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SUMMARY

In January 1974, midespread flooding occurred along the Brisbane
River and thousands of residential, commercial, industrial and other
buildings in the Cities of Brisbane and Ipswich suffered devastating
,damagg. This flood reached a height of 5.45 m at the Br;sbane City Gauge.
The histary of flooding in the Brisbane River shows that such events are
not uncommon and, in fact, four other floods which occurred last century
reached levels in excess of the January 1974 event. HAs a result of the
widespread economic loss due to flood damage and because of the Cities
Commission's interest-in regional land use studies it offersd assistance
to the Queensland Government by way of a co-operative investigation into
Brisbane River flooding. Specifically the Cities Commiission ﬁndertnmk to
Financé a study to determine flood damage along the Brisbane River for
floods of various magnitudes up to armaximum of 10 m (Australian Height
Datum) at the Brisbane City Gauge and to assist in the preparation of
maps showing the extent of flooding in the Cities of Brisbane and Ipswich.
The Cities Commission engaged the Snowy Mountains Engineering Corporation
(SMEC) to carry out the detailed work,

The flood damage estimates are described in Part 1 of this report
and were based mainly on data collected after the January 1974 flood by
Australian, State and Local bouernment authorities. Where additional data
were required, these were collectsed by means of questionnaires ar through
the private valuing firm, Alex Overett Pty Ltd, which was sngaged by SMEC
to assess the cost of damage to selected samples of buildings. A most
encouraging aspect of the study was the co-operation given by Australian,
State and Local Government authorities and alsec private 6rganisations
and individuals in the supply of a wide range of information and basic

data needed for the successful completion of the work.

To facilitate the rapid analysis of flood damages to buildings on the
Brisbane River flood plain, a computer data bank for over 28 000 residen-
‘tial, commercial, industrial and other types of buildings was compiled.
For each buildihg affectgd by flooding, esssential information such as
floor area, floor level and river kilometres from the Brisbane River mouth
was transferred from detail maps to tﬁe data bank. The buildings in the

data bank were analysed for flood damage using general relationships




derived from the 1974 flood damage data and estimated flood prefiles for.

the Brisbane River (see Part 3) provided by the Brisbane City Council.

‘Flood damage to public utilities were gathered for the 1974 flood and

to obtain the utilities damage for other floods the 1974 flood damage

figure was multiplied by the ratio of the raspective flooded areas.

The estimated river stage - damage curves are given in Figure 15 in

Part 1 and_it is recommended that these should be used in the ecenomic

studies for the proposed dam at Wivenhce on the Brisbane River. Details

of the estimated damage for various flood heights are given in the table

helows
DETAILS OF FLOOD DAMAGE

FLOOD FLOODED BUILDINGS FLOOD DAMAGE

HEIGHT AREA AFFECTED MILLION $
m kme Direct Direct + Indirect
2 12 470 8 10
4 57 6 700 67 83

1 6 102 15 300 173 217

8 157 23 500 288 362
10 205 31 000 426 531

Because of the comprehensive nature of the data collected and the

analysis of flood damage information, it is believed that the data and

the results of this study could be used as a guide for estimating flood

damage

in other large Australian cities. -For this reason many details

of the data collected are included in the Appendices.

The other aspect of the Brisbane River flood investigations which

involved the assistance of SMEt was the preparation of flood maps. These '

maps, which were being finalised at the time of printing of this report,

i were prepared at a scale of 1:10 000 and shouw the areas.inundated for

flmod heights, of 2 m, 4 my, 6 my, 8 m and 10 m at the Brisbane City Gauga..

In all 18 maps were required to cover the area from the Brisbane River

mouth to the Bremer River upstream of Amberley Air Force Base.

The details

of the work involved are described in Parts 2 and 3 of this report. The

preparation and production of the fload maps was Very much a co-operative

effort between various Australian, State and Local Governmant authorities.

Qverall technical guidance was provided by the Flood Recording Ceo—ordina- _
tion Committee which was convened after the 1974 flood by the Queensland

Co-ordinator General's Department.

Part 2 of the report was contributed by the Suruey Office of the
Queensland Department of Lands and contains a description of the produc-
tion of the flood maps. Part 3 contains a descripfiuﬁ of the derivation
of the Flbod profiles and the flood frequency analysié for the Brisbane.
River. This work was carried out by the Brisbane €ity Council. - A short
addition to Part 3 describing flood profiles and flood freguencies studies

for the Bremer River was included by SMEC.

vii
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PART 1 - FLOOD DAMAGE STUDY

1. INTRODUCTION, CONCLUSIONS AND RECOMMENDATIONS

1.1 INTRODUCTION

In late January 1974 a severe flood occurred in the Brisbana Rluer
when it reached its hlghest level this century, and extensive flaood
damage occurred in the Cities of Brisbane and Ipswich. At the Brisbane

City Gauge the peak of the flood reached 5.45 m (Australian Height Datum).

Immediately following the flood, the Cities Commission requestsd the
Snowy Mountains Engineering Corporation (SMEC) to visit Brisbans to
determing what co-operative studies of Brisbane River flooding could ba‘

‘undertaken in conJunctlon with the Queensland Government and Local

T R SRR i T P

" Government aqthorltlas. On 1 February 1974, two SMEC officers attendad
a meeting arranged by the Queensland Co-ordinator General's Department.

This meeting was attended by officers from a number of Australian, State
and Local Government authdrities and details were discussed of the vafious

flood investigations that should be put in hand.

The meéting concluded that the majority of the hydrological and
meteorological studies reguired could be carried out by various depart— 
ments in Brisbane; It wés recommended, however, that the revision of .
the 1933 flood map prepared by the Queensland Bureau of Industry, and -
the preparation of a river stage - fiocd damage curve for the Brishane
River would be the most valuable form of 8831stance that the CltlBS f
Commission could provide. It was planned that this work would be carrlad

out by using the services of SMEC.

Following this meeting, SMEC submitted an initial assessment of the

work required for the above two items of assistance and on18 Fehruary1974g

the Cities Commission requsted a final submission for the proposed study
in the week 18 to 22 March, two SMEC officers again visited Brisbane to
determine in detail the information which would be made available Forfr

the study.

On 19 April 1974 SMEC submitted a detailed proposal for consulting 3

sarvices and this was accepted by the Commission in its letterADf

B May 1974. | | | é



The study was confined to Brisbane River flooding to ensure that the

work already in progress by other consultants investigating tripbutary

flooding was not duplicated.

However, the areas along tribuﬁaries includ-

ing the Bremer River at Ipsuwich were included wherever they wsre affected

by backwater flooding from the Brlsbane Rluer.

.o

(a)

(b)

. Brisbane Riuer during_the 1974 flood.
o

1.2

g m and 10 m (A.H.D.)e.
collected from the January 1974 flood and flood proflles detarmined

In the case of tributary

Tlooding the backwater was assumed to be a horlznntal'surface.

The Emo main objectives were:
To prepare maps* showing the extent of flooding albng the Brisbane

River for flood heights at the Brisbane City Gauge of 2 m, 4 my, 6 m,

These maps would be hased on information

by the Brisbane City Council.

To prepare a graph showing river stage versus the cost.of fleod

damage for floods in the Brisbane River with gaugs heiéhts in the

range ofﬂgﬁmAEp 10 my based on the agsassment of damage along the.

e

fis with the determlnatlon of

the extent of flooding, the flood damage in the tributary streams

abave the level backuwater effects of the Brisbane River was excluded

from the study.

CONCLUSIONS AND RECOMMENDATIONS

The principal conclusiohs and recommendations of this flood damage

study wele as follows:

(2)

(b)

Flood damage due to flooding along the Brisbane River is very high.

In the January 1974 flood the direct damage was gstimated to be
$ 142 million and the total damage (direct plusiindirect) % 178 mil—

1ion. The flood height at the Brisbane City Gauge in 1974 was

5.45 me.
City Gauge the total damage estimates would be $ 10, $ 83, § 217,

For flopods of 2 m, 4 m, 6 m, 8mand 10 m at the Brisbane

§ 362 and § 531 million respectively.

The estimated number of buildings affected by the January 1974 flood
was 13 000. Floods of 2 m, 4 m, 6m, 8 mand 10 m at the Brisbane

City Gauge weculd affect an estimated 470, 6 700, 15 300, 23 500
and 31 000 buildings respectively.

%* Sep Parts 2 and 3 of this report

10

(c)

(d)

(a)

The accuracy of the derived flood damage curves is difficult to
assess but it is belieugd that the results are more likely to be
under estimations of actual f%nod damage than'ouer-astimagions.
This is because it is extremely difficult to determine all pessible
sources of flood damage. However, it is also Eelieued that an even
more gxhaustive investigation would not result in an increase in
flood damage for a given flood height of more than another 5% to

10%.

it is believed that most of the collaéted data, results of analysis
and the'procadures developed have direct relevance to Fluoﬁ damaée
studises in other Australian urban areas. It is therefore recommended
that use could be made of this report in regional land use studies
involving urban developments in other parts of AQstralia. In trans—
ferring results, however, care must be taken to make dde allowance
for significant differences in the flood characteristics of another

river and the types of buildings-in another urban centre

It is recommended that the river stage — damage curves given in
Figure 15(a) and (b) be used for the bensfit-cost analysis of the

flood mitigation studies for the proposed Wivenhoe Dam

v

™
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2., GENERAL INFORMATION CONCERNING FLOODS

2.1 INTRODUCTION

The locality plan in Figure 1 shows the extrémities of the area of
greatest interest in this study of flood damage along the Brisbane River,
The two main urban centres are the Citiss of Brisbane and Ipswich, hith
populations of 713 000 and 65 000 respectively. Both cities have large
industrial, commercial and residential developments on the flood plain.
The Moreton.shire, which surrounds the City ef Ipswich, alsb has sub-
stantial arsas subject to flooding but as yet urbanisation has not pro-
gressed into these to any great extent, Hence in 1974 the flood damage

in the Shire of Moreton below the mt Crosby Weir was relatively small,

Figures 2, 3 and 4 show the estimated flood lines* for floods with a
height of 2 my 6 m and 10 m at the Brisbane (ity Gauge. These floods have
average return periods¥* of 11, 60 and 200 ysars respectively. In ths case
of the 10 m flood an arsa of 153 km® in the City of Brisbane and 517km2
in the City of Ipswich would be inundated. These figures exclude thé
area coverad by the river at.normal times and represent about 15% and 42%
raspectively oflthe area of each pify. Although flood affected areas in
the Shire of Moreton below the Mt Crosby Weir are not urbanised to any
great extent a further 10 km?® of land lies below the 10 m flood line and
the potential damage which could occur in this area if urbanisation is

allowed to proceed should not be overlooked.

Figure 1 also shows the position of the damsite at Wivenhoe as pro-
posed in the Co-ordinater Genmeral's Report (1971). It is located at a
peint on ths Brisbane River where it could mitigate floods from the upper

half of the total Brisbane River catchment,

2.2 BRISBANE RIVER FLOODING _ _ _

The Brisbane River has a catchment‘arsa of 13 600 km® at the point
where it discharges into Moreton Bay. The catchment is located at a lati-
tude where tropieal eyeclonses oceur relatively frequently, Brunt (1968)
states that on the average tuwo cyclones affect the northeast coast of
Australia each cyclone season. These cyclones are very efficient rain

Producers and can cause rainfall over areas in excess of 250 000 km?

* B8ee Part 3 of this report for further details,

13,



The history of flodding on the Brisbane River shows that larae
' flpods are not uncommon although, until the January 1974 fiood, nho major
damaging floods had been recorded in this century. The Queansland
Co—ordinator General's report (1971) described very accurately the posi-

tion with the statement:

i
t1t would bg unrealistic to assume that the past seventy years
of immunity from high floods comparable with perhaps'fbur
disastrous ones experienced in a much shprter preceding period has

been other than fortuitous.'

Figure 5{a) which is taken from the report by Ward (1974) shows the

important histerical floods recorded since 1840.

The construction of Somerset Dam as & wafer'supply and flood mitiga—
tion dam has had a slgnlflcant affect on floods in recent years, Fig—
ure 6(a) shows with a dashed line the estimated height to which the floods
since 1950 would have risen without Somerset Dam. Although Somerset Dam
has a catchment of only 1 270 km® out of a total for the Brisbane River
of 13 600 km®, it is believed that flood produ01ng rainfalls are fre-
quently highest over this part of the catchment. The isohyetal maps
‘originally presented by Shields (1974) and teproduced as Figures 5(b)
and 5{c) show that this was the situation for the very high flood in

1893 but was not the cass for the recent January 1974 flood.

2.3 BREMER RIVER FLOODING

As shown on Figure 5 the Bremer River has a catchment area of
2 020 km®, The main urban areas are in the City of Ipswich, the centre

of which is located on the Bremer River some 17 km from its confluence

with the Brisbane River.

The Bremer River is capable of producing rapid runoff and high—
velocity flooding and it més these characteristics which gaused the
greatest amount of damage in the January 1974 flood. A recurrence of
the 1974 flood with a flood mitigation dam at wivenhoe would only have
a marginal effect on the flood damage in Ipswich. 0On the othar hand,
with a flood similar to that which occurred in 1893, the effect of the
p:oposed dam would be much mare dramatic in reducing damage in the City

of Ipswich. The analysis of the flood damage in this study assumes a

14

1evel backwater from the Brisbane River up the Bremer River. The
implications of this assumption are discussed in greater detail in Sec
tion 3.5(b).

2.4 METROPOLITAN EREEK FLOODING

In a similar manner pn the Bremer River at Ipswich; a number of the
metropolitan tributaries including the Bulimba, Enoggera, Norman and
Oxley Creeks, cause problems due to floods originating in their own catch-
ments. 1n recent years these tributaries have had a number .of SEQEPE

floods at times uhen.no gignificant rise in water level has occurred in

the Brisbane River.

_ In 1974, tributary flooding was very severe on 25 and 26 January
when it preceded the flood im the main river. 0On 28 January the Brisbane
Rivar reached its peak in the upper suburban reaches and early on
29 Jdanuary the river peaked at the Brishane City Gauge and many areas on
the tributaries suffered flooding for the second time. This study con-
siders a level backwater from the Brisbane River for sach tributary aﬁdr
has not been concerned with floods originating in the tributaries. This

point is discussed further in Section 3.5(c).

2.5 FLOOD DAMAGE DATA

. As this study followed the 1974 flood, it was pessible te gain a
large amount of flood damage data from a wide range of sources. The
details of the data and their sources are described in the relevant pafts‘
of this report. The following is a summary of the principal sources:
(a) Residential Damage

. Qusensland Flood Damaged Homes Committes

. Alex Overett Pty Ltd, Valusrs

. Australian Department of Hao
using and
Service Homes g EDHStrUCtlU“; Defence

. Queesnsland Disaster Welfare Committee, Flood Unit

(b) Industrial and Commercial Damage

. Alex Overett Pty Ltd, Valuers

. SMEC quesﬁionnaires

. Queensland Department of Commercial and Industrial Development

15
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. Queensland State Insurance Commissioner

. fueensland Disaster Welfare Committee

. Chamber of Manufacturers

. Metal Trades Industry Association

. printing and Alliéd Trades Employers Association

(c) Damage to Utilities

. Brisbane City Council
. Ipswich City Council
. Shire of Moreton
. %tate Governmant Depa;tments
. pustralian Government Departments

2.6 FLOOD PROFILE INFORMATION :
' The Brisbane City Council accepted the responsibility for the prep-
aration of flocd profiles* for the Brisbane River for use in this study.
As a basis for the calculation of these profiles the Queensland Harbours
and Marine Department** completed a survey of the Brisbane River below
high—tide_leuel and the Queensland Survey Office** prepared contour maps
for the Brisbane River and Bremer River flood plains. The estimated

floed profiles for flopds from 2 m up to 10 m at the Brisbane City Gauge

are shown in Figure 6.

2,7 FLDOD MAPS

The flood maps used for the flood damage studies were prepared by
éMEE from the flood profile information and cuhtnuf maps referred to in
gpction 2.6, These maps differ from the maps to be publisﬁed by the
Survey office (ese Part 2" and 3) in as much as level backwater Flooﬂs
were shown extending up the Bremer River. The flood lines were drawn for
flood heights at the Brishane City Gauge of 2 my 4 m, & m, 8 mand 10 m.
Figures 2, 3 and 4 are a reduced version of these maps and show only the

2 m, & mand 10 m flood lines.

* Details in Part 3 of this report

#% Details in Part 2 of this report

V. =

The flood lines shown eernding‘up each tributéry in the metropdlitan
arsa of the Cities of Brishane and Ipswich are also drawn on the basis of
1evel backwaters froam the Brisbana River. More information on tributary .
flooding is available from the Brisbane City Council and the ‘Ipswich City

Council.

17
BCC.045.0403



3. BASIC CONSIDERATIONS FOR FLOOD DAMAGE.STUDIES

3.1 FLOOD DAMAGE CATEGORIES = -
many different breakdowns of flood damage have been used in floed
damage stﬁdies. In this study it has been found econvenient to use two

main categories; tangible 'and intangible damage as shown in Figure 7.

The ‘tangible flood damages are defined as either direct or indirett
damages. The direct damages include all those damages which result from
the physical contact of property or structures with flood-water, incluﬂing
damage dues to sediment, debris or any_other floating object in*the flood-
water. The principal direct damages are those which occur to the struc-~
tures or contents of private buildings .(residsnces, factories, offices,
etc.) public buildings and public utilities. The indirect damages include
all those damages which are an indirect result of the flood and may occour
gither during the flood or in the weeks or months following the flood.
"Included in this category is the value of lost business for flood affected
commercial and industrial enterprises, the loss of revenue due to the dis-
ruption ef public transport systems, removal of gﬁods from Flooﬁed areas

and their return after the flood, the construction g;mestablishmﬂﬂt“gf

temporary facilities for families made homeless by the flood, the erection

of temporary levees and the like.

The ihtangiblé damages of a flood or any natural disaster are many
and varied. They may include increased marital stress, feelings of inse-
curity, depression and the like among the residents on the flood plain and
depressed business activity in commercial and industrial areas. Police
records show that 12 people lost their lives in the Brisbana and Ipémich
area in the 1974 floods. This of course, is an intangible loss togethsr -
with the loss of health suffered by either the flood plain dwellers or

those who helped in flood operations during or after the flood.

Figure 7 summarises the various categories of flood damage and houw

they are further broken down in the course of this sfudy.

19
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3.2 COMMENTS ON DAMAGE CATEGORIES

Clearly a monetary value can be ascribed to all direct damageé as
described above. It is because this type of damage can be expressed in
monetary terms without great difficulty that no dsbate arises to justify
its inclusion as part of the total flood damage. 1t should be ncted, as
pointed out by Breaden (1973), that the direct damage is 91ther the cost
to restere a building or property to its pre-floed condition in order that
it can again perfaorm its pre-flood function or, where this action cannot

pe justified or fulfilled, the damage should be taken as the present worth

.of the expected future productivity if the flood had not occurred.

The assessment of indirect damages is not as straightforward as that
of tha direct damages. Their nature makes accurate estimates impossible
and cases of double counting of losses may Occurl unless assessments are
very carefully examined. Further, the justification for the inclusion of

many indirect losses depends entirely on the viewpoint taken in the study.

In the U.S.A., the study by Kates (1965) yielded some very pertinent points.
Kates stated:

'The question as to what constitutes an admissible flood damage loss
reguires an extensive digressioen. The present social guides are
clearly inadequate. The original Congressional imperative to consider
'losses to whomsoever they may accrue'! reflects the concern of Con-
gress to identify all losses. HOWEBVET, little-guidance is pffered

as to what to do when the summation of losses leads to double count-—
ing or when losses conflict - one man's loss, another man's gain.

The operational procedures of the Corps*, cited previously seems con-—
ceptually valid in theory but loossly enforced in practice. For
example, Corps procedures provide for the elimination as flood losses,
aof sales made alternatiuely by competitors. Although competitive
sales are the rule in our econamy, the author has nsver found an

~+uzl example in the damage sSuUrvey of the Lehigh (or in several

u

sthers reviewed at various times) of exclusion of a sales loss due

to alternative sales by competitors.,

*Corps refers to the U.s. Corps of Engineers

]
o]

The confusion sometimes found in this area stems both from ambiguity
in the stance of the analyst making the economic loss valuation and
the difficulty in appllcatlon of the analysis. Present Corps pro-
cedures favour a stance from a national point of visw. Conceptually,
this embodies the notion of sconomic efficiency or measuring flood
damages as decreases in national incOme. A variety of oiher stances,
valid for other purposes, might be considered as well. Thers is the
traditional concept of the firm and this stance is appropriate for

preparing the balance sheet of a firm's flood losses.

A somewhat enlarged concept of a Firm as a productive unit that is
concernad with gains and losses to labor as well as to the owners of
capital might be called an establishment. An aggregation of such
units are found in the community or region. Analysis from the estab-
lishment point of view, would be appropriate for making flood damage
wstimates where the regional or local impéct of a flood control pro-

gram was being measured’.

On the basis of this discussion, the analysis of indirect damages
included in this report falls into the category of an analysis from the
testablishment' point of view because no effort has been made to eliminate
from the claimed losses, additional sales made by competitors. (It

appears very doubtful whether, in fact, thers is any way of really knowing

when additional sales are made by competitors)

3.3 PREPAREDNESS OF FLOOD PLAIN OCCUPANTS AND AUTHORITIES

T
he January 1974 fload occurred on the 'Australia Day' long wesekend

when i i
many residents of Brisbane were absent from their homes Likeuise

owners
» Mmanagers and staff who would normally operate or work in indus-

trial and i i1di
commercial buildings, public buildings and offices were also

absent, i i
As the flood situation was widesprsad even theose who wished to

lDUd M)

te Brish
ane had been cut-off by flood-waters. In addition the January

1974 flood
followed a very long period without any major flooding on the

Brisbane Ri i
River like that of the 1890's, although in 1931 a flood of 3.5 m

at the Brishb i
ane City Gauge occurred. This flood height corresponds to the

lower limit for ma jor Flonding.

21
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i future floods are not likely to be reduced significantly becau

Given the above circumstandes it is not altogether surprising that

in 1974 neither the occupants of the flood plain nor the gouarnmental

authorities were well prepared fur the occasion. The guestion then arises

whether the substantial efforts of Australian, State and Local government’
nts of the flood plain since the 1974 flood can

Unfortunately, experiencs

authorities and the occupa

reduce the damage resulting from future floods.

glsewhere in Australia and overseas 1ndlcates that within a perlod of 20

or 30 years if no substantial flood has occurred the occupants become

gither apathetic, ignorant of the facts or falsely confident that a flood

will not FEecur. Personnél in public offices change with time (as do the

occupants of the flood plain) and the knowlsdge and sxperience which was -

gained from a prior flood is slowly eroded. It is on this basis that this

study makes the important assumptlon that tangible flood damages from
se of lessons

learnt from the January 1974 flood. More success is likely to bs achieved

by reducing intangible damages through the operation of improved technlques

of Flood forecasting and better cnmmunlpatlons generally.

3.4 GROWTH FACTOR FOR THE FLOOD PLAINS

Consideration was given to applying a growth factor to present day

estimates of flood damage to allow for further development on the flood

plain and hence increased risk of flood damage. In the Queensland

fo-ordinator General's Department report (1971) it applied a growth factor

of 30% to the industrial and commercial areas adjacent to Oxley Creek and

to the areas upstream to the boundary of the Clty of Brisbane. This

growth rate was expected over a 10-year period to 1980, For residential

development the same report allowed a growth rate of 5% in existing rural
ible

areas. On the evidence available at the present time, it seems poss
that considerable portions of the central business area of Brisbane and

many areas such as South Brisbane could be redeveloped with the result

that the potential for flood damage would also be considerably increased

in these areas. There are also many locations subject to flooding from

the Brisbane River in the outer parts of the City of Brisbane, the City
of Ipswich and the Shire of Moreton, particularly between the Bremer and
Brisbane Rivers which could be urbanised and would then add very substan—

‘tially to residential losses. HOwBver, the projection of growth rates

_ depends on many factors, including such matters as the 1mplementation of

fipod-plain zening and flood-plain insurance schemes. These considera-

oo

ations were not within the scope of this study and, for this reason, it

. - , l
was decided to base all estimates of flood damage on the situation as it
. i

existed at the time of the January 1974 flood.

2.5 DISCOUNTING OF TRIBUTARY FLOOD DAMAGE
(a) General

The characteristics of the 1893 flood and the 1974 flood illustrates
| a most important point concerning the derivation of stage—damaée
curueg for the Brisbane River. The 4~day isohyets for the.rainfall
which prqduced the first flood in February 1893 are shown on
Figure %(b). This figure shows the flood producing rainfall was
centred near the northeastern divide where the rainfall reached
1 800 mm. for the metropolitan area the maximum réinfall was .of the
order of 400 mm, whilst the highest falls over the Bremer River
catchment wers about 200 mm. Heatherwick (1974) giués the average
rainfall for the 1893 flood over the Stanley River catchment as
939 mm compared with 137 mm over the Bremer and 288 mm over the
Brisbane metropolitan area. In these circumstances, tributary flood-
ing in the city¥* would not have been very severe and the Bremer River

too would have producedlonly a small flood. Backwater flooding in

Ipswich, however, was very severa with the level at the Ipswich City

Gauge reaching a maximum of 24.5 m (A.H.D.)

Backwater- flooding in the metropolitan tributaries in 1893 Qnuld also

bave besn very severe.

In ?anuary 1974 the rainfall was centred nearer the Brisbane metro-
politan area as can be seen in Figure 5(c). Rainfalis of 800 mm to
17 000 mm were recorded in the downstiream sections of the catchment !
Heatherwick (1974) gives the average rainfall for the Stanley Riue;
catchment as 507 mm, the Bremer 461 mm and the Brisbane met;opolitan
area as 656 mm. As is-well known, this rainfall distribution led to
a situation in which many areas suffered flooding from local tribu-

taries and later backwater flooding from the Brisbane River In thi
. is

raport_this effect is referred to as double flooding; the first flood

* - N .
,wgsa:ﬁzzlzﬂzl 1nd;ga§1ﬁn of the severity of tributary flooding in 1893
records ead of 1.1 m at Enag
. agera Da
that recorded in January 1974 when the flow depth Saza; ée;S Fhan half
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(b)
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being due to tributary or local flooding and the second tue to the

Brisbana River flood. Double flooding also occurred in Ipswich where

the first flood was caused by the Bremer River and a later flood by

he backwater from the Brisbane River. Ths max1mum water level

reached at the Ipswich City Gauge was 20.7 m (A.H.D.) for both the

Bremer River flood and later the Brisbane River backwater flood.

