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Flow 
Component 

Ecological 
attribute / 
Value 

Season 
(duration) 

Hydraulic metric Ecological Flow Recommendation 

Fish Passage 
Flow 

Native fish 
diversity 

Late 
Autumn - 
early Spring 

Minimum depth over 
obstacles of 0.10 m; late 
May – November. 

� 0.07 m3/sec for duration of approx. 
0.5 days in May, gradually increasing 
to 6 days in September, reducing 
again to 0.5 days in November. 

Winter Low 
Flow 

Invertebrates 
Native fish 
Vegetation 
Process 

Winter - 
early Spring 

Minimum stage height of 
0.05 m & 100 % cover 
over gravel runs & riffles. 

0.02 m3/sec for duration of approx. 24 
days/month during July, Aug. & Sept., 
with transition between summer & 
winter base flows during May/June & 
October/November. 

Winter 
Medium Flow 

Native fish 
Vegetation 
Process 

Winter – 
early Spring 

Flood lower benches 0.15 m3/sec during winter with peak 
frequency of 2 days/month in July, 
Aug. & Sept., with peak duration of up 
to 7 days in July-Aug. 

Active 
Channel Flow 

Channel 
morphology 

Winter Active channel stage 
height on a 1:2  - 1:3 
year frequency 

0.45 m3/sec for a duration of 1 day 
every 2 – 3 years. 
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1 INTRODUCTION 

1.1 Background 
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1.2 Study Objectives 
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1.3 Statutory/Legislative Framework 
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Figure 1.  Aerial showing location of study sites, gauging stations and mine lease. 
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Figure 2.  Cadastral map of study area, including potential dam site.
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1.4 Ecological Water Requirements (EWRs) 
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1.5 Environmental Water Provisions (EWPs) 
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2 FLOW EVENTS METHOD FOR DETERMINATION OF EWRS 
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Figure 3.  Time series showing typical components (events) of a natural flow regime relevant to river systems in 
south-west Australia (after Cottingham et al. 2003). 
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Figure 4.  (a) Basic steps in the FEM (& FLOWS) method and (b) steps used in the current study (boxes in red 
emphasise modifications made for the current study). 
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3 HYDROLOGICAL STATE OF THE CATCHMENT 

3.1 Available Data 
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3.2 Rainfall 

��-�0���,���+-:������ ��6��:���#����-����2-�+���<��'$��=��"�2�6��"�����������--/�����+-:����:���
�"��9��+�6�C���,@����'�8�0������2�������'�,,�<��:���#�����8=5���&+,/,���+-:�����  /���
@��2��-�B/-��0��/�/���<2+-���=�2+�"�,+-+,/,���+-:�����  /��+-��+-�B�-/��3�0�.�@�/��3�<�/,,��=5��
���������--/������9����+�-��������������/-6���*���E���(���,,5���
�

+- �� �'*8� �"���� "���@��-� �� �+�-+:+ �-����6/ �+�-� +-�,��-� �--/�����+-:���� +-� �"�� ��/�"2���� �:�
#�����-��/�����+�5���"���&��-���:��"����6/ �+�-�@��2��-��"��G����������+,��+ ���-6+�+�-F�9��+�6�
<9��0�'*8=� �-6� �"�� G��3� !��+�6F� <9���0�'*8=� ���+��� ���+�-���35� � �"�� +-:�/�- �� �:� �"+��  �+,����
 "�-��� �-����+�-�����+-:���� :���#����-��2��� �������6� ��� �� 9�� /����� ���,�6���+-��  �� ",�-��
"36�����3�<��:���#�����8=5���"����"���@��-����+�-+:+ �-��<9�O��5��=����6/ �+�-�+-�,��-��--/���
��+-:����:��,�9��0�'*8�3����� <,��-�P����8�,,=� �,9���6�2+�"�9���0�'*8�3����� <,��-�P�'*(�
,,=�<.+�/���8=5���"+����6/ �+�-�+-���+-:����+��,������+6�-��+-�2+-����,�-�"��<�3�0��/�/��=�2+�"�
�� ��-6�- 3� :��� ��+�"��3�"+�"�����+-:���� +-� �/,,��� <.+�/���$=5� ��"�/�"� �+�-+:+ �-���,��-� �--/���
��+-:����"����-�3���6/ �6�@3�8Q5���"+���,�������"�-��-�+ +9���6���6/ �+�-�9��@�@�3���:�� ��6��"��
�"��������+-:������ ��6�<�'�$�E�����=��2"+ "�6+6�-���+- �/6���"��"+�"�����+-:����9��+�6�9�+�������"��
�'���5�

�������������������������������������������������
���0������6:�P��*������0���/��P��58����9�P��5�$*5�



#����-��+-�����
�-6��!��A� ���	#����:�.�������%���>�E��-���,�6+��3�������,�-��

�������������������	�
����������������������������� +�

��� ��-�0���,� ��+-:���� �-6� �����,:��2� �� ��6�� 2���� -��� ���+��@��� :��� �"�� .������� %���>�
 �� ",�-��� �"�� +-:�/�- �� �:� ��6/ �6� ��+-:���� �-� �����,:��2� +-� �"�� @���>� 2��� +-:����6� @3�
 �,9��+��-������/�"02����A����"�:�����5��
����3������5�<����=����+,���6��"���,��-��--/�����+-:����
:����"����--+-����,������:����"��9��+�6��'*8�0��''*�2����(Q���2����"�-��"����-�����,�,��-�
�--/�����+-:����:����'���0��''*5��
+,+����3��#	��<����=��� ��6�6�����Q���6/ �+�-�+-���+-:����:���
�"�� %+ >��3� %���>� �3���,� �-6�#	�� <����=�  �� /����6� �-� ��Q���6/ �+�-� +-� �--/�����+-:���� ���
����+��<����+����2-�+�����'���E��''*=5��
�

