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EXECUTIVE SUMMARY

Severe flooding has occurred in South Albury on two occasions during the 1992/93 Spring and
Summer period.

The floods resulted from the inability of the existing drainage system in South Albury to cope
with run-off from rainfall events which occurred on 17 October 1992 and 18 January 1993.

On 17 October 1992, a 1 in 20 year rainfall event coincided with a 1 in 10 year Murray River
level. On 18 January 1993 an even more severe storm occurred which is assessed to have
been in the order of 1 in 100 years recurrence interval. On this occasion, the river level was
low, otherwise the extent of flooding and damage would have been even more serious.

Damage to houses and property was extensive and the cost of damage caused by both floods
is estimated to have been well in excess of $550,000 and probably nearer to $1,000,000. A
total of 111 residential and 7 commercial properties were affected to a greater or lesser
degree.

This report examines the existing drainage systems, analyses the storm events and outlines a
flood mitigation strategy to provide better-protection",for South Albury against future events.

The report emphasises that South Albury is under threat of flooding from two directions. It
is now protected from a major river flood by the South Albury levee bank and also requires
better protection from flooding caused by the urban catchment in Albury.

The overall flood mitigation strategy for South Albury will need to be designed to cope with
the following events:-

(a) a 1 percent probability storm upon Albury;

(b) a 1 percent probability flood level in the Murray River; and

(c) various combinations of Albury storms and river levels which also have a 1 percent
probability.

However, it must be re<i'J,lsed there is a possibility of combinations of major events beyond the
above probabilities which it is not feasible to provide for in the strategy. This is because of
South Albury's unique situation on the Murray River floodplain and the presence of the
South Albury levee bank.

+

Protection against the possibility of a 1 percent storm event which would cause flood waters
to rise above the floor levels of habitable buildings is the currently accepted standard of
protection against flooding for urban communities.

The South Albury situation is clearly part of the overall issue of floodplain management in
Albury. This is important in the context of possible funding for works which form part of the
strategy.
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The New South Wales Department of Water Resources has advised that financial assistance
under the Federal Water Resources Assistance Programme (FWRAP) is directed towards
floodplain management activities pertaining to mainstream flooding and not to urban or man
made drainage systems.

The document "Report on Flood Inundation Map for the City of Albury" prepared by
Gutteridge, Haskins and Davey in September 1984 for the Department of Water Resources is
the relevant supporting document in this case. It examined potential flooding of Albury both
from the River Murray and the Bungambrawatha Creek and led to a review of the South
Albury levee system and implementation of the Bungambrawatha Creek flood mitigation
scheme which is now close to completion.

In addition to this, the Public Works Department carried out an audit of the South Albury
levee for the Department of Water Resources and Council in April 1991, the results of which
were made available in January 1992. As a consequence, Council has submitted an
application for funding under FWRAP for minor maintenance and improvement works on the
levee.

The South Albury flood mitigation .strategy ..requires works with an estimated cost of .$4
million including inflation if they are completed over a period of five years.

In order to improve the level of protection against flooding, in the short term, Council has
resolved to proceed with Stage 1 of the strategy from its own resources. This involves the
expenditure of approximately $650,000 which has been transferred from other Council
projects.

It is beyond the resources of Council to implement the balance of the strategy in a reasonable
time-frame.

However, as indicated, the $4 million strategy is much more than a relatively simple urban
drainage system. A significant proportion of the works are required because of the need to
pass floodwaters through or over the levee bank. As such, they must be seen as part of the
floodplain management plan for South Albury. The estimated cost of these works amounts to
$2.35 million of the total $4 million required to implement the overall strategy.

The works are considered to be clearly eligible for financial assistance under the FWRAP
programme in accordance with the New South Wales State Government Flood Policy as
outlined by the Urban Flood Management Branch of the Department of Water Resources.

Council has already resolved to support the overall flood mitigation strategy for South Albury
and to strongly press the New South Wales Government for funding upon completion of the
required technical information and data contained in this report.

Based upon the usual funding arrangement of Commonwealth Government $2, New South
Wales State Government $2, Council $1, the grant funding that should be sort amount to
$1,880,000 or 80% of $2,350,000.
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The total funds required from Council, including the $650,000 already allocated for Stage 1
will therefore be $2,120,000 or 53% of the total cost of the overall strategy if no other sources
of assistance can be obtained.

<,
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1.0 INTRODUCTION

A detailed investigation into South Albury flooding which occurred in October 1992
and January 1993 has been undertaken.

This report describes the extent and nature of the flooding, the analysis methods
adopted for analysis and outlines the South Albury Flood Mitigation Strategy for
mitigating future flooding in South Albury.

This strategy is in 3 Parts:-

1) Immediate works
2) Short term construction works
3) Overall drainage strategy

The purpose of this report is to develop the basis of the South Albury Flood
Mitigation Strategy. A more rigorous hydraulic analysis will be undertaken in the
future which will refine the nature of specific works as part of the detailed design
process.

2.0 BACKGROUND

In the last 15 years Albury City Council has undertaken substantial Flood Mitigation
works in Albury. Predominantly this work has concentrated on the Bungambrawatha
Creek Catchments and the Lavington and East Lavington Catchments.

These areas from historical records were perceived as having the greatest potential for
inundation of residential areas.

Since 1970 attention has also been directed to South Albury with relief works already
undertaken including:-

Mudges Canal Pump Station and Outlet Structure to the Murray River

A 1.2 metre diameter pipe in Hovell Street from the Main Southern Railway
line to Olive Street

Low level levee bank parallel to the Main Southern Railway line from Hume
Street to Bridge Street

Levee bank works protecting South Albury from flooding of the Murray River.

Council's forward works programme prior to October 1992 listed further flood
mitigation works for South Albury, including a relief stormwater pipe in Hovell Street
from Wodonga Place to Olive Street. A section of pipeline was laid under Wodonga
Place when this was recently reconstructed, in preparation for the construction of this
stormwater pipeline.
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With the Bungambrawatha Creek; Lavington and East Lavington catchment flood
mitigation works nearing completion, the intention of Council was to allocate available
drainage funds from 1995 onwards to provide a higher degree of protection against
flooding in South Albury.

The flood events in South Albury resulting from the October 1992 and January 1993
storms have brought about a need to review priorities and bring forward the
preparation of a Flood Mitigation Strategy.

3.0 THE SOUTH ALBURY DRAINAGE CATCHMENT

South Albury is potentially at risk of flooding from two sources; from the Murray
River to the South of the City, and from the internal South Albury Drainage
catchment which has its outlet through Browns Lagoon and then along Mudges Canal
(in Hovell Street) to the Murray River at Wodonga Place.

The South Albury Drainage catchment is highlighted in Figure 1 and IS shown in
relation to Albury's other major stormwater catchments.

The South Albury Catchment comprises 600 hectares, the majority of which is
urbanised. Essentially the urban component of this catchment has remained
unchanged over the last 20 to 30 years. There has been some residential development
in East Albury, however, this is not considered to have had a dramatic impact on
flood events experienced in October 1992 and January 1993. Other factors which may
have contributed to marginal increases in runoff are road and drainage upgrading
work which serves to reduce runoff storage and decrease the time of concentration. A
significant impact on the catchment has resulted from landfill in South Albury, where
the tendency has been to fill flood prone areas and brickpits without due
consideration for the implications.

Despite these comments it is still fair to state that in terms of runoff generated, there
have not been substantial changes to the characteristics of the catchment. The
implications of this statement are that it is important to keep the recent flood events
in perspective; that is they are major flow events; likely to occur infrequently, as is
historically evident in an essentially unchanged catchment.