L

The question is, therafore, how to rationally treat a situation where
double flooding can OCcUur as the two flood situations are obviously
not independsent as they can be caused by the sams meteorological
event., In. the Co—ordiﬁatar General's report (1971), areas which fell
into this category were discounted by 30% and 70% for residential and
for industrial and commercial areas respectively. The basis of the
figures of 30% and 70% is not giueﬁ, but it is stated that these
reductions were included to make allowance for the fact that prior
local flooding may have resulted in 6nly incremental flood damage

from Brisbang River backwater. An approach of this nature appears

logical from the point of view that it remnues the p0531blllty of
double counting of flood damages in svaluating cost-hanefit results

for flood mitigatlon works on both the tributaries and the main rivser.

Discounting of Flood Damage along the Bremer River
The question of flood damage attrlbutable to Brisbane River floods

backlng—up along the Bremer Rluer is complex. It is apparent that =~

in 18973 the flood damage would have been caused mainly by the Bris— .
bane River backwater flood while in 1974 the Bremer River flood

was responsible for most of the damage in the gity of Ipswich.

These two flovods appear to illustrate the ;;kely extremes of the
flood situation along the BremeT River when there is significant
flooding along the grisbane River. It is also possible to have
filooding along the Bremsr River without flooding aleng the Brisbane

River, such as occurred in January 1947, but this situation is of no

direct censequence to this study.

p search was made of the records of flooding along the Brisbane and

premer Rivers, supplied by the Bureau of Meteorology, and two more

sinnificant floods were noted. These occurred in 1934 and 1955, when

the gauge reading at the Ipswich Clty Gauge reached 15.47 m (A.H.D. )

(c)

and 13.82 m(8.H.D.) respasctively. The 18383, 1931, 1955 and 1974
Flc?ds appear to present a logical basis for calculating a discount
factor for flood damage along the Bremer River in-the City of
Ipswich. For each of these floods, the areéa inundated by the
Brisbane Riuer'backwater flood (Ap,) and also the area within tﬁé
Brisbane Riua; backwater which had prior floading from the Bremer
River (At) were measursd. Assuming the following simple relétionship,
the values of the discount factor for the above four floods wére

determined and are presented in Table 1.

~

Discount factor = [1-(Abw ~ At)/Abw] 100 «uverenieernieanannn (1)
where Ap, = area flooded by the Brisbane River backwater,

At

il

area flanded by tributary flooding (in this
c§se the Bremer River) prior to the Brisbane
River backwater flood.

TABLE 1 - BASI5 OF DISCOUNT FACTOR FGR THE BREMER RIVER

A
FLOOD t Abw
DISCOUNT FACTOR
km? km? A
1893 0.0 42.4 . 0
1931 3.1 9.0 24
1955 0.0 5.1 . 0
1974 14.0 16.2 86
- Mean 30

The mean value of the discount factor for the four floods is 30%.
Hlthough this factor is based on an analysis af only'four floods, it
is believed that no better information is available to calculate the
factor and, for this reason, it has been used in later sections to

ad just the flood damage F?r Ipswich estimated on the basis of a level

backwater.

Discnunting‘of flood Damage for Metropolitan Tributaries
The question of the application of a discount factor to flooding in

the Brisbane metropolitan tributaries is also complex. These tribu-
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taTies have caused severe flooding in recent years (1967 and twice
S in 1972) at times when no flooding oc¢currad along the Brisbane River.
On tha other hand, in the January 1974 situation, flooding -first

occurred from the tributaries and later from the Brisbane River.

The relative catchment sizes of the Brisbane River catchment

{13 600 km? ). the Bremsr River catchment (2 020 km? )} and the metro-
colitan tributaries (uUp to 80 kn?) suggest that the corrslation
between the Brisbane and the Bremer floods will be much stronger than
that between the Brisbane and .metropolitan tributary_floods. The
small metropolitan catchments could even possibly respond to lsolated
thunderstorms, whereas floods from the larger catchments uill_almost

" certainly be caused by cyclones.

As a result of the floods prior to the January 1974 flood; the
Co-ordinator General's Department-had already'engaged consultants to
. - ipvestigate methods of mitigating floods in the metraopolitan tribu—
taries. These works, however, will only mitigate local fleoding
along the tributaries and areas subject to backwater fluoding from
the Brisbane Riuer will remain in that situation. As there exists
a basic 10ng—£erm objective to carry out flood mitigation works on
bbth the tributaries and the main river, the afguﬁent to discount
for areas of double flooding is less credible. This can be illus-
trated by assuming that flood mitigation proposals for Enoggera
Creek have been shown to be justifiable (en the basis of Enoggera
Creek flooding only) and implemented. 1In thess circumstances, a
Brisbane River flood will still cause backwater flooding in Enoggera
Creek, but instead of this causing incremental damage as may have
occurraed under the pricr conditions of double flooding,* the full

impact of ths backmatér flood will be fslt by the occupants of the

affected part of the flood plain. This same argument can be applied

to éach‘metropolitan tributary and it is on this basis that the
is;age—damage curves presented in this study make ne allowance for

discounting tributary flood damage.

% This statement only holds true when the tributary flood is contained
within the flpod mitigation works for the tributary.
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4, ADOPTED APPROACH TO ASSESS FLOOD DAMAGE

4.1 INTRODUCTION

At the outéet of this study it was,realiéed that many thuusahds of
buildings were affected by flooding from the Brishane River. It was also
realised that the task of adding together the estimated damages for all
these bu%ldings for floods of various magnitudes -would require a vast -
number aof relatively simple repetitive calculations. The problem was,
therefore, ideally suited for solution by computer techniques provided aA
data bank containing basic details of all the buildings on the flood plain

could be compiled.

4.2 DATA BANK

"To compile the data bank certain essential information uﬁ all flood
affected buildings had to be transferreq from detail plans to punched
cards. Tonc?rry out this task, dyeline ﬁrints of the detailed sewerage
maps for the Cities of Brisbane and Ipswich were obtained. These maps
were draun at a scale of 40 feet to 1 inch or, in the case of some maps
in Ipswich, at a scale of 50 feet to 1 inch. Over 1 000 of these detail

maps were obtained through the Brisbane City Council and the Ipswich City

Council.

Using the maps, the following data were transferred to punch cards
for each residencg on the flood plain which would be affected by a flood

reaching 9 m (A.H.D.) at the Brisbane City Gauge: '

(i) REFERENCE NO - a consecutive number for each postcede which was

used for checking purposes

(ii) ADOPTED MIDDLE THREAD DISTANCE (A.M.T.D.) - the distancélfrom
the river mouth measured along the river to a position adjacent
to the residence in guestion. Where backwater flboding occurred
on tributariss, the A;M.T,D.'was taken as that value Décurring

at'the»mnuth of the creek or river entering the Brisbane River
(iii) POSTCODE - The Australian Post Office postal district number
(iv) ADDRESS - the street name
(v) BUILDING MATERIAL - the predominant type of building material

(vi) FLOOR LEVEL - the reduced level of the main floor in the resi-
dence to A.H.D.
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(vii) ' PROPERTY LEVEL — the approximate reduced level of thé centre

of the property to A.H.D.

(viii) FLOOR AREA - the area of the main floor of the residence in
square metres -

(ix). EXCEPTIONS - these were used to flag irregularities in the

dataj for éxample, a change in datum for reduced levels.

The task nf transferring the residential data into the required form

vag far more dlrflcult than initially antlclpated. The main difficulties

were:
the necessity to transfer the putlines of many residencas from
recent asrial photos to detail maps at locations where floor

levels had not been rscorded. This assisted the collection of
the missing data in the field

the extensive usse required of the 4 chain to 1 inch maps and

asrial photographs 1in areas not covered by the detail maps

confusion arising from- two sets GF detail maps in some areas

and incorrectly designated postcode boundarles on commerc1ally

available street maps

OQver 21 000 residences were transferred to the data bank of which

approxi
About 2% of the residences required floor level information to be picked

up in the field. for the remaining 5% of the residences, a rough estimate

was made of the floor level, either an the basis of surrounding houses,

or evidence on the aerial photographs.

Similar data to that described above for residences was transferred

to the data bank for all remaining buildings on the flood plain. It was

decided to proceed on the basis of definable buildings, rather than on an

pwnership basls, because many of the larger commercial and industrisl

-mplexes consisted of several buildings at different floor levels. This

sacticn of the data bank was divided into three groups:

commercial buildings

industrial huilding

. o

miscellaneous buildings
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mately 70% of these had all the required data available on the maps.

In general, the separatian_of industrial and commercial buildings was not
togo difficult, although some buildings could have been placed in either
category. Local knowledgg gained during the course of the projéct and
town planning maps supplied-by the Brisbane City Council were both useful
guides in defining commercial and industrial areas. Miscellansous build-
ings included all those buildings not judged to be a residenée, commercial
or industrial building. It therefore included such buildings as churches,
halls, sports paviliaons, schools and the like. This part of the data
bank presented similar difficultigs in compilation to that descfibad

above for residences, although it was helped by the reduced number of
buildings involved. 0On the other ‘hand the larger size of the buildings
permitted easier interpretation from aerial photographs. In all, data

for over 7 000 commercial, industrial and miscellanecus buildings wsre

transferred te the data bank.

Although at the outset greater accuracy had been sought with the
compilation of the data bank than had finally been achieved, it is
extremely unlikely that the inaccuracies introduced as a result of defi-
ciencies in the data oﬁ the detail maps cguld Have introduced a bias in
the total flood damage‘BSfimates described later in this report. The
accuracy of the ihdiuidual values of the estimated damages to buildings
would not be great but this is not a serious problem as it was not an

objective nf the study.

4.3 FLOOD DAMAGE CBMPUTER PROGRAM

A relatively straight forward computer program was prepared to pro-
cess the data after it had bsen transferred from punched card to magnetic
tape. This program allowed the rapid calculation of most of the informa—
tion required to prepare the flood stage-damage curves described in

Section 11,

A flow chart for the F}uud damage program is shown in Figqure 8. The
program reads the estimated flood profile (sse Section 2.8) and for sach
residenpe or building in. the data bank it interpolates from the river
profile the flood level corresponding to the A.M.7.D. for the building.
If the building isvsubjected to flooding for the particular flood profile
it computes the flood damage. All damages are summed in postcode areas
and alsoc along the river in kilometres from the mouth. Details of the

procedures used in the computer pregram for the estimation of flood
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V 3 - a a - S
damages to commercial and industrial, residential and miscellaneou

buildings are given in Sections 5, 6 and 7 respectively.

4

4.4 TITEMS NOT INCLUDED IN THE DATA BARNK

it was not found to be conueniént to include the damage to public

. . co s h
utilities such as water mains, SEwWers, roads, bridges and the like in the
data bank. Fortunately these data were no

ions as described in .

vaniently ﬁandled ‘and analysed by hand computat

_Sections 8 and Y.

N

t so numerous and could be cone-

5, FLOOD DAMAGE TO COMMERCIAL" AND INDUSTRIAL BUILDINGS

5.1 INTRODUCTION

in the initial stages of this study it masrunCertain mhéther_the
greater amount of damage for the 1974 flood occurred in commercial and
industrial areas or ih residential areas. The approximate number of
buildings affected in each category was knouwn aﬁd, on this basis, it was
decided to put a similar amount of effort into the assessment of damages

for both categories.

With the benefit of hindsight, it was apparent at the conclusion of
the study that a greater effort should have been directed to the estima-
tion of commercial and industrial losses, because ndt only were they con-
siderably higher than the residential losses, but-their variability was
also very much greater. In a similar manner to this study Homan & Waybur
{1960) of.the S5tanford Research Unit in the U.5.A. found that the losses
in industrial aréas ware very much more Qariable than those in the resi-
dential areas and in their study they concluded that a regression anal-

ysis of the industrial damage data was not warranted.

The commercial and industrial damages were studied in two main
groups; direct and indirect damages as defined in Section 3.71. As with
other parts of this study, the.direct damages for the commsrcial and
industrial buildings were relatively sasy to substantiate, while thg

indirect damages were often uégua and open to dispute.

5.2 DATA SOURCES

(a) Trade Organisations
Contacts wers made with the various trade Drganiéations in Brisbane
to obtain any details of flood damages which may have been collected
following the 1974 flood. The followiné tradé organisations wers ‘

able to provide helpful information:

. Metal Trades Industries Association
. Ehamber of Manufacturers
. Printing and Allied Trades Employers Assoclation

(b) Government Departments
The Department of Commercial and Industrial Development and the
Ipswich District Development Board provided copies of their records

of commercial and industrial buildings affected in the 1874 flood.
31
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(c)

SMEC Questionnaire _
A guestionnaire and covering letter (see Appendix A) was preﬁaned_and

posted to 1 450 commercial and ihdustrialrfirms with buildings either

on or near the flood plain. The names and addresses for the posting

of questionnaires were obtained either from categories (a) and (b)
y tariff records of the Brisbane City Council.
h 825 returns,

above or the electricit
od response was received from the guestionnaires wit
These returns were

A go
that is, 57% of the questionnaires posted.

classified as Tollows:

580 useful
44 partly useful
204 not useful

825 taotal

r——

naires pdsted by SMEC, the Chamber aof

s guestionnairs directly to

In addition to the guestion

Manufacturers assisted by posting SMEC!

their members.

Alex Overett Pty Ltd

Because it was not possible to collect all the desired information

from the data sources (a), (b} and (¢), it was decided to abtain some

returns in greater detail using a qualified valuing firm. Discussions

were held with a number of valuing firms to determine their suit-—

ability for the type .of work envisaged. The firm most suitable and

available to fit inte the program of work was Alex Overett Pty Ltd

and it was engaged to look closely at 50 of the larger damagé claims.

A Further questionnaire and covering letter (see Appendix A) was
préparad by SMEC for'the guidance of the valuers and to ensure that

the required information was systematically collectsd.

. Insurance Claims
The State Insurance Commissioner was able to provide a summary of

trg ipcurance claims arising as a result of the January and Februaty

1974 weather conditions in Queensland. These figures were compiled
by the Commissioner from guestionnaires returned from all insurance

companies operating in Queensland. The complete figures as supplied

They are broken into two main areasj the
The

are shoun in Table Z.

Brishane metropelitan area and the remainder of Queensland.

figures are mainly of interest as a guide to damage in the commercial

TABLE 2 — GENERAL AND MARINE ILNSURANCE CLAIMS

based on claims made on insurance companies operating in Queenslénd.
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NOTE

the claims arqse as a result of weather conditions during January and February 1974
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and industrial category as most buildings in this category carry

flood insurance.. Although sgparate Figureg_mere not available for

comnercial, industrial, and residential losses it is known, from the.

flood damage survey at Jindalee and other surveys, that few residen—

tial homes were insured against floods. In their study of Jindalee,

Swanell & Issacs (1974) found that 8.6% of a sample of 280 homes had

flood cover included in the insurance policies for their homes, and

the bulk of thess were australian Government Defence Service Homes.

All the data pbtained through sources (a) to (d) inclusive have been

summarised, according to depth of floudlng, in Appendix B. 'Because these

data were provided on a confidential basis names and addressas of-individ—

ual commercial and industrial buildings have been omitted.

i

5. 5 ASSESSMENT OF ACCURACY OF DATA
It was realised that the estimates of flood damage gi¢en in some

guestionnaires were probably exaggerated. The valuers wers therefore

engaged to examine 1In detail the flood damages for mainly larger commercial

and iﬁdustrial buildings. A comparison of the two lots of estimates was

carried out and this showed that:

the dlfferences between Overett's estimataes and that of the

other sources exceeded 50% on ssven occasions for the dlrect

damage and five occasions for the direct plus indirect damage

arence for the direct damage was —=19%

That is,

the mean percentage diff
and for the direct plus indirect damage was ~18%.,

the results from the guestionnaires appeared to be on the

average too high, perhaps by as much as 20%

Tt should be nated, however, that the figures of -19% and -18% were

nfluenced by cne apparently very exaggerated claim which was
Omitting

largely 1

zbout 400% higher than that of Overett's estimate of damage.

this value from the calculations, the percentages reduced to ~10% and

-8% respectively.
against the guestionnaire results (sources (a), (b) and {c)) for both

direct, and direct plus indirect damage.

referred to above and- the results shown on the two graphs reveal a slight

bias towards OVer- —estimation in the guestionnaires, it was decided to
reduce the mean damage per unit area by a factor of, -15% when applying

’theseAto estimate total flood damage in the computer program.
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Figure 9 shows two graphs with Dverett's results plotted

e o iy PPN UL POIILY: T F it S TR LT T R W SO PEIn

As the mean percentage difference

5.4 ANALYSIS OF THE DATA ~ METHQD 1

I

varlous.groupings of the data for commercial and industrial damége
were -considered but apgrt,?rnm\tha most obvious of grouping according to

depth of flooding none proved to be helpful.

After subdividing the data for‘cummercial buildings into 10 groups
according ta the depth of'Flooding over the main floor level, a mean de;th
was calculated for each of the 10 groups. This mean depth was pletted
agéinst the 'overall mean flood damage per unit area' defined as the total
damage within the group divided by the total floor area flooded in the
group. These damages per unit area were calculatsd for both the direct
and indirect damage and are shoun plotted on Figure 10(a). For the direct
damage the figure displays the generally sxpected type of relationship in
as much as a roughly linear increase in the meandamage per umit area
occurs up ta about 3 m, after which further flooding does not increase the
damage. The indirect damage suggests that thers is only a very weak corre-

lation with stage but this was not unexpected.

The same analysis as. that described above was carried out for all the
industrial buildings and this yielded similar results as shown in
Figure 10(b).

In an attempt to smooth out some of the irregularities in the curves
for direct damage in Figure 10(a) and (b), it was decided to -combine all
the industrialrand commercial damage data together and plot the mean dépths
for sach group against the overall mean damage per unit area for sach
group. These results ars shown in Figurs 10(c). In this case, the platted
points for the direct damage are a good representation of the expected
stage damage relationship and it was therefore édopted in METHGD 1 feor
#he estimation of the commercial and industrial damageé. To allow for

th ~estimati i
g over—estimation of damage in the questionnaires {referred to in

5 .
ection 5.3) the computer program reduced all the damage'per Jnit area
values by 15%.

The relationship between stags and indirect damage shown in Fig-
ur i i
e 10(c) is obviously not strong and hence an alternative approach which

1s describad in Section 5.7 was used to estimate these damages
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5.5 ANALYSIS OF THE DATA - METHOD 2

Because of the importance of the commercial and industrial component

in the total déhége, a further analysis of thé combined data was made

using a-different method of analysis.

In METHOD 1, the damages were referred to as Duerali mean damage per

"unit area because they were computed by dividing ths total démage in a

This approach tends to give the
Alter-

grodp by the corresponding total area.
greatest weight to the greatest values (either damages or areas).
matively, the mean of the individual damage perunit areacould possibly be

utilisedwith equal justification. These values werecaldulated.fnrthe com-—
bined commercial and industrial damage and thereéults are listed in Table 3 -

belouw together with their corresponding standard deviations. The meandepth

TABLE 3 — STATISTICS FOR THE COMMERCIAL
AND INDUSTRIAL DAMAGES PER UNIT AREA

RANGE OF NUMBER DAMAGE PER UNIT AREA - $/m2
FLOOD DEPTH I Arithmetic Arithmsetic Mean of s.d. Of
m SAMPLE ' mean g.d.¥ logarithms | logarithms
0-0.30 21 14.2 25.0 0.705 0.675
0.31-0.90 78 26.2 80.9 0.862 0.662
0.91-1.36 B4 33.9 51,7 1.24 0.605
1.,37-1.82 62 39.7 46.8 1.29 0.593
1.83-2.28 63 70,8 106.3 1.54 0.549
2.29-2.73 44 66.3 62.6 1.60 0.519
2.74=3.65 52 74.5 124.5 1.59 0.533
3. 66-4. 56 66 B5.8 103.7 1.65 0.511
4.57-5.49 35 92,6 95,0 1.70 0,555
> 5.49 57 60.4 69.9 1.53 0.495 =

s.d,* denotes standard deviation

damage per upit area as shewn in Figure 11(a) to producea graphsimilar to
Figure 10(c). A comparison of the tuo figures reveals that the adoption
of Figure 11(a) instead of Figure 10(c) would result in substantially

higher estimates of flood damage.
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r szch range given in Table 3 was plotted against its corresponding mean

Tabls 3 also lists the means.  and standard deviations of the loéarith
m

of the damage per unit area. The logarithmic mean shous a gradual and

smooth increasé with increasing flood depth before coming to a reasonabl
;. : ] ably

steady value, while the standard deviations indicate a slight decrease i
e in

uariabilitylwith increasing depth.

Examination of the arithmetic'standard deviations of the mean damage
per unit area,in‘Table 5 shows that these data are positueiy skewad. This-
observation suggests that the logarithms of the damage per unit area may
be approximately normally distributed. fhe nature of the damage data alsag
suggests that it could be log-normally distributed becauss a feuw it;ms have

very high damage. A good example was a glass~-fibre manufactursr which

suffered estimated damage per unit area equal to § 67D/h2 while, at th
’ E

other extreme, the lowest valuss must always be slightly greater than

zero. The positive skew in the data was normalised by taking the loga
rithms of the damage and the 'good fit' of the data to a log-normal dis—
L) - ) ls_
tribution demonstrated by ranking the damage per unit area for thre |
e

groups in descending order and determining a plotting position using th
formula: i a

r bablllty = m Cs s s e 2 :
PD | AL LI LI BB I R R R R R R A Sy ( )'

N =

rank number, and

number of samples -

Th " :
ese data, for three ranges of flood depth, were plotted on logarithmic

normal paper as shown in Figure 11(b). The fact that the data plots

generally as a straight 1line strengthened the view that they could be

a . . .
pproximated by a log-normal distribution. 0On this basis it was poésible

to p?eserue the logarithmic nmormal distribution of the data by using a
ﬁonte Carlo technigue to generate damags per unit area for sach buildin
in the data bank for commercial and industrial buildings. The basic i
equation for the generation Df.thB damage was:

$Dg = antilog (130rn £ € ($5D) ) civiriiiiiniiinennas (3)
where #Dg =  the generated value of the damage per unitarea in $/m2.
@Dm = :2§tmzigafalue of the logarithms of the damage per
$SD = ';25 izizd:;ga?euiatiaﬁ\qf the lurarithms of the damage

' = a random normal variate,
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Implicit in using the generation equation is the asgumption that

the damage per unit area is statistically indepandeﬁi of the size of

the building. In other words, a yery high (or low} rate per unit area is

equally likely to apply to either a large industrial (or comme;cial)

puilding or to a small building. To investigate that this was actually
the position, two different ranges of depth of floeoding were selected

from the data in Appendix B and, for each building, the floor area was

plotted against its. corraesponding damage per unit arsa. As anticipated;'

the resulting graphs showed that no correlation existed between the two

variables.

8 comparison of the results for METHOD 1 (Section 5.4} and METHOD 2

are given in Section 5.6. Attenticn ie drawn to the fact that METHOD 2

generated values of D‘;1 which bear no direct relation‘to the actual damage

which may occur at a particular commercial or industrial building. The

, method reliss on the premise that by generating a g;eat number o
values insuch away that the observed statistical dis-

f individ-

ual damage perunit area
tribution of these damages atre preserved, an unbiased estimate of the

total damage will result.

5.6 COMPARISON OF RESULTS FROM METHODS 1 AND 2.

The total jindustrial damages were computed for floods with heights

at the Brisbane City Gauge of 2 m, 4 m, 6 m and 8 m using METHOD 2 and

compared with the corresponding results from METHOD 1. As could be

expected METHOD 2 gave consistently higher results with the mean for the

four fTloode being 21% greater. The method would also give higher results

for the commercial buildings. Although no reasan could be found for

rejecting the results from METHOD 2 it was decided to adopt the lower

results by the more conventional appreach used in METHOD 1. This was a

conservative assumption from the viewpoint of the penefit-cost studies

for the proposed dam at Wivenhoe as adoption of the results of METHOD 2

for estimation of commercial and industrial damage would increase the

5.7 INDIRECT DAMAGE

-The indirect damage as defined in Section 3.1 were covered in all the

guestionnaires and in the work by the valulng firm Alex Overett Pty Ltd.

—

Nevertheless, it remained a difficult part of the analysis because the
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gquestion of whather certain claimed damages were admissible frequently
arose. As defined in Section 3.2, ths analysis of indirect damage in this
study is from the 'establishment' point of view and not from a 'national!
point of view . s

“

The results from all assessments of flood damage to commercial and
industrial.?uildings were studied separately. .It was found that for 206
commercial buildings which gave regults of both direct and indirect lbssés
the indire?t %DSSES averaged 35% of the direct losses for ceommercial build:
ings while, for a sample of 236 indqstrial buiidings, the corresponding
figure was 65%. A separape analysis using only the returns from the ualﬁ—
ing firm Alex Overett Pty Ltd, was made and this gave 45%.f0r the commer-
ciél losses and 51% for the industrial losses. These sample sizes wsre
small being 11 and 24 respectively. In the study by Kates (1965) the
corresponding values for the U.5.A. ranged from 23% to 48% for comharcial

areas and 25% and 123% for industrial areas. Kates suggested the adoption

of values of. 37% for commercial and 45% for industrial establishments

In flood mitigation studies for the metropolitan tributaries carried
out iﬁ rpcent years for the Queensland Co-ordinator General's Department
the figures adopied for indirect damage were those suggested hy Kates; ,
that is, 37% for commercial areas and 45% for industrial. Although t;e
industriallfigure (45%) is substantially lower than that indicated by the
data ?uailabla for this study (65%) it was decided for consistency thaf
the figures adopted in earlier allied studies for the Co-ordinator General's

Department should also be adepted in this study

5.8 TRANSFERABILITY OF RESULTS

. A great deal of effort was put into the collection of data for:commer-
c?al and industrial buildings and these data have been summarised in Aﬁpen—
dix ? of this report. ThaseAdata should prove useful for flood miﬁigaticn
stedles in other cities where a wide range of commercial and industrial
building are affected. In areas of more limited flooding the data could
probably be used selectively to give a general guide to the likely losses
per unit area due to flooding at various depths. Attention is drawn,
however, to the conclusion of Section 5.3 that the information collected

from questionmair i i
a es is probably 1nflated by an average ef about 15%.