Annual rainfall for Waroona (009614), 1936 - 2003

400

600

800

1000

1200

1400

1600

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

A
nn

ua
l R

ai
nf

al
l (

m
m

)

Mean (1936 - 2003) = 1019mm

Mean (1936 - 1974) = 1045mm

Mean (1975 - 2003) = 978mm

�
Figure 5.  Average annual total rainfall for Waroona townsite for periods 1936 - 2003 (blue line), 1936 - 1974 

(orange line) and 1975 - 2003 (green line). 
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Figure 6.  Average monthly rainfall for Waroona townsite for periods 1936 - 2003, 1936 - 1974, and 1975 - 2003. 
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Figure 7.  Total flow record for Ferraro Brook from 1995 – 2003, showing total daily discharge. 
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c)  Frequency of  Flow  Occurrence
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Figure 8.  Flows recorded at Ferraro Brook (1995 – 2005); a) mean and median monthly flow; b) total annual 

discharge (ML); c) frequency of occurrence of annual flow events. 
�



#����-��+-�����
�-6��!��A� ���	#����:�.�������%���>�E��-���,�6+��3�������,�-��

�������������������	�
�����������������������������  !�

!������:�,��-��-6�,�6+�-�6+� "����� �����3��"�2��"�������-��+�3��:�:��2�+-�.�������%���>��2+�"�
�����+���3�"+�"�2+-����6+� "������-6���9��6+ ��@���6�3�9��+�6�+-��/,,��5��!��>��--/���:��2���  /��
+-� B/�3���/�/��� �-6� 
�9��,@����2+�"�,+-+,/,� :��2�� �"��/�"� �/,,��7�/�/,-5� ������� �--/���
6+� "����� "��� �"�2-�  �-�+6���@��� ���+��+�-� ����� �"�� 9��+�6� �:� �� ��6� �-6� +��  ��������6� 2+�"�
��+-:���5� ��"��� +���"+�"��--/���6+� "�����2�����+6�-�� +-��''8���''$��-6������<.+�/���(@=�������:�
2"+ "� 2���� ����� "+�"� ��+-:���� 3����� <�99�-6+&� �=5� � �"�� "+�"���� �@�����6� �--/��� 6+� "�����
�  /���6�+-��''$�<���(*5���=5�
�

/,,��3��:��"����6����+-�:��2�6/���+�-� /������9�����6�:����/,,���<����C���,@���E��8�"��3=�
�-6�2+-���� <�$�"��3�E������� �=� :��2������-�� �"�2��������� :��D/�- 3��:�"+�"� :��2�� +-�2+-����
<.+�/���'=5�
�

�
Figure 9.  Flow duration curves for summer (blue) and winter (red) flow seasons 
for Ferraro Brook, showing duration of different flow magnitudes in each season. 

�
�

"-"-  �������������.������
&�����.�&/����������&0�

!��6+ ��@+�+�3��-6� �����-��+�3��:� :��2�� +-:�/�- ��� �"��� ����3��-6� �����-���63-�,+ ���:� �����,�
 �,,/-+�+����-6� �"�+�����������9� +��� �,9��+�+�-��-6����� �"���:���� �-�+6���6��:�9���,�/-��
+,9����- �� ��� �"�� � ����3��:� �� �3���,5� � !��6+ ��@+�+�3� �-6� �����-��+�3� �"���:����2���� �������6�
/�+-�� �"�� �+,�� 
��+��� �-��3�+�� ,�6/��� +-� �"�� �+���� �-��3�+�� !� >���� <��!=� /�+-�� ���2���F��
�-6+ ���<���2�����'*�=�2"+ "�/���6�+�3������,:��2��� ��6�����6�� �+@����,9�����9�����-��+-�:��2�
+-����,���:�!��6+ ��@+�+�3�<!=���-���- 3�<�=��-6���-�+-��- 3�<=5� �!��6+ ��@+�+�3�+�� �"���/,��:�
��-���- 3��-6���-�+-��- 3��2"����!��6+ ��@+�+�3�<!=�+���"���+>��+"��6��:�@�+-���@������9��6+ ����
:��2� �  /���- ��� �-6� +�� ,�&+,+��6� 2"�-� �"�� :��2� +��  �-���-�� �"��/�"�/�� �"�� 3���� <���5� "+�"�
��-���- 3=����+:��"��9�����-���:�"+�"������2�:��2��  /���- ��+����9����6�����3�3�����:��"��������
�� ��65������-���- 3�<�=��:���2�/�6��  /��2"�-��"��:��2�+���"����,��:�������,�-�"�7�����-���
�-6�����-�+-��- 3�<=��:���2�/�6��-�3��  /��+:��"��9�����-��:�:��2�+���"����,��:��,�3�������3����
<�����"+�"�:��2���  /������3�2+-���=5��!�����-���:�6+� "����� �-��"/��@��6�� �+@�6�-����-�3�+-����,��
�:��"����������9��6+ ��@+�+�3�@/��������"��6�������:������-��+�35���



#����-��+-�����
�-6��!��A� ���	#����:�.�������%���>�E��-���,�6+��3�������,�-��

�������������������	�
�����������������������������  "�

���6+�+�-���3�����2���F�� �-6�&� +�� �99�+�6� ���,�-�"�3� :��2� ������+���"�2��������!������ ����2��
�-��3�+�� �:� 9��06�:+-�6� �����-�5� � .��� �"��.�������%���>�����2���F�� �-6+ ���2����  �� /����6� :���
,�-�"�3�:��2���-6������:��2������-��6�:+-�6�����/,,���<����C���,@���0��8�"��3=��-6�2+-����
<�"��+-�������:�G�/,,��F=����6����,+-�6�:��,�"+�"��-6���2�:��2�9��+�6�5�
�
�-��3�+��/�+-��@��"�,�-�"�3��-6������-���:��2� ������+���������+,+����9�����-��+-�!��6+ ��@+�+�3��
"�2�������-���- 3�2���"+�"���:���,�-�"�3�����99���6� ��������-���:��2���-6� �"�� +-������2���
��/��:�����-�+-��- 3�<��@����=5��.��2��"�6������+���3�"+�"���������!��6+ ��@+�+�3�<������+>��+"��6��:�
@�+-�� �@��� ��� 9��6+ �� �� :��2��  /���- �=5� � �-� ��-����� ���,�����-�+-��- 3� �-6���-���- 3�2����
�����+���3���2��2+�"��"���������9���+ /����3���2�:��������-���:��2�5���"+��+-6+ ���6��"���:��2��+-��"��
.������� %���>� ���������-�@�3� 9��6+ ��@����,�����+>��3���:�� �+-�� "+�"� 2+-���� �-6���2� �/,,���
:��2�����/����3��  /��+-�� �� "�3�������2���-���- 3����:�� �+-�� "+�"� +-���0,�-�"� 6+::���- ��� +-�
:��2����-6���2���-�+-��- 3����:�� �+-��"+�"�+-���0�--/������+��+�-�+-�:��2��<+5�5���2�:��2��+-���,��
3������-6�"+�"�6+� "�����+-���"���3����=5��%���+-��+-�,+-6��"���"����:��2��� ��6���"�����-��3����
�"�/�6�@�� ������6�2+�"� ��,�� �/�+�-��"������� �"����-�������������9�����-��2+����+>��3�"��6�:�����
��-�����+,�����+��5�
�

Table 1.  Predictability, Constancy and Contingency for monthly and seasonal (summer/winter) flows for Ferraro 
Brook. 

Colwell’s Indices Monthly categories Seasonal categories 

Predictability 0.697 0.679 

Constancy 0.396 0.183 

Contingency 0.301 0.496 
�
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4 HYDRAULIC MODELLING 

4.1 Introduction 
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4.2 Methods 
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Table 2.  Locations of detailed cross-sectional survey sites on Ferraro Brook and additional sites on Wealand 
Brook and Upper Mayfield Drain.  All locations are in WGS84.  Locations indicate the left over-bank (LOB) end of 

each cross-section (viz. left of bank looking downstream).   

Reach Benchmark Cross-section Latitude Longitude Easting Northing 

Ferraro Brook 1 1 32˚48’48” 115˚53’24” 50 396114 636 8869 

 1 2     

 1 3     

 1 4     

 1 5     

 2 6 32˚48’50” 115˚53’26” 50 3961 49 636 8799 

 2 7     

 2 8     

 2 9     

Upper Mayfield Drain 3 10 32˚48’52” 115˚53’29” 50 395883 636 8790 

 3 11     

 3 12     

Wealand Brook 4 13 32˚48’48” 115˚53’24” 50 396113 636 8898 

 4 14     

 4 15     

 5 Foresight 32˚48’46” 115˚53’26” 50 3961148 636 8931 

�
�

�

Figure 10.  Example of channel cross-section measurements (after Parsons et al. 2002). 
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Plate 1.  Confluence of Ferraro, Wealand and Upper 
Mayfield Drain in August 2004. View upstream (east). 
Wealand Brook entering from left. Down-cut drainage 

channels (photo: L. Sadler). 

Plate 2.  Confluence of Ferraro, Wealand and Upper 
Mayfield Drain in August 2004; view upstream along 

Ferraro Brook (photo: L. Sadler). 

  
Plate 3.  Confluence in November 2004. View 

upstream along Wealand Brook with Ferraro Brook 
entering from right. Channel encroachment by pasture 

grasses. Clump of native macrophyte visible in 
foreground. 

Plate 4.  Confluence in November 2004 of Ferraro, 
Wealand and Upper Mayfield Drain; view upstream 

along Wealand Brook. Bank slumping and trampling by 
cattle. 

  
Plate 5.  Ferraro Brook reach, benchmark #1, cross-
section #1. Bed rock in the stream channel affecting 

low flows. 

Plate 6.  Ferraro Brook reach, benchmark #2, cross-
section #8.  View upstream. Cattle fence across small 

channel pool at boundary between properties. 
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Plate 7.  Ferraro Brook reach, benchmark #1, cross-

section #1. Channel downcut Bank slumping and 
trampling by cattle. 

Plate 8.  Ferraro Brook Brook reach, benchmark #1, 
cross-section #3; downcut banks, exposed tree 

(Eucalyptus rudis) roots. 

 
Plate 9.  Upper Mayfield Drain, in August 2004. View from 

farm bridge downstream of the confluence, near 
benchmark #3, cross-section #12 (photo: L. Sadler). 
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Figure 11.  Examples of transect cross-sections, showing cross-section #2, #4, #6 and #8 from the reach.  
Plots show water level for one flow profile (flow required to reach Active Channel height), left overbank (LOB) 

top of bank level, with water level for the lower flow profile in-filled.  Red symbols indicate Active Channel 
height on each cross-section. Manning’s n for active channel and over-bank floodplain on left and right bank 

are across the top of each plot. 
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Figure 12.  Longitudinal profile of Ferraro Brook survey reach showing location of cross-sections, water level for 
Active Channel flows, left overbank (LOB) top of bank level, with water level for the flow profile in-filled in blue. 
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Figure 13.  Three-dimensional profile of Ferraro Brook survey reach showing location of cross-sections, water 
level for Active Channel flows, left overbank (LOB) top of bank level, with water level for the flow profile in-filled 

in blue. 
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Table 3.  Hydraulic parameters output by HEC-RAS. 