The South Albury catchment does have specific unique characteristics which are
emphasised:-

The levee bank which protects South Albury from external flooding from the
Murray River also results in South Albury being vulnerable to internal flooding
during periods when the Murray River is at a high level. When the river level
is high, storm events have to be pumped over the levee bank. This is a
problem which will be addressed in detail in a later section of this report.
Essentially the cost of pumping substantial internal flows is prohibitive and not
feasible.

.,



- 6 -

A flood path for a significant storm event will inundate the lowest areas. The
South Albury catchment area in the vicinity of Ebden Street, Olive Street and
Butson Avenue forms a basin effect and is one of the lowest areas in South
Albury; in fact it is a natural flood path.



FIGURE 1
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3.1 Existing Drainage System

Flow in the South Albury system is via a complex network of open channels,
pipes, overland flow and a lagoon.

A longitudinal section and a series of cross-sections have been determined for
the system. Mannings equation for open channels and a series of nomographs
have been used to determine the capacity of the existing system. The results of
this analysis are presented in Figure 2.

Critical assessment of elements of the drainage system indicate that:-

channel and culvert segments vary in capacity

once the capacity of the system is exceeded, the major flow path for
stormwater is then through residential and commercial areas.
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4.0 OCTOBER 1992 AND JANUARY 1993 FLOOD RECORDS

4.1 Flooding Observations

The two major storms in the South Albury Catchment occurred on the
17 October 1992 and the 17 January 1993. Precipitation patterns throughout
Albury were not uniform with observations indicating a concentration of
rainfall over South Albury and East Albury on both occasions.

The flooding that resulted from these storms needs to be considered in the
light of the different environmental factors associated with each event. The
distinguishing factors were:-

17 January 1993

The most severe of the rainfall events in both magnitude and duration.
Occurred while the Murray River was not in flood.
Extensive flooding of Urban areas, but no flooding of the National
Highway at Wodonga Place.

17 October 1992

A lesser rainfall event than that which occurred in January.
The Murray River was in flood which restricted discharge through the
levee bank system.
The flood height of the Murray River was increasing at a rapid rate at
the same time as the internal flood occurred.
The National Highway at Wodonga Place was flooded requiring the
diversion of highway traffic.
Flooding of urban areas resulted.

Figure 3 shows the impact of this flooding on South Albury and highlights:-

buildings flooded above floor level in January 1993 only

buildings flooded above floor level in both October 1992 and January
1993

buildings not flooded above floor level but with water under the house
or garage flooded

area affected by surface water flow

A Summary of the properties affected is included in Table 1.
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Charles Street

Fleming Street

Hovell Street

Butson Avenue
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TABLE 1

SUMMARY OF PROPERTIES AFFECTED
FLOODING FROM STORM 17/18 JANUARY 1993

Flooded above floor level
Water under house another
Garages flooded

Flooded above floor level
Water under house another
Garages flooded

Flooded above floor level
Water under house another
Garages flooded

Flooded above floor level
1 house
2 flats (8 units)

Water under house another
Garages flooded

2
7
6

1
1
5

5
3
5

3

o
1

Ebden Street (+ off)

Kiewa Street

Olive Street

David Street

Macauley Street

Bridge Street

Flooded above floor level
Water under house another
Garages flooded

Flooded above floor level
Water under house another
Garages flooded

Flooded above floor level
Water under house another
Garages flooded

Flooded above floor level
(1 rear flat
1 flat - rooming house)

Water under house another
Garages flooded

Flooded above floor level
houses
industrial premises

Water under house another
Garages flooded

Flooded above floor level
industrial

Water under house
Garages flooded

4
3
8

o
1
1

9
4

10

2

3
4

3
6
7

10

1
1
2
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TABLE 1
Total

Houses or residential premises
flooded above floor level 29 premises

includes

2 x 4 unit flats
1 x 2 unit flats (one only affected)
1 rooming house/flat
(no. of residents not known)

Additional houses with flood water
under floors 30

Garages or substantial
outbuildings flooded 52

Industrial

Some part premises
some wholly flooded 7

::~

.,
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4.1.1 Unique characteristics of the 17 October 1992 Event
causing flooding of the National Highway

The rainfall experienced in the October storm was of a lesser intensity
and duration than that of the January 1993 storm. This explains why
the houses flooded in October were again flooded in January.

There are a number of factors which differentiate the October storm
from the January storm. The October storm occurred at a time of high
Murray River level. The levee bank which protects South Albury from
flooding from the Murray River inhibits discharge of internal catchment
stormwater during these times. The operating mechanism of the open
channel and Mudges Canal Pump Station was further complicated
during this time as the river level was rising.

As a result the National Highway at Wodonga Place was flooded
causing the Highway traffic to be diverted and the Hovell Tree Inn
Motel to be flooded. Management of the Hovell Tree Inn Motel
indicated that they were flooded on two separate occasions during the
night of the 17 October 1993.

Barry Holpin of the Department of Water Resources was contacted
and he supplied the following Murray River gauge height data, Shown
in Table 2.

TABLE 2

Union Bridge Murray River Gauging Station Readings

Time Gauge
Date (hrs) Reading (m)

Saturday 17-10-92 0800 4.9
1200 4.91
1400 4.92
2000 4.94
2400 5.03

Sunday 18-10-92 0200 5.06
0300 5.06
0400 5.07

..
0600 5.08
0800 5.15
1000 5.18
1200 5.21
1600 5.26
2000 5.29
2400 5.31

Monday 19-10-92 0800 5.28
1600 5.30
2000 5.34

Tuesday 19-10-92 0600 5.43
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The majority of rainfall contributing to flooding in October ceased at
around midnight on Saturday night. Within a drainage system which is
characterised by restricted or retarded outflow as occurs in Browns
Lagoon and the surrounding flood storage within residential areas; the
full effect of flooding can take many hours to eventuate.

The approximate height of the Murray River during the worst of the
flooding on 17 October 1992, was 5 metres which equates to a 1 in 10
year recurrence interval based on the Murray Darling Basin
Commission Report.

The maximum river level of 5.43 metres occurred sometime later on
Tuesday 20 October 1992, at 0600 hours which represents a 1 in 16
year recurrence interval based on the Murray Darling Basin
Commission Report. The Department of Water Resources and Public
Works Department reports held by Albury City Council indicate that a
5.43 metre gauge reading at Union Bridge equates to a 1/20 year flood
event in the Murray River.

The discharge structure on· Mudges Canal in Wodonga Place consists
of:-

1) An open channel with a flood gate that is free to swing open
and can not be locked in place

2) Two flood pumps have a combined capacity of 3.0 cubic metres
per second. These pumps operate automatically and are water
level actuated.

In the October event, during the period of time when the internal
channel water level was close to the external river water level the
substantial turbulence and afflux caused by the operation of the pumps
mitigated against flow through the channel.

The pumps suction is located in close proximity to the swing gate,
which would have the potential to pull the gates closed when small
head differentials existed between the channels and the Murray River.
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4.2 Observed Peak Flows in the Channel System

17 January 1993

As a follow up to the flooding of 17 January 1993 detailed field investigations
determined maximum channel water heights and flood levels. This information
is of value in enabling the magnitude of the peak discharge to be determined.
Knowledge of this peak discharge is important in the determination of the
future strategies outlined in the balance of this report. While the flooding
extent shown previously in Figure 3 is of interest, it does not provide a reliable
basis for the estimation of peak discharge due to its dispersion through
residential areas and associated retardance.

The major drainage channel parallel to the railway line upstream of Hume
Street provides a valuable and reliable insight into the magnitude of the flows
discharging to South Albury. For this reason flow height in this section of
channel is recorded and described in detail. Marked photographs are used to
pictorially reference flow heights.