The results and methods of analyses of the data should also be of

assi
istance to other flood damage studies either directly or as a basis of

comparison.
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6. . FLOOD DAMAGE TO RESIDENCES

6.1 INTRODUCTIDN )

Except for the estimation of indirect damage, the task of asse;sihg
damage to‘reéidences was relatively straight forward. This was largely
attributable to the smaller variability of the data in cnmpérisnn with the
flood damage data for the commercial, industrial, and miscellansous build-
ings (Qee Sections 5 and 7). Other studies have shown that a functional -
ralétionshiPIQan be derived by regression analysis hetﬁaen flood damage
to a residence and a number of possible independent variables such as
depth of fiooding, floor area, type of building material,‘ualue of build-
ing, etc. This type of approéch was used by Homan & Waybur (1960} of the
stanford Research Institute in their study of flood damég; data collected

in the U.5.A.

In this study it was Fbuhd convenient to divide the direct damage to
residences into structural and contents damage-as defined below. Separate -

consideration was also given to:

~

. clesan—up costs for residences .
. flooding above property level but below floor lsvel

. indirect damage

6.2 SAMPLE SIZE FOR ANALYSIS . _

At the commencement of the project it was thought that.of the order
of 10 DDb to 15 000 residences were affected by the January 1974 flood in
the Cities of Brisbane and Ipswich. Obviously it was impossible to analyse
all these buildings for damage. Instead a selscted :Bpresentatiue qample

of 500 rasidences was chosen for initial invastigation.

6.3 STRUCTURAL DAMAGE

For the purposes of this study, structural damage to residences was
taken as the cﬁst of repairing the building to its Foimar state, It ~
included the cost of repainting where this was necessary. Fortunately for
this study the Queensland Government established the Flood Damaged Homes
Committee after the January 1974 flood, to investigate and allocate funds
for the restoration of flood damaged residences. As part of the process
of allocating funds, building inspectors were engaged to assess the cost ‘ -

of repairing structural damage to residences. Arrangements were made to
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" (1975) published its f

" on structural damage to f1

extract selected details ef these data on the condltlen that they be

treated confidentially. (Recently, the Flood Damaged Homes Eommlttee

inal report whlch contains a great amount of detail

ood affected homes in Queensland in 1974)

At the time of collecting these data, the Committee had investigated

of the order of 6 000 claims. - A selection of these files were studied and

the following details were extracted for a sample of 1 500 residences:

" applicants name

. address ef-preperty
foendatien height
depth of flooding
‘type of house (bulldlng materlal)
estimated cost of structural damagse
indicators of data of a differeet character, e.9., double—
etorled homes were 'flagged’

This sample was eelected to ensurs that all the peeteode digtricts affec-

ted by the flood were adequately represented and that all bu11d1ng types

and flood depths were properly sampled.
y regression analyses as described in

These data wers transferred to

punch cards for processing b

Section 6.5.

6.4 CONTENTS DAMAGE |
in this study, damage to the contents of residences was taken to be

the cost of aither restoring or replacing with a similar standard of

article all flood damaged furnishings, clething and other contents of

residences. In the cass of residences flooded above the main floor area,

the damage to the garden, fences and ethar similar exterior parts of the
residence were included in the contents damage. Where a property was
flooded, but the water level did not exceed the main floor leuel, the cost

o the damage was added as a separate item, as described in Section 6.6.

As the mark involuved in assessing contents damage was not within the

range of activities normally undertaken by SMEC a Brisbdne based property

valuer was engaged to carry out this task. Discussions wers held with a
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{
|
i

number of valuers and it was apparent‘that the firm of Alex Overstt Pt

Ltd could most adsquately carry out the work envisaged in the time '
required. OSMEC engaged this firm to undertake initially an assessment of

contents damage to the sampla of 500 PBSldanBS referred to in Section 6.2.
A questionnaire (see Appendix A) was prepared to ensure that the valuers

obtained the information required for the study. The questionnaire used

was based on a gquestionnaire developed by Munro & Johnson (1973) for their

flood mitigation studies of Kadron Brook, alae in Brlebane

The arrangement with the valuing firm proved to be most successful
The Firm‘pested to each resident in the selected sample a letter’frem'SéED
(see Appendix A) explaining the purpose of the study. After a few days s
personal contact was made with the owner of the residsnce and, where

possible, the assignment was completed. The valuasrs preuided'the results

progressively in order that preliminary analyses could be put in hand
immediately. - In this way it was Foand possible to cut tee sample back

from 500 te 400 (see Section 6.5). In the majority of the cases the

owners contactaed wers most co-operatiue and interested in ths study. The
only real difficulty encountered by the valuing firm was the comparativel
high number of residences at which no eecupante could be interuieued duri:g

th . in
8 working week. Some of these were interviewed at weekends but, where
* :

thi : sk
is was not possible additional names and addresses wers provided from

the original sample of 1 500 i '
until 400 assessmants had bsae
ns
i uccessfully

6.5 REGRESSION ANALYSIS 0F THE DAMAGE DATA

As mentionad above, the information on the assessment of contents
daeaga was made available by thes valuers in batches of SD; The question-
nalees were examined carefully and the following additional data for each
residence were transferred to the punehed cards which contained the cor-

responding structural damage details:

. the estimated contents damage
. the estimated market value of the rasidence
. the estimated floor area of the building

R regression analysis of the accumulated‘data was carried out as each

additi ; i
itional bateh of data arrived from the valuers. By the time the total

sampl i
Ple had reached 400 it was apparent that additional assessments would
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‘corre

not add significantly to the accuracy of th
This is apparent from Tables 4 and 5 which show th

e derived regression eguations.
g standard errors and

1ation cueff1c1ents for the initial regréession analyses which devel-

oped both arithmetic and logarithmic equations for gstimating contents and

structural damage using the following independent variables:

flood depth above the main floor level

floor.area of the building

estimated market value of the building

For the final regression studies the estimated value of the building was
adily available for all the residences on
would have to be applied when using

Section 4.3. However, as

omitted, because it was not re
the flood plain for which the eguation

the flood damage computer program described in
he floor area

the estimated market value was closely correlated with t
a. 74) the standard error of the final equations did not change

(r =
The final

appreciably from those indicated in the. initial analy515.
arithmetic and logarithm

sample excluded all double—storied
The final arithmetic and lugarlthmlc

ic equatlcns wera based on a sample of 375. This

houses which were included in the orig-
inal sample of 400 agsessments.

equations were:

$oR, = 150 + 466 (FH) + 10.0 (FA)
%Déc - 204 + 328.(FH) + 15,5 (FAY eveenesvassssnvsaseanoccns (5)
$DRs = 203FH0-581Fp0.413 e ieiiieeneeeeeeaea. (B)
$DR. = 56,4rH0+517Fp0-645 ..........................;...... (7)
whera:
$DRg = the estiméted January 1974 damage to the structures of the
residence,
$DR, = the estimated January 1974 damage to the contents of the
resldence,
FH — fleod height above the main floor level in metres, and
FA — floor area of the main floor level in square metres.

The standard errors and correlation coefficients for these equations are

given ianable & on page 46.
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TABLE 5 - SUMMARY OF RESULTS OF LUGARITHNIC

REGRESSION ANALYSIS

SAMPLE PERCENTAGE STANDARD MULTIPLE CORRELATION

ERROR OF COEFFICIENTS
SIZE ,

Structural Contents Structural Contents
N Damage Damage Damage Damage .
50 55.4,-35.6 118.9,-54.3 0.548 0.427
100 52.G,-34.6 97.5,-40.4 0.658 0.370
150 54.2,-35.2 92,7,-48.1 0.667 0.422
200 63.9,-39.0 9%,1,~48.2 0.654 0.476
250 64.1,~39,0 90.3,-47.5 0.636 0.481
300 61.9,-38.2 86.2,-46.3 0.650 0.487
350 67.8,-40.4 99,7,-49.9 0.639 0.546
400 71.5,-41.7 102.6,-50.6 0.619 0.548
375% ' 63.9,-39.0 96.9,-49.2 0.652 0.517

#* Fxcluding

TABLE 6 — STATIST

double-storied residences

1CS OF FINAL REGRESSION EQUATIONS FOR RESIDENCES

TYPE OF EQUATION - STANDARD ERROR | CORRELATION COEFFICIENT
Structural Contents structural Contents
Arithmetic $ 1 241 $ 1 217 0.578 0.515
Logarithmic 64.5%,-39.2% 96.9%,~49. 2% 0.648 0.5197

A decisio

for. the flood da
ﬁanaiysis described above Tevea
accuracy of th
and correlation coefficients.

: located in the 1
the following arith

$DH
uHerg $DH
ﬁmus
MV
FH

46

n was necessary on the type of regressio

mage computer program described in Sect
g two equations based on their respective sta

iterature was that by Homan & Waybur

metic rearession equation:

The only similar study of th
(1960) who developed

n equation to adopt
ion 4.3. The

led very little difference betwéen the

| ndard errors

is nature

total damags to the residence,

il

market value of the structure,

— market value of the contents,

_  flood height above the main floor level (in inches), =

_ _761 + 0.0255 (§Myug) + 0.2325 (§my_ ) + 93.34 (FH) 2veses (8)

.

I =} Stanand arror aid CDIIElatlDI Eueillcialt 'DI tIiS EquatiOI was
- .
% 987 a“d D.;SS IBSPQCtlUEly. iha liﬁEaI fDIm Df thE Bquat.““ ras hee“
.

criticised- by Robinson (1970) as being inappropriate. To further exami
ne

this criticism the results from equations (4) to (7) were plotted in
Figure 12 f?r the extremss of flood areas covered by the sample. Fig-
ure 12 shouws that the (linear) arithmetic equation.giQes unraalistichl
high values- for the flood damage for zero flood height while the non- .Y
lipear eguation gives zero damage at zero flood height and a &ecreasing
rate of damage with increasing flecod depth, \Dn this basis, it appearsd -

to be more logical to adopt the logarithmic regression equations for use

in the flood damage program. The actual difference in overall flood dam

age estimates to residences by the two sets of equations was only 4%
This was determined by running the data bamk for the residences through

the flood damage computer progfam for an B m flood at the Brisbane City

G . i i i
auge The logarithmic regression equation yielded the lower result it

should be carsfully noted that beca

o, use the standard errors of equations
a

7 . - i |
(7) are all comparitively large the accuracy of estimates for indi

vidual residences would not be high

F i i 7 ‘
or comparison purposes, Figure 12 alsoc shows the assumed Stage
d - 3 - B
amage curves for individual residences used in the flood mitigation
u]

. t
IBPDItS by thB CO—DIleatDI GBIEIal s DBpartmE]t (Igil) a“d Camero“,

. -
lcNamara & Partners (19!‘3). Both these curves are for total damages that
: ’

is the sum of contents plus structural damage. -

6.6 BELOW FLOOR LEVEL FLDDDING.

In inst i . -
. many instances in the January 1974 flood residences werse affected
loodi - T
y flooding but, because the water did not reach the main floor level, th
s e

amount
of damage was not great. To provide for residences falling into

thl? category, the information classified under sxternal damage in th
residential quesstionnairs (see Appsndix A) was extracted. No relatio:ship
iZjE?p::r:::r:etween the damage in this category and floodldepth and, there—
ge of all 400 returns was adopted for use in the flood-dama
computer program, The average value was § 135 and includes/damage to ”

ence d 1 h n 1 lIgS.
S, Qardens, pOSSESSlUﬁS StDrE u der t =] DUSE, lawns é d Dutbu ld

’ - a'?
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6.7 CLEAN-UP COSTS . : o . ‘:‘ it was arbitrarily ?Bcidgd.that the determination of tqtal clean-up costs
The cleaning-up of residences after a flood is a task which involves 1 should be based an a figure of $ SQ/waek of work.

much volunteer labour and many, usually unaccounted for, hours of wark in

thé weeks following the flood. In the case of the Brisbane River floed, 6.8 INDIRECT DAMAGES .
the streets of the affected areas were often crammed ulth the cars DF uol— 3 So far the IESldentlal damsge considersd all fall into the categoiy
unteers who turned out te help in cleaning-up operations. These unlunteers of direct damage ?S defined in Sectloh 3.1. Allowance for lnqlrect tanage
- werae, inmany cases, on leave from their normal employment whilse ?thérs | | -- (also defined in Section 3.1) is much more difficult. Vo ascesment ¢
;! would have been unemployed members of the commupity such as houséwives,- =: ~ this type of damags was included in the work undertaken by the valusrs an,
. students and school children. Although there is considerable difficulty ? as no simple means existed for obtaining a reasonable estimate for indirsct
:AE in including this item as a flood-damags cost, other: studies have chosen '. damage to residences, it was de?ided to adopt the results obtained from
; to do so, for example Breadon (1973) states: | B — overseas studies. The work by Kates (1965) summarises figures compiled

<

'The property owners and their families, neighbourd and friends 1nuest by the U.S. Corps of Engineers for four districts in the U.S5.8. The

; 1 hard hours in drylng damp belengings anhd in removing the sedi- adopted result was that the indirect damage was 15% of the direct. A
? Dngy

[ ‘ =

b jor d ge item and can be estimated by Research Instituts. On the basis of these two studies, the indirect
N by thaese efforts may be a major dama ] | '

. . . residential damage was taken as 15% of the direct damage.
B man—-hours of work at an appropriate wage'’. :

[o . o
I ; ’ : . AR 6.9 TRANSFERABILITY 0OF RESULTS
M!i' In this study the valuers were requaested to obtain from each p981dent 3 _

gl

o . - ied out, an estimate o] A CDnSldgrable amount of work was required to collect the data for:
for which an assessment of contents damage was carrie s @ ,

r . m in th
T 3] lD d OT BStll'at I I

b F d of clean-up time versus flood existing and proposed. UWhensver transferring the data toc other locations
shous a graph of the mean number of man-days

bilit due consideration should be given to possible differences in the design
depth. Although the resulting graph is a smooth curve, the variability

i thin each range of depth wes very considsrable. The curve on Figure 13 and construction of residences. The sample.used in these studies was
wi

selected to account for all types of residences found in the suburbs of

was described by the following equation in thejflood Qamage computer pro- crisnane. Thoss ranaut tron the it e T o the wbuite of
e - ‘ on 2.5 m posts in the older Brisbane suburbs, to the modermn low—sst brick
C = 16.5 1n (F/0.023) teeevnnssressanasasccosnssvansnecaasass (9) sensas homos more typicel of sesidences in Austeaiia's smetion cibise
: where:
C = clean-up time in man-days for a house,
# - flood depth over floor level iq metres,

The inclusion of this item as a damage requires a decision as to what
'appropriate wage' should be adopted for converting the man-days of work

to a cost in dollars. The 1973 Official Year Book of Australia gives for

Queensland average weekly earnings at nearly $ 100. Howeaver, as many of

those employed .in the clean-up operation would not norma;ly be employed,r
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7. FLOOD DAMAGE TO MISCELLANEOUS BUILDINGS

‘7,1 INTRODUCTION _

In Sections 5 and 6 flood damage to commercial, industrial and resi-
dential buildihgs was considered. These buildings could be grouped rela-
tively easily but there still remained other buildings which either could
not be identified readily or could not be categorised in the above groups.
These buildings were placed intc a miscellanous group and included build-
ings such‘as churches, schools, sports pavilions, sports Stédiums, railway

stations, hospitals, etc.

7.2 ADOPTED DAMAGE PER UNIT AREA

Very littls data were available on flood damage to buildings inecluded
in the misce}laneous category. This was not surprising as, of the esti-
mated total of 13 000 buildings affected by the 1974 flood, only about
430 of these were placed in the miscellansous category; The Queensland
Department of Public Works prnui?ed costs for the restoration of struc-—
tural damage to a number of public buildings. These buildings were
mainly schools and were flooded to an averags dspth of 2.7 m. The mean
damages ware nearly § 4D/m2. Comparing this figure with the means (for
contents plus étructural damage) given in Table 3 would suggest that
there was no roason to suspect that the mean damage to the miscellaneous
buildings would differ greatly from that of the commercial and industrial
buildings. Evidence was also available to show that the total damage per
unit area to some public buildings could be great. The best sxample of
this was where the loss of library books in ona building resulted in

total damage of the order of § 700/mZ,

On the basis of this limited information, it was decided to adopt
the same values for direct damage per unit area as those adopted in
Sectioﬁ 5 for commercial and industrial buildings, Because of the naturé
of these miscellansous buildings no indirect damages were included in

the estimates.
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8., FLOOD DAMAGE TO PUBLIC UTILITIES

g.17 INTRODUCTION

In the 1974 flood the damage to public utilities such as sewers,
roads, water mains, telephone and electricity services were all dacu—
mented by the govermment authorities responsible for providing the
saruige in the Cities of Brisbanme and Ipswich, In most ihsténces, all
flood damage had been pooled irrsspective of the source DF'Flooaihg.
Hence some Jjudgment was required to separate damaga due to tributary
flooding and the Bremer River, and that duarto flooding from the Brisbane

River.,

There were some outstahding examples of damage to public utilities
such as the slip-cirele failure which occurred in Cdrdnation Drive,
Auchenflower and the ramming of Canténary Bridge, Jindalee by a gravsl
barge. Although these particular damages are.unlikely to happen again
in a future flood £he repair costs were lumped in with other flood damage
to utilities on the basis that other types of freak failures would occur

in future floods.

8.2 ANALYSIS OF DAMAGE 7O UTILITIES

It appearsd logical to relate many of the damages to public utili-
ties to the area flooded. A relationship was derived betwsen river stage
and tﬁe area flooded in the Cities of Brisbane and Ipswich. This rela=-
tionship is shown in Figure 14. The curve was derived by measuring the
area flooded for the 2 my 6 m and 10 m floods, less the area which is
normally inundated by water below high-~tide lsvel, This curve was used
as the basis for estimating.flood damage to the types of utilities listed

in Table 7. This table alsoc shows the estimated damage to thase public

utilities in the January 1974 flood for the Cities of Brisbane and Ipsuwich.

In each case the flood damags in 1974 was obtéined from the raslevant
authority and the damage for other gauge heights at the Brisbane City
Gauge was estimated by simply assuming that the flood damage was directly

Proportional to the flooded area, that is:
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%DU .= %DU74(A)/A?4) Enco---l.---o.u--o..oc-'ooo- (10)

| X
whers ﬂiDUx = damage to utilities for a flood with a gauge hsight of
x metres at the Brisbans City Gauge,
ﬂﬁDU74 = damage to utilities for the 1974 flood,
Ax = area flooded for a flood of x matres,“and.
A74 - area flooded in the January 1974 flood.

L ) TABLE 7 — SUMMARY OF PRINCIPLE DAMAGE TO PUBLIC
I - UTTLITIES IN THE 1574 FLOOD '

by ITEM MILLION §

1. Immediate repairs including clean-up work, 2.39
temporary road diversions, spraying, burying
dead animals, etc.

5, \later supply, sewerage and stormuater facilities 0.84
including repairs to water mains, sewers, pumping
stations, etc.

3, Public transport facilities including restoration 3,16
of highways, railways, roads, bridges, ferry
~ terminals, wharves, etc.
4; Elpctricity facilitieg including repaifs to power 2.53

generation and transmission installations, sub-—
stations, meters and switchboards

5, River transport including principally dredging 0.50
of the lower river '

6. Telephane communications including damage to 2.36
telephones, switchboards, cables, conduits, etc.

7. Public amenitiss including parks, gardens, sport 0.28
grounds, etc.

TOTAL 12.46

The simple assumption of equatinn'(10) was not considersd satis-

post Office, the Brisbane City Council's elsctrical installations and
costs incurred by the Department of Harbours and Marine for the dredging
of the riverbed after the flood. For the Australian Post Dffice and the

Flectricity Department of the Brisbane City Council, estimated damages

'1?  were provided by each authority for damage to- their installations for

factory for estimating flood damage to the installations of. the Australian ;

floods 2 m greater and 2 m less. than the 1974 flood., The amount of

dredging of the Brisbane River required after a flood depends on the
magritude of the flood, Following the 1974 flood about BOO 0G0 m® of

material deposited by the fluod in the lowsr reaches of the river were

removed by dredging. In contrast, in 1957 after a minorlflood in the

arlsbane River, about twice the guantity of sediment Kad to be removed
It appears that some scouring of the lower channel oceurs aﬁ high floods

and hence an inverse relationship between flood magnifude and dredging
costs was assumed to exist, '

Consideration was also given to the loss of reuenue'From.Eublic
vtilities due to floods and whether this should be includsd as an

indirect loss. Kates (1965) in his U.S5.A. studies suggested a figure

of 10% of the direct damage. However, as some of the public utilities

mentioned in this section do not operate on a profit basis, it was
-

decided not to includs an indirect loss.
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. 9. OTHER FLOOD DAMAGE

9,1 FLOOD DAMAGE TO AGRICULTURE . o §
Enguiries through the Queensland Department of Primary Industries Z

indicated that while flood damége occurred to agriculture in locations-

pelow the proposed damsite at wiugnhoe on the Brishame River it was not

significant when compared to the flood damage in the Citieé of Brisbane

and Ipswich. This was illustrated by the fact that although loss of crops

and pastures including soya beans, lucerne, irrigated pasturss and pumpkins

in the Brisbane River catchment area were estimatéd tb be about $ 1.6 mil—

lion, only é émall fraction of this damagé‘would have occurred downstream

of the damsite at Wivenhce. 0On the basis of this evidence, it was decided

that agricﬂltural damage cbuld be neglected without causing significant

errors in the total damage estimates.

9,2 FLOOD DAMAGE IN THE MORETON SHIRE

Unlike the Cities of Brisbane and Ipswich, the Shire of Moreton does
not contain large urban areas on the Brishane River. For this reason,
losses in urban areas in this shire were rélatiuely insignificant. Further,
from information that was available from tﬁe Shire QFrMDreton it was also
apparent that the flood losses were spread over a wide arsa and fhat the
task of separating losses due to theBrisbane River and that due to the tributary
flooding would have proved to be long and tedious. In view of these cir-
cumstances, it was decided that thase damages_would be omitted from the

stage-damage curves.

Careful note should be made of the fact that for the 1974 flood an
area of about 10 km® below Mt Crosby Weir and within the-ShirB of Moreton
was flooded. At that time this arsa contained very feuw hnuses'and hence
in comparisaon with urban areas in the Cities of Brisbane and Ipswich these
damages were negligible. The situation would be markedly different in the
future should the present urban expansion include these portions of the

Brisbane River flood plain.

8.3 FLOOD DAMAGE TO MOTOR VEHICLES AND BOATS ‘
As mentioned under data sources in Section 5.2, the State Insurance
Commissioner provided information on varigus types of flood claims made

Upon insurance companies operating in Queensland. Included in this
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informatipn, which was reproduced in Table 2, were the data on motor
vehicle ahd marine claims. These claims cover flood damage to cars,
trucks, boats, launches and the llke. In contrast with residences, most
cars and boats are insured in comprehensive policies which include flood
damégé. Therefore the figures supplled in this category by the Insurance

Commissioner are likely to be reasonably close to the actual 1974 flood

damage.

To apply the 1974 flood damage in this’ category to floods of greater

and smaller magnitude it was assumed that Figure 14 showing the relation-

ship between the flooded area and river stage could be utilised in a |
similar manner to 1ts application in Sectlon 8 for the estimation of

Utllltles damage. fin arbitrary allowance was made for damage attributable

to the Bremer River flood and to the metropolitan tributaries by reducing

the derived figures by 30%.

9l4 FLOOD DAMAGE TO THE IPSWICH COAL MINES

Unlike most of the flood damage described in this report, damage to
coal minas pesults in a stspped stage-damage curve for‘this component.
This is because as soon as the flood rises above a mipe entrance a‘sudden
increase in the damage ocCcCurs. There being comparitively few mines these

steps are not tsmoothed out?!. in the same way as damage to other items.

In the 1974 flood the guestion of losses to the Ipsuwich coal miﬁes
due to the flood are guite complex. Five mines werse affected but only
one mine was considered to be economical to reinstate and this at a cost
of $ 1.5 million. The othér affected mines have been abandoned since the
flood. At one of the flooded mines the washing plant has been resited at

another mine site aboug-the 1974 flood level.

The most substantial loss due to the flood was brought about by the .

need to import coal from other areas. This additional cost was estimated

to be § 5 million and includes extra freight costs, handling charges and -’

the higher price of coal. at the pithead. -

For floods higher than the 1974 flood no increase in mine damage

would occur (for present conditions) because no additional mines are within

the flood profile of the 10 m flood (at the Brisbane City Gauge). Floods

58

do not héue to b%‘uery much lower than the 1974 flood for the mines to Ee
unaffected. 0On this basis it was assumed that for floods less than 4 m
no damage occurs while for a flood equal to the 1974 flood at 5.5 m the
damage would bse ﬂ 6.5 millien ($&1.5 + $ 5) and for floods greater than

this no increase in damage OCCUrS,

The gusstion Df future flood damage to the Ipswich coal mines is
complicated by many factors. One mine has been fitted with flood gates
since the 1974 flood and should these be efficient then they will minimise
future flood damage to this mine. On the other hand the opening of
additional entrances to existing mines or the development of new mines or
other wqus could inerease damage. As with other cnmpnﬁenta,nf the daﬁage

estimates it is assumed that the 1974 condition persists.