HEC-RAS  Plan: Plan 01   River: Ferraro   Reach: Ferraro    Profile: 1 m3/sec; active 

Q Total Min Ch 
El 

WS 
Elev 

Crit 
WS 

EG 
Elev 

EG 
Slope 

Vel 
Chnl 

Flow 
Area 

Top 
Width 

Froude 
# Chnl 

Reach River 
Station 

Profile 

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

Ferraro 9 1 m3/sec 1 99 99.6624  99.7 0.001809 0.87 1.15 2.77 0.43 

Ferraro 8 1 m3/sec 1 98.89 99.557  99.58 0.00127 0.74 1.36 3.48 0.37 

Ferraro 7 1 m3/sec 1 98.82 99.5578  99.57 0.000541 0.57 1.76 3.31 0.24 

Ferraro 6 1 m3/sec 1 99.02 99.5196  99.57 0.002581 0.96 1.04 2.81 0.5 

Ferraro 5 1 m3/sec 1 98.9 99.4632  99.51 0.002405 0.95 1.06 2.68 0.48 

Ferraro 4 1 m3/sec 1 98.85 99.363  99.42 0.002986 1.05 0.95 2.45 0.54 

Ferraro 3 1 m3/sec 1 98.66 99.1701 99.15 99.32 0.009854 1.74 0.58 1.85 0.93 

Ferraro 2 1 m3/sec 1 98.72 99.1411 99.1 99.27 0.00813 1.58 0.64 1.99 0.85 

Ferraro 1 1 m3/sec 1 98.49 99.1545 99.05 99.22 0.00332 1.27 0.97 2.66 0.56 

Codes: 
Q Total = total flow in cross-section. 
Min Ch El = minimum channel elevation. 
WS Elev = calculated water surface from energy equation. 
Crit WS = critical water surface elevation; water surface corresponding to the minimum energy on the energy versus 

depth curve. 
EG Elev = energy grade line for given WSEL. 
EG Slope = slope of the energy grade line. 
Vel Chnl = average velocity of flow in main channel. 
Flow Area = total area of cross-section active flow. 
Top Width = top width of the wetted cross-section. 
Froude # Chnl = Froude number for the main channel. 
�
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Table 4.  Hydraulic parameters output by HEC-RAS for Ferraro Brook, Wealand Brook and Mayfield Drain for an 
active channel flow in each system, giving approximate discharge (m3/sec), wetted cross-sectional area (m2), 

wetted width of channel (m) and wetted perimeter (m). 

Reach Discharge Wetted Cross-
sectional Area 

Channel Width Wetted Perimeter 

 (m3/s) (m2) (m) (m) 
Ferraro Brook 0.45 1.06 2.67 2.79 
Wealand Brook 0.75 0.95 2.69 3.02 
Upper Mayfield Drain 1.40 1.98 3.51 3.80 

�



#����-��+-�����
�-6��!��A� ���	#����:�.�������%���>�E��-���,�6+��3�������,�-��

�������������������	�
����������������������������� !!�

�
a) b) 

 

Figure 14.  Reach level rating curve for discharge to attain active channel stage height for a) Wealand Brook and b) 
Upper Mayfield Drain, with threshold flows of 0.75 m3/sec and 1.4 m3/sec required to reach active channel flow 

respectively. 
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5 FLOW REQUIREMENTS OF KEY VALUES AND PROCESSES 

5.1 Channel Morphology 
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5.2 Riparian Vegetation 
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5.4 Long-necked Tortoises 
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5.5 Water Quality 

�-�  ����+-� �+�/��+�-��� 9���+�+�-�� :��� 	#��� ,�3� @�� �9� +:+ ���3� 6��+�-�6� ��� :�/�"+-�� :��2�� ���
��,���� 9���� D/��+�3� 2����� �"��� ��+���� ����� �/,,��� 6/�� ��� �� >� �:� �+9��+�-� �"�6+-��� "+�"�
��,9����/����� ��2� 6+������6� �&3��-�� �  /,/���+-�� ��� "������ 2����� ,����+���� �-6� +- �����6�
,+ ��@+���� �+�+�3�E������:�2"+ "� �-�9��������"�������D/��+ �:�/-�����99�6�+-��,����9����5��
/ "�
:��2������-���2����-��6�:���#����-����/63�������+- ���"��6��+-���������-��/����3�6�3�6/�+-���"��
�/,,��� G�+�>� 9��+�6F5� � #+-���� :��2�� �99��&+,��+-��  "�--��� :��,+-�� <� �+��=� :��2�� 2�/�6� @��
�/::+ +�-�� ��� 9���+6�� �"�� ,+-+,/,� �������� ���� +�3� �:� �5��� ,7�� � +-� 9����� �"��� +�� ��-�����3�
�� �,,�-6�6� ��� ���+6� �����+:+ ��+�-�� ,�+-��+-�,+&+-�� �-6� �"���@3�,�+-��+-� 6+������6� �&3��-�
�������T��,�7��<
��
 �����+-�"�,������5�����=��-6�2�����D/��+�35�
�



#����-��+-�����
�-6��!��A� ���	#����:�.�������%���>�E��-���,�6+��3�������,�-��

�������������������	�
����������������������������� !*�

5.6 Energy Flows 
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6 ISSUES, PRESSURES AND ECOLOGICAL FLOW OBJECTIVES 
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Table 5.  Issues and pressures affecting hydrology, flow regime and ecology of Ferraro Brook and Upper Mayfield Drain. 

Driving Force Issue Time of Year Hydrological/WQ Effects Potential Ecological Effects 

Increased ground-water 
levels in upper reaches. 

Winter Increased contribution of runoff to flows 
in upper reaches. 

Changes in assemblage structure of native fish, bugs, 
flora. 
Decline in vegetation vigour; shift towards species 
more tolerant of inundation. 

Winter Increased contribution of groundwater & 
runoff to flows in lower reaches. 