Observed water flow heights within the open channel system are shown on
Figure 4. Locations of photographs of channel sections with flood height levels
marked on them are shown on Figure 4. These photographs which are
included immediately following Figure 4 indicate that this section of the
channel network was approaching its capacity.

One implication of this is that flows considerably in excess of those
experienced in January would be restricted in this section. That is, this section
of channel would impose a maximum restriction on the flow to South Albury.
Upgrading of sections of this drain would be extremely costly due to the
substantial culverts under the Main Southern Railway Line.

Recorded flow heights in the channel parallel to the railway provide the most
reliable basis for calculation of peak discharge from this storm. Flow depths in
the open channel system in the vicinity of Hovell Street have been discounted
due to a "jump up" in the channel profile at Hovell Street.
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The flow in the open channel parallel to Parkinson Street and the Railway
Line is deemed to provide the most reliable flow estimate.

This section of open channel is shown in Figure 5 and is immediately upstream
of photos 19 and 20 shown in Figure 4.

Monnin s "n" = 0.014
CONCRETE FLOOR

--SL-------=- MAX.
WATER LEVEL

Monnin s "n" = 0.015
BRICKWORK

t22m

t55m

1.S0m

Figure 5

The measured floor slope of the above open channel over 200 metres is
0.39%. The flowrate determined from Mannings equation is 14.3 m3/s.

.,
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PHOTO 17

PHOTO 18
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PIIOTO 20
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!'HOTO 21

PHOTO 26
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4.3 Rainfall Events

4.3.1 17 October 1992

Two sources of rainfall data were combined to estimate the most likely
rainfall pluviograph for South Albury.

Mr John Kemp of South Albury emptied his rainfall gauge
prior to 6.00 pm remeasuring his gauge at 11.00 pm. During
this period 50 mm of rainfall was measured with the majority of
this occurring between 9.00 pm and 10.30 pm.

Pluviometer readings were obtained courtesy of Mr Ross
Wheeler from his location in Reservoir Road Lavington. The
spatial variation of rain was such that these readings in total
were considerably less than those recorded in South Albury.
The pluviometer readings from Reservoir Road are included in
Appendix 1 pages 1 and 2. These readings were then factored
to reflect the total quantity of rainfall actually measured in
South Albury over the most severe 90 minute period.

TABLE 3

17 October 1992 Rainfall Estimate

Time (hr) Rainfall (mm)

9.00 pm 5.4
9.10 pm 8.1
9.20 pm 7.6
9.30 pm 4.9
9.40 pm 2.2
9.50 pm 2.7
10.00 pm 2.7
10.10 pm 3.3
10.20 pm 2.7
10.30 pm 2.2

TOTAL 41.8 mm
.. .. ..

41.8 mm of rainfall over a 90 minute duration is equivalent to a
uniform intensity of 28 mm/hr for 90 minutes

The heaviest 1 hour period was at an intensity of 31 mm/hr

Note; the above figures are calculated and represent best estimates
only.



- 24-

4.3.2 17 January 1993

This rainfall event was recorded on the Pluviometer at Albury City
Council Chambers, 553 Kiewa Street, Albury. The accuracy of the
tipping bucket pluviometer was checked and found to be reliable.

An hourly summary of rainfall is:-

TABLE 4

17 January 1993 Rainfall Estimate

Time (hr) Rainfall (mm)

9.00 pm - 10.00 pm 4.8
10.00 pm - 11.00 pm 17.4
11.00 pm - Midnight 10.5
Midnight - 1.00 am 12
1.00 am - 2.00 am 27
2.00 am - 3.00 am 31.8

TOTAL 103 mm

Worst 1 hour 39.6 mm/hr
Worst 2 hours 29.5 mm/hr
Worst 5 hours 20.7 mm/hr

Similar raingauge readings were recorded at a number of locations in
South Albury and at the Civic Centre although these may have been
for an extended duration.

The rainfall pluviograph is shown in Figure 4.

Rainfall pluviometer reading for the January storm are reproduced in
Appendix "B". Tables 5 and 6.
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4.3.3 Magnitude of Rainfall Events

The rainfall experienced in October 1992 and January 1993 are
regarded as very significant events.

17 October 1992;
Worst 1Y2 hours 27 mm/hr or 1 in 20 year rainfall event.

17 January 1993

Worst 1 hour 39.6 mm/hr or
Worst 2 hours 29.5 mm/hr or
Worst 5 hours 20.7 mm/hr or

1 in 30 year rainfall event
1 in 80 year rainfall event
1 in 500 year rainfall event

Interpretation 9f the significance ofa rainfall event on a catchment
discharge depends on correlation of rainfall intensity and duration with
the time required for maximum catchment discharge or time of
concentration.

'The determination of a critical or worst storm duration: for South
Albury is difficult to assess as flows through the catchment are
restricted and become stored within the residential areas and lagoons.
In this case, it would appear that severe storms with a duration of
between 1 and 2 hours are likely to create the worst discharges from
this catchment. Storms of this nature occurred in both October 1992
and January 1993. Estimated peak discharges from the October 1992
and January 1993 storms are included under item 5.3.1.

Figure 7 which shows the relationship between rainfall intensity and
likely frequency of occurrence for the Albury area allows the
significance of the two rainfall events to be assessed visually.
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5.0 HYDROLOGIC AND HYDRAULIC INVESTIGATIONS

Both the Probabilistic Rational Method and the RORB runoff routing programme
have been used to analyse the South Albury Catchment.

Predicted flows have been compared favourably with the observed flows as calculated
in Figure 5 previously. Comparison between predicted and actual flows was simplified
as the antecedent conditions were for a saturated catchment which was estimated to
have "0" initial loss.

It is anticipated that prior to implementation of the ultimate scheme the ILSAX
Model will also be used to refine the solution.

5.1 Probabilistic Rational Method

One of the major variations in the 1988 edition of Australian Rainfall and
Runoff is the choice of Runoff coefficients. The Runoff coefficients are now
determined by the percentage of impervious area within the catchment being
investigated. Intensities used have also been altered as has the method of
determining critical times for overland flow.

5.1.1 Coefficient of Runoff and Percentage impervious

To establish the percentage impervious value "f' a number of
representative house blocks were selected and measured. The average
house block had a value of 0.42.

The coefficient of runoff C10 corresponding to a value of "f' equal to
0.42 was determined from Figure 8.
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Fraction, Impervious, f

ICoefficient of runoff r Iy) f=O.42

I C10 tOO 0.45

I C1 0.80 0.36

I
Cs 0.95 0.43

C20 1.05 0.47

I
CSO t17 0.53

C100 t24 0.55

rigure 8.
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5.1.2 Time of Concentration

The time of concentration of the catchment is a critical factor in the
determination of the rainfall intensity and hence to the calculated
discharge.

Times of flow over house blocks were calculated using the kinematic
wave equation:

t = 6.94 (Ln*) 0.6 /10.4 80.3

t = overland flow time
L = flow path length (m)
n* = retardance coefficient (not related to mannings n)
I = rainfall intensity (mm/hr)
8 = slope (m/m)

Due to this equation times vary for different recurrence intervals.

The slope used was 1% for the house block and n* was 0.1.

The typical overland flow time across a house block is as shown in
Table 6. This time reduces with increasing recurrence interval.
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. TABLE 6 - Overland flow time across a typical house block

length of flow = 40m
n* = 0.1
slope = 1%

OVERLAND FLOW TIME
ACROSS HOUSE BLOCK

RECURRENCE INTERVAL (MINUTES)

1 in 5 year 13.8

1 in 20 year 11.9

1 in 50 year 10.9

1 in 100 year 10.2

The velocity in open channels varies markedly with depth and flowrate.
With high flowrates as experienced with higher recurrence interval
events the time of concentration is reduced.