Further details of the damage to the Ipswich coal mines in 1974 are

given in a letter from the Queensland Coal Board which is included in

Appendix B.

‘&9
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10. INTANGIBLE FLOOD DAMAGE

10,1 INTRODUCTION |
In addition to the direct and indirect tangible damage caused by a
flood there are numerous forms of intangibls damagp. In the case of the
Brisbane River flood intangible damage occurred in industrial, commercial
and residential areas. Some information on these damages was available
from reports provided by the Queensland Disaster WBlFare Committee, SMEC

qusstlunnalres and from assessments made hy the ualu1ng firm engaged by

SMEC.

In flood mitigation studies it has been usual practice to draw
attention to the naturs and axtent of intangible damage without in any
way attempting to quantify these lossss monetarily. This practice was
followed in this rspnrt in accordance with SMEC's proposal for the work,
However, attention is drawn to the fact . that other relatsed’studies, such
as environmental impact statements for water resaurces praojects, do attempt
to guantify intangible aspects of the effects of engiheering works. In
a similar manner, it may be passible to make more decisive statements
about the intangible effects af future floading in the Brisbane River

Yalley.

10.2 COMMERCIAL AND INDUSTRIAL AREAS

A wide variety of reactions, criticisms and suggestions were received
from the commercial and industrial areas affected by the 1974 floed.
Many of these wers related to the carrying out of flood works such as the
construction of Wivenhoe Dam and the dredging of the tributaries to the
Brisbane River. Quite frequently the comments showed a lack of knowledge
of the flood problems; a situation which may be improved by the dissem—
ination of more literature of a semi-technical nature on flooding in the
Brisbane River and its tributaries. Some occupants of the flood plain
belisve they could have reduced their damages substantlally had they been
given better warning of the flood danger, or perhaps if they had been able

to interpret the warnings more precisely.
It was also apparent from a number of quastlonnalres that some

industrial and commercial buildings which were not flooded incurred losses

because they were either cut-off by flood waters, and therefore effectively
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:affected by their temporary closure oT reductlon in

put out of operatinn; or were without electric power. . Another important 10.3 RESIDENTIAL AREAS

point was that 70% of the commercial and industrial

affected by the flood lndlcated that other business activities were

i

putput. : iil 1974) described the effect using words like shock,. confusion, bewilderment
’ H

respondents directly In answers to the guestion 'what affect did the flood have an your

family', respondents to the Indooroopilly Flood Sufvey (sse Davey at. al
- ' ¥

depression, disbelief, panie, fear, anxiety, etc. As not many of ‘the

Opinion was divided on wheather the 1974 foood would affect future 4 thausands of residents affected by the January 1974 flood bsli d t
| , ] elieve hat
expansion of industrial and commercial buildings in the flood affected im they could be inundated, the reaction to the sudden devastati
o ] . _ atlion was not
looding, ] surprising.

arcas. About 50% of the returns lndlcated that, due tao the 1974 f

further expansion of axisting premises was unlikely to taks place.
Besides the immediate emotienal problems caused by the flood devas-

Another damage which is partly intangible and partly an indirect tation, physical injuries were inflicted on persons duri th
! . Cing e evacuation

damage is that due to the'time required to regain full production. Table 8 au and 12 people lost their lives in the Brisbane area In th
i . n g weeks and

shows information on the time required for various commercial and indus-— 1B months following the flood, studies of residents affscted sh d
_ : 1 C eted showed many

trial nrganisétions to regain full production. cases of shock and mental illness which were attributed to the fi
) . o e ood.

~

¢ TABLE 8 = TIME REQUIRED TO REGAIN FULL PRODUCTION ’ : Other intangible damage may become apparent in the
N _ B coming years.
A ‘ ] Typlcally, in the flood affected areas, land values become depressed-
TIME REQUIRED NUMBER DF RESPONDENTS T unless flood mitigation works are carried out. The expectation of furth
: E * o ur er
fl i i : s '
Ueeks Commercial fndustrial ooglng causes a feeling of insecurity among the residents and discour-
o4 126 150 q ages property improvements. The long-term effect may be to produce areas
- 1 with lower material livi i )
4 - 8 %5 48 _ : ng standards and a depresssd social atmosphere,
8 - 12 17 35 1 " s
:> i . | s 1 A detailed statistical study after the Bristol (England) floods of
. . - | 7 : | ; _ 1968 by Bennet (1970) provided some interesting facts on the effect of a
Discontinued 2 , , flood disaster on a residential community. Bennet states:
Total 207 268 3 : . . . -
. | ;Az l?;gztlgatlnn into the health of people in Bristol flooded in
. _ u
In some cases this may have resulted in retrenchment of employees, loss ! morzality ¥:iB:adeTE:r2932: DFSS GDntrgliEd survey and a study of
J . a per cent increase -in the number of

of contracts and loss of business confidence. deaths among those whose homes had b
' a
. rise in deaths from cancer. en flooded, with a conspicuous
1 ig:giiylatzepda?ces rose by 53 per cent, rsferrals to haospital and /
Disaster Welfare Committee surveyed 35 flood affected small businesses ; appZar:d §82;531iT5 Eoretthan doubled. In all respects the men
- { well able to cope wit ; - .
j than the women.! pe with the experience of the disaster {

After the 1974 flood, Quinnell (1974) in a report to the Queensland

typlcal of those which could be found in any suburban shopping centre.
Tna survey showed that, in addition to the financial problems caused by " There is no reason to belisve why thess Find
1 i ese 3 -
the flood, family emotional and health problems were found to be either ) to the urban areas along bhe Brist - indings would not apply egually
. risbane Ri i .
aggravated or created by the circumstances following the flood. Further, T ver which were flooded in 1974.

*the Communlty which utilised these small businesses suffered a loss

beyond the direct provision of goods and 353001ated services because G |
|

these businesses were an integral part of the netwurk of relationships in -Wﬁ
‘

the urban communlty. ) :

! _ ‘ A 53
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11. ESTIMATED STAGE-DAMAGE CURVES

11.1 INTRODUCTION .

To compile-.stage-damage curves for Brisbane River flooding, it was
necessary to consider the flood pfnfilss for five floods. These floods
wyere the 2 my 4 my, 6 m, 8 m, and 9 m floods at the Brisbane City Gauge.
The adépted flood pfoﬁiles (ses Section 2,6) wers defined by the Brisbane
City Council and entered into the flood-damage computerfprogram (éee
gection 4.3) to calculate damage to residences, including clean-up costs,
commercial buildings, industrial buildings and miscellaneous buildings.
Flood damage to public utiiities, motor vehicles and boats and the Ipswich

coal mines were calculated separately.

11.2 FLODD DAMAGE TO BUILDINGS
The details of the methods employed to calculate the floocd damage
for coﬁmercial and industrial, residential and misceilaneous buildings
have been describsd in Séction 5, 6 and 7 faspactiuely. )
Table 9 summarises the number of buildings classified as commercial,
industrial, residential and miscellanseous affected by floods of 2 m, 4 m,
6m 8Bm, 9mand 10 m at the Brisbane City Gauge while Table 10 summarises
the cost of the direct, indirect and total damages for each of these groups
of buildings. full details of the computer printouts of fhe damage for
these floods are available upon request from SMEC. These details include
a breakdown of the damage on a postcode basis and on a river kilometre

basis from the mouth of the Brisbane River.

TABLE 9 - NUMBER OF BUILDINGS AFFECTED BY VARIOUS HEIGHTS OF FLOODING

FLOOD | COMMERCIAL | INDUSTRIAL | NUMBER OF | MISCELLANEOUS| ...
HEIGHT | BUILDINGS | BUILDINGS RESIDENCES BUILDINGS
. _
2 165 . 64 k 208 32 469
4 708 861 4 941 206 6 716
g 1 230 1 925 11 614 515 15 284
B 1 664 2 615 18 467 786 23 526
9 1 883 2 879 © 21 403 -~ B89 27 054
10 (2 180) (3 300) (24 S00) (1 020) (31 000)

NOTE: Figures .in brackets ebtained by extrapolation
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that the Co-ordinator Gensral's study was prior to ths 1974 flood and . The situation is somewhat different for the stage-damage curve

- SMEC's after that event. Another factor which helped SMEC was ?hat a which includes both direct and indirect damage. For this curve the

.reasonable amount of money and time was allowed for the study.

accuracy is complicated by the snmamhat'arbitrary-adoptidn of the per-

cantages of 37%, 45% and 15% for the calculation of indirect damage for

‘11°6 ACCURACY OF FLOOD DAMAGE ESTIMATES commercial, industrial and residential buildings respectively. However,

To nominate an accuracy for the stage—damage curves is diffiecult. it is again believed that any error in estimation would be an under-

Care has been taken to minimise any bias in the results of sstimating the estimate of the true damage.

various cbmpnnents of the Floqd damage. On this basis it would appear

that the accuracy of the direct damaga estimate for any given flood height ‘In the consideration of the acburacy of the stage-damage curves it

civ s+ ' ' ‘ { : , ‘
~should be within = 10% of the correct answer. However, flood damage b S is again stressed that all the estimates of damage have been based on

studies tend to overlook certain direct damage through lack of knowledge tHe assumptiun that a similar situation will preuaii throughout the

of all possible sources of information. It was very apparent in this flooded community as that which existed in January 1974.. It is believed

study that additional flood damage items kept appearing, often very that only by persistent and prolonged effort by both the authorities and

unexpectedly, during the progress of the study. 0Overlooking flood damage )

the flood plain dccupants, throughout every future cyclone season, could

items of course leads to an under-estimation of flood damags as also does the potential damage for any cutura Flood ba redused éubstantially be Lo

the deliberate omission of relatively small items. The consideration of that indicated by the curve.

- ™
or inqlusion of the following items would have increased the damage esti-

the ground floor) lsvel - River is estimated to be $ 142 million for direct damage and $ 178 million

: . E | ,
mgtes. E 3 It is again pointed out that no allowance has bsen made for com-
. an allowance for basemsnt flooding especially in the Brisbane ? i_ mercial, industrial and residential growth on the fleod plain. The
City ' ' ' y growth rate is determined largely by future government policiss which
. an allowance for uninsured motor cars, boats, etc. E ] could means .
. . - ¢ s : ¢
. damage in the Shire of Moreton a gontlnuatlon of the existing growth rate
: . a reduction in the growth rate due to flood plain zoning
. buildings (sspecially commercial and industrial) which wers i . a negative growth rate due to the imposition of flood insurance
not flooded but suffered because of their dependsncy on ‘ on the flood plain oecupants, or
flooded buildings e . a reduction in the growth rate due to government decentralisa—
L f | tion policies. -
.  the extraction of data from aerial photos which were a few N
years old instead of up to date photos % 41.7 JANUARY 1974 FLOOD DAMAGE
. an allowance for flooding of the first floor (in addition t0 j As indicated on Figures 15(b) the 1974 flood damage for the Brisbane

E far t di t indi . ti
Further, the finally adopted method of damage estimation for commercial | ] or the total damags (direc +oan irect) These estimates are for

. . . : Brisb i i “that i d at the Bri ity G
and industrial buildings described in Section 5 gives lower results than risbane River flooding only, that is, & flood & he Brisbane City Gauge

S5.45 m hi ith 1 b t 11 tributari imcludi the Bre
an alternative less conventional approach which was also described in 45 m high with level backwaters up a ributaries including & Bremer

. River. The actual | 1974 flood d in the Citi isbane an
the same section. for all these reasons, it appears most unlikely that iver. The actual total 1974 flood damags in the Cities of Brisban °

0 / a N ki i I t i t
the estimates of direct flood damage should be lower than that indicated b | ] Ipswich would have been much greater than these two figures becauss of the

. . du t L3 -b t 3 - 3 - s
by the stage-damage curves. The error is, thersfors, believed to be one severe flooding on metropolitan tributaries in both Brisbane and Ipswich

_ ‘ . in t . i ch.
of under—estimation and the true values could be 5% to 10% greater than and the damage caused by the Bremsr River in the City DF_IPSN%Ch

those indicated by the curves.
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The estimated number of commercial, industrial and residential
Euildingé"affected by the 1974 flood was 13 000. Again this figure i%
for flooding from the Brisbane River only.
11.8 TRANSFERABILITY OF RESULTS ‘

In the ssctions of this report dealing with flood.damage £0 com—
mercial, irfdustrial and residential buildings comments have been made in
fespéct of the confidence with which the results of this study could be
transferred to other Austra%ianrcities,with flood problems. As a genefal
comment it is belisved that the data, estimation procedures and results
can be transferred to other Austraiian cities. Obvious differahces‘
‘betwesn the Brisbane situation and the city to which the transfer is
taking place should of course be taken inte account. These differences
. could relate to either the types of buildings in the city or the nature

of the river flood.

' A summary of the results for this study on an area basis is given
in Table 11. These results are based on Figure 14 which gives the flooded
aregas for the Cities of Brisbane and Ipswich. Two poipnts are made con-
cerning the results given in the table. Firstly the costs ﬁer unit area
increase with flood stage. This is because the average depth of flooding
thrcbgh buildings increases with increasing fleod magnituds. The second
point to note is that the totél area subject to flooding is not fully
urbanised., This is apparent from the flood maps (Figures 2, 3 and 4}.
The damége per unit area would be very much higher if the whole of the

flooded area was urbamised.

' TABLE 11 - SUMMARY OF FLOOD DAMAGE PER UNIT AREA

FLOOD HEIGHT AREA DAMAGE PER UNIT AREA (million $/km2)
m kme ~ Direct Direct + Indirect
2 12 . 0.65 0.77
4 57 1.17 1,45
£ 102 1.70 22,13
8 153 _ 1.88 2,37
9 179 . 1.97 2.46
10 205 2.08 - 2.59
72
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Postal Address : P.O. Box 356, Cooma North, 2630, Australia
- Telephone : Cooma 21777 Telex: 61025 Cables: “Sno:wymnsult. Cooma "'

Snowy Mountains Engineering Corporation

TELEPHONE ENQUIRIES

pear

Following the disastrous flooding in the Cities of Brisbane and Ipswich
garly this year, the Cities Commission in conjunction with State Government and
Local Government Departments, engaged the Snowy Mountains Engineering Corporation
ta carry out various flood investigations of the Brisbane River. Included in
these investigations is an assessment of the total damage caused by the flood.

As part of the process of estimating damages we have selected a large
sample of commercial and industrial enterprises from which we would like to receive
approximate estimates and other details of the flood damage suffered as a result of
the January 1974 floed. This information will be used in the estimation of the
total flood damage in 1974 and also for estimating damages that could result from
floods of higher and lower magnitude. Your co-operation in this aspect of our
study by completing the attached questionnaire would be very much appreciated, as
without this type of information it will be very difficult to make satisfactory
flood damage estimates.

The Corporation wishes to stress that all information on damages supplied by
individuals will be treated as strictly confidential. Further, when reporting on
our investigations we will only include a summary of the damage caused and the
nsmes and addresses of individuals who supplied the information will be omitted.

Yours faithfully,

Project Marager,
Brisbane River
Flood Investigations
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. ‘ _ ) - A di
BRISBANE RIVER FLOOD DAMAGE INVESTIGATIONS pRendix A

QUESTIONNAIRE

Please note that any information supplied will be treateéras
STRICTLY CONFIDENTIAL

1. NAME OF FIBM: ........ e D h e e b e e s e e B e h e et e e et ee
ADDRESSt «evvns e eeaneeenmnnaseeenenannns e e
2. TYPE DF INDUSTRY OR BUSINESS: v euveenneenneenne et erannsnnn.
3. TOTAL FLODR AREA FLOODED: (8G. TEEBE) svvvvrsrrerennnns A,
4, DEPTH OF FLOOD WATERS OVER THE MAIN FLOOR LEVEL: e e e e v e s
5. TYPE OF BUILDING MATERTIAL :t +ivtieeneeeeensetasanasncosssssonenocsnss
6. ESTIMATED FINANCIAL L0S55: (Express in financial terms)
{2} Building . ‘ e ..
(b) Equipment D
{r) Stocks I et e et
{(d4) Materials i e rarre e ...
{e) Reduced Sales/lLoss of profit e e e eer
(f) Damage to Grounds e et i e
(g} Other e e e re e eeeaaaas
(h) Total (a)+(n)+(c)+(d)s(e)+(F+(g)  ....... e e

(i) Estimated increase in total damage (h) for .
a flood 1 metre higher than that which -
occurred in January 1974, T

(i) Estimated decrease in total damage (h)
for a flood 1 metre lower than that
which occurred in January 1974. . .iiieeiiniaaen I

7. DECREASE IN PRODUCTION DUE TO: {(Express as a percentage of
' - normal production)

{a) Damage to plant and equipment e net et .1.
{b) Damage toc stocks and materials = ..... et e s et
{c) Reduced availability of materials e et
{d) Reduced availability of transportatior ........ [P e
8. ESTIMATED TIME REQUIRED TO REGAIN FULL
PRODUCTION: et
9. TOTAL NUMBER OF PERSONS USUALLY EMPLOYED: ..eevvvvvvnvnnnnn... . .

10. ANY FURTHER COMMENTS: (Please write on reverse side).
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Appendix A

~ Postal Address: P.O. Box 356, Cooma North, 2630, Australia
Telephone : Céoma 21777  Telex : 61025  Cables: *“Snowyconsult, Cooma ™ -

Snowy Mountains Engineering Corporation

TELEPHONE ENQUIRIES

Dear

.Following the disastrous flooding in the Cities of Brisbanes and .
Ipswich early this year, the Cities Commission in conjunction with 5tate
Government and Local Government Departments, engaged the Snowy Mountains
Engineering Corporation to carry out various flood investigations of the
Brisbane River. Included in these investigations is an assessment of the
total damage caused by the flood. N S

The assessment of the total damage includes that caused to commer-
cial and industrial enterprises. This type of work is beyond the expertise
of the Corporation and for this reason we have engaged Alex Overett Pty. Ltd.
a Brisbane based valuing firm, to conduct this important aspect of our
investigations.

) In the next few days a member of the firm of Alex Overett Pty. Litd.,
will contact you to request your assistance and if possible arrange a
mutually convenient time for a valuer to discuss particulars of the flood
damage caused to your business or industry. It is possible, that in the
course of our data gathering you have already supplied us with data we are
seeking either through a trade or commercial organization, or have obliged
by returning our questionnaire form. for this we are most grateful. How-
ever we find that to achieve our objectives in the assessment of the total
flood damage we require more information and your co-operation in this
aspect of our study would be much appreciated. '

The Corporation wishes to stress that all infeormation on damages R
supplied by individuals will be treated as strictly confidential. Further,
when reporting on our investigations we will only include a summary of the
damage caused and the names and addresses of individuals who supplied the
information will be omitted.

Yours faithfully,

Project Mana
Brisbane River
Flood Investigations
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Appendix A
SNOWY MOUNTAINS ENGINEERING CORPORATION

BRISBANE RIVER FLOOD INVESTIGATIONS

COMMERCTIAL AND INDUéTRIALrDAMAGE ASSESSMENT

DALE: tevernensissasmsssansas TNLELrVIOWET . 4 ev vvnevuebannssasanarsesn

A. GENERAL ' S -
1. Néme of Firm:............u...u.;.n...........u..u................

2. Location (a) Street: .,..................;;q...u.........u......

(b)Y Suburb and Postcode: ...... ftevsnaenatecacras e .

3.  Number of Premises: .............. {Give details, addresses, etc):

e ¥ 8 B 6 4 B B A SR S W A E S ERPLUE LA P P IR NI R R R R N 48 s m e s a e N

&4, Type of Business cr Industry: S AT
5: Value of Rent (where applicable): ...iuvecvorecuennocnnaursanrsons

6. LOt NO! vueeosansneesns Property Area: ....ceeccussssssnneas, acres

Property Area: ....oeossss-ues « ... Squares

B, ESTIMATE OF FLOODWATER DAMAGE -

Brick or Brick Veneer
- Masonry Block

1. Type of Building Material

- Concrete

- Timber

- Steel Frame and Metal Cladding ' -
- Other '

2. Floor Area Flooded versus Maximum Depth of Flood Waters:
(a) Basement: ...e.oeee005q.fL S i o u...;fum.. in.
(b) Main FLOOL: wuveeneesSQeEE  ceeeseeneefE  uisuiiuio in
(c¢) 1st Floor: ...seecs.e5G.fL SR R 4 o P | '
(d) Total: ...eeveveeassa5q.ft

3. Depth of Flood Water over Property versus Percentage of Property
Area:

it iiiiieseeeedin cesieieevss.-u B of Property Area

4, Damage to Grounds (describe): ....ieieieiceeeranarariaarannncnanons

R R N N

cn.o-----uc--a--lnuc---.no---o‘ollcn-u-a-n-t---nnala.c-n---o----n

5. Restoration Costs of GLoundS: .ueeesesssvenvessd cosnarernnsnons
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6. Damage to Buildings'fde3cribej; tacacseeserseosnrecaavesoscugnn

---oa--nc-ounbo-n--1u--o-o-m--o-o--o.oooooﬁuu--qcnr-ntnynugoc-ui

-c-nco-oto-ololol--oo--on-n--u-‘l--aon---e‘ol---o--u-o--nlnln@-i

7; Restoration Costs of Buildings: S - S

8. Damage to Plant and Equipment (describe): ......... et reerennns

et e T R R R R N N R R I LA I B LA A A
e N I N I I B BB B S AL AL L I L S L A

e N A S N B R B LI B L I S S A

9, TRestoration Costs of Plant: AR - B A

Restoration Costs of Equipment: ....esveseonss$ e eiteesaanan

10. Damage to Stocks: u....................i.u..n.s eeiaieeenanes

Allow for Salvage Value if applicable ........$ ..ceiiiiueanane

11. Bamage to Raw Materials: --n-;on-o-uo--t'0""$ s smeassneDeseesT

Allow for Salvage Value if applicable: soiecee$ covvveoavesnans

12.  Other Direct Damages :

" Basement Main Floor

LR SRR B RN R R PR I BRI SR R R Y N

(a) Furniture:

(b) Fixtures: treceracsianaas Ceevesroiseascen

{c) Wiring:

s e s ey sa08 8N PR N R L ]

$*0 B A P R0 RS S a2 e 0 se s I DS

(e) Furnishings:

(f) Office Equipment: tesesoseasmnesnn Cetrerratecenaan

Total:

saesscsansevDed s esssanDu RO RO RO e

.

$ $
$ $
$ $
(d) Appliances: S iiiencanennes  Siiiiiiiioiianeas

$ $
$ $
$ $

§

. i TOTAL (12):

e e e s s0sesOSs s

i3. Indirect Damages:

(a) Damage to Business Records: ..coevscscevesssscorosescssaass

[ T A S N L I B R R A A R A B - L L B S L B LI I

(b) Damage to Employee’s Possessions

(in Factory or in Office): vevovonnns- S

(c) Loss of Business Income /Reduced Production (describe): ....

-----n-...--aoouqn-ncpa-ouo-o-u-uoo-a-.-c-o---u----vu-.&---
-.nnl-u--uoun--Du-o.ouoonol-o-uoo.o-no.nalo-u-u-o-o-n-uo-oa

“ B U S 8 SO RO DD OCUSEEPESEEESAa00TOTESTOUBVIRUTEED Y ST TS

Show Amount: S iieseataasons
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Q.(1):

Q.(2)

Q.(3)

Q.(4)

S.1.

5.2

Appendix B

(d) Loss of Employee's Wages:

Number: ,....i.. Weeks:,....c... Daysio..o... S e iiroen.
{e) Other Indirect Loss:
' Cost:of Evacuation
Cost of Reoccupation

B A E S SO AN P ASEIDEBORDGUT U

$

$
Flood Prevention S et roaaas
3 .
s ssosvevrensoeuaiauesensan $

What percentage of your damages are recoverable by Insurance?

..IO.IOD‘.CUI.DIl!uﬂ.ioo.uQDOOBI.cobo-ﬂ.uu.luuauuucluuuh-:l.u)1:-1.'4’)'

Are there any Industries or Commercial Businesses which would rely
on your products? '

aldlIccl'D‘ﬂﬂluu.--ne‘onu..nououolu.u-la-aluaouauuo-u!--I-uu.uﬂlnu

l"-.ll..-uoIl.l.CQ.lquI.oOﬂnﬂouuouuﬂluub.aﬂnnu.-.l-|_dl0¢.'.--uu

What expansion is likely to occur with your business in the way of
more buildings, more stocks or raw materials in the next 10-20
years?

o.-ou---.ouo-oooc-ouuvo-n-no-ouuuoouun.a-c-u.oouun-------ou..----c

lIul.uﬂnu...ﬁuo.ﬂa‘d.loo.l.ll!I.o-c'lnl.u-u--‘I-ll.lltuutﬁul‘aluonil

If flood protection measures were introduced, what difference would
it make to your answer to Q,(3) abovel

..'.--Ilu.ol.I‘ud.cuuuuqu--JIIOD.Q'ouduuluoo.uu!lucuumduw;u-ulnuuuu
'

nc-n-onla...nnnolucu-oloo--u-a-ouuoououo‘.-ooonu-u-auo-uuoouu--a:.

Estimated time required to regain full production:

n-unaoooaonao-noo--nn--a-oonuonnauuaoo---n---n-a.-aounauuaoo-n---.-

.
REMARKS. 06000 0PRSS IECDERODSCB0IG0OODO0UNO000DACAN YISO EIEOSD OO

--ouccuuuon-onuc--cu-.-oln-aloouuoooaocnoonuo—|-oon-anu-uua-nuoou-

.nuununo-nuoco--u.--ononouln-o-n-nan-ooonanuan-as:uuJuqnﬂoa-suu-o-




Appandix
Postal Address: P.O. Box 356, Cooma North, 2630, Australia

Telephona: Cooma 21777 ",leex: &1025  Cables: "Snowyconsuli. Cooma "

Snowy Mountains Engineering Corporation

TELEPHONE ENQUIRIES

Dear

Following the disastrous floodirg in the Cities of Brisbane
Ipswich early this year, the Cities Commission in conjunction with

A

and
State

Government and Local Government Departments, engaged the Snowy Mountains

Brisbane River. Included in these investigations 1is an assessment
total damage caused by the flood. '

The assesement of the total flood damage includes that cause

the contcents of private homes. This type of work is beyond the exp

of the Corporestieon and for this reason we have engaged Alex Dverett

Engineering Corporation to carry out various flood investigations of - the

af ‘the

.d to

ertise
Pty.