Changes in assemblage structure of native fish, bugs, 
flora. 
Decline in vegetation vigour; shift towards species 
more tolerant of inundation. 

Increased ground-water 
levels in lower reaches. 

Summer Catchment seeps & springs become 
more reliable; greater flow permanence 
in lower reaches. 

Changes in assemblage structure of native fish, bugs, 
flora. 
More reliable refugia for bugs & fish; better 
recruitment/survival of species intolerant of seasonal 
drying. 
Water quality problems in permanent pools over 
summer due to nutrient input & lack of riparian shading. 

Faster & greater run-off 
causing channel erosion in 
upper & lower reaches. 

Winter Bed & bank erosion. 
Channel incision. 
Mobile sand slugs. 
Increased turbidity/suspended 
sediment. 

Pool infilling from mobile sand/silt with associated loss 
of habitat. 
Erosion of banks and associated riparian vegetation. 
Channel incision resulting in riparian vegetation being 
‘suspended’ on drying floodplain. 
Isolation/reduced connectivity of channel overbank 
flows with floodplain which provides seasonally 
inundated habitat for fish & frogs. 

Catchment clearing 

Reduction in amount of 
large woody debris in 
channel. 

All year Increased water velocities. 
Bed & bank erosion. 

Erosion of banks & associated riparian vegetation 
Loss of in-stream habitat diversity & associated loss of 
faunal diversity. 
Reduced carbon/energy source with associated loss of 
in-stream productivity. 

Channel straightening / 
Drain construction 

Faster & greater run-off 
causing channel erosion in 
lower reaches. 

Winter Increased water velocities. 
Bed & bank erosion. 
Channel incision. 
Mobile sand slugs. 
Increased turbidity/suspended 
sediment. 

Erosion of banks and associated riparian vegetation. 
Channel incision resulting in riparian vegetation being 
‘suspended’ on drying floodplain. 
Isolation/reduced connectivity of channel overbank 
flows with floodplain which provides seasonally 
inundated habitat for fish & frogs. 
Loss of in-stream habitat diversity & associated loss of 
faunal diversity. 
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Driving Force Issue Time of Year Hydrological/WQ Effects Potential Ecological Effects 

Reduction in seasonal swamp habitats & associated 
loss of faunal diversity. 

Impoundment & 
abstraction from Ferraro 
Brook 

Reduced peak flows. Winter. Channel forming flows occur with 
reduced frequency. 

Loss of channel forming flows resulting in infilling of 
pools with sediment; loss of channel morphology. 
Riparian encroachment into channel; overall reduction 
in habitat diversity. 

Impoundment & 
abstraction from Ferraro 
Brook 

Reduced frequency of 
intermediate flow events. 

Winter to early 
Spring. 

Reduced frequency of fish passage 
events. 

Loss of fish access to habitat. 

Releases from dam Insufficient flow to maintain 
coverage of stream 
channel. 

Early Spring. Insufficient flows so that riffle zones 
(biodiversity ‘hot spots’) dry out 

Invertebrate fauna that breed in spring will be lost from 
the system if the channel is allowed to dry too early in 
the season. 

Releases from 
dam/discharge areas 

Releases do not conform 
to system expectations in 
terms of shape and size of 
hydrograph. 

All year. Unseasonal releases, with faster than 
normal increase/decrease in stage 
height. 

Fauna washed from system or left stranded & 
desiccated due to too rapid increase or drawdown. 

Releases from 
dam/discharge area 

Releases do not conform 
to system expectations in 
terms of size of peak flows. 

All year. Excessive releases/dichargeswill result 
in scouring & erosion. 

Elevated turbidity, soluble solids & sedimentataion; 
excessive velocities; bank and bed erosion; loss of 
habitats. 

�
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Table 6.  Ecological values and objectives determined for Ferraro Brook. 

Flow 
component 

Ecological 
attribute / 
Value 

Ecological objective Season 
(duration) 

Time series 
(pulse/spells) 

Hydraulic metric Consequence of not meeting 
objective 

Fish Passage 
Flow 

Fish diversity Passage for small bodied fish moving 
upstream from late autumn through 
into early spring across natural 
obstacles (i.e. rock bars, shallow 
riffles and LWD).  

Late Autumn 
through into 
early Spring 

Events (size and 
frequency) / 
duration 

Minimum depth over 
obstacles of 0.10 m for small 
species (i.e. western 
minnow) late May to 
November. 

Loss of migratory species from parts of 
the system if passage restricted. 
Reduced connectivity. 

Process Seasonal inundation of benches for 
allochthonous litter transfer.   
Predictions of Riverine Productivity 
Model; seasonal inundation & 
recession ‘collects’ detrital material in 
main channel which supports food 
webs. 

Winter Medium wet 
season events 

Inundate riffles & gravel runs 
in winter 

Detrital material important in food webs. 
Loss of this material may limit 
abundance and/or presence of some 
species.  

Fish Stage height to ensure any marginal 
fringing vegetation & reeds/rushes are 
‘trailing’ & thereby providing fish cover 
and spawning sites. 

Winter Flow duration Duration of baseflow 
sufficient to inundate trailing 
vegetation – based on 
elevation on cross-sections 

Insufficient flows will leave trailing 
vegetation above water and not 
accessible. 
Insufficient continuous duration may 
expose and dehydrate any eggs 
spawned onto vegetation. 

Invertebrates Gravel runs & riffles maintained in 
summer as biodiversity ‘hotspots’. 

Winter Flow duration Minimum stage height to 
maintain current area of 
gravel runs & riffles to a 
depth of 0.05 m. 

Reduced biodiversity as obligate gravel 
run/rapid dwelling species will be lost 
from the system. 