Travel times for various flows were used to determine possible times of
concentration for the catchment which are listed below:-

TABLE 7 - Time of Concentration

RECURRENCE INTERVAL TIME OF CONCENTRATION

1/1 yr 2 hr
1/5 yr 1% hr
1/10 yr 1 hr 20 minutes
1/20 yr 1 hr 10 minutes
1/50 yr 1 hr

1/100 yr 1 hr

NOTE: 1) The determination of the intensity does not vary markedly with
minor changes in·the time .of concentration..

2) It is difficult to accurately estimate flow velocities as many of
the major flow paths are not contained within the channel
system as evident by the flooding.

3) Restrictions in the catchment channel and lagoon system
naturally retards flow extending the catchment time of
concentration.
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4) Catchment storage effects are not considered -in application of
the Rational Method. (catchment storage effects are later
considered with the RORB analysis).

5.1.3 Discharge from Mudges Canal

The method suggested in AR&R to calculate flow rates is the Rational
Method. This method uses the formula:

Q = CW360

Q = design flow rate (m 3js)
ClO = runoff coefficient = 0.45
I = rainfall intensity (mm/hr)
A = catchment area (ha) = 574 ha

(AR&R 87, Ch 14, pg 293).

In the following calculations storage effects in the lagoons and the
restrictions to passage of flows are ignored. Storage effects are dealt
with using the RORB model.

Existing Mudges Canal Outlet Flows

TABLE 8

Recurrence Interval (yrs) 1 5 10 20 50 100
Time of Concentration 2 hr 1% hr 1 hr 20 1 hr 10 1 hr .1 hr
Intensity I (mm/hr) 10.05 20.6 26.3 34.06 44.94 51.22
Fy 0.8 0.95 1 1.05 1.15 1.20
ClO 0.45 0.45 0.45 0.45 0.45 0.45
Cy 0.36 0.43 0.45 0.47 0.53 0.55

Q (m3s>1 5.8 14 18.9 25.5 37.9 44.9

The 17 October 1992 storm gave rise to an estimated peak discharge of
24 cumecs which is estimated to be a 1 in 20 year catchment discharge
although the actual flow peak was mitigated by overflows and surface
storage.

The 17 January 1993 storm produced an estimated peak discharge of
31 cumecs which is estimated to be a 1 in 30 year catchment discharge.
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5.1.4 Sub Catchment flows generated within the South Albury Catchment

Detailed flow calculations have been undertaken for various sub
catchments within the South Albury drainage catchment, not
accounting for catchment storage effects.

A rainfall intensity of 31.6 mm/hr was used as the basis for this
calculation. This value was selected to reflect peak runoff from the
17 October rainfall.

The time of concentration for the catchment in the October storm is
estimated at 1 hour and 10 minutes. From the rainfall figures shown in
Table 3 on page 23, the peak rainfall for a 70 minute duration is
36.9 mm. This equates to an average intensity of 31.6 mm/hr.

The results of these calculations are tabled below where Q refers to catchment flowrate
contribution at the Outlet for I = 31.6 mm/hr, C=0.47

TABLE 9 Sub Catchment Flows I = 31.6 mm/hr.

CUMULATIVE
CONTRIBUTION TO

CUMULATIVE OUTLET FLOW
CATCHMENT AREA (ha) Q (m3/s)

1 22 0.9
2 110 4.5
3 158 6.5
4 193 8.0
5 223 9.2
6 .included in catchment below -
7 278 11.5
8 311 12.8
9 7 0.3
10 38 1.6
11 ineti1ded in catchment below -
12 381 15.7
13 404 16.7
14 60 2.5
15 75 .. .. 3.1
16 96 4.0
17 519 21.4
18 537 22.2
19 574 23.7

These flowrates are shown pictorially in Figure 9.
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Fraction, Impervious, f

ICoefficient of runoff F ly) f=0.42

I C'O 1.00 0.45

I G, 0.80 0.36

I
G5 0.95 0.43

C20 1.05 0.47

I
G50 1.17 0.53

C100 1.24 0.55

rigure 8.
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5.2 RORB Analysis

(RunQff Routing on Burroughs B6700 computer)

The RORB stream flow routing program was calibrated against the
probabilistic rational method flows and the observed flows in the channel
system. During this calibration period storage effects in the lagoon system were
not considered.

This approach enables the flood hydrographs to be calculated and affords a
high degree of confidence that the consequences of the remedial works
proposed and the effects of storm events including the October and January
storms can be anticipated.

A peculiarity of the South Albury Catchment is the inability to transfer large
quantities of water over the levee bank during times of high river level. The
Mudges Canal pumping system, at a maximum discharge of 3 cubic metres per
second becomes quickly swamped when moderate internal rainfall events
coincide with high river levels. The most effective way of limiting the discharge
to these pumps is by .retarding moderate internal flows in Browns and Waites
Lagoons.

The RORB analysis is required to determine the most appropriate retarding
system for moderate to low flows so that the probability of pump capacities
being exceeded during high river levels is within acceptable levels.

Graphical results in the form of hydrographs obtained from routing storms
through the South Albury Catchment are included on pages 37 to 40.

The hydrographs presented are:-

Storm of 17 and 18 January 1993.
10% AEP Storm 60 minute duration or 1 in 10 year recurrence interval
storm. Browns Lagoon at 17 January 1993.
10% AEP Storm 60 minute duration. Browns Lagoon to Waites
Lagoon modified.
1% AEP Storm 60 minute duration or 1 in 100 year recurrence interval
storm.

NOTE: AEP (Annual Exceedel).ce.Pro.ba.bility)
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6.0 FLOOD MITIGATION STRATEGY PROPOSED

Essentially the strategy has been broken into three components. These components
comprise:-

1. Immediate Works

Works carried out immediately to provide a degree of interim flood protection.

2. Short Term Construction Works

Short term construction work which is within the capacity of Council to fund.
This is work which will provide a significant improvement in protection against
flooding and will be Stage 1 of the overall flood mitigation strategy.

3. Overall Flood Mitigation Strategy

The preparation of a comprehensive overall flood mitigation strategy for South
Albury to provide protection against flooding in accordance with currently
accepted standards for urban development...

Council would require financial assistance to implement this strategy in a
reasonable time frame (say three to five years).

6.1 Immediate Works

Works which have been implemented are as follows:-

1. Installation of a stormwater pipeline from Kiewa Street to the eastern
end of Butson Avenue to reduce the level to which water backs up
from Mudges Canal at this location.

2. Maintaining Browns Lagoon at a low level by pumping to provide
increased storage.

3. Construction of an open earth drain along the easterJ1, side of the
railway line from Bridge Street to the levee bank and diversion of the
drainage system from the Collings Park catchment in East Albury into
this drain.

These works are shown on Figure 15.

Items 1 and 2 are relatively minor, but Item 3 is expected to reduce
stormwater discharges into the Mudges Canal and Browns Lagoon systems by
up to 20 per cent for river levels not exceeding about 4.7 metres at the Union
Bridge gauge.
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At higher river levels, flows may have to return to Browns Lagoon, but there
will still be added storage capacity east of the railway line. A tractor mounted
pump at 1m3/s will be used to pump over the levy bank in the short term.

The diversion of the East Albury Catchment shown on Figure 16 is particularly
successful in reducing discharge for a number of reasons.

Topographically East Albury is relatively steep which makes South
Albury subject to flash flooding from localised storms as a low time of
concentration applies to this area.

The South Albury Catchment is an unusual shape in that it is likely to
be influenced by partial area effects. That is for localised storms in
East Albury, redirection of this portion of the catchment will assist
flood mitigation in South Albury.

