Appendix A)

Pervious Area Continuing Loss 2.0 Recommended value for

(mm/h) Central NSW obtained
through ARR 2016 data hub
(refer Appendix A)

BX 1 RAFTS Default

Sub-catchment Area (ha) Varies | As per Figure 4

Impervious Area (%) 5 Value considered
representative of rural lands
on the urban fringe

Sub-catchment Slope (%) Varies | Varies based on site
topography.

Manning’s n 0.025 Typical value for rural pasture

lands

3.4. Rainfall Data

IFD design rainfall depth data was derived in accordance with Australian Rainfall and
Runoff (2016) using the Bureau of Meteorology’s 2016 Rainfall IFD on-line Data

System.

A copy of the Rainfall depth for Durations, Exceedance per Year (EY) and Annual
Exceedance Probabilities (AEP) table is included in Appendix B.

3.5. Results

The RAFTS Model was run for storm durations ranging from 30 minutes to 24 hours
and hydrographs at the outlet for the median storm for the range of events modelled

are shown in Figure 5.



Figure 5: Median Flood Hydrographs Derived from Hydrological Model

The peak flows derived in RAFTS at the outlet were compared to those derived using
the Australian Rainfall and Runoff Regional Flood Frequency Estimation (RFFE)
Model and the results are shown in Table 3 and Figure 6.

Table 3: Comparison of Peak Flows to Regional Flood Frequency Estimation Model

Peak Flow Rate (cumecs)

AEP Regional Flood Frequency Estimation Model
RAFTS

Discharge Lower (5%) Upper (95%)
20% 116 48.0 20.6 111
10% 136 75.0 32.5 173
5% 171 109 47 1 252
2% 321 167 71.2 391
1% 364 221 93.7 526




Figure 6: Comparison of Peak Flows to Regional Flood Frequency Estimation Model

The comparison of results shows that the runoff routing model results tend to
estimate peak flows higher than the RFFE method. Without calibration reasons for
this are not able to be determined. However possible causes could be due to routing
effects and/or surface roughness which may result in increased peak flows from the
RAFTS model. Results are well within the confidence limits for flow estimations
based on gauged events from regional catchments, apart from the 20% AEP.

Outputs from the RFFE method are included in Appendix C.



4.0 HYDRAULIC MODELLING

Hydraulic modelling was conducted using an unsteady two-dimensional HEC-RAS
model (Version 5.0.3) run in mixed flow regime to enable both subcritical and
supercritical flow regimes to be assessed.

4.1.Model Inputs

4.1.1. Two Dimensional Domain

A digital elevation model (DEM) of the subject site was established using a 5m
gridded digital elevation model (wellington1009.tif) sourced from
www.elevation.fsdf.org.au.

A two dimensional flow area (i.e. active cells) was defined over the subject site over
an extent considered large enough to accommodate the expected flows. The extent
of the two-dimensional flow area is shown in Figure 7.

The 5m DEM grid was imported into HEC-RAS and used as the basis for
development of a 10m x 10m terrain model. The DEM grid was further refined over
each watercourse by applying breaklines with a maximum cell spacing of 5m. An
example of the additional definition along each watercourse is shown in Figure 8.

The two-dimensional flow area was assigned a Manning’s n value of 0.025 which is
considered representative of the current condition of the land. The Manning’s n
value was increased to 0.06 in several isolated areas to represent some more
densely vegetated areas along the creek corridors. The areas of increased
Manning’s n are shown in Figure 7.

4.1.2. Boundary Conditions

The hydrographs derived using RAFTS were used to define the upstream boundary
condition within each watercourse for each of the modelled events. Hydrographs for
each storm event at each of the inflow locations are provided in Appendix D and
were derived using total hydrographs from subcatchments outlet as defined in Table
4,

Table 4: Adopted hydrographs for inflow boundaries

Inflow Boundary Total Hydrograph from
Subcatchment Outlet
Inflow_1 1.07
Inflow_2 2.02
Inflow_3 3.07
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The upstream boundaries were extended along the upstream face of the two-
dimensional domain at each watercourse over a sufficient length to enable the model
to appropriately distribute the flow to the cells that are wet. At any given time step,
only a portion of the boundary condition line may be wet, thus only the cells in which
the water surface elevation is higher than their outer boundary face terrain will
receive water.

Flows leaving the two-dimensional area were defined with a normal depth
downstream boundary condition with a friction slope of 0.07% which is based on the
gradient of the land at the location of the boundary. The friction slope method uses
the Manning’s equation to compute a normal depth for each given flow, based on the
cross section underneath the two-dimensional boundary condition line and is
computed on a per cell basis.

The location and extent of the upstream and downstream boundary condition lines is
shown in Figure 7.

Figure 7: Two Dimensional Flow Area and Hydraulic Boundary Conditions (Mannings
n = 0.06 areas shown in pink)
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