Winter Low  
Flow (Base 
flow) 

Vegetation Inundate any emergent macrophytes 
and aquatic plants 

Winter Flow duration Inundate riffles & gravel runs 
in winter 

Loss of biodiversity 

Process As for Winter Low Flows 
Native Fish As for Winter Low Flows 

Winter  
Medium Flows 

Vegetation Riparian vegetation - main channel 
bank & emergent vegetation. 
Seasonal inundation of emergent and 
main channel bank vegetation. 

Winter Flow duration Inundate lower banks and 
benches in winter.   

Change from historic water regime = 
change in plant community 
(terrestrialisation) with associated 
change in structure. 
Enhanced opportunity for terrestrial 
weeds (e.g. grasses). 
Riparian vegetation supplier of LWD as 
aquatic habitat & of material to support 
detrital food webs.  Regulator of 
nuisance algal growth, through shading.  
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Flow 
component 

Ecological 
attribute / 
Value 

Ecological objective Season 
(duration) 

Time series 
(pulse/spells) 

Hydraulic metric Consequence of not meeting 
objective 

Maintain pools & channel form. 
The proposed dam has the potential 
to reduce the magnitude of large flow 
events which are important for 
channel maintenance as pools 
provide refugia for fauna in summer & 
require regular scouring to prevent 
excessive build up & infilling. 

Winter  Event magnitude 
/ frequency 

Channel forming flows – 
flows to active channel 
stage height on a 1:2 - 1:3 
year frequency. 

Loss of pool depth = reduced carrying 
capacity for fish, loss of summer refugia 
for fish. 
Greater encroachment by riparian 
vegetation. 
Higher BOD with associated risk of low 
DO in summer. 
Loss of benthic fauna due to smothering 
by fine sediment build up, smothering of 
snags in pools = reduced habitat. 
Loss of species requiring permanent 
water in preference to those with 
strategies to survive seasonal flows. 

Active 
Channel Flows 

Channel 
morphology 

Prevent incursion of riparian 
vegetation into channel. 
There is a dynamic relationship 
between flow, sediment deposition & 
vegetation encroachment on the 
channel. 

Winter Event magnitude 
/ frequency 

Channel forming flows – 
flows to active channel 
stage height on a 1:2 - 1:3 
year frequency. 

Area of active channel will decrease. 
Peripheral velocities will be reduced 
resulting in more sediment deposited & 
weed incursion. 

Summer Zero 
Flow 

Seasonal 
flows 

Maintain a period of drying in summer Summer Base flow Zero flows. Channel incursion by pasture grasses. 
Establishment and domination by 
exotics species such as carp, yabbies, 
mosquitofish etc. 
Change from historic water regime = 
change in plant community (towards 
mesic species). 
Water quality problems associated with 
nutrient loading & lack of riparian 
shading. 

�
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7 FLOW EVENTS MODELLING FOR FERRARO/UPPER MAYFIELD DRAIN 

7.1 FEM Approach 

.��2�	��-����6���+-�� <.	=� 2���/��6� ��� ���+,���� �"�� :��D/�- 3� �:� � ����+ ���3� �+�-+:+ �-��
:��2����-���/-6����"���@�����6��/-���/����6�"36�����+ ������+,��:���.�������%���>5���"�����,�
G���-�F���:���������9���+ /�����/+����:�"36�����+ ����"36��/�+ � �-6+�+�-�� +6�-�+:+�6�����+�-+:+ �-��
:���,�+-��+-+-���"��� ����+ ������/����:��"����/63���� "5��.	��39+ ���3� �,9�+�����2�����9�1��=�
�"��6��+���+�-��:�G���+-�� /����F������������� "�:��2����-�����:��2�,��-+�/6���-6��=��"���-��3�+���:�
�"��:��2��� ��6������ "���� "�<����+-�"�,������������=5� ����+-�� /�����6�� �+@���"�������+�-�"+9�
@��2��-� � ����+ ���3� �+�-+:+ �-�� :��2� ���-��� <����� :+�"� 9������� :��2�=� �-6� :��2�����5� ��"�� :��2�
���-��� ���� 6�:+-�6� +-� ���,�� �:� �9� +:+ �  �+���+�� �"���  �-� @�� 6�� �+@�6� +-� �� �9���6�"���� <�����
,+-+,/,�6�9�"� +-� �"����� "� �:��5��,=5� ��"�����+-��  /����� ���� 6��+��6�/�+-�� �"�������+�-�"+9�
@��2��-�:��2�������-6�������"�+�"�5���"+��2�������@�+�"�6�/�+-���"��"36��/�+ �,�6���?	�0��
�
<
� �+�-��=��-6��"�� ����0�� �+�-��/���3�6����:��,��� "���� "5�����6+� /���6�+-�
� �+�-����� �/���
:��2��������"����-����:�������"�+�"��� �/�6�-���@���/���3�6�:����"�� /���-��9��A� ��� �"���:�����
���+-��  /�����2���� 6��+��6�@3��/--+-�� ����630������ :��2� �+,/���+�-�� :��� ����-��� �:� :��2�������
 ����+-���"����-����:�:��2���+>��3�:����"���3���,�<������5����E����,�7�� =5� ��"��.	�2��� �"�-�
/��6����6����,+-���"��:��D/�- 3��-6�,��-+�/6���:�� ����+ ���3��+�-+:+ �-��:��2����-����2"���@3�
�"�� :��2��� ��6� 2��� ���-�:��,�6� +-��� �� ��6�� �:� ���-��� /�+-�� �"�� ���+-��  /����5� � �"�� ���-��
�� ��6�2��� �"�-��-��3��6� :�����9� ��� �/ "���� :��2�6/���+�-;����5� �"��9�� �-������:� �+,�� �"��� �-�
���-���:���9���+ /����,��-+�/6��+���& ��6�6����-����& ��6�6��6�9�-6+-��/9�-�"�2��"�� �+���+��+��
6�:+-�65� � �"�� �-��3����  �-� ���>� ��� �"�� 2"���� :��2��� ��6�� ��������+ �� �"�� �-��3�+�� ��� �9� +:+ �
�����-��<�����:+�"�9�������+-�2+-���=5�
�
��+�+-��� 6�����9,�-�� �:� �"�� .	� 2��� :��� �99�+ ��+�-� ��� �"�� ��/�6@/�-� �+���� +-� ������-�
�/�����+�� <����+-�"�,� ��� ���� ����=5� � �"�� ��/�@�/�-� +�� �� ���/����6� �+���� �-6� .	�  �,9���6�
���/����6�:��2����,�6����6�-��/����:��2�+-���6������ �,9����6+::���- ���@��2��-��"��-��/�����-6�
,�6+:+�6����+,��� <+5�5� 6+::���- ��� +-� :��D/�- 3��-6�6/���+�-��:�@�- "� +-/-6��+�-=5� ��"+�� +�� �-�
��9� �����2"+ "�.	�+��9���+ /����3��/+��65��.����"�� /���-����/63��.	�2���/��6����6�� �+@���"��
 /���-�� :��D/�- 3� �:� ���-��� <�@�����6� :��2��� ��6�/-6������/���+�-�@3� �"�� .#�=� ���+-��� �"��
,�6����6�:��D/�- 3��:����-���<,�6����6�:��2��� ��6�:���-��:��2����/���+�-=5�
�
7.2 Flow Data 