The storm events experienced in October and January each finished
with a high intensity burst of rainfall which is the worst possible
occurrence for a catchment of this shape as flows from prior rainfall
bursts were approaching South Albury ,frQffi. the, more distant ,parts of
the catchment at these times.

6.2 Short Term Construction Works See Figure 17

The investigations to date have identified construction works which can be
implemented in the short term to significantly reduce the effects of flooding in
South Albury. These works will be designed and constructed as Stage 1 of the
overall strategy are:-

1. Construction of an open earth drain along the eastern side of the
railway line as above (already in progress).

2. Upgrading of Mudges Canal between Kiewa Street and the outlet from
Waites Lagoon upstream of Olive Street. This work involves upgrading
of the Kiewa Street culvert, construction of a new section of open
channel along the north side of Hovell Street and a new culvert at
Olive Street.

.,

3. Increasing the storage capacity of Waites and Browns Lagoons by
excavation and the construction.o( sections ofemb~nkments.

4. Upgrading the section of open channel upstream of Browns Lagoon
between Macauley Street and Bridge Street. Upgrading of the culverts
at these streets is also required.

5. Construction of an embankment along the western side of the open
channel between Bridge Street and Hume Street to prevent overflows
into properties in Charles and Hovell Streets. Modification of the open
channel/pipe drain junction at Hovell Street.
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The estimated cost of· these works is $650,000 without allowances for
contingencies or inflation.

The purpose of the works is to provide an improved flow path away from
houses for major stormwater flows.

When the short term works are implemented, a storm similar to that which
occurred on 17 October 1992 would not overflow the system other than at the
Mudges Canal outlet where flooding would occur to about the same extent.

In the case of the 18 January 1993 storm, it is expected there would still be
some overflows, but few if any houses should be affected by water above floor
level. Localised street flooding would occur in the vicinity of Bridge and
Macauley Streets and it is also likely there would be breakouts into Lambert
and Aloysius Parks with the new channel being designed to perform in this
manner.

If a major storm coincides with a high river level, overflows in the Olive Street
area are likely to be more extensive, but still much less than if the works are

.net carried out. In this respect, it must be accepted that there is no such thing
as total protection, either in South Albury or any other part of Albury. For
example, even a very localised heavy downpour can cause flooding in a
relatively small area.

Despite this, it is concluded that very significant improvements in flood
protection can be gained by implementation of the above short term works at
a cost of $650,000.

6.3 Overall Flood Mitigation Strategy (See Figure 18)

The complete overall flood mitigation strategy for South Albury will need to
be designed to provide for the following events:-

(i) a 1 percent probability storm upon Albury;

(ii) a 1 percent probability flood level in the Murray River; and

(iii) various combinations of Albury storms and river levels which also have
a 1 percent probability.

In addition, because of the unique situation in South Albury, an additional
factor of safety is required. This would be provided by means of a high level
overflow channel with a separate outlet through the levee bank south along
David Street and then along Panmure Street.

It is important to emphasise that the flood mitigation works must be designed
to cater for the major flow event. One of the basic problems in South Albury
which must be addressed is that there is not an adequate flow path for
overflows from the existing flood flow systems. Essentially this is because of
the presence of the South Albury levee bank.
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The basis of the flood mitigation strategy adopted is to provide a system of
levee banks and culverts such that major flows are controlled along a
predetermined path as much as possible away from residential areas.

The intention is to ultimately split the flow entering Browns Lagoon to Mudges
Canal in Hovell Street and the new overflow channel along Panmure Street.

Panmure Street open channel construction will provide an opportunity for:-

increased storage volume
,
the construction of an efficient levee pumpout system

additional safety to the low lying area in Panmure Street in the unlikely
event of localised levee bank failure

The Panmure Street Diversion System should be designed so that risk of
flooding existing residential areas is minimised.

The components oftheoverall drainage strategy-will be as follows:-

1. Completion of the open earth drain along the eastern side of the
railway line to concrete lined standard and installation of a flood pump
at the levee bank. (Will require co-ordination with future traffic relief
route works).

2. Upgrading of pumping capacity and high flow gravity outlet capacity at
the existing Mudges Canal flood pumps.

3. Increasing the storage capacity of Waites and Browns Lagoon as listed
under proposed short term works, but including further embankment
works.

4. Construction of an open concrete lined high level relief channel south
from Browns Lagoon via David Street and then along Panmure Street
to the levee bank where an additional flood pump will be installed.

5. Construction of a low level pipeline along Hovell Street from Wodonga
Place to Olive Street to improve local drainage conditions, i.e. Butson
Avenue, Olive StreetlEbden _Street intersection and drainage of
storages. (A high water table level will add to construction problems).

6. Upgrading the section of open channel upstream of Browns Lagoon
from Macauley Street to Hovell Street. (Partly complete under
proposed short term works).

7. Upgrading of Mudges Canal in Hovell Street as listed under proposed
short term works plus possible further works between Kiewa and
Townsend Streets.
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8. Possible property acquisitions not determined at this stage together
with any required drainage rights and easements.

The total preliminary estimated cost of the works outlined in this strategy is
$4.0 million.

Further comments relating to specific drainage strategy components are as
follows:-

Item 1 East Albury Diversion

The determination of the East Albury outlet level through the levee bank was
based on the River height data shown in Appendices "B" "C" and "D".

Item 2 Mudges Canal Outlet Upgrade

This item additionally relates to the part (iii) objective of the overall drainage
strategy as stated on page 47; that is to provide protection against various
combinations of Albury storms and river levels which also have a 1 percent
probability.

The October storm with high river levels and high internal localised runoff is a
specific example.

Mr David Pilgrim of the University of NSW was contacted regarding the
implications and independence of larger duration rainfall events with respect
to high intensity localised storm events. His view was that the rainfall events
should be considered independent but that Helen Pearce of the Bureau of
Meteorology Melbourne should be contacted as she is considered an expert in
this field.

Helen Pearce's comments were "conclude that as the rainfall for both events had
stopped, these events could be considered independent. However, the antecedent
catchment conditions could be considered dependant".

Thus in October with a 1/10 year .dver height at the time of peak discharge
from a 1/20 year internal flood the following probabilities would apply.

1/10 * 1/20 = 1/200 if independent

Due to the uncertainty of event dependence the 1/200 probability should be
modified to a 1/100 year probability of occurrence, as a· reasonable basis for
design.
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6.4 Strategic Plan Effectiveness
October and January Storms

6.4.1 Effectiveness of Stage 1 Works

17 October 1992 Storm

Flows would be contained within the channel system; with the
exception of Mudges Canal Outlet where flooding would occur
to about the same extent.

17 January 1993 Storm

Break out of flow would occur but this would be localised.

Prior to upgrade of channel near the railway line substantial
breakout would occur that may be difficult to direct into the
drainage system.

Few if any houses would be affected by water above floor level.

This work will significantly improve flood protection in South Albury.

Some problems are not resolved with these short term construction
works. These are:-

Containment of storm flows in excess of the January storms.
The volume of water generated in a 1% probability storm
would far exceed January flows.

Major ,localised storms coinciding with high river levels.

These issues are addressed in the overall drainage strategy.

Attenuation of flows for the October 1992 and January 1993 storms
based on the RORB model are shown in Figures 13 and 14.

These flows allow for the East Albury Diversion and storage effects in
Browns Lagoon and Waites Lagoon. As mentioned previously for
rainfall events such as those qf October 1992 aI1d January 1993 the
attenuation is significant but not large. Due to the small storage volume
in these lagoons attenuation is best suited to lower flows during periods
of high river level.

The RORB routing analysis indicates the higher the intensity storm the
less the efficiency of the lagoon system.
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6.4.2 Effectiveness of Ultimate Works

The objectives stated in the overall flood mitigation strategy will be
met.