Ltd., a Brisbane based valuing firm, to conduct this important aspect of

our investigations.

in the next few days a member of the firm of Alex Overett Pty.Ltd.,

will contact you to request your sssistance and if possible arrange

utually convenient time for a valuer to inspect and discuss the fl1
damage to the contents of your home. Your co-operation in this asp
the study would be very much appreciated as without this informatio
cannot make a complete assessment of the total flood damage.

The Corporation wishes to stress that all information on dam
supplied by individuals will be treated as strictly confidential.
when reporting on our investigations we will only include a summary

a
ood
ect of
n- we

ages
Further,
af the

damage caused and the names and addresses of individuals who supplied the

information will ke omitted.

Yours faithfully,

-3
Brisbane River,
Flood Investigations
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SNOWY MOUNTAINS ENGINEERING CORPORATION Appendix A ‘

- BRISBANE RIVER FLOOD INVESTIGATIONS

-

1.00 GENERAL

2,00

3.00.

.01
.02
.03
.04
.05

.06
.07
.08
.09

.10

ASSESSMENT DF DAMAGE TO HOUSE CONTENTS

Name: T N I N A A R R A A R A A S A B R R Y B R ]
Address = Streetf ..l.-a-.“Dllllcnlo'!o-;auuoonccl.ll.fl.li:..-n.o_
Suburb and Postcode: .................;..........;.,......;.......

Type of House: High - Set; Low - Set; On Slab;

Eonstruction: Timber Frame; Brick Veneer; Cavity Brick;

Masonry“Block;

Age of House: (if not known, estimate) .....evievrasriorrvacasnan

Approximate Floor Area: Cedscesresesassaatseatasatassnassansanaens

Apprnximate Market VValue P R R R R R R R N LI I

Any measures taken to limit flood damage ‘.........................,

MﬂVéd carg MOWEDX § W/Machine? oo-o-c---c-coocoou;o-oa-oa----a-.oa;

Any damaged items not restored

Vaffer fldﬂding? ll!.l.d..o.lI.O'.l.ld.-d!l.-‘l!oc--c..d.f.ln‘l'lo;-

L1l

.12

Houéeholder estimate of

damage to contentS: sieiieacrsnasrcraatserrtaniiiantisassssenanen

Time taken to clean up

(in man—day5)= PN R R R R R N I A Ay B R R N N B AL B I O L B L B R B L

EXTERNAL DAMAGE

N
.02
.03
.04
.05
.06
.07

.01
.02
.03
.04

.03

.06

Fences:

Lawn:

P R N e A A R A A R AR B I B B I L AL I L L

PR P e R N N I N I I N R N NN AN A

GardEns: R R AR R R R A A

Pot Plants OQ..I.I.Q'II...!Olll'lOutlttoolllllll;';c-ll.“w..lﬂo;c

REtaining Walls: ----c.oo.-nlo-ocl-coooo:o]nc.l.us------ccann-nn.a’

Garages: l.lI'O..‘li..lll-'.l‘.l'll.lt.;u;lurn.‘.lllnll.lla.-c-f.a

Dther (indibate): ‘l.l.lll'll..’..‘I;IDIIDICDQJOOCIOIIllll}'l'f..f

DAMAGE UNDER HOUSE

Hot Water Sysfem: ..............................‘.......,......;..

Motor Mowers: hveeeeveveessssenesseareseas st at et nsernas s bbb ane

[:Br: 4 & 5 -8 5 0 P R &I hEss e FE R R I IR AR B N N R R YR N BN I S LR I L AL IR S LI
Tomls Qf Trade: "R I A R R S B IR N N R IR B L B B # b b & a4
Garden Tools: R L T R R R

Other:

F R N T N N N RN NN RN
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SNOWY MOUNTAINS ENGINEERING CORPORATION Appendix A

Name & Address

(to be repeated) .................,....................;. ...... s

4,00 MAIN LEVEL

Furniture and floor coverings (indicate age)

.07
.08
.09
.10
11
.12

.13
.14

.15

“.16
.17
.18

.19

.20

.22
.23
.24
.25
.26

Kitchen
Kitchen
Kitchen
Kitchen
Kitchen
Other:

Dining
Dining
Dining
Dining
Dining

Dther:

Lounge

“Lodnga

Lounge
Lounge
Lounge
Lounge
Lounge

Lounge

- Table & Chairs: e :
- Cupboards (not built-in) Ceerseseae s ae s sas ey ceaa
- contents of cupboards: Peseersesasan st e eareanads e naasas
- Foods: sasessvasbese s Eas et et aran e b s b e ar bbb a e e a st
~ Floor coverings: T .

T E R E R R R R R R I I I A I B A L A B B A AU B AL I A B A B A L L

Room = TBOLE: e ecesvsssnvcsosasossntssssransnsssssanansass
Room = CHBITS: seeerssassscansssnacarosossoasnsassrssnssianse
Room - Sideboard: U
ROOM — FLOOT COVETINGST  4uvoesvanneronsoaraaaneesnginnneesns
Room - Centents of cupboards: racatssanesteatecsease s nar e

O
- Chairs: T I R LR
- Tahles: eiestessescassasuastrass et biaaree s atac s aans
- Books: T T T
w PaintingB8: s.ssesessscnsessetsstesssaanssriovsassosssenaans
- Clocks: et sesesastesne st et aan bt acntEavas e anssenanns
- Piano & Musigal Instruments: Ctraasssstasssetas e e enas
-~ Floor coverings: s barateresevennaesstsasse st ans s aas ey
- Dther:. treeeretertsacatreen s e st ba e s as s A s b et s

Bedroam 1 2 3 ' 4

27
.28
.29
.30
.31
.32
.33
.34

.35
.36
.37

Double

Single

Pillows:
Blankets:

Bed Covers:
Dressing Table:

Wardrobes:

Clathin

effects:
Books & Toys:

Floor Coverings:

Other:

bed & Mattress:

bed & Mattress:

g & personal.

2 bl




5.00

6.00

- _ Appehdix A

SNOWY MOUNTAINS ENGINEERING CORPORATION

Name & Adréss

oy

(to be repeated) .......;....;..........}...{....{....;...;....;..{,.:

BLINDS AND CURTAINS

.

Kitchen

P L R e R I BN B R R A A I A L L

.02 Dining Room: .......}............?.........{...;..,...............

.03 Lounge Room: R L T

.04

.05

.01
.02
.03
.04
.03
.06
.07
.08
.09
.10
.11
«12
.13
.14
.15
L6
.17
.18

Bedroom:

Other: .

ELECTRICAL

Telephone:

‘2
3
4

. .
1: T T L LR R

» - .

. e N A A A A R R BURE Y BB NN B L B N L
. T N R R I I A A I R I R R A RO AT B I B L 2 L
.

M4 e T Y I A A N N RS

P N N N I N L B A A

T I I I e I R R R I S L AL L N O

Power Duilets: ettt evereeeeeeaesnneeeneanearensane e anans
TELEVIiSiONS seevevossoensersanssresasntsansenacnttosnssrsannssosoostas
Radiogram & Records: B T R R

Radio:

PR T A R A A I I DR AL B I AL B A L R A A A A g

Tape Recorder & Tapes: R R R R

Fans: W eesecesecssssennssnnses et taasevasens st es e d et esn ey
Heatexr: S L T
Refrigerators: e ns s e s s as e st e s et o sassanatev sttt e

Stoves:

Wall Oven:

O A A A A A A A L N R I N R RN A N

[ A I A SR A A SR RS R IR SR I B N B S A L L B A

Vacuum Cleaners: T R D

Polishers:

P R R A A A A B A A A B A A A N L L B B R N S

Sewing Machine: W eesreeisasnnsar At abtanse et i saate s ann e

Washing Machine: e eeeseecesvensteeaveacaciastosossanarenesanseans

FElectrical Wall Switches: {No.) .......... (No. damaged) .........

Electrical Light Fittings: G hiesseeratsaseseraesasrbastar e ens

Dther:

B T R N N N RN EE RS



APPENDIX B

FLOOD DAMAGE DATA

CONTENTS
Page
Data for Tlood damaged hausaé ‘ 117 )
Commercial damage : ' _ 129
Industrial damage 140
Small business damage 154
Letter Froh the Queensland Coal Board ’ | 155

NOTE: The source of the flood damage data for commercial and industrial
data is indicated by the number in the column headed source. These
numbers have the folleowing meanings:

i — data from guestionnaires posted for SMEC by the
Chamber of Manufacturers

2 = data from questionnaires posted by SNEC

3 - data obtained by the valuing firm Alex Dverstt Pty
Ltd ,

4 ~ data from various sources supplemented by telephane
contacts :

5 — data from Printing and Allied Trades Employers
Association

115
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T
DATA FDR FLOOD DAMAGED HOMES Appendix B
[ R  DAMAGE oy &
POSTCODE  FOUNDATION  FLOOD  FLOOR  MARKET ' - He e
NG . HEIGHT DEPTH AREA VALUE Structural Contents = A Ll W
m m m? % 6 § ms
4068 2.74 0.91  162.6 9 500 820 1 603 WB 0
4068 0.30 3.66 120,86 10 000 7 270 3 615 F 0
4068 0.67 1.52  102.2 8 00D 5 240 3 093 W 0
4068 2.13 1.52  111.5 12 000 1 910 1 966 w8 O
4068 1.52 0.61  111.5 10 000 599 970 . WB O
4068 1.83 2.74 92.9 9 000 1 360 2 384 wB 0|
4068 0.30  1.83  139.3 14 000- 2 202 3 827 WB . O
4068 0.76 . 4,57 88.3 9 500 3 840 1 950 WB O
4068 0.91 1.22  185.8 14 00O 1 700 345 W8 0
4068 0.61 -1.83 92.9 7 500 2 590 1 926 w8 0
4068 0,67 2,13 92.9 7 500 2 330 24711  F 0
4068 0.76 2,29  185.8 12 00O 1 820 4 855 o
4068 0.61 4,27 111.5 10 000 2 800 8 112 F O
4068 0.91 1.68 111.5 g 000 3 845 2 613 F 0
4068 0.61 1.52 92.9 9 500 1 530 3 034 wB 0
4068 0.61 1.22 92.9 12 000 3 438 2 245 we 0
4068 0.91 2.13 79.0 4 000 3 530 2 320 WB O ,
4068 0.61 0.76 92.9 7 000 1 800 993 ws o' |
4068 2,44 0.6 120.8 15 000 2 650 1740 - B O
4068 2,44 2,44 67.4 5 000 4 330 1280  wB O
4068 2,13 1.83  102.2 10 500 2 205 305 WB O
4068 2,13 1.37 - BB.3 8 500 1 B15 2 302 WB O
4068 0.30 1.98 92.9. 9 000 3970 4 238 we 0
4068 0.6 0.67 69,7 6 750 950 650 W 0
4068 2,13 1.22  120.8 12 00O 1 250 3 149 WwB O
4068 0.61 2,13 232,215 000 4 070 2 035 we O
4068 1.52 3.66 111.5 7 00O 2 510 9 099 F o}
4068 2.13 3.66  167.2 11 000 3 770 2 430 we 0
4068 0.91 - 1.52  185.8 17 000 1 700 3 990 wg 0
4068 2.13 0.30  130.1 14 000 1 300 1 323 WB O
4068 0.30 1,37 167.2 25 000 2 930 6 225 B O
4068 1.07 2.44 74.3 7 000 2 170 1985 W8 @
4068 1.98 4.88 83.6 6 000 2 430 4297 we 0
4068 2.44 2.44 92.9 11 000 3 765 5 900 B 2
4068 1.83 0.91 120.8 11 000 3 D40 2 854 0




Appendix B DATA FOR FLOOD DAMAGED HOMES ~ Continued DATA FOR FLOOD DAMAGED HOMES — Continued Appendix B

‘ — Y =
POSTCODE  FOUNDATION  FLOOD.  FLOOR PARKET PATIRRE 23 FZ ‘4| pOSTCODE ~ FOUNDATION  FLOOD  FLOOR  MARKET ,4Dp‘m”GE %é E
NO. HEIGHT DEPTH  AREA  VALUE  Structural Contents S & . NG. HEIGHT DEPTH  ARER  VALUE g4 ctural Contents S
) m m n - $ § % g | % m m m’ $ % B E ‘E
4068 0.6 2.44 157,915 000 2 530 2 383 w0 4066 2.74 0.91 111.5 12 500 1 520 1 180 Wwe O
4068 2.13 1.07  106.8 11 000 1.520 1477 WE 0 4066 0.30 1.22 - 120.8 5 500 1 630 2 070 w8 O

4068 2.13 1.22 - 111.5 10 000 660 750 we 0| 4066 0.91 2,74 74,3 7 500 3 040 1 734 we - of
4063 0.30 183 116.1 11 000 780 110 B 0o 4066 0.30 1.83  120.8 35 000 © 1 940 3 527 B ©
4063 0.30 1.83  139.3 26 000 2 400 1 465 B o0 4066 2.74 3.66 83.6 5 000 2 095 2 304 wB O
4063 1.83 2.44  171.9 14 000 2 575 . 2385 0l 4066 2,13 4.88 92.9 14 000 3 710 1 530 ws - 0
4069 0.30 1.37  116.1 11 00O 2 950 138 WB O 4075 2.74 1.83  83.6 8 000 2 930 1 427 B . 0
4069 0.30 2.59  130.1 16 000 3 070 3 453 B8 0 4075 0.30 4,27 120.8 14 00O 4 790 4 055 B @
4063 2.13 0.91 83.6 9 000 1 830 245 B0 4075 2.74 1.07-  92.9 8 500 1 795 1 264 wB 0
4069 0.30 1.2 153.3 13000 1 650 825 B0 4075 2.74 5.18  111.5 14 000 5 650 1402 WB O
4069 1.98 1.52 120.8 10 00d 1 640 2 185 B O 4075 0.30 4.88  139.3 15 000 3 005 3 426 we 0
4069 0.61 3.05 148.6 15 000 3 955 1 242 B ol 4075 0.91 2.74 111.5 13 000 ° 5 B25 2 315 8- 0
-4069 0.30 2.13 120.8 © 13 000 2 930 2 0&0 F 0 4075 0.91 1.22 83.6 6 000 1 440 2 549 B B

4063 0.30 1.83  139.3 14 000 3 000 2 570 B -0f 4075 0.30 2.44  125.4 12 000 3 290 2 110 ws 0|
4074 0.91 2.13  139.3 15 000 2 900 5 660 w0 4075 0.9 2.74  111.5 11 00O 5 485 2 040 0 o
4074 2.74 3.66  130.1 14 000 4 150 3 455 Foof 4075 1.98 2.13  126.3 15 000 3 515 2 938 wg 0
4074 2.13 2.59  130.1 15 000 2 055 1 580 Foo3 4075 1.83 2,74 116,17 18 000 4 105 2 367 wB O
4074 2.74 1,52 116.1 12 000 3 300 3 365 wB 0 4075 1.83 2.74  120.8 15 000 2 485 3 900 s 0
4074 0.30 3.66  130.1 15 000 3 350 3 485 B O 4075 0.91 2,13 102,214 000 1 910 1 784 B @
4074 2,13 g.91  120.8 12 000 945 2 184 ws 0 4075 2,44 3.05 92,9 12 000 3 745 3 292 B O
4074 2.74 3.66  223.0 26 000 4 550 2 085 B 3 4075 1.22 2,29 111.5 12 500 2 860 2 620 W O
4074 0.30 4,27  148.6 17 000 6 870 690 B 0] 4075 2.44 2.74 97.5 11 000 4 125 . 3 853 wB O
4074 2.44 1.37  139.3 23000 2 090 280 B 3 4075 0.61 1,52 102.2 10 000 1 600 2362 W O
4074 0.61 1.52 102,29 000 1 815 4 075 ws -0 4075 2,29 2.44  204.4 21 000 4 795 5 352 B O
4074 0.61 4,27 130,17 13 000 5 085 5 575 we 0| 4075 2.13 °  1.83 74.3 10 000 1 600 2 278 T
4074 2.74 0.46 130,17 13 000 1 460 735 B 0 4075 - 0.61 1.22 - 120.8 12 000 1 435 795 0 0
4074 2.44 0.91 1301 14 000 1 527 840 B 03 4075 0.46 1.37 - 92.9 7000 1 690 1 510 B O
aelhd 2.44 1.97- 102.2 10 000 510 2286 w04 4075 2.74 2.74  213.7 28 000 6 150 1128 B 0
4074 0.30 4.57  116.1 12 500 3 750 940 B 04 4075 0.30 0.91  139.3 16 500 1120 2 135 B0
4067 0.1 0.6 92.9 11000 2 230 2175w 0§ 4075 0.61 2,59 92,9 7500 3 000 4 517 b o
4067 0.15 2.74 92,9 20 000 3 720 3 460 ws O[] 4075 0. 30 1.68 83.6 10 500 1 310 616 5 o
4067 2.44 2.74 B3.6 10 000 3 225 1735 we 0 g 4075 0.61 6.10 92.9 9 500 4 775 5 160 ws O
4067 o.44 2.74 92,9 12 000 2 850 _ 2 710 w8 Df; 4075 2,13 6.10  106.8 11 000 2 520 2 698 . WB O
4066 2.44 1.22-- 111.5 6 500 s 1620 w0 f 4075 2,13 2.74 46,4 3000 3 425 970 W8 O
. 4086 0.61 4.88 . 130.1 14 00O 2 860 3,725 s 0 4075 2.44 0.91 69.7 6 000 1 220 1 236 wB O
1 44086 2,13 _-1,83 111,56 13000 2 140 1394 ws O | 4075 0.61 1.83  120.8 13 000 2 415 825  ws O




Appsndix B -

DATA FOR FLOOD DAMAGED HOMES - Continued
POSTCODE  FOUNDATION  FLOOD  FLOOR  MARKET  DAMAGE Er
T oy CHEIGHT DEPTH  AREA - VALUE o0 0 Contents -§ %
o m m e $ 4 $ %g
4075 S 1.52 6.10  83.6 8000 2 960 2 769 U8
4076 0.30 4,27 116.1 10 00O 4 360 3 040 F
4076 1.83 0.61  92.9 5 000 986 880 WB
4075 2,13 3.05.  B3.6 12 500 2 000 2 090 WB
4075 2,74 1.52 130.1 22 000 1 930 720 B
4075 *2.44 1.83 79.0 11 000 1 561 949 w8
4075 2.44 1.83 97.5 12 000 1 885 1 907 WB -
4075 1.83 2.3 130.1 10 00O 1 570 2 215 Mz
4075 0.91 2.44 92.9 10 000 1 210 1 675 We
4075 2,13 2.13 144.0 16 000 2 600 2 790 B
4075 1.98 1,52 102.2 12 000 2 020 605 W
4075 1.83 1.83 92.9 13 000 1 900 1 335 W8
4075 2,13 2.13 83.6 10 00O 2 739 1 647 wB
4075 2,13 1.22 . 83,6 8 500 1 270 380 we
4075 0.9 1.83 102.2 12 500 1 250 2 981 W8
4075 1.07 1.22 - 88.3 7 000 1 205 650 WB
4075 1.22 4,57 148.6 13 000 2 980 1 740 WB
4075 0.91 1.83 97.5 11 500 1 350 1 308 we
4075 2,44 1.83 111.5 12 500 1 930 295 w8
4075 0.6 - 1.68 92,9 8 000 1 250 661 WB
4075 1.83 2,74 130,111 000 2 045 2 914 iz
4075 0.61 2,44 111.5 15 000 2 520 2 748
4075 1.22 2,13 116.1 10 000 1 883 2 634 WB
4075 0.91 2,13 97.5 12 00O 1 100 2 040 wB
4075 2,74 0.91 92.9 9 000 420 703 W
4075 0.61 1422 120.8 12 0OO 1 265 2 476 )
4030 1.83 1,52 102.2 9 500 1 095 1 610
4030 0.9 1.83 92.9 8 000 1165 1 060 F
4030 2.13 0,76 92.9 7 000 570 1 225 B
4030 1.83 2.13 111.5 8 000 1 900 1 135 WB
4030 . 1.83 0.30 92.9 & 000 330 975 B
4300 2,29 - 5,49 . 102.2 14 000 5 509 2 875 wB
4300 1.22 4.88 120.8 16 00O 2 B20 2 628 W8
4300 1.52 1,52 111.5 13 000 1 225 2 405 WB
4300 3.05 5.79 74,3 7 000 1170 1 458 ws
4300 1.22 4.57 83.6 9 000 2 225 2 795

120

DATA FOR FLOOD DAMAGED HOMES — Continued Appendix B

A \ | _
POSTCODE ~ FOUNDATION - FLOOD  FLOOR  MARKET DAMAGE 2= o
NG, ™ HEIGHT DEPTH  AREA  VALUE  Guorical  Contents S8 B
m .m m- $ 8 % B O
4300 1.83 7.92 130,112 000 4 510 6 280 ws 0
4300 0.61 0.30 83.6 9 000 1 150 4100 wB O

4300 0.61 B.53  134.7 , 13 000 2 660 4 390 we o]
4300 1.83 15.24  139.3 8 500 4 D30 4 684 F o
4300 - 1.52 1.22  120.8 15 000 1 810 1 080 wus O
4300 1.83 2.13 $2.9 13 000 2 560 1 460 WwB O
4300 1.52 4.27  111.5 11 000 2 730 2722 - WB O
4300 2.44 3.66  111.5 11 000 .4 590 1435 W D
4300 1.22 6,71, 102.2 9 500 6 050 10 870 wB O
4300 0.30 4.07- 130,115 000 880 1 210 B 0
4300 1.22 1.07-  51.1 3 000 4 580 2 823 F'ooog
4300 2.13 4.88  139.3 13 000 4 895 27300 W - O
4300 7,44 5.49  130.1 .10 00O B 275 975 s O
4300 2.13 7.62  111.5 9 DOO 7 295 2 653 s 0
4300 0.6 4.27  102.2 10 0QO 2 530 2 877 Fo0
4300 2,44 7.01  111.5 15 000 2 000 1 325 B O
4300 0.61 1.22  157.9 16 00O 2 980 3 045 WB O
4300 1,22 1.98 92.9 10 000 1100 1 478 W 0
4304 0.6 3.66  60.4 5 000 2 100 1 666 ws O
4304 2.13 2,13 120.8 12 000 1 530 1 285 W8 O
4304 1.83 1.8% 41.8 2 000 2 593 1 404 WwB O
4304 0.61 4,27 41,8 3 00O 1 530 655 W O
4304 0.61 1.37 74,3 5 000 1 720 390 W O
4304 1.83 1,22 . 79,0 8 000 1 010 946 o o
4304 1.83 3.05 55.7 4 500 1 528 715 F o0
4304 0.6 1.83 46.4 3 DOO 1 565 692 ws 0
4304 0.46 3,05 111.5 5 00O 7 000 2 381 W 0
4304 0.9 4.27 92.9 11 000 2 788 2 166 wB O
4304 1.83 2.13 83.6 6 000 1 600 1 155 WwB @
4304 2,44 4,57 74.3 8 00O 2 870 1 937 w0
4304 3.66 - 1.83  120.8 13 000 1 800 1 550 W 0
4304 2.44 0.76 74,3 9 000 910 375 we 0
4304 0.91 - 1.52 60.4 6 00O 2 115 1 161 W O
4304 0.61 2.44 92.9 10 000 2 860 420 B O
4304 2.13 1.83 65.0 4 000 1 045 815 w8 0
L4304 1.22 £1.83  148.6 11 000 1 980 1 314 WB O
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DATA FOR FLOOD DAMAGED HOMES — Continued

Appendix B
' =]
POSTCODE ~ FOUNDATION  FLOOD  FLODR  MARKET , DAMAGE | 2= E_;
“ND. - HEIGHT DEPTH  AREA  VALUE o0 0 0 Ccontents Eﬁi é '
| . m m m2 $ $ % BE
4304 2.44. 2.13 102.2 -8 500 250. 370 W8 0
4304 0.91 1.52 74.3 6 000 2 000 440 WwB D
4304 0.76 0.67 102.2 - 8 000 1 450 1 270 W O
4304 1.22. - 0.30 55.7 4 500 100 280 ws o
4304 2.13 2.44  139.3 12 00O 2 630 3 787 F oo
4304 0.6 2,50  111.5 11 500 2 465 1 368 W8 0
43504 0.67 0.97 92.9 10 0OO 660 1 160 W8 o
4304 0.6 1.98  111.5 10 000 1 730 1 945 wB 0
4304 0.61 1.68 74.3 6 500 3 235 600 wB o
4304 0.61 0.91 106.8 11 500 810 1 185 WB O
4304 1.83 2,13 111.5 8 000 600 8BS0 WB O
4304 0.91 1.52 . 116.1 8 000 1 020 1 290 w8 0 -
4304 0.9 1.22. 74.3 8 000 1 970 675 w8 D
4304 2413 0.46 74,3 11 000 - 910- 1 210 we 0
47304 0.9 0.9 54,8 5 500 2 000 1 237 0
4304 0.30 2.13  111.5 9 000 2 260 1 265 we @
4304 o§51 1.83 74.3 7 000 1 050 1 149 WB O
4304 0.91 1.52 74.3 8 000 1 300 523 wB O
4304 0.61 1.83 102.2 11 000 2 380 776 0 D
4304 0.91 1.22 92,9 7 500 2 085 650 we 0
4304 0.76 " 0.61 92.9 10 000 430 430 W8 0
4304 2.13 3.66  111.5 7 000 2 460 2 686 Fooo,
4304 0.30 1.52 60.4 7 500 1 890 701 ws 0.
4304 1.83 0.91 102.2 7 500 1 460 992 ws 0.
4304 0.61 1.52 92,9 7 500 1 960 1 435 we 0
4304 0.91 - 0.6 74.3 7 000 1 160 602 wg O]
4304 0.91 3.66 69.7 8 500 1975 1 347 uB ué
4304 0.91 0.61 83.6 9 000 2 D05 640 CR u@
4304 2,74 5.49 92,9 11 000 1130 954 w8 uf
4305 0.46 2.44 66.9 5 500 2 510 1 092 ws 0
4305 1.83 ©1.83  111.5 4 00O 3 180 610 ws O
4305 2,44 1.07  102.2 6 000 2 750 1 386, F 04
4305 2,74 6.10  102.2 4 00O 1 100 482 wB 05
4305 0.61 0.61 55,7 3 000 770 - 770 w8 Qﬁ
4305 2,13 3.66 79.0 5 000 1 480 1 400 WB 05
1ﬁgr_gsos 1,98 3,05  60.4 4500 1 810 1932 _wp Of
VIR : —