.	�6�9�-6��/9�-��������+���3���-��� �,9������� ��6��:�,��-�6�+�3�:��2��:����"����� "����@��
,�6����65�����6+� /���6�+-�
� �+�-�����"���-�3�:��2�6����.�������%���>�2����6�+�3�:��2��:����+�"��
3����� ��� ��/>�F�� /99���  �� ",�-�� ��/�+-�� ����+�-� <�''8� E� ����=5� � ��� �"+�� ����+�-� 2��� �� ���6�
�99��&+,����3���>,�/9�����,��:��"���/���3���� "��,��-��--/���:��2������"����� "�2+���@����������
�"�-�����"��2�+��6/�����+- �����6� �� ",�-��������-6�+-9/���:��/�:� ��2�����+-���(����"��6��+-����
-��2��>�� ������"�� �������9��+-5�����2������/,�6��"���+:�:��2��,���/��6�����"���/���3���� "�2����
�6�D/�������,�����"��6��+��6�� ����+ ����@A� �+����:����"���/���3���� "���"�-��"����,���@A� �+����
2�/�6�@�����+�:+�6�:���������� "���@���2��"��9��9���6�6�,5��?�2������@� �/����:����-�,+��+�-�
��+-��<�-6�9���+@�3����-�,+��+�-�������� +-��/,,��=�@��2��-��"����/�+-������+�-��-6��"���/���3�
��� "���"��������:��2� �� /����6�:����"���/���3���� "�,�3�-���-��6����@���������6�+-�:/���:��,��"��
9��9���6�6�,5��%3��+,+-�������������� �+- +6��2+�"�-��/�������-�����"���+I���:��"�����������,�3�@��
�9�+,+��65�
�
���6+� /���6� +-�
� �+�-� ��� �"�� �@��- ���:� :��2�6����2����������6�@3�6�����9+-�� ��9���+,+-��3�
���+-���  /���� @���6� �-� �� ��-��� �:� "39��"��+ ��� 6+� "������  ����+-�� �"�� ��-��� �:� >-�2-�
6+� "������<�''8�E�����=��/�+-�����0� ����6+� "����� ������+��5�



#����-��+-�����
�-6��!��A� ���	#����:�.�������%���>�E��-���,�6+��3�������,�-��

�������������������	�
����������������������������� "$�

7.3 Ecological Flow Recommendations 
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Figure 15.  Reach level rating curve for fish passage on Ferraro Brook, showing change in percent channel 

width (y-axis) with increasing discharge (m3/sec) (x-axis).  The fish passage criteria of 10 cm minimum 
threshold depth is achieved with a discharge of 0.07 m3/sec, with cross-section #2 being the critical cross-

section. 
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Figure 16.  Changes in percent of total cross-section width inundated by > 10 cm minimum depth, for the 

Ferraro reach and thereby allowing fish passage. Fish passage was constricted by cross-section #2, and the 
threshold criteria of 0.1 m minimum depth was achieved with a discharge of 0.07 m3/sec. 
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Figure 17.  Flow duration curves for fish passage for summer (blue) and winter (red). 
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Figure 18.  Mean duration of fish passage each month for the whole flow record (1995 - 2002). 
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Figure 19.  Total duration (days) of fish passage each year (top) and number of fish passage events per year 

(bottom) for the whole flow record (1995 to 2002).  Dark blue lines indicate the mean for each flow type. 
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Figure 20.  Rating curve for inundation of riffles (cross-sections 2, 4, 5, 6, & 9) to 0.05 cm average depth with 

100% cross-section coverage (= 1.36 m of cross-section total width) on Ferraro Brook.  Change in channel 
width meeting these objectives (y-axis) with increasing discharge (m3/sec) (x-axis) is shown.  The threshold 

criteria of 0.05 m average depth with 100% coverage of riffles  (1.36 m width) was achieved with a discharge 
of 0.02 m3/sec. 