The complete overall flood mitigation strategy for South Albury will
need to be designed to provide for the following events:-

(i) a 1 percent probability storm upon Albury;

(ii) a 1 percent probability flood level in the Murray River; and

(iii) various combinations of Albury storms and river levels which
also have a 1 percent probability.
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7.0 COSTING

7.1 Overall Flood Mitigation Strategy
Estimate of Works

South Albury

ITEM SECTION
No. (Refer Figure 19)

1 "A" Mudges Canal Outlet - Upgrade of Pumps $100,000
- Overflow relief $ 60,000
- Pump Outlet Channel $ 25,000
- Screening $ 5,000

2 "B" Additional Box culvert at Kiewa Street $ 40,000
Modifications to inlet and outlet $ 10,000
Telecom $ 10,000

3 "C" Channel Kiewa Street to Olive Street..
Length 210 metres - removal $40/metre $ 10,000
Construction Cost $130,000

4 "D" Olive/Hovell Intersection diagonal culvert $100,000-

5 "E" Rear of Church Hall. Open Drain. 80 metres
@ $500/m $ 40,000

6 "F' Outlet structure discharging to "E" $ 15,000

7 "G" 1) Concrete invert Drain @ $250/m. 200m $ 50,000
2) Earth Works for retarding basin and

protection mounding 20,000 m3 @ 6/m3 $120,000

8 "H" Lower and upgrade culvert at retarding basin., outlet to Browns Lagoon $ 40,000

9 "I" Browns Lagoon and surrounds earth works for
retarding basin (no concrete invert)
50oom3 @ $6/m . - . $ 30,000

10 "J" Concrete invert $250/m. Removal of scrub $ 50,000

11 "K" Culvert across Macauley Street $ 50,000
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12 "L"" " -- -- ~ --- -I)' -"--- -Open-drain- Macauley Street to Bridge Street
(including upgrade of open drain to Railway
Line $245,000

2) Bridge Street culvert $ 50,000
3) remove existing concrete work $ 34,000
4) culvert crossings and factory access $ 60,000

13 "M" 1) High level relief to 1/100 year event. Low
flow relief during high river levels to match
pump capacity only.

$500/m x 950 m $475,000

2) Road Culvert Crossings $125,000

3) Flood pumps and structure at Panmure Street
Levee Outlet $150,000

14 "N" Open earth drain Parkinson Street along railway
(centenary to Amatex street) $ 20,000

15 "Olt Open earth drain railway line in vicinity of
Macquarie Worsteds $ 4,000

16 "p" Bridge Street culvert and minor roadworks $ 30,000

17 "QII 1) Open earth drain paranel to railway
line Bridge Street to the extension of
Atkins Street $ 15,000

2) Excavation for additional retarding and
storage $ 20,000

3) Purchase of land for storage $200,000

18 "R" 1) Open earth drain Atkins Street to River $ 5,000
2) Levee bank outlet structure and flood flaps $ 20,000
3) Pumps and Electrical supply $ 80,000 .,

19 "S" Open earth drain $ 5,000

20 "T" Flow control for ~x~~ting r~ilway culver.ts $ 5,000

21 "U" House purchase $ 80,000
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22 "Vn ' Low flow pipe to drain Browns Lagoon and
adjoining reserve along Hovell Street from
Wodonga Place to Olive Street and to
retarding basin at rear of Church
9004> $2oo/m for 750 metres. High water
table may be a design constraint.

say $180,000

23 tlW" Additional Earthworks for overflow
protection parallel to Railway Line $ 10,000

24 "X" Open Drain, Bride Street to Hovell Street
parallel to Railway Line $170,000

Total Cost $2,868,000

Allow 10% Contingencies $292,000

Sub Total $3,160,000

~~

Plus 6% Design and Supervision
.,~

Charges $190,000

Plus inflation allowance based on 5%
and 5 Year Construction Period $650,000

TOTAL $4,000,000
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-- 1.2----.---Sbort Term--Construction Works
Estimate of Cost

ITEM SECION
No. (Refer Figure 19)

1 "B" Kiewa Street widening of box culvert $ 50,000
Telecom $ 10,000

2 "c" Channel Kiewa Street to Olive Street $130,000

3 "D" Olive/Hovell intersection diagonal culvert $100,000

4 "E" channel rear of church $ 40,000

5 "G" 1) immediate flood protection bank
part work only $ 20,000

2) concrete invert drain $ 20,000

6 "1" Scrub removal entry to Browns Lagoon $ 10,000

7 "H" Upgrade outlet to Browns Lagoon
(part work only) $ 20,000

8 "K" Culvert across Macauley Street $ 50,000

9 "L" 1) Part, Open drain to past Macauley
Street to Bridge Street -300 m @ $400 $120,000

2) Bridge Street culvert $ 50,000
3) Factory Accesses $ 20,000

10 "w" Additional earthworks for overflow
protection parallel to railway line $ 10,000

~ ,
Sub Total $650,000

Plus Contingencies $60,000

TOTAL $710,000
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.... 7.3 FloodPlain Management Components of Overall Strategy
Estimate of Cost

ITEM SECTION
No. (Refer Figure 19)

1 "Aft Mudges Canal Outlet - Upgrade of Pumps $100,000
- Overflow relief $ 60,000
- Pump Outlet Channel $ 25,000
- Screening $ 5,000

2 "E" Rear of Church Hall. Open Drain. 80 metres
@ $500/m $ 40,000

3 "F' Outlet structure discharging to "E" $ 15,000

4 flG" 1) Concrete invert Drain @ 250/m. 200m $ 50,000
2) Earth Works for retarding basin and

protection mounding 20,000 m3 $120,000

5 "H" Lower and upgrade culvert as retarding basin
outlet to Browns Lagoon $ 40,000

6 "I" Browns Lagoon and surrounds earth works for
retarding basin (no concrete invert)

-;..

5OO0m3 @ $6/m $ 30,000

7 "J" Concrete invert $250/m. Removal of scrub $ 50,000

8 "Mil 1) High level relief to 1/100 year event. Low
flow relief during high river levels to match
pump capacity only.
$5OO/m x 950 m $475,000

2) Road Culvert Crossings $125,000
3) Flood pumps and structure at Panmure Street

Levee Outlet $150,000

9 tfQ" 1) Excavation for additional retarding and
storage $ 20,000

2) Purchase 9f.land. f<?r storage $200,000

10 "R" 1) Levee bank outlet structure and flood flaps $ 20,000
2) Pumps and Electrical supply $ 80,000
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11 "D" House purchase $80,000

$1,685,000

Plus 10% contingencies $165,000

$1,850,000

Plus 6% design and Supervision Charges $110,000

Plus inflation allowance based on 5%
and 5 Year Construction Period $390,000

TOTAL $2,350,000

..
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7.4 Cost of Flood Damage

In determining whether the Stage 1 drainage works should proceed, it is
appropriate that Council consider the overall cost benefit that can be achieved
by implementation of the works.

Although exact figures cannot be obtained, the following approximate
estimates of flood damage costs in South Albury only are based on Council
records and observations and information obtained from insurance companies.

7.4.1 Flooding 17 October 1992

Council costs to combat floods, plus repair and clean-up work
in South Albury

Private flood damage insurance claims (at least $50,000 known)
say
SES costs
(other emergency services not included)

Private property damage not covered by insurance, say

75,000

75,000
4,000

6,000

Total

7.4.2 Flooding 18 January 1993

Council costs to combat floods, plus repair and clean-up
work in South Albury

Private flood damage insuranc{l,claims (at least $200,000
known) say
SES costs
(other emergency services not included)

..
Private property damage not covered by insurance, say

Total assessment of cost damage caused by both flood
events
(excluding industrial properties).