DATA FOR FLOOD DAMAGED HOMES - Continued

Appendix B

. : =

POSTCODE  FOUNDATION  FLOOD FLOOR  MARKET DAMAGE . -%5 . E |
NO o HEIGHT DEPTH  ARER - VALUE - i 4iral  Contents. a8 e
2 o B >
m m m 8 $ $ mE
4305 0.91 3.66 55.7 4 250 2 355 B32 wB 0
4305 1.83 2.13 83.6 5 500 870 1 306 W 0
4305 1,83 3.05 65.0 4 000 6 000 699, w8 O
4305 1.52 1,22 74,3 4 000 2 590 1 307 W O
4305 0.91 0.91 120.8 7 000 720 - 1 105 B 0
4305 2,13 1.52 74.3 6 000 1 760 535 w8 O
4305 0.61 2.74  111.5 13 000 - 1 890 1 944 wB- O
4305 0.76 4.88 5.7 - 5 500 2 520 1 223 F O
4305 1.22 2,13 65.0 6 500 1 540 1 170 we O
4305 1.22 1.83 74.3 7 000 2 605 1 241 wB O
4305 0.9 1.37 69.7 5§ 500 2 140 666 we 0
4305 0.76 6.10 69.7 4 DOO 2 495 777 F O
4305 1.22° 2,44  111.5 6 500 3 625 5 146 we O
4305 2.13 - 1.83 65.0 8 00O 1 560 1 270 wB 0
4305 0.91 4,27 92.9 10500 3 720 2 166 we O
4305 2.44 2.44 79.0 5 500 1 650 843 . WB O
4305 0.91 2,44  139.3 9 000 4 270 1 153 wB 0
4305 2.13 2,59  116.1 8 000 2 605 2 618 WB O
4305 1.22 2,13  111.5 8 000 1 930 1 755 W O
4305 .30 3.05  111.5 8 000 3 045 1 130 w0
4305 2.74 0.9 79.0 9 000 1 115 245 we O
4305 0.91 2,29  102.0 9 500 1 625 1 386 we 0
4305 0.91 0.76 73.0 8 000 725 965 w D
4305 0.61 2,74  111.5 . 8 000 3 980 3 953 we 0
4305 0.61 2.74 92.9 8 00O 1 401 1 065 ws 0
4305 1.07 - 0,97 83.6 4 00O 2 895 376 Fo0
4305 3.66 1.37 © 92,9 7 000 1 790 3 645 we 0

4305 0.9 4.57 74,3 6 000 1 860 780 ws o
4305 0.30 6.10  139.3 16 000 6 130 3 150 B 0O
4305 0.30 2,13  111.5 17 00O 3 690 842 B O
4305 2.13 1.83 92.9 8 000 1 320 2 349 a0
4305 2.44 4.57 69.7 8 000 2 040 2 586 WwB 0
4064 2.29 0.91 92.2 5 000 1 490 1 151 we 0
4064 0,91 0.30 65.0 6 000 175 1 069 we O
4064 0.91 5.49 92.9 4 000 2 980 5 005 WwB O

1f$_3964 2,44 0.91  134,7 10 000 1 025 2 217 W 0,




Appendix B8 _ DATA FOR FLOOD DAMAGED HOMES — Continued DATA FOR FLOOD DAMAGED quts - Continved - - Appendix B
_‘ . - — ,
POSTCODE FDUNDATIDN FLOOD  FLOOR -~ MARKET DAMAGE é 5' E pQSTbuDE FOUNDATION  FLOOD FLBOR  MARKET .' D“MAGE | g4 E
o, HEIGHT DEPTH  AREA VALUE structural  Gontants g g % | NO. HEIGHT DEPTH  AREA VALUE Structgral Cohﬁehts'.gﬁEﬁ E
¥ - 2 C 2E X 2 HE O
m m Com $ $ $ mE W mo - m m $ $ 4 aE. =
4064 0.61 3.66 - 116.1 10 00O 2 390 2 900 B ol 4106 2,13 1.22 102.2 - 9 000 1 385 2 341 F 0
4064 2.44 3,35 “120.8 8 000 2 970 3 562 - UB 0 4106 1.98 6.71 102.2 10 00O 4 320 3 670 w0
4064 1.98 0.91 868.3 8 000 1 240 1 748 We 0l 4106 0.61 5.49 74.3 7.000 3 060 2 491 F 0
4064 1.83 1.52 92.9 7 000 920 3 135 WB 0y 4106 0,00 0.91 92.9 10 00O 1 440 1 890 B 0
4064 2.13 0.61 55.7 3 000 430 481 F 0 j 4106 1.22 4,27 37.2 2 500 1 460 732 we 0
4064 2.13 -1.83 B8.3 7 000 1 755 1 051 we 0 é 4104 1,52 1.22 - 111.5 12 00O 2 620° 1 136 F 0
4064 2.13 1.52 148.6 15 000 1 510 1 410 WB ol 4104 0.91 0.61  111.5 13 000 1 330 1 722 wg -0
4101 2,44 0.6 130.1 7 000 1 300 2 220 we 2t 4104 2.13 2.29 102.2 10 000 2 210 2 765 w8 0
4101 - 1.68 4,27 55.7 4 000 3 020 2 082 we 0l 4104 1,98 2,59 83,6 8 500 2 260 1 351 w8 0
4101 1.83 0.61 74,3 5 500 270 1232 . uB 0l 4104 0.91 4.88 97.5 12 00O 1 730 4 347 WB 0|
4101 2.13 1.52 111.5 7 500 2 600 1 797 WBe 0 f 4104 1.83 - 1.83 116.1 8 000 1190 2 653 we 0
Mol 2.44 0.91 92.9 7 500 1 730 1 359 we 0] 4104 0,00 - 4.88 = 148.6 16 000 7 155 3937 B o
4101 2,13 0.91 102.2° 5 00O 1 545 2.250 B 0 : 4104 2.44 1.07 97.5 12 0OO 1 630 1 329 B 0
4101 2.13 1.52 92.9 4 000 2 000 , 532 we gl 4104 0.61 §.83 . 204.4 14 000 3 100 2 401 wB o
4103 1.98 4.57  92.9 8 500 1 775 1 908 B 0 ; 4108 0.61 2,74 88.3 6 500 2 830 3 215 WB 0
4103 2.44 0.91 102.2 8 500 570 1 785  uB 0 E 4108 1.83 2.13 B88.3 9 000 1 050 1 254 we 0
4103 1,07 6.10 92.9 8 000 - 2 450 2 340 we ol 4108 0.91 2.13 92.9 7 500 2 965 1417 F }b
4103 2,13 1.98 97.5 8 0oo 1 730 2 055 WB 0| 4170 0.46. 1.52 92,9 & 000 1 340 1 199 F 0
4103 0.91 2,44 88.3 9 00C 1 900 4 237 w8 0| 4170 0.61 1,37 83.6 5 000 525 498 F 0
4103 1.52 4.57 111.5 8 500 5 515 3 023 Wwe O g 4170 0.61 0.61 120.8 10 500 615 4B6 B 1
4103 2.74 1.98 79.0 7 000 1 910 1 876 W8 0 4171 0.61 0.46 92,9 7 000 340 105 F ol
4105 1,68 5.49 113.8 8 000 4 490 4 140 we o 4066 2.13 1.22 111.5 15 000 1 760 654 Wa 0-
4105 0.91 2.29 88.3 9 000 2 230 4 678 We 0 | 4075 0.91 0.30 102.2 17 500 . 485 790 CR 0
4105 0.91 3,05 88.3 7 000 2 650 1 003 we -Dii 4304 0.91 2.90 74,3 S 000 2 250 1 456 we 0
4105 0.46 - 1.52 74,3 8 500 1 585 2 520 w8 Uj{ 4305 1.83 0.91 83.6 6 000 1 195 X B 0
4105 0.61 2,13 83.6 8 000 1 610 1 931 wB 08 4305 1.52 4,57 60.4 7 000 3 640 945 F'ooQ
4105 0.61 2.44 97.5 9 500 3 B8O 3 198 WB u? 4305 0.61 3.20 83.6 B 500 3 682 2 180 we 0
4105 0.61 2.74 79.0 5 000 935 1 002 we uf! 4103 2.44 2.13 97.5 8 000 1 165 1 630 we o
4106 0.91 1.22 - 130,71 8 000 2 525 2 411 . uB U% 4068 2.44 3.96 130.1 15 00O 2 082 2 238 B 2
4106 0.61 4.57 83.6 7 000 1100 1 924 w8 Gé 4068 2.44 1.83 7 4B.3 5 000 550 1 110 B 2
4106 0,30 2.59 111.5 8 000 2 460 3 144 WB o 4068 2.13 0.61 92,9 11 0OO 1 100 1 133 ws 0
4106 0.30 3,35 . B3.6 7 000 2 655 2 140 WB qf 4068 2,13 2.44 162.6 17 500 3 385 3 868 Mz} 3
4106 0,67 ~1.83 74.3 8 000 2 510 2 285 we @ 4068 2,44 2.44  278,7 50 000 5 660 22 360 B 0
4106 0.00 4,27 111.5 9 500 3 960 3 460 WB i 4068 0.30 2.90 185.8 20 DOO 6 090 4 640 B 0
4106 0.76 2.13 102.2 B 500 2 135 2 985 WB i} | 4088 2.74 2.13 334,4 40 000 2 670 1 715 B 0
4106 0,91 4,88 102,2 8 500 2 285 2 195 we q i-L_ﬁgﬁg 2,74 2.44 232.2 17 000 850 5 590 B 2
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Appendix B DATA FOR FLOOD DAMAGED HOMES - Continued DATA FOR FLOOD DAMAGED HOMES - Continued Appendix B
. l L =
POSTCODE ~ FOUNDATION  FLODD  FLOOR  MARKET DAMAGE 23 é 4 |posTCODE  FOUNDATION  FLOOD  FLODR  MARKET DAMAGE £z =
no. HE IGHT DEPTH AREA . VALUE Structural Contents 3 3 g : ND. HEIGHT DEPTH AREA . VALUE ool Contents S8 0
‘ . m m % g g BE O m m n’ § 8 B O
4074 0.30 2.13  157.9 20 000 1 633 1 280 B - 2| 4030 2.74 2,173 92.9 7 000 3 360 2 698 we 0
4074 2,74 0.30  185.8 14 000 270 200 B 2} 4030 2.44 2.29  106.8 12 000 340 925 WB O
4074 2i44 2.13  139.3 11 000 1 600 615 of 4300 2.44 2.13  102.2 13 500 3. 895 1 565 wB O
4074 2.13 3,05  185.8 20 000 3 950 1 084 ol 4300. G.61 4,57 46.4 3 500 1 940 1 866 ws O
4075 2.74 0.30  102.2 16 000 - 1 045 2 070 we ol 4300 1.22 - 0.91 83.6 8 DOD 2 200 770 B O
4075 2.44 3.05  185.8 16 000 4 945 815 ws 0| 4300 1.83 2.44  111.5 - 8 000 1 180 1 496 wg 0
4075 2.44 1,83  102.2 9 000 1 239 1 816 B ol 4300 0.91 5,40  130.1 11 000 580 320 we o
4075 2,13 0.91  139.3 15 000 730 330 ' ol 4300 2,74 2.74  167.2 11 00O 1 590 4 218 ws -0
4030 1.83 0.30  116.1 9 000 940 1 283 ws ol 4300 0.30 - - 0.61  102.2 12 000 770 2288 ‘B @
4304 1.22 0.91 74,3 8 000 740 375w 3| 4300 1.83 4.57 65.0 5 000 1 915 1 856 0
4304 2.13 1.07- 55,7 5 000 300 125 ws ol 4300 2.59 0.91  130.17 9 000 640 345 o0
4305 - 2.74 1.22  102.2 11 000 1 966 1 230 B o0l 4304 1.83 1.83 60.4 3 000 2 147 1 387 =
4105 - 2,44 " 0.15 97.5 9 000 355 300 w0 4304 1.83 1.22 - 65.0 5 000 1 030 711 wB 0
4075 2.44 - 0.91 232.2 25 00O 2 220 1.167 B o 4304 0.67 4.57 92.9 8 006 2 320 2 130 we 0
4304 2.29 0.91  139,3 15 000 500 355 we o 4305 1.22 2.44 74.3 7 500 1 290 950 wg O
4305 1_§s 0.00 120.8 10 000 396 40 we 0 4064 2.29 2,74 83.6 4 500 2175 2 320 wBe 0
4101 2.13 0,91  83.6 15000 1 040 10 5 of Q| <osa 2.13 0,91  111.5 12 000 555 1185 w8 O
4068 2.44 1.22  111.5 12 000 2 960 1 038 w8 o} 4064 1.83 3.66 92.9 5 000 1 490 3 540 wg O
4068 0.91 1.83 92.9 10 000 3 530 1877 We O 4051 2.74 2.13 83,6 3 000 1 400 1 380 we - O
4068 0.6 2.13  185.8 20 000 2 985 2 990 B0 4103 1.37 1.98 79.0 6 000 1 360 1 335 we O
4068 0.30 1.83  111.5 12 000 961 -1 852 we 0 4103 1.83 1.83  130.1 14 000 1 560 1 695 we O
4068 2,13 0.91  111.5 12 000 1 850 1 306 W 0 4103 0.91 2.74  111.5 13 000 2 735 2 560 we 0
4068 0.61 4,57  111.5 12 000 3 250 2 450 oill 4105 0.91 3.35  102.2 7 500 2 210 2 980 B O
4068 1.98 .1.52  111.5 12 000 1 800 1 475 wg 0 4106 1.22 - 1.83  191.5 8 500 1 130 1 150 we D
4068 2,74 3.05  111.5 12 000 5 270 3 267 T o 4106 0.61 2,44  120.8 9 000 2 930 3 245 we o
4068 0.9 -1.83  130.1 14 000 1 250 1 695 18 4106 2,13 2,44 92,9 8 000 1 590 .2 845 wB O
4068 - 0.30 3.66  148.6 16 0DOD 2 590 4 781 B 4106 0.76 1.22 -~ 83.6 8 000 2 125 2685 WB O
4069 0.30 2.13 . 181.2 26 000 4 350 1 215 B 4106 1.98 0.91 88.3 9 500 1 270 976 w8 O
4069 3.66 4.88  204.4 30 000 6 100 3 050 B 4106 1.07 1.83  102.2 11 000 1 980 2 400 wg 0
4069 0.30 4.57  106.8 25 00O 5 245 4 675 B 4106 0.9 5.18  _111.5 9 000 3480 1 490 wg 0
4069 2.44 4,88 325.1 40 00O 3 240 8 776 B 4106 0.76- 4.57 83.6 7 500 1 465 2 460 WB O
4069 2.44 2,20  148.6 16 000 190 214 B 4106 0.00 0.91 92.9 10 00O 1 480 400 w0
4069 0.30 0.61  130.1 18 000  1.090 215 B 4104 2.29 9.1 116,17 15 000 15 000 3 990 ws O
4069 0.30 2.29 92.9 12 000 2 750 2 116 wB 4104 2.74 1.22  111.5 8 000 974 2 615 ws O
4069 0.30 3.66  139.3 30 000 3 925 4 080 B 4104 2.29 6.10  102.2 9 00O 2 330 3 020 we O
1,83 2,44 92,9 6 500 915 2 145 e 4104 1.22 3.66 92.9 7 GO0 2190 - 2 é’!U WwB 0
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_3ppendix-8 . : DATA FQR FLOOD DAMAGED HOMES - Continued COMMERCTAL DAMAGE _ ' Appendix B

: _ Flood Depth Range: O m to 0.31 m
: ' DAMAGE - 211 -
pPOSTCODE FOUNDATION  FLOOD FLOOR MARKET 2z St }
T ND. - HEIGHT DEPTH  AREA VALUE t =
_ Structural Contents g § 2 | DAMAGE
- 2 : ol A
: T m m m $ .- § ' B 2F = ; L
_ mE  Lif- SOURCE TYPE FLOOD DEPTH s .
: IR ‘ ' Direct Indirect
4104 1.52 0.00 176.5 20 000 270 - 30 WE 0] m . %/hz $/m2
4300 0.61 .1.07 111,52 000 1 860 824 ws  af- : ‘ : I
4106 0.6 4.57 92.9 7 000 2 210 1 265 wB  of - 2 Confectionery 0.03 - 0.9 8.9 |
. : . : ' 1 in t i - . .
4106 0.76 1.37 88.3 9 500 1 270 1 575 wg  al: z Marine Retailer 0.2 26.9 134.6 |
- 2 Millers & Merchants 0.2 ' 19.9 3.9 L
2 Electrical Retailer o 0.1 107.6 10.8 I
— , X 2 Wholesale Distributor 0.2 : 3.1 0
NOTE: WB denotes weather—board houss )
B denotes brick house 2 Appliance Distributor " 0.2 4,7 . 1.4
F denotes fibro-cement house | > Motor Ushicle Sales 0.2 5 1.4
CR denoctes cement-render house .
0 denotes house 3 Machine Tool Supplies . 0.1 0.3 0.1

blank denotes house
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Appandix B

Flood Depth Range:

COMMERCIAL DAMAGE

0.31 m to 0,91 m

SOURCE

TYPE

FLOBD DEPTH

"Direct

DAMAGE

Indirec

m, §/m? $/m?
2‘ Real Estate Agent 0.6 3.6 53.8
2. Chemicals & Plastics Sales 0.5 23,0 '
2 Wholesals Merchant 0.6 6.8
2 Enginesring Supplies 0.4 9.4 35 é
1" Cleaning Supplies 0.3 4.6
1 Funeral Director 0.8 0.6
2 Electrical Equipment Distr. 0.4 1.2
2 Stationary Wholesaler | 0.6 1.6
2 Fleor Emulsion Wholssalsr 0.6 1.4
3 Sausage Casing Msxchant 0.3 0.9
2 Seed Merchant 0.5 99.6 26.9
2 wholeséler 0.7 5.7 32.3
- 2 Butchers éupplier 0.8 21.1 a
2 Wine & Spirit Merchant 0.8 14,0 3.2
2 Appliance Sales 0.6 1641 25,8
2 Stesl & Cable Stockist 0.8 2.4 0
2 Residential Flats 0.6 6.7 1.1
2 Wholesale Distributor 0.6 41,0
2 Service Station 0.7 0.9
2 Wholesale Distributor 0.5 40,4
1 Appliance Merchant 0.3 89.1
2 Pharmacsutical Wholesaler 0.3 46,2
2 Footwear Retailsr 0.3 0.5
2 Elsctronic Equipment Wholssaler 0.5 22.4
2 Ceramic Tils Wholesaler 0.6 8.9
2 Milk Bar 0.3 15
4 Retail Store 0.3 3.2
4 Snack Bar 0.5 19.4
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COMMERCIAL DAMAGE -

Appendix B

Flood Depth Rangs: 0.91 m to 1.37 m

[ _ DAMAGE

SOURCE TYPE FLOOD DEPTH Direct Indirect

m ﬁ/hz ﬁ/ﬁz

1 Paint Wholesaler 1.2 34.4 ]
2 Tea Merchant 1.0 136.9 143.5
2 Drawing 0fficer Supplier 1.2 17.8 10.8
2 Machinery Merchant 1.2 13.9 0
2 ' Wholesaler 1.0 40,9 0
2 Elsctrical Appliances Sales 1.2 15.9 2.5
2 Scale Sales 1.2 8.6 43.1
2 Storags Contractor 1.0 £67.5 2.0
2 Tyre, Battery Supplier 0.9 18.1 29.8
2 Investment Company 0.9 1.8 0
2 Némsagent 0.9 1D.D_ 2.9
2 Electrical Wholesalsr 0.9 41.6 0
2 Industrial Land Lease 0.9 7.2 0
2 Electrical Goods Wholesaler 1.2 7 110.9 36.8
2 Wholesale Distributors 1.2 86.1 0
2 Wholesale Distributors 1.2 18.6 6.6
2 Carpet Retailsr 1.2 43.1 g
2 Sguash & Tennis Centre 1.2 16,9 5.4
2 Mfrs Agent 0.9 53,8 0
2 Marine Retailer 1.2 41,2 10.7
2 . Marine Retaller 1.2 3.6 4,3
2 Motel 1.2 4,7 22.1
2 Wool Broker, Agent 1.2 44,9 39.5
2 Motor Vehicle Sales 1.3 71.9 0
2 Building Materials Suppliser 1.2 20.9 29.9
2 Upholstery Suppliss 142 2.7 2.7
2 " Caravan Park 1.2 125.6 35.8
2 Machinery Merchant 0.9 1.0 0.6
2 Snack Bar 1.1 11,8 21.5
2 Shipping Company 1.0 2.5 5.7
2 Automotive Wholssaler 1.2 2.7 0
2 Car Park 1.0 29,6 15.4
2 Car Park 1.2 0.3 0.5
2 Wholesaler 141 0.8 0.9
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Appendix B COMMERCIAL DAMAGE - Continusd

COMMERCIAL DAMAGE Appendix B
Flood Depth Range: 0.91 m to 1.37 m - Continued Flood Depth Range: 1.37 m to 1.83 m
DAMAGE ] DAMAGE
SOURCE - TYPE FLOOD DEPTH Diract Indizect SGUREE TYPE FLOOD DEPTH Direct Indirect
m %/hz ﬁ/hz m 5/h2 %/hz
-2 Fodtwear Retailsr . 7.7 o 2 Service Station 1.7 12,5 - 38.8
2 Retail Stors . 20.2 0 2 Hotel 1.7 4.0 0
2 Refrig. Spares Wholesaler 1.1 571 13.5 2 Office Equipment Suppliss 1.5 62.2 7.2
2 Footwear Retailer 0.9 2.8 0 9 Foodstuff Wholesaler 7. 50.1 ﬂ21.5
2 Wholesaler - 1.2 57.1 21.5 2 Brassware ﬁholesaler 1. 94,3 17.8
-3 College 1.2 10.9 0.2 2 ' Scientific Instrument Supplier 1.4 15.0 0
2 Wholesale Merchant 1.0 14.8 4.7 3 Stesl Products Distributor. 1a -27.8 2.0
4 Mixed Business 1.2 95.0 - 2 MacHine Tool Dealer 1. 49,5 0 |
f 4 Motdr Parts Retailer Ta1 26.3 - 2 Softgoods Retailer (A 161.5 107.6
! 4 Gilassware Merchant 1.2 32.3 - 2 0il Company 1. 5.9 8.1
2 Lighting Products Supplier 1.4 94,7 . 193.8
}ﬁ ' 2 Textile Wholesaler 1. 108.5 0
i : 2 Imparter 1.5 56,7 21.5
ii ' 2 tElsctronic Cqmputer Marketer 17 - 292,5 477.9
! 2 Motor Cycle Retailer 1.5 14.0 10.8
i 2 Food Wholesaler 1.5 69.6 1.8
- 1 2 Earthmoving Equip. Retailer 1.7 5.0 4.3
2 Motel «5 1.4 1.4
2 Hotel o7 3.3 4.7
.2 Clothing Wholesalsr 145 75.6 0
2 Insurance Broker 1.4 © 45,2 0
: 2 Wool Broker 1.5 13.3 B
: 2 Car Park 1.7 0.1 0.2
2 Warshousing 1.4 34,3 0
2 Footwear-ﬂetailing 1.5 89.9 0
2 Footwear Retailing 1.5 117.0 1]
; 2 Florist 1.5 125 5.4
;i 2 Forklift Hire 1.4 14,7 0
4 Interior Decorator 17 21.5 0
4 Produce Merchant 1.7 - 22.9 0
4 Veterinary Clinic 1.7 52.9 0
4 Mixed Business 1.4 24,0 0
2 Industrial Belts Wholssaler 1.6 18.9 0
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: i
Appendix B \ | COMMERCIAL DAMAGE : _ - ] COMMERCIAL DAMAGE Appendix B u