#����-��+-�����
�-6��!��A� ���	#����:�.�������%���>�E��-���,�6+��3�������,�-��

�������������������	�
����������������������������� #,�

�
Figure 21.  Changes in channel cross-section width inundated by > 5 cm (0.05 m) average depth. A threshold of 
100% coverage of riffle habitat equates to 1.36 m cross-section width.  Riffles were located on cross-sections 2, 
4, 5, 6, & 9, and the threshold criteria of 0.05 m average depth with 100% coverage of riffles was achieved with a 

discharge of 0.02 m3/sec. 
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Figure 22.  Duration of winter base flows for available flow record, showing total duration each year (top) and 
mean monthly duration across years for riffle inundation for a threshold criteria of 0.05 m average depth with 
100% coverage of riffles, achieved with a discharge of 0.02 m3/sec. Dark blue line indicates mean duration 

across years. 
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Figure 23.  Flow duration curves for changes in percent of cross-section inundated by 5 cm average depth with 
100% of riffle habitat inundated (cross-sections 2, 4, 5, 6, & 9) for summer and winter flows for duration of flow 

record. 
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Figure 24.  Mean number of zero flow days each month for the available flow record (1995 – 2002). 
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Figure 25.  Reach level rating curve for discharge to attain winter medium flow stage height, with threshold 

flow of 0.15 m3/sec required for a reach mean stage height of 0.3 m. 
�

�
Figure 26.  Flow hydrograph showing frequency and magnitude of events when winter medium flows occurred 

(> 0.15 m3/sec) during available flow record (1995 – 2002). 
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Figure 27.  Mean duration (days) and number of events when winter medium flows occurred (> 0.15 m3/sec) 
during the available flow record (1995 – 2002). 
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Figure 28.  Reach level rating curve for discharge to attain active channel stage height, with threshold flow of 

0.45 m3/sec required to reach active channel flow (mean stage ht of 0.545 m). 
�
�
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Figure 29.  Examples of channel cross-sections from Ferraro Brook indicating active channel stage height (for a 

discharge of 0.45 m3/sec. 
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Figure 30.  Flow hydrograph showing frequency and magnitude of events when active channel flows occurred (> 

0.45 m3/sec) during available flow record (1995 – 2002). 
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Table 7.  Summary of ecological flow recommendations determined for Ferraro Brook using the Flow Events 
Method and River Analysis Package.  

Flow 
Component 

Ecological 
attribute / Value 

Season 
(duration) 

Hydraulic metric Ecological Flow Recommendation 

Fish 
Passage 
Flow 

Native fish diversity Late Autumn - 
early Spring 

Minimum depth over 
obstacles of 0.10 m; 
late May – November. 

� 0.07 m3/sec for duration of approx. 
0.5 days in May, gradually increasing 
to 6 days in September, reducing 
again to 0.5 days in November. 

Winter Low 
Flow 

Invertebrates 
Native fish 
Vegetation 
Process 

Winter - 
early Spring 

Minimum stage height 
of 0.05 m & 100 % 
cover over gravel runs 
& riffles. 

0.02 m3/sec for duration of approx. 24 
days/month during July, Aug. & Sept., 
with transition between summer & 
winter base flows during May/June & 
October/November. 

Winter 
Medium 
Flow 

Native fish 
Vegetation 
Process 

Winter – 
early Spring 

Flood lower benches 0.15 m3/sec during winter with peak 
frequency of 2 days/month in July, 
Aug. & Sept., with peak duration of up 
to 7 days in July-Aug. 

Active 
Channel 
Flow 

Channel 
morphology 

Winter Active channel stage 
height on a 1:2  - 1:3 
year frequency 

0.45 m3/sec for a duration of 1 day 
every 2 – 3 years. 

Winter High 
Flow 

Vegetation 
Native fish 
Process 

Winter Overbank and 
floodplain inundation 

None 

Summer 
Zero Flow 

Seasonal flows Summer Zero flows Zero flow Jan. to April inclusive. 

�
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8 CONCLUSIONS AND MANAGEMENT CONSIDERATIONS 

8.1 System Condition & Flow Modelling 
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8.2 Implementing Preliminary EWRs 
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8.3 Monitoring and Revision 
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APPENDIX 1.  SUMMARY OF FLOW DATA FOR FERRARO BROOK 
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Ferraro Brook - Long term rainfall and flow rates
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Ferraro Brook - Long term trends in daily discharge
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Figure A1.  Hydrographs for Iluka surface water gauging station on Ferraro Brook-�
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Table A1.  Mean, median and percentile flows recorded at Iluka surface water gauging station on Ferraro Brook-�
�
�

Ferraro Brook (Iluka gauging station)          

Month No. Mean (ML) Median (ML) pctl10 pctl20 pctl30 pctl40 pctl50 pctl60 pctl70 pctl80 pctl90 

Jan 8 1.11 0 0 0 0 0 0 0 0 2.55 6.36 
Feb 8 0 0 0 0 0 0 0 0 0 0 0 
Mar 8 0 0 0 0 0 0 0 0 0 0 0 
Apr 8 0.35 0 0 0 0 0 0 0 0.06 0.69 2.09 
May 8 21.65 19.90 9.16 15.66 16.91 18.88 19.90 20.92 21.82 28.40 41.41 
Jun 8 121.83 126.84 42.93 75.89 76.77 118.14 126.84 135.55 159.04 176.02 190.31 
Jul 8 251.41 243.08 107.61 158.53 169.65 234.76 243.08 251.41 332.79 334.35 422.18 
Aug 8 227.56 219.14 132.85 189.83 197.95 210.71 219.14 227.57 230.78 279.75 351.09 
Sep 8 188.04 193.31 105.20 148.57 176.52 188.04 193.31 198.57 205.25 220.69 261.47 
Oct 8 58.14 45.02 12.71 29.29 39.07 41.48 45.02 48.56 77.71 85.83 130.46 
Nov 8 40.04 19.94 6.10 17.75 18.53 19.33 19.94 20.54 23.96 37.03 177.07 
Dec 8 45.89 3.92 0 1.79 1.94 2.88 3.92 4.96 5.59 12.20 337.78 

             
Mean Annual Discharge = 956.03 ML No. observations = 8 Period of record = Jan. ’95 – Dec. ‘02   
Median Annual Discharge = 840.98 ML          
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