$160,000

50,000

300,000
4,000

36,000

$390,000

$550,000
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Some insurers bave indicated that current claiins have -received
favourable consideration, but that future claims may not be treated in
the same way.

They also advise that the attitude of insurance companies in the future
may be influenced by any drainage works proposed or undertaken by
Council.

8.0 SOURCES OF FUNDING

There are two sources of funding available for implementation of the South Albury
Flood Mitigation Strategy.

These are funds from Councils own resources or funding assistance under the Federal
Water Resources Assistance Programme (EW.R.A.P.) which in the future will be
incorporated into the National Landcare Programme. (The Bungambrawatha Creek
Flood Mitigation Scheme has been funded under FWRAP).

The New South Wales Department of Water Resources has advised that financial
assistance under the .Federal Water Resources Assistance Programme (FWRAP) is
directed towards floodplain management activities pertaining to mainstream flooding
and not to urban or man made drainage systems.

The South Albury situation is clearly part of the overall issue of floodplain
management in Albury. This is important in the context of possible funding for works
which form part of the strategy.

The document "Report on Flood Inundation Map for the City of Albury" prepared by
Gutteridge, Haskins and Davey in September 1984 for the Department of Water
Resources is the relevant supporting document in this case. It examined potential
flooding of Albury both from the River Murray and the Bungambrawatha Creek and
led to a review of the South Albury levee system and implementation of the
Bungambrawatha Creek flood mitigation scheme which is now close to completion.

In addition to this, the Public Works Department carried out an audit of the
South Albury levee for the Department of Water Resources and Council in • ,
April 1991, the results of which were made available in January 1992. As a
consequence, Council has submitted an application for funding under FWRAP
for minor maintenance and improvement works on the levee.

.-
The South Albury flood mitigation strategy requires works with an estimated cost of
$4 million including inflation if they are completed over a period of five years.

In order to improve the level of protection against flooding, in the short term, Council
has resolved to proceed with Stage 1 of the strategy from its own resources. This
involves the expenditure of approximately $650,000 which has been transferred from
other Council projects.



- 61 -

-It is beyond 'the resources of COuncil toimplerrient the balance of the strategy in a
reasonable time-frame.

However, as indicated, the $4 million strategy is much more than a relatively simple
urban drainage system. A significant proportion of the works are required because of
the need to pass floodwaters through or over the levee banks. As such, they must be
seen as part of the floodplain management plan for South Albury.

Works in this category include:-

Upgrading of Mudges Canal flood pumps and levee outlet structure.

Construction of a flood pump station and outlet structure at Panmure Street
and the construction of a diversion channel along Panmure Street to provide a
flow path for major flows up to 1 percent events.

Construction of a further flood pumping station and outlet structure south of
Atkins Street on the eastern side of the railway line.

Upgrading of-storage capacity in Browns and Waites Lagoons to reduce peak
discharges at the Mudges Canal outlet during high river levels.

The works are also essential to ensure that the Hume Highway through Albury is kept
flood free in all potential 1 percent probability storm events.

Council has already resolved to support the overall flood mitigation strategy for South
Albury and to strongly press the New South Wales Government for funding to
implement the strategy.

The works listed above which comprise the flood plain management component of the
overall strategy are estimated to cost $2.35 million out of the total cost of $4 million.

Based upon the usual funding arrangement of Commonwealth Government $2, New
South Wales State Government $2 and Council $1, the grant funding that should be
sort amounts to $1,880,000 or 80% of $2,350,000.

The total funds required from Council, including the $650,000 already allocated for
Stage 1 will therefore be $2,120,000 or 53% of the total cost of the overall strategy.

The maximum amount of funds Coun~il 5s li~ely to be able. to ~llocate to the South
Albury flood mitigation works over a period of time is in the order of $150,000 to
$2oo,OOOpa. This has regard to other drainage priorities throughout the City.

Without outside financial assistance, it can be seen that the works would take well in
excess of 10 years to complete. If grant funds of $1,880,000 can be obtained over a
period of five years to be spent in conjunction with the Council funding, the most
important parts of the strategy could be completed within the five year period.

Funding assistance should be strongly pursued on this basis.
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9.0 CONCLUSIONS

From this investigation, the following conclusions are drawn:-

1. The storms which caused flooding in South Albury in October 1992 and
January 1993 were very significant rainfall events.

The 17 October 1992 storm with 27 mm/hr of rainfall over 1Y2 hours and
32 mm/hr over 1 hour and 10 minutes is estimated to have been a 1 in 20 year
rainfall event.

The 17 January 1993 storm comprised rainfall precipitations of:-

39.6 mm in 1 hour or a 1 in 30 year rainfall event

29.5 mm/hr over 2 hours or a 1 in 80 year rainfall event

20.7 mm/hr over 5 hours or a I in 500 year rainfall event

The 17 October 1992 storm gave rise to,an estimated peak discharge of 25
cumecs which is estimated to be a 1 in 20 year catchment discharge although
the actual flow peak was mitigated by overflows and surface storage.

The 17 January 1993 storm produced an estimated peak discharge of 31
cumecs which is estimated to be a 1 in 30 year catchment discharge.

By contrast, the predicted 1 in 100 year catchment discharge is 45 cumecs.

2. Implementation of an overall flood mitigation strategy is required to
adequately protect South Albury from similar floods to the above together with
all potential 1% rainfall runoff events.

These potential events are:-

(a) a 1% probability storm on Albury
(b) a 1% probability flood level in the Murray River, and
(c) various combinations of Albury storms and river levels which also have a

1% probability

3. The short term construction works alrea~y being implem.ented by Council as
Stage 1 of the overall strategy will provide a significant improvement in flood
protection for South Albury.

However, it must be realised that implementation of the total overall strategy
is required to reach the currently accepted standard of protection for urban
development.

The estimated cost of the Stage 1 works excluding allowances for contingencies
and inflation is $650,000.
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4~ The estimated cost to implemenf the overall· flood mitigation strategy is
$4 million.

5. Council is not in a position to implement the overall strategy within a
reasonable time frame without significant financial assistance.

The New South Wales Department of Water Resources has advised that
financial assistance under the Federal Water Resources Assistance Programme
is directed towards flood plain management activities pertaining to mainstream
flooding and not to urban or man made drainage systems.

A significant proportion of the works. in the overall strategy are required
because of the need to pass floodwaters through or over the South Albury
Levee Bank. As such, they are clearly part of the flood plain management plan
for South Albury.

The estimated cost of the works in this category is $2.35 million out of the
total cost of $4 million.

6. Based upon the usual FWPAPS funding arrangement of ,Commonwealth
Government $2, New South Wales State Government $2 and Council $1, the
grant funding that should be sort amounts to $1,880,000 or 80% of $2,350,000.

Council's resolution of 22 February 1993 to strongly press the New South
Wales Government for funding to implement the overall drainage strategy for
South Albury should be pursued on this basis.

7. The investigations indicate that some localised flow restrictions in the drainage
system along Young Street and the Railway Line north of Hume Street require
further consideration and possible minor remedial works.

8. Council's Department of Building and Planning Services should investigate the
feasibility of restricting further landfill operations upon ~ritical areas of the
South Albury flood plain.