Flood Depth Range: 1.83 m to-2.29 m ‘ | | ' | Ai‘ Flood Depth Range; 2,29 m to 2.74 m
DAMAGE | | | 7 pamAgE f
SOURCE TYPE FLODD DEPTH Diroct Indirect | X |sourcE TYPE . FLOOD DEPTH I - |
m §/m? s/m? | ] m 8/m’ 8/n”
2 Hotel | 1.8 2.9 3.0 2 Toy Wholesaler ' | 2.6 49.8 70.2 |
2 Wholesale Distributor . 1.8 59.6 B84.4 2 Elect. Appliances Distr. 244 65.1 ’ 51.8 _ ﬁ
2 Property Leaser 2.0 . 6.8 0 3 Building Supplier 2.4 177.5 218.5 ?
2 Real Estate Valuers 2.1 64.6 0 3 Hardwars Retailer _ 2.4 140.0 2.8 | |
2 Service Station 1.8 17.5 - 5.4 2 Wallpaper Wholesalser 2.4 35.8 ] ' _;
2 Timber Merchant 1.8 26.9 0 2 Wine Distributor - 2.4 39,0 : 8.8 [
| 2 Wholesaler 2.1 47.1 19.8 2 Diesel Engines Distributor 2.4 6.7 ' 4,8
‘ 2 Soft Furnishing Wholesalsr 2.1 15.1 0 2 Wholesale Merchant 2.4 157.7 59.3
2 Wool Brokers . - 1.8 1.8 3.7 2 Marine Sales 2.4 4,5 224.2
2 Food Uholesaler 1.8 51.2 1.2 2 Motion Picture 2.4 58,3 8.9
2 Mfr Agent 1.8 47.4 0 2 Coach Operator 2.4 : 1.1 6.5
f 2 ' 0il Sales 2.0 13.8 0 2 Soft Goods Wholesaler 2.3 199.1 0
% 2 Wholesaler 2.1 51.0 0 4 Used Appliance 5ales 2.4 32.3 -
? 2 Wholesaler 1.8 36.1 - 0 2 Hardware Retailer 2.3 35.8 11.2
| 2 Motor Vehicle Sales 7 2.2 76.5 21.4 4 Newsagent | 2.3 113.9 -
é 2 ool Brokers : - 2.0 53.5 9.9 4 Customs Agent o 2.4 37,4 ~
E 2 Agent, Importer 2.1 17.8 0 4 Spirit Merchant : 2.3 111.3 -
| 3 Wholesaler - 2.2 448.0 20.5 4 Beauty Salon , 2.4 ' 68.9 -
4 Milk Bar , 1.8 59.8 -
1 Building Society 2.0 6.1 0
4 Tailor 1.8 129.2 -
4 TV, Radio Sales 1.8 130.9 - |
3 Tractor Distributor 2.1 137.9 32.9 | ~ B
E ~
|
1
|

I
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Appendix B

COMMERCIAL DAMAGE

Flood Depth Range: 2.74 m to 3.66 m

i

COMMERCIAL DAMAGE

Flood Depth Range:. 3.66-m to 4.57 m

136

DAMAGE ~ DAMAGE
SaURDE TYPE .. FLOOD DEPTH Diract Indirect SOURCE “TYPE FLODD DEPTH Direct Indirec£
m $/h2 %/ﬁz m %/ﬁz %/h2
1 Chemicals Agent 3. 43,4 - 6.2 2 Metal Distributors . 02.6 5.9.
2 Machinery Distributor 3.4 29.9  239.2 2 Bottle Merchants . 9.8 6.4
3 Farm~Machinary Retailer 131.3 75.5 2 Veterinary Wholesaler . 12.2 52.2
2 Metal Merchants . 2.4 8.9 2 Electrical Uholesaler 141.2 26.9
3 Paper Merchants . 102.7 5.1 2 Tyre Salés . 10.1 6.0
2 Wholesaler 3. 34.2 28.4 3 Automotive Spare Parts . 200.9 58.4
1 Plant Hire 2.7 106.1 61.5 Wholesaler
2 Food Wholesaler 2. 89.9 23.6 2 Machinery Sales 3.1 31.8 16.1
2 Brushware Warehouse 2. 78.0 , 4,5 2 Grocery 4.0 55.7 53.8
2 Mixed Retail 7.0 55,2 20.2 1 R?tailer & Wholssaler 4,0 308.6 53.8
2 . ‘Used Car Dealer . 33,73 29,5 2 Outboard Motor Retailer 3.7 25.1 742
2 ' glectrical Wholesaler . 100.4 14.3 2 Textile Importer 3.7 183.4 36.7
2 Bank ' 1.8 q 2 Tyre Wholesalsr 3.8 25.3 10.4
3 Metal Distributor 3.6 92.5 26.8 2 Tyre Importer 3.7 32.3 77.5
P Wine & Spirit Merchant 2.9 170.1 8.9 2 Electrical Wholesaler 4.2 521.0 61.0
3 Warehouse , 5.8 90.% '6.1 2 Produce Merchant 3.7 46.3 5.0
4 Mixed Retail 2.7 471 _ 2 Food Wholssaler 3.7 “64.0 2.7
5 Canvas Gnodé Retailer 71.8 _ 2 Variety Wholesaler 3.7 88.4 7.6
4 Carpet Retailer ) 86.1 _ 2 Metal Retailar 3,7 70.4 43,1
4 Butcher .0 47.8 _ 2 Sales Consultants 4,3 2B.4 0.8
2 Hardware Retailer 9.7 53.8 _ 3 whélesale Market 4.4 318.1 E.S
2 Automotive Dealer 2.8 37.6 39.1 4 Tyre Retreads 3.7 34'4 T
. .2 Food ‘Wholesalsr 3.7 49,7 C 1.2
4 Hotel 4.0 16.1 -
5. Swimming Pool Sales 3.7 44,9 -
4 Importer 4.4 36,7 -
4 gffice Furniturs Retailer 3.7 105.3 -

Appendix B
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'ﬁppendix B

COMMERCIAL DAMAGE

Flood Depth Range: 4.57 m to 5.49 m

COMMERCIAL DAMAGE

Flood Depth Range: 5.49 m and over

Appendix B

138

DAMAGE ) DAMAGE
SOURCE TYPE FLOOD DEPTH Direct Indirect SOURCE TYPE FLOOD DEPTH Birect Iﬁdifect
m 4/m” §/m? | m §/m” §/m”
2 Importer 4.7 B5.3 63.8, 2 Service Station 5.5 7.6 1.0
2 Pump Hire 4.6 33.7 134.6 2 Chemical Importer . 367.5 37.1
2 Dolomite Sales 4.9 17.2 56.5 2 Steel Merchant 5.5 12.1 15.8
2 Automotive Parts Wholesaler 4,9 162.9 23.7 2 Motor Truck Sales 87.73 18.4
2 Hire Service 4.9 12.6 3.6 2 Plumbing Supplies 8.4 8.1 7.2
2 Tractor Sales 5.0 50.2 5.7 3 Caravan Sales K 289.7 . 046.0 | -
2 Food Wholesaler R 4.9 233.3 3.1 2 Car Sales 6.1 Te2 0
3 Warshouse 47 146.2 1.9 2 Food Wholesaler .8 28,6 33,7
2 Cordials Distributor 4.9 7.1 0.1 2 Paint & Wallpaper Merchant 62.8 382.8 -
2 Insecticides Wholsesaler 4.6 158,8 46,6 2 Timber Merchant . 7.4 2.0
2 Bus Service 5.2 20.8 1.1 2 Flectrical Appliances . 180.9 80.0
3 Timber Merchant 4.6 50.1 71.6 Wholesalax ’
4 Hotel 4.6 39,7 - 2 Materials Handling 9.2 9.4 1.8
4 Shop 4.6 1442 _ ~ 3 Tractor Sales 5.6 68.4 27.0
4 Service Station 4.6 71.0 _ 2 Ele;tricai Retailer 6.7 134.6 67.3
4 Boat Sales 4.6 7.2 _ 2 Furniture Retailer 6.1 78.4 44,5 -
4 Frock Salon 4.9 209.9 _ 4 Car Parts Wholesaler 7.0 38.4 - _
- 4 . Shop 545 13.9 - ¥
4 Skating Rink Operator 6.1 "15.6 -
4 Truck Sales ' 8.8 126.5 -
4 Cliothing Retailer 6.1 53.8 -
4 Gift Retailer 7.6 70,0 -
4 Service Station 6.1 8.5 -
4 Service Station 9,2 28.7 -
4 Clothing Retailer B.1 "6B.9 -
4 Sporting Goods Retailer 15.9 72.8 -
4 Service Station 9.2 15.9 . -
4 Food Ingredients Retailer 9,2 66,2 -
4 Supermarket Operator 7.0 218.8 L=
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Appendix B

INDUSTRIAL DAMAGE

Flood Depth Range: O m to 0,30 m

Appendix B

—
DAMAGE '
SOURCE TYPE FLOOD DEPTH bizect  Indirect
m H/hz - §/m?
1 ‘Furniture ffr 0.2 3.6 22.4
2 Printer 0.2 6.2 4.3
2 Film Production 0.1 21,5 71.8
2 Spring Mfr 0.2 ’ 1] 1.0
2 Enginesrs & Mfr 0.1 1.2 114.9
2 . Steel & Wire Products Mfr 0.2 19.2 9.6
2 TV Service 0.1 3.9 4,7
1 Chemical Mfr 0.1 2.4 a
2 . Laminated Products Mfr 8.1 3.9 o
2 Fibrous Plaster Mfr 0.2 0.4 g
2 Truck Assembly 0.1 25.1 0
2 Safe Mfr 0.2 0 7.6
5 printer 0.2 5.4 -
140

INDUSTRIAL DAMAGE
Flood Depth Range: 0,31 m to 0.91 m
DRMAGE
SDURCE TYPE FLOOD DEPTH Direct Indirect
m §/m” §/n”
2 Tyre & Rubber Mfr 0.8 4,3 0
1 Furniture Mfr 0.8 15,3 35.8
2 Window Electronics Mfr 0.8 122.0° 35.8
2 Toolmaker 0.8 6.9 16.0
2 Bakery | B.6 0.57 7 0
2 ' Motor Dealer 0.6 1.9 8.6
1 Sport Goads Mfr 0.5 16.4 - 10.2
2 Bitumen Emulsion Mfr 0.6 11 1 10.8
2 Valve Mfr 0.6 6.0 6.7
2 Panelbeater 0.8 J.6 0
1 Canvas Goods Mfr 0.8 1.7 0
’ 2 Light Mfr 0.5 11,9 0
2 Wire & Nail Mfr 0.3 13.2 4ol
2 Flour Packer 0.6 1.0 0
2 Respiratory Equipment Mfr 0.8 2.7 8.1
2 Plaster Board Mfr 0.4 5.4 g
2 Laundry 0.5 1.7 0
2 Plumber 0.3 7.1 J.9
1 Fruit Juice Mfr 0.6 6.4 2.7
2 Furniture Mfr 0.5 5.4 10.8
2 Garage Door Mfr 0.7 1.6 g.8
1 Engineers & Mfr 0.4 T2, 0
2 Enginesrs, Pump Mfr 0.6 0.8 1.1
2 Panalbeater 0.5 1.6 0
2 Rubber Mfr 0.6 4.8 4.5
2 Saddlery 0.3 4.3 0
2 Food Mfr 0.7 10.8 0
2 Aluminium Fabricator 0.5 10.0 3B.4
2 plumbing Contractar 0.8 20.5 5.2
2 Panelbeater 0.4 0.4 2.4
2 Boat Builder 0.5 1.2 2.7
2 Electrical Engineers d.5 12.2 6.8
2 Fibreglass Mfr 0.8 4.7 20.2
2 Concrete Products Mfr 0.3 7.3 0
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Appendix B , INDUSTRIAL DAMAGE - Continued

N TNDUSTRIAL DAMAGE | Appendix B
FlUDd.DBpth Range: .0.31 m to 0.91 m - Continued - Flood Depth-Ranga: 0.91 m to 1.37 m
D o DAMAGE ARE
SOIREE : TYPE . FLooD DeERTH Direct ‘ Indirect|- | SOURCE : TYPE ) B FLOOD DERTH Direct Indfrect
m $/m2 $/m2 - m ﬂ/ﬁz S $/h2
3 [Civil Englneers 0.8 129.0 0 2 Interstate Transport 1.0 8.1 4.5
2 Furniture Mfz . 0.5 A4S 6.8 1 Sawmill | 1.1 9.1 40.4
3 Shipuwright 0.8 141 ] 2 Gear Mfr 0.9 9.5 0
3 Interstate Transport 0.8 691.4 23.0 1 French Polisher 0.9 22.6 0
2 Shop Fitter 0.3 7.5 .0 2 Hot Mix Mfr | 1.1 3.2 8.6
2 Gravel. Producer - 0.5 o BT 79.8 2 Mowsr Assembly Plant 1 7.9 10.8
- 3 Ship Builder | 0.6 - 185 o 1.8 2 Interstate Carrier 1 ' 0.6 6.5
5 Printer | . 6.6 76.0 - 2 Cavrier 0.9 2,7 179.4
4 Mlotor Parts Mfr - 0.6 1.4 - 2 Plastic Fabricator 1.0 12,7 16.6
5 Printer - 0.3 26.8 2.8 2 Carrier 1.2 66.4 8.9
4 General Enginsers 0.8 49.1 - 2 Recond. Commercial Refrig. 1.0 23,2 15.4
5 ' Printar 0.9 - 14.3 - 2 Canvas Goods Mfr 0.9 .B.6 4,3
4 Clothing Mfr 0.6 56.? - 2 Builder 1.1 ] 33,4 0
5 Printer 0.8 46.6 - 1 Furniture Mfr 8.9 20,2 0
2 Drilling Equipment Mfr 0.6 : 1.2 18.6 o Safety Equipment Mfr 0.9 7 65.2 10.8 |
3 Heavy Engineering g.6 1.4 - .0.5 2 Chemical MFr 1 44,1 215.73
2 Water Treatment Engineers 0.9 79.7 36,9
2 Bait Processor 1 12,2 » 4.6
2 Petroleum Equipment Installer 0.9 11.2 0
2. Air Cargo Forwarders 1.2 ‘ 17.8 215.3
2 . Steel Fabricator | 0.9 ' 1.8 ' 1.8
2 Spring Mfr 1.3 . 2.9 5.1
2 Engine Récanditioners 1.0 841 5,4
2 Engine Machining 11 12.6 25,6
. 2 Civil Engineers Te2 119.6 38.0
: 2 Boat Builder 1.1 92,9 1.8
2 Fruit Juice Mfr 0.9 0.5 - 0.8
S 2 Signwriter 0.9 92.9 3.6
- ) 3 Refrig, Eguipment Mfr 2.9 44,7 . 97.6
5 Typesetter 0.9 24.8 -
5 Printer 0.9 61.9 -
5 Printer 4.0 24,2 -
4 “wrought Iron Products Mfr 1.0 9.8 -
] 5 Electroplater 1.2 :  53.8 -
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Appendix B

INDUSTRIAL DAMAGE -~ Continued

Flood Depth Range: 0.91 m to 1.37 m - Continued

. 4
. DAMAGE :
SOURCE TYPE 'FLOOD DEPTH Direct Indirect
m 'ﬁ/hz $/h2
4 Stock Feed Mfr 12 21.5 -
5 Printer 1.1 64.6 -
4 Furniture Mfr 0.9 49.6 -
4 | Panelbeater 1.2 11.8 | -
4 Spring Mfr 0.9 5.2 -
3 .Can Mfr 1.2 104.% 44,6

144

INDUSTRIAL DAMAGE Appendix B
Flood Depth'ﬁange: 1.37.m to 1.83 m
DAMAGE-
SOURCE- TYPE FLLOOD DEPTH Direst Indirect
m ﬁ/h2 ‘ ﬁ/hz
2 Motur Engineers 1 15.1 12.9
1 Hat Mfr 1.5 13.5 33.6
1 Fruit Juice Mfr . -13.9 23,9
1 Furniture Mfr 1. 54,6 46,1
-2 Marine Instrumsnt Mfr 17 B6.4 29,1
2 Gensral Engineers Te 5.7 20.1
2 Cabinetmaker 1.5 31.5 ~ 10.8
2 Signuriter Te 20.1 0
2 Lightning Specialist Te 19.7 Te2
1 Pharmaceutical Mfr 1. 35.7 0
2 Plant & Equipment Mfr 1.6 2.4 0
2 Stesl Products Mfr . 4.6 0.5
S 2 Spring Mfr 1.4 2.2 2.7
2 Civil Engineers T 67.8 - 129,2
2 - Fastener Mfr . 11.8 10.8
2 Panelbeatar . 7.8 3.6
C 2 Plumber 1. 32.9 12,3
2 General Mfr 1.7 4.3 0
2 Cyele Mfr . 40,4 32,3
2 Wheel Mfr 1.7 38,9 }D.D-
2 Panelbeater 1. 14.3 10.8
3 Furniture Mfr 1. 1041 3.2
3 Chemicals Mfr 1. 741 '37.8
3 Glass Mfr T. 68.7 40.4
5 Paper Bag Mfr Ta 41 .4 -
5 Printer 1.5 7 T1.5 -
5 Furniture Mfr Te 44,9 -
5 Printer 14 53.8 -
4 Furniture Mfr 1. 26.9 -
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fippendix B INDUSTRIAL DAMAGE : ’ : | o INDUSTRIAL_DANAGE '~ Continued Appendix B
Floaod Depth Range: .1.83 m to 2.29 m ) : ) 1. Flood Depth Range: 1.83 m to 2.29 m - Confinued |
‘ ”DF\NF\GE . g DAMAGE'
SOURCE | TYPE FLOOD DEPTH * . ndireot SOURCE ST ~ FLOOD DEPTH .Direct _ Iﬁdirect

mo §/n° s/ || | , m $/n> 8/

2 Wire Weaver 1.9 B.9 0.4 5 Printer - 1.8 . 161.9 -

2 Plumber : 2.1 26,0  82.8 4 Glass Fibre Mfr 2.0 667.9 . =

2 Motor Engineer 1.8 - 2.0 o 5 Printer S 24 123.8 -

2 Security Systems ‘ 1.8 241.,4 61.5 = Printer . 2.2 ' 89.7 -

2 Unbrella Mfr : 2.1 B4.3 35.8 4 Canvas Goods Mfr 2.0 83.3 .

3 Chemical Mfr 2.1 56.8 19.9 4 Clock Repairs 2.0 40,2 - -

2 Concrete Products 1.8 240.4 0 -

2 Paint Mfr ' 2.8 13.5 12.9

2 Panelbeater : . 2.8 4.0 7.2 .

2 Vehicle Repairs 2.8 183,0 ! 30.8

2 Coopsrage 148 7 - T1.0 2.5

{ " Furniture Mfr 2.0 * 9.9 B.3

2 Mfr, Engineers 2.0 : bod 1.0

2 Transformer Mfr 2.1 23.4 18.0

2 Electrical Mfr 1.8 142.4 21.5 | |

2 panelbeater o 1.8 4.1 6.8

2 Dil Field Service 2.7 - 29.4- : 10.8

2 Air Cond. Contractor 1.8 50.5 13.5

2 Wood Mouldings Mfr 1.8 B3.5 10,7

3 Fibreboard Mfr ' 2.1 . 7M.S

2 Sawmiller, Mfr 2.0 42,5

2 General Carrier 2.0 122,.2

2 Motor Repairs ' 2.1 30.1

2 Concrete Placer 2.3 13.7 -

2 Wslder | 2.0 1641

1 Boat. Builder . 2.8 7.2 /

3 Matal Processor 1.8 31.9

5 Printer : 2.0 63,1

4 Furniture Mfr 2,0 - 24,6

5 printer | | 2.1 19.6

4 'General fnginsers : 1.8 37.2

5 Joiner 1.8 32,3

3 Wire Mfr , 2.0 20.1

5 ‘Panelbeater 1.8 35.8
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Appandix B

Flood Depth Range:

' INDUSTRIAL DAMAGE

2,29 m to 2.74 m

| DAMAGE
| SOURCE TYPE FLOOD DEPTH Direct Indirect
m $/h2 8§/
2 Motor Repairs 2.6 14.9 22.4
2 Real Estate Developer 2.4 31.2 0
1 Lithographer 2.4 150.7 59.8
1 Furniturs Mfr 2.4 30.7 o
1 Flour Miller 2.4 39.4 D
2 General Mfr 2.6 25.7 '59.8
1 Furniture Mfr 2.4 48.4 64.6
1 S5tainless Steel Mfr 2.4 9.8 27.6
2 General Mfr . 2.4 207.0 276.0
2 /Steel Fabricator 2.4 B.3 12.9
2 * Automotive Engineer 2.4 - 38.5 57.4
2 ' Food Processor 2.4 53.0 6.5
2 Aluminium Fabricator 2.6 2.2 8.1
"2 Building Contractor 2.4\ 22,3 14,3
2 Brake Repair Specialist 2.3 27.3 1044
2 Engine Packing Mfr 2.4 127.1 53.8
. Plywood Mfr 2.4 73.4 9.8
4 Electrical Contractor 2.4 75,3 -
& Plastic Fabricator 2.4 12.2 -
5 Hardboard Mfr 2.6 19.7- -
5 Furniture Mfr 2.4 14.0 -
4 Kitechen Furniture Mfr 2.3 57.7 -
4 Printer 2.4 61.0 -
4 General Engineering 2.3 269.1 -
4 General Enginéering 2.4 B4.6 -
4 Designer & Printer 2.4 107.6 -
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INDUSTRIAL DAMAGE - - Appendix B
.Flond Dapth Range: 2.74 m to 3.66 m )
* DAMAGE
SDURCE TYPE FLQDD DEPTH " Direct Indirect
n §/m? §/m”
2 Freight Forwarder 2.9 5.3 3.1
1 Steel Tube Mfr 2.7 112.3  B0.7
2 Mfrs & Engineers 3.0 3.9 18.4
.2 Engineers 3.0 878.4 150.7
1 Stock Feed'Mfr 2.7 35.1 33.9
1- Venetian Blind Mfr 3.0 S 111 31.6
2 Motor Repairs 2.9 9.3 2.5
2 Shop Fitter 3.4 17.9 - 5.4
2 Spectacle Cass Mfr 3.4 13.0 | 7.6
2. Mechanical Enginsers 3.4 22.4 16.6
3 Plastic Mfr 3.5 142.1 . 118.4.
A Plywood Mfr 3.0 3.3 C 3
2 Transport 2.9 9.9 . 0 -
2 Brewery 3.1 30,9 6.0
2 Asphalt Producer 2.8 54,5 23.0 |.
3 Ship Repairs 3.0 278.5 0
3 0ffice Furniture Mfr 3.4 91.5 30,1
3 Biscuit Mfr 3.0 - 87,7 17.0
5 Printer 3.4 56.1 -
4 Earth: Mover 2.7 26.2 -
4 Steel Fabricator 3.4 5.7 -
5 Joinery 3.0 67.3 -
5 Mineral Earth Processor 2.9 68.6 -
5 Furniture Mfr 2.7 66.0 7 -
5 Soft Drink Mfr 3.0 18.5 -
5 Steel Fabricator 3.4 35.8 -
2 Plastic Bag Mfr 3.4 124,9 21.5
4 " General Engineers 2.7 10.8 -
5 Printer J.4 .64.0 -
4 Furniture Mfr 2.7 45.4 -
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Appendix B

~ INDUSTRIAL DAMAGE

Flood Depth Range: 3.66 m to 4,57 m

INDUSTRIAL DAMAGE - Continued

Flood Depth Range: 3.66 m to 4.57 m - Continued:

Appendix B8

DAMAGE -
SOURCE TYPE FLODD DEPTHV Direqt Indirect
m $/h2 $/h2
2 Mfrs & Engineers 4,0 35.7 510
2 Furniture Mfr 4,3 11.0 53.8
2 Automotive Engineer 4,0 121 16.1
3 Chemical Mfr 4.0 178.9 435.4
2 Trailer Mfr 4.0 17.2 5.4
\ 1 Clothing Mfr 3.7 3'19!6 21.5
1 Tile Mfr 3.7 10:8 17.2
2 Muffler & Radiator Repairs 4.3 7.5 B.6
2 General Mfr 3.7 46,7 34.4
2 Shap Fitter 4,3 145,3 107.6
2 S5teel Fabrication 3.B 3.8 3.0
1 Furniture Mfr 4.0 51,7 25,8
3 Builders Supplies WMfr 4.2 29.7 27.6
2 Auto Electrical Repairs 4.3 377 134.6
3 Fire Protection Enginesrs 4,0 220.0 180.5
2 Concrete Producer 4.0 322.9 a
2 " Road Transport Specialists 3.7 13.7 6.9
2 Emgine Reconditioners 4.1 15.4 12.6
2 Motor Repairs 4.3 1749 2.8
3 ‘Food Mfr 4.4 136.9 139.2
2 Ink Mfr 3.7 62.9 9.1
3 Removalist 4,1 - 262.,0 1.3
4 Furniture Mfr 4.3 25.3 -
4 Paper Products Mfr 3.7 53.8 -
2 Plywood Mfr 4.3 228.2 464..6
2 Concrete Producer 4.0 331.2 ‘331.2
5 Clothing Mfr 3.7 76.2 -~
5 Pipe Mfr 3.7 94,2 -
4 TV Repairs 3.7 215.3 -
a General Engineaers 4,4 158.1 ‘ -
5 Tyre Retreaders 4,3 67,3 -
5 Patternmaker 3.7 20,1 -
5 Clothing Mfr 3.8 10.2 -
4. “Roof Rack Mfr - 3.7 29,1 -

DAMAGE
SOURCE TYPE FLOOD DEPTH Direct Indirect
‘ 2
%/hz ﬁ/ﬁ
4 - Switchboard Mfr 4,3 - 15,8 -
4 Chemical Mfr 4,3 18.9 -
-4 Printer 443 3.2 -
S § Caravan Mfr 4,1 11.6 - |
3 Agr Machines Mfr 4,3 50.3 4.5
3 Laboratory Supplies Mfr’ 4.0 42.8 11.6
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Appendix B

INDUSTRIAL DAMAGE

Flocod Depth Range: 4,57 m to 5.49 m

- URMAGE

-SOURCE TYPE FLOOD DEPTH birect Indirect
m $/n” $/n”
2 Semi-trailer Mfr 4.9 3.6 2.9
1 Rubber Products Mfr. 4.6 271.3 53.8
3 furniture Mfr 4.9 52,7 41.7
1 Interstate Haulier 5.0 217.3 13,5
2 Semi-trailer Mfr 4.9 83,2 49,0
2 Soap Mfr 4.9 8.4 16.1
2 Paper Converter 4,6 67.2 "0
2 Paper & Cardboard Recycler 4.6 30.4 6.1
2 Earth Moving Contractor 4,9 430.6 403,7
2 Fibraglass Mfr 4.6 16.8 5.4
3 Transport 5.2 152.5 203,8
2 Sand Processor 5.0 25,9 13.3
2 lLaboratory . 5.0 114.5 13.9
2 Broom Mfr 4,6 12,7 4.7
3 Plumber & Mfr 5.1 56.5 30.0
3 Semi-trailer Mfr 5.3 3.9 5.8
1 Glass Fabricator 4.9 124,8 D
3 Heavy Engineering 5.5 122 .1 105.2
152

 INDUSTRIAL DAMAGE Appendix B
Flood Depth.Ranga: 5.49 m and over
o  DAMAGE
S0URCE TYPE FLoad PEPTH Dirpect Indirect
m §/n’ #/n”
2 Transport 5.5 - 137.9 430.6 .
2 Sprimg Mfr 6.1 13.5 26.9
1 Brassware Mfr 5.5 41,6 16.8
2 Motor Car MPr 5.5 39.5 - 179.4
-2 Transport 6.1 39.5 3.6
2 Refrigerator Mfr 5.5 17.2 6.4
1 Building Components Mfr 6.1 . 98,7 179.4 /
3 Mfrs & Enginesrs | 7.2 63.9 18,7
Y Hose & Pulley Mfr 9.2 8.3 14.3
2 Metals Processor 11.7 30.5 107.6
2 Earthmoving Contractor 5.5 53,8 45,7
2 " Diesel Pump Repairs 9.2 R 1.9
2 Contractors G 79.7 21.5
2 Vegetable Packer 6.7 38.8 0
2 Refrigerator Mfr 6.1 119.9 91.9
2 Concrete Supplier 5.8 5.9 0
2 Transport Enginesars 5.5 26.2 1.5
4 'Diéplays Faﬁricatar 6.1 5.9 -
1 Soft Drink Mfr 5.5 16.5 8.3
4 Panelbeater 5.5 14.6 -
4 General Engineers 6.1 36.2_ ' -
4 House Renavator 18.3 18.8 -
5 Furnituze Mfr 6.1 33.6 -
4 Food Processor 7.6 86.1 =
4 Panelbeater 6.1 2.2 -
4 Precast Concrete Mfr 6.1 15.4 -
4 General Engineers 5.5 ﬂ?.é -
4 Wire Products Mfr - '/ 641 ~ 75.3 -
3 Paint Mfr 6.5 121.4 10.9
153
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Appendix B

SMALL BUSINESS DAMAGE

DATA FROM QUEENSLAND DISASTER WELFARE COMMITTEE

Direct

Buginess Employees Flood Depth $ Damags
Auto repairs r 0 12 5 000
Erﬁit, vegetables, shop 0 12 580
T.V. Repairs 3 60 6 000
Washing m/c repairs u 50 11 000
Supermarket A7 20 75 000
Nursery (plants) 0 10 B 900
Mixed business 0 20 & 700 -
Mixed business 2 8 B 300
Marking squipment 2 20 7 680
Sogil plane etc. repairs 0 30 6 350
Musical instruments 2 7.5 32 500
Hairdresskr 3 above floor 540
Snack bar, 2 15 27 300
delicatessen
Pharmacy 1 20 11 500
Grocery 0 9 2 BOO
Pastry shop 0 11 1 500
Grocery. 2 8 12 500
Mixed business 1 8 4 000
Elsctrical eng. 8 11 9 000
Panel hbeating 1 above floor 1 428
Milk bar, delicatessen 3 QD 10 000
Pharmacy 2 B 10 000
Milk bar, delicatessen 3 abt 6 3 550
Pharmacy 4 above floor 31 000
Hairdresser o | 14 100
Service Station - above fleor 6 000
Butcher 1 above floor 8 300
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QUEENSLAND COAL BOARD

159 MARY ITAUIT
BRIBDAND, 4000 ’ oKX T84, AP0, 4081

27th February, 1975.