.. ,

-~



RAINFALL HYETOGRAPH 16 OCTOBER 1992 RECORDED
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ANAYLSIS OF UNION BRIDGE GUAGE READINGS

NO. OF DAYS PER MONTH ON WHICH NOMINATED GUAGE READING IS EXCEEDED

Note: Minimum level 3.05 m

Year Gauge Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Total
Level

1962 Did not exceed 3.05 m

1963 Did not exceed 3.05 m

1964 3.05 16 20 14 31 5 86
3.35 15 14 12 31 4 76
3.66 15 10 6 28 2 61
3.96 15 1 2 22 1 41
4.27 4 15 19
4.57 9 9
4.88 3 3

1965 Did not exceed 3.05 m

1966 3.05 4 10 14
3.35 7 7
3.66 4 4
3.96 4 4
4.27 2 2

1967 Did not exceed 3.05 m

1968 3.05 . 6 5 11
3.35 5 5

1969 3.05 10 6 14 3 33
3.35 7 10
3.66 5
3.96 4
4.27 2
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Year Gauge Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Total

Level

1970 3.05 1 17 10 30 23 13 94

3.35 7 30 21 11 69

3.66 6 30 15 9 60

3.96 5 27 9 4 45

4.27 5 19 6 30

4.57 4 11 15

4.88 4 5 9

5.18 4 4

1971 3.05 4 18 20 15 57

3.35 4 11 17 13 45

3.66 4 8 14 10 36

3.96 2 5 10 9 26

4.27 6 6 12

4.57 3 5 8

4.RR 4 4

1972 Did nOl exceed 3.05 m

1973 3.05 16 29 30 23 14 112

3.35 2 16 30 18 12 78

3.66 , 8 29 16 6 59

3.96 4 22 12 38

4.27 2 18 5 25

4.57 16 1 17

4.88 8 8

1974 3.05 25 30 24 31 27 31 25 193

3.35 . 17 29 17 31 27 31 22 174

3.66 16 11 13 31 27 31 18 112

3.96 • 2 12 31 27 31 14 79

4.27 6 26 27 31 9 99

4.57 19 22 31 7 18

4.88 4 12 2 4

5.18 4 1

5.49 1

,
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Year Gauge Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Total
Level

1975 3.05 15 31 30 31 29 136
3.35 14 31 30 31 19 125
3.66 9 31 30 31 15 116
3.96 21 26 31 12 90
4.27 3 16 23 10 52
4.57 10 13 5 28
4.88 4 7 2 13
5.18 5 5
5.49 3 3

1976 Did not exceed 3.05 m

1977 Did not exceed 3.05 m

1978 3.05 8 8 16
3.35 3 6 9
3.66 2 4 6
3.96 1 2 3

1979 Did not exceed 3.05 m
,

1980 Did not exceed 3.05 m

1981 . 3.05 6 12 24 30 8 80

3.35 19 13 6 38
3.66 18 11 4 33

3.96 18 6 1 25
4.27 17 1 18
4.57 , 15 15
4.88 • 6 6
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Year Gauge Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Level

1985 3.05 19 19

1986 3.05 6 21 10 6 43
3.35 10 1 11
3.66 7 7
3.96 6 6
4.27 4 4

1987 3.05 3 8 11
3.35 1 5 6
3.66 1 4 5
3.96 1 1 2
4.27

1988 3.05 4 6 11 21
3.35
3.66 ,
3.96
4.27

1989 3.05 1 3 3 6

1990 3.05 6 29 30 17 5 87
3.35 , 22 30 15 3 70
3.66 20 30 10 1 61
3.96 • 19 17 7 43
4.27 17 6 2 25
4.57 12 12
4.88 9 9

1

1991 3.05 1 7 21 10 39
3.35 16 9 25
3.66 12 8 20

3.96 11 7 18
4.27 6 4 10
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Year Gauge Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec Total
Level

1992 3.05 8 31 39
3.35 6 31 37
3.66 6 31 :

37
3.96 5 30 35
4.27 1 19 20
4.57 15 15
4.88 10 10
5.18 3 3
5.49

~
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APPENDIX "C'

RL's Equivalent to Gauge Readings at Union Bridge (for levels over 15')

Union Bridge Mudges Canal . Abercorn Street

15' 152.013 151.85 . 152.41
15'6" 152.165 152.00 152.56
16' 152.318 152.15 152.71
16'6" 152.470 152.31 152.87
17' 152.623 152.46 153.02
17'6" 152.775 152.61 153.17
18' 152.927 152.76 153.32
18'6" 153.08 152.91 153.47
19' 153.23 153.07 153.63
19'6" 153.38 153.22 153.78

Panmure Street S.End Townsend Atkins Street

15' 152.30 152.24 152.17
15'5" 152.45 152.39 152.32
16' 152.61 152.54 152.47
16'6" 152.76 152.70 152.63
17' 152.91 152.85 152.78
17'6" 153.07 153.00 152.93
18' 153.22 153.15 153.08
18'6" 153.37 153.30 153.23
19' 153.52 153.46 153.39
19'6" 153.68 153.61 153.54

Nurigong Street same as Union Bridge.
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APPENDIX "0"

TABLE 5

RAINFALL RAINFALL
DATE TIME (mm) DATE TIME (mm)

16-01-93 "14:30" 0.3 "23:00" 0.6
"19:30" 3.9 "23:05" 0.3
"19:35" 6.9 "23:10" 0.9
"19:40" 4.8 "23:15" 0.3
"19:45" 1.2 "23:20" 0.3
"19:50" 0.9 "23:30" 0.3
"19:55" 0.6 "23:40" 2.4
"20:20" 0.3 "23:45" 4.2
"20:55" 1.2 "23:50" 1.2
"21:00" 0.3
"21:10" 0.3 18-01-93 "00:00" 0.6
"23:10" 0.3 "00:10" 0.3

"00:25" 0.6
17-01-93 "00:15" 0.3 "00:30" 0.6

"00:55" 0.3 "00:35" 1.2
"01:00" 2.4 "00:40" 4.5
"01:05" 0.3 "00:45" 2.4
"01:10" 0.6 "00:50" 2.1
"01:15" 0.3 "00:55" 0.3
"01:20" 0.3 "01:05" 0.3
"01:25" 0.3 "01:10" 0.9
"01:30" 0.3 "01:15" 5.4
"01:35" 0.3 "01:20" 4.2
"01:40" 0.6 "01:25" 3.6
"01:45" 0.6 "01:30" 6.3
"01:50" 0.3 "01:35" 1.5
"01:55" 0.3 "01:50" 0.3
"02:00" 0.3 "01:55" 0.6
"02:45" 0.3 "02:00" 4.2
"02:50" 0.6 "02:05" 4.8
"03:05" 0.6 "02:10" 8.4
"05:30" 0.3 "02:15" 0.3
"06:05" 0.3 "02:20" 3.3
"06:15" 0.3 "02:25" 4.2
"06:40" 0.3 "02:30" 4.8
"06:55" 0.3 "02:35" ' 1.2
"07:35" 0.3 "02:40" 1.2
"07:40" 0.3 "02:45" 0.3
"07:45" 0.6 "02:50" 0.6
"07:50" 0.3 "02:55" 2.4
"21:55" 0.3 "03:00" 0.3
"22:00" 4.5 "03:05" 0.3
"22:05" 4.2 "08:35" 0.3
"22:10" 2.7 .. . ..
"22:15" 3.6
"22:20" 2.4
"22:25" 0.9
"22:30" 0.6
"22:35" 0.9
"22:40" 0.3
"22:45" 0.3
"22:50" 0.6
"22:55" 0.3
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TABLE 6

APPENDIX liD"

Rainfall
Date Time (mm)

16-01-93 "15:00" 0.3
"20:00" 18.3
"21:00" 1.8
"22:00" 0.3

17-01-93 "00:00" 0.3
"01:00" 3.0
"02:00" 4.2
"03:00" 0.9
"04:00" 0.6
"06:00" 0.3
"07:00" 1.2
"08:00" 1.5
"22:00" 4.8
"23:00" 17.4

18-01-93 "00:00" 10.5 ,
"01:00" 12.0
"02:00" 27.3
"03:00" 31.8
"04:00" 0.3
"09:00" 0.3

..
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