Mr. S.K. Stephens,

Project Manager,

Brigbsne River Flood Invectigation,

Snowy Mountains Engineering Corporstion,

Box 3%6, FP.O., -
CO0MA NORTH 2630. :

Dear Sir,
Brisbane River Flood Damage

In reply to your letter dated 28th January, 1975, your ref.
A74/21, end Ffurther to my recent discussions with your Mr.
Aitken relative %o the Brisbane River Flood Dahage, I now

enclose a completed plan (with explanatory hoteos} indicating -

the asites of tho coel mines affected by this flood.

The following

information is given in response to the request

on page 2 of your leitter, i.e. - .

' {a) " For the highest flood -

1.

(b) For the

Little or no damage would result to the now
remaining mines on the Ipswich field, with
the excepiion of the Westfalen Mine at whilch
flood gates are now being Installed. In
consequence, the estimated cost of flood
damgge would be minimgl. However, the
officacy of these gates would need to be
adequately tested.

‘1974 flocd -

1.

One mine only - Westfalen ~ 1is capabls of being
reinstated. This is now underway and will cost
an estimated $1.5 million %o bring 1t back to
the game production level exis¥ting prior to the
flood.

The other three mines — Haighmoor Rylance
Absrmain/Moreton and Aberdare No.8 - are con-
sidered lncapable of being reinstated. However,
es all of these three Companies are also operat-
ing opencui mines which were not affected, and
in view of the fact that their underground mines
which were lost were operating st a loss, no loas

" of profiis has occurred.

The Board, faking cognisance of the effect of the
flood with regard to produciion and the inabllity
to meet contractusl commitmenta, cancelled all
contracts and increased the price of coal accord-
ingly with the result that the Companies so
affected are now operating profitably.

aea/2

155

DA™ NAE NAOA



Appendix B Appendix B

. ‘Bxplenation of Information marked on The City of Tpswich Flan fox
. The -Snowy bountein AUtHOTitY -

(8) Rhondda No. 1

This old Colliery with limited future prospects was also clear .
of the 1974 flood waters. . :

The washing plant (Jig) washes coal from the Rhondda 1. mine,
the W. Haenke mine and also coal from the Compdny’s open cut
mines. ' . : ' :

{9) W. Haenke

The moat recentiy opened Colliery by the Rhondde Company slso
unaffected by the 1974 flood.

{1) Heigmoor (Tivoli) Colliery .
Mine flooded through new entry made nearer to the Bremer River
at & lower level. At this date no actual work has been carried
out to dewater the mine for re-opening.

The washing plant (Jig) unaffected by the flood is in operation
washing coal from an open cut mine in the Roseweod district (a
joint venture with the Normanton Colliery Company).

{2) Rylance Abermain No. 1

The mine in this area had been abandoned meny years prior to the
floed. The washing plant (Jig) shewn at this point has been
moved, to this site from the fiooded surface area at Moreton
Extended Colliery. The plant is not in operation at this date
but most probadly will be utilised to wash coal from an open cut
mine in the Rosewood distriect when in operation.

{10) Sunrise

This old Colliery abandoned many years ago By_a previously owned
Company, was clear of flooding in 1974.

' The washing plant has been retained in full working condition
and is at present on lease to the Rylance Company who are washing

(3) Rylance Abermain No, 2 coal produced from an open cut mine in the Résewcod district.

Agein in this case the flooding did not reach the entrance of
this Colliery. This Company in recent years hed taken over the
Moreton Extended mine and had made an intercomnection to this
mine's workings and, with the flood waters entering the Moreton
Extended Collijery, both mines were flooded. No reclamation work
has been started at this time. The washing plant {tablea) un-
affected by the flood is still in operation washing coal produced
at the Rylance No. 3 area.

{11) Westfalen 2. & 3.

The No. 3 mine which first produced coal in 1968 was opened up

t0 replace the No. 2 mine which has been abandoned. This new
mine was completely inundated during the 1974 flood causing a
great deal of damage to the ftunnel entrance and also the ajir-
shaft. The owners have since carried out a reclamation program
for this mine by putting down a drill hole to the workings and
installing in it a submersible pump to dewater the mine. I+% 1is
expected that 12 months of pumping will be required to completely
recover the mine. In the meantime, tunnels are being driven

(4) Moreton Extended

This'gine wgs ?°t ighprﬁg%ctionhguring tge fl°°d but a gonnggtion S o ' around the perimeter of the workings to maintain production and

recently made from the ance Abermain 2 mine was winn =}

cogl from this area. The flood waters entering the Moreggn 7 ensure that entries are available to the production erea when

- Extended Kine flooded both Collieries and it has been consldered 3 the mine is dewatered. N

. that the reserves are not large enough o warrant the cost of : ‘ The No. 3 washing plant was also in the flooded area and had only
dewatering and reclaiming the mine workings. - previously been brought into commission washing part of the

production from the underground and a nearby open c¢ut mine. Ths

The washing plgnt shown was within the flood ares and has since - : balance of the production was still being washed at the No., 2
been re-sited in the Rylance Abermain No. 1 area. ~  mine area, BSince the flood this same arrangement is still in
operation regarding the two washing plants.

(12) The Southern Cross, Box Flat and New Hope Collieries and their
. Tespective washing plants were aLl clear of the 1074 floods but

are outside of the City of Ipewich ares. S

(5) . Averdare 8

Prior to the 1974 flood this mine aree had already experienced
problems with underground roof movement causing flooding so that
new workings were being driven to skirt these sbandoned workings.
The 1974 flooding entered these new workings and no move has been
nade by this Company todewater the mine.

{6} Rylance 3

No flooding at this mine. The underground workings had already
been abandoned because of lack of reserves in this area.

4 small washing plant (tables) operates at this asite washing cosl
produced from a nearby open cut mine.

{7) Aberdare Whitwood

. Also an abendoned underground mine site which was not affected
by the flood.

The washing plant (Jig) on this site is at present washing coal
produced from ) open cut mines reasonably adjacent to the site.

1=
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As to the estimated additional cost in providing
coal from other areas, this smounted to some
$5,000,000 which figure inecludes extra freight
costa, nandling charges and the higher price of
coal at pithead. ’

The effect on the work force by the closure of
the affected mines amounted to 312 men of whom
212 were plzced at other mines in the West
Moreton region - Ipawich and, Rosewood - with the
balance of 100 being found positions in the
Central Coalfields and in positions outside the
induatry.

Yours Talthfully, .

Enos.
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PART 2 =~ PRODUCTION OF FLOOD MAPS

1., INTRODUCTION

The Survey Dffice of the Queensland Department of Lands was responQ '
sible for the preparation of the basic cdntour maps required for plotting
"of the flood inundation lines and for the production of the final flood '
mapé for the Brisbane -and Bremsr Rivers. The following report désﬁribing
this work was prepared by the Survey Office for inclusion in the overall
report on the Brisbane River flood Investigations. Since the preparation
‘of the report by the Survey Office further work has been completed on the
maps and this has been in:zluded in Section 6 which was prepared by Snowy

Mountains Enginesring Corboration (SMEC).




2. AERIAL PHOTOGRAPHY

When it became apparent on the 27 and 28 January 1974, that the
Brisbane Rivaer was going to flood to its highest level this century,
efforts were made to determine the areé inundated by the flbod. Arrange-
mants were made for the Royal Australian Air Force Reconnaissance Sqﬁadron
based at Amberley to photograph the flood from the air. A commercial
aerial photography firm was also engaged to take air photographs of - the
flood. The commercial firm which is based at the Archerfield Aerodrome,
started to photograph on the aftérnoon of Tuesday, 29 January, when the
danger of the agrndrcme being flooded diminished.

The bhotngraphs taken by the R.A.A.F. on the 28 January, whén the
flood was at its greatest height in Brisbane, have proved to be extfemely
useful. The R.A.A.F., because of cloud cover, had to fly at heights Uarfu
ing from 2 000 ft to 20 000 ft to get anyworthwhile photography. The
photography was effected as reconnaissance photography and as such it did
not cover the whole of the Brisbhane and Ipswich areas, although a large
part of the area was covered by both high and low-level ﬁhotograpﬁy. The
photography caomprised 8 runs at 20 000 ftand 9 runs varyingbetween 2 DDth
and 4 000 ft - in all a'tutél of 388 prints. This photography was usedras
a cumplemenfary source of information to both the commercial photography

and the various field reports on floodheights received by the Survey O0ffice.

The commercial aircraft, in the few hours of suitable daylight left
on the afternoon of the 29 January, flew 7 runs across the city. As
weather permitted, the firm, over the next 10 days, completed the photo-
graphic coverage of virtually all of the buili-up areas of Brisbane and
Ipswich, and the more urbanised areas in between the two citiss. This
coverage comprised 56 runs of photography, totalling 2 871 prints. . Thié
photography, because of overcast skises, was flown at 2 500 ft to 3 000 ft.
Although conditions for photography were far from ideal, -and flying con—
ditions were difficult, it provided a record of the flood. It showed the
area inundated at the time of the photography and, because it was flownat
low level, it recorded debris marks, especially on roadways. Since the
photography was carried out after the peak of the flood had paased, the
debris marks formsd a good guide to the height reached by the flood.

The aefial photography carried out by the R.A.A.F. and the commercial

firm proved invaluable in determining the aresa inundated by the flood.
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3. REPRODUCTION OF OLD FLOOD MAP

The Survey Office decided to reprint the old flood .map produced by
the Bureau\of Industry in 1933 for the then built-up area of Brisbane,
with the 1974 flood limits superimposed on it. wmrk on the map started
as soon as the flood receded. Surveyors checked flood limits in certain
arsas, in addition to air-photo information, Within one mohtﬁ the Survey
Office produced a map entitled 'Flood Map of Brisbane and Suburbs's Thié

map shows:

(a) The extent of the area inundated during the 1974 Australia Day floods

(superimposed in a full red line).

(b) Flood inundation lines for particular heights (in feet) on the Port

Dffice Gaugse, as embodied on the original 1933 map

Ry T

The Port Office Gauge was until 1 January, 1975 the gauge to which

Y, (Y

all floods in the Brisbane River in Brisbane were refsrred for purposes

of comparison,

A recent edition of the Brisbane Street and Road Map was used as a
base for the flood map. While contour information in 1933 in the fleod
affected arseas was not cuﬁplate, inundation linss enclosing areas'flcudeq
at particular heights on the Port Office Gauge proved to be reaaonably.

accurate.

Al '

The line enclosing the area inundated by,thé January 1974 flood was
deduced from the airvphotugraphy and shown on the map as a continuous
red line. Field inspection of certain areas to clear up matters in doubt.
? was made hy the field staff to supplement the information from theuair

> ' photography. The areas inundated by floods of a particular height on the

i _ Port Office Gauge wsre shown by colour bands. Besides the Cartographic
Section, the preparation of the map involved the Lithagraﬁhic and Photo-
graphic 5ections ﬁf the Sﬁruey Office in such work as scribing, the pre-
paration of colouf masks, photoéraphy and colour proofing in readiness
for plate making before being presented to.the Queensland Government
Printer for final priﬁtingtu Special explanatory notes were printed on
the side of the map - the Brisbane City Council and tﬁe Co-ordinator

General's Department assisted in the preparation of the notes:
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. As stétad earlier, copies of the map were available for sale‘about a
md%fﬁ éfter'fhe decisien was made to produce it. The short time taken to
prndﬂce this map was a result of the willingness of all concerned in its
production to co-operate. A leaflet requesting advice about any errors
found in tharmap was printed and issued with every map sold. iny tuo
letters advising of errors were received and thesa indicated errors of a
minor nature. The map had a ready sale to ths public and thg large number

sold indicated that the public valued the information provided on the map.
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4. INITIATION OF FLOOD INVESTIGATION AND ASSESSMENT
Du;ing the week following the flood, the Qﬁeenéland Ptemier, the
Honourable Mr Bjelke;Petersen, stated that the 3anﬁary 1974 flooding, in
those streams-uhere it reached a record or a near record height, would be
recorded on maps. Very high floods wers recorded in most streams in the |
Moreton Region fram Lockyer Creek, a tributary of the Brisbane River,
south to the State Border and west to the ranges. Gatherihg the data on
these floods was considered to be a major task and the Co-ordinator
General's Department set up a Flood Recording Co-ordination Committee.
This Committee allocated the gathering of data in particular streéms to
various Couernment Departments, the Brisbane City Council and a firm of

ConsuXting Engineers.

The Minister for Urban and Regional Development, Mr T. Uren, .of fered

to make money available to Quesnsland through the Cities Commission to

allow SMEC to help in the Brisbane River flood assessment. The Flood

Recording Co-ordination Committee agreed that there were tmorprobiems that

were beyond the resources of State Government Departments on which to

start work guickly, if they were to be engaged on flood data collection.

One problem was the rea;istic assessment of therdamage caused-by the
flood. In assessing the benefit which might accrue as a result of flood
mitigation storage to be provided in the proposed Wivenhoe Dam, the Co-
ordinator General's Department had used inundation information bésed SN
the 1893 flood, on which to derive damage estimates. The estimates derived
uére deliberately conservative. The January 1974 flood provided an oppor-—
tunity to derive a stage~damage curve, at least up to the height of the
fiood, based on actual experiences. The determination of & stage-damage
curve based on an-actual flood would allow a more confident assassment of
the economics and desirable size of the flood compartment to be built inte

AY
the proposed Wivenhoe Dam.

The other problem was that the Brisbane and Suburbs flood Map 1974

covered only a limited part of the total flooded area in Brisbane and did

not include the City of Ipswich or the Shire'bf'moreton at all. It was
based on inadequate level aqd other information, and was out of date.

New flood maps were required for the 1975 wet season, covering the length
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of,gthErisbane River to Mt ﬁrosby, and the length of the Bremer River
Ffb% its mouth to;upstream of Ipswich. SMEC was engaged by thé Cities
Commission to produce inundation lines for floods of various heigﬁts oﬁ
-the reference gauge from basic mapping and flood profile information
supplied by-Queensland Departments and Local Authorities. These ;nunda—
tion lines wers to be usédfby the Survey Office to produce new flood maps.
It was proposéd that the new maps should comprise three sheats'at 1:20 000
scale cbuering the whoié of ths Brisbane—lpsﬁich éraa affectsd by Brisbane

and Bremer River floods. .

Because of delays in determining the nscessary technical inputs to
the drawing of inundation lines, it later préued necessary to issqé
interim provisional flood maps for the 1975 wet season. Thesé.méps were
issued on a rest;icted list to Councils, Police and State Emergéncy Ser—
vices for use in a flood emergency and they will Ee withdrawn when the
final maps are available.

'

. Also, during the course of the work, it became obvious that the flood
mapé at 1:20'000’5&319 would be produced from maps produced ét 1:10 DDU.
scale on which the flood inundation lines would be first marked. Maps
at 1310 000 scale can be effectiuely used by Police and State Emergency

Services in a flood emergency, while maps at 1:20 000 scale are eof more

limited use for this purpose. For planning purposes méps at 1310 000 scals

could be used instead of the 1:20 000 scale uriginally proposed; although
more maps would be required. Towards the end of 1974 the Committes

decided not to producs three flood maps at 1:20 000 scale but to produce
eighteen flood maps at 1:10 000 scale so as to increase the usefulness of

the maps;
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5. BASIC MAP PRODUCTION AND HYDROLOGICAL STUDIES ,

The Survey Office was requirsed by the Co-ordination Committee to
produce quickly the contour maps for the area to be flood mapped to allow
the SMEC work on analysis and assessment to get under way. Contours uwete

to be produced in metress.,

The érisbane City Counmcil was required by the Committee to p}oduce
updated flood envelepes for variocus heights on the reference gauge. Dis-
tussion took place on which gauge should be the referenée gauge, and
since Australia was to convert to Ausiralian Height Datum in metres on
1 January 1975, it was decided to refsr all flood heights to A.H.D. on the_
new Brisbane City Gauge. The Council requested that cross-sectional
inFDrmatioﬁ-along)the Brisbans River toc Mt Crosby should be obtained to
allow a more accurats updating of its flood envelope curves. Initially
it was proposed that the Department of Harbours and Marine should take
soundings- below water level at each cross—sectinon location, "and field
survey would extend these sections up the banks, It was later decided
that above water level contours would be preferable to cross~sections and
the feasibility of photography to determine 1 m contours was investigated.
Tﬁis was considered to be both too costly and foo time—consuming to imple-

ment, and another solution had to be found.

The Survey Office, after consideration of a number of alternatives,

concluded that the maps could best be produced in three stages:

(a) The preparation of base maps. These should show ground detail and
the standard grid so that references could be consistent between the
maps used by the R.A.A.F. and Army and the maps used by the Police

and State Emergency Service.

(b) The production of overlays (separate sheets which can be superimposed

sn the base map) showing contours. - -

{c) The preparation of a sécond set of overlays showing flood inundation
liﬁes for 2 m, -4 my 6 my 8 m and 10 m as recorded on the Brisbane
City Gauge. It was decided that upstream of ths Moggill Gauge thié
would brouida inundation lines with too great a height difference and
hence for maps upstream of the Moggill Gauge the reference gauge for

inundation lines is the Moggill Gauge with a 3 m interval,
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The City Council provided the conversion table to convert heights on
the“Brisbane City Gauge to heights on the Moggill Gauge, and indeed for

_ather gauges on the river.

The preparation of the base maps presented no great problem. The
crthophoto process which allows for the correction of aerial photographs

to show ground detail in its true map position was used. The maps would

need- to be at a scale large enough to show individual residences, but not’

so large that the number of map sheets would be unduly inconvenient. A
scale of 1:10 000 was adopted and this required making 18 orthophetos -
from the available - 1:50 00D aerial photography to cover the flood affected
areas from the mouth of the Brisbane River up as far as Mt Crosby and o
Ipswich., The Brisbane arsa had already been mappsd and control for map-—

" ping as part of the State's standard %:25 000 topographie mapping program .
had been obtainad in the Ipswich area. Ths production of orthophotos
could thersfore be undertaken immediately. Unfortunately the photography
was some ypars old - 1967 for the Brisbane area. and 1971/72-f0r the
Ipswich area - and considerable devalopmsnt had taken place in the flood
plain of the Brisbane and Bresmer Rivers since then. There was na time
available to re-fly the area. Sheet boundaries were selscted to agres
with the available air photographs, Unfortunately it was not possibie to
produce the orthophotos on the standard mapping sﬁeet patterns becauss of

the photos availahls and for other practical and technical reasons.

The production of contours was a more difficult and time consuming
task and alternatives were investigated to produce them in the time

aﬁailable. Two separate methods were adopted for different arsas.

The Brisbang City Council (B.C.C.) has produbed over thg ysars seu—
erage maps covering a good deal of the city at a scale of 40 feet to
1_inch (1:480). These maps showed a large number of surveyed heights in
feet on B.C.C. datum and 5 ft contours derived from these heights., It
was found that about one-third of the total flooded area was covered on
850 Brisbane City Council seswerage maps. The Brisbane City Council sup-
plied dyeline copies bf these B850 maps to the Survey Office. The Survey

Office drew on these maps 1 m contours on A.H.D. using specially compiled

"tables which took into account the conversion from feet to metres and the -

" change in datum. These 850 maps, now showing 1 m contours, were reduced
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from 1:480 to 1310 000, i.s., the scale of the orthophotos. This required
a 21 times reauction, and two microfilm exposures were nesded fbr-éabhl
.Brisbane City Council map. Thess 1 700 reduced maps were fitted td the
orthophotos by matching street -intersections and Dthér idéntifiébla
features, and the 1 m contours traced off. It should be hotad that no
record has been kept of ‘the amount of filling and excavation, particularly
on private property, that has taken place since‘compilafioh.of these
maﬁs. The plans derived from them are therefors likely to be in error

in some areas.

Over the two-thirds of the flooded area not covered by the Brisbane
City Council maps, 2.5 m contours were drawn from asrial photographs at
a sca;e of 1:25 000 using stersopletting instruments. The contours were
plotted on to transparent.plastic map base sheets at a scale of 1:10 D0O.
The contours were then prepared as an overlay fof the orthophotos. Figure 1

shows the areas covered by the different typss of contour information.

‘ - The orthophotos with 1 m and 2.5 m contours were supplied to- the
Brisbane City Council to allow them to prepare the updated flood enve-—
lopes. Copiass of the orthophotos and the Brisbane City Council maps were

also supplied to SMEC.

It became apparent towards the end of 1974 that the updatsd flood

! envelopes would not be produced in time to allow flood inundation lines
f to be determined by SMEC before the next wet seasaon. Flood maps were
. nesded before the 1975 wet season for use by the Police and 5tate Emer—

: gency Service, should a flood occur in the Brisbane River. It was decided

that the Survey Office should produce flood maps en a provisional basis

. for restricted distribution. The contoured orthophotos were used in con-

: Junction with the then existing Brisbane City Council river fleod enve-

lope lines. - These flood envelopss were plotted as inundation lines on

the flooded areas Ey interpolation with the ground centours. In the lower
reaches of the Brisbanes River the flood inundation lines show the limits
of flooding for each 2 m reading on the Brisbane City Gauge. In the
higher reaches of the Brisbane River and in the Bremer River the inunda-

tion lines show the limits of flooding for sach 3 m reading on the Moggill

E Gauge.
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- -The area covered by the flood inundation lines is equivalent to a.
reédﬁng'nF 10 .-m. on the Brisbane City Gauge. The January 1974 flood rose
to about 5.5 m and the highaest 1893 flood rose to about B ~m,y-on the

i Brisbane Clty Gauge. Street and suburb names were added to the maps and

1

| gauga height readings were placed on the inundation lines. Title strips,

.wh1ch included notes on production, height datum, accuracy limits, a gauge
iconver31on tabls and a warning on the use of the maps were added to the
worthuphoto map « Printiné plates wefe prepared from the flood pfediction
Jauarlays and the gridded nrthophutns and a limited number of black and
;whlte lithographs were pplntad to form a Restricted Provisional edition
%cf the flood map. This Restricted edition was issueﬂ to Police, Councils,
EGnuernment Deﬁartmsnts_and the State Emergency Service for use in a flood
| EMETGENCY ..

-

The production of all mapping described above, in the restricted
time available, was a huge task requiring considerable cartographic skill,
initiative and dedication. It took 8 months to complete the prDjéct -
including the preparation of base maps - and up to 38 draftsmen were

employed at one time.
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6. PRODUCTION OF FINAL FLDOD MAPS

As with the provisional flood maps, the Survey Office supplied all
the map information required for the plotting of the final flood inunda-
tidn linaé. The actual plotting was carried out by SMEC who also pre-
pared.a short technical description of Brisbane River flooding for print-

ing on the reverse side of the flood maps.

The final flood maps, which were in the courée of preparation for
printing by the Survey Office at the time of finalising this reﬁnrt, will
show flood inundation lines for the 2 m, 4 my 6 my 8 m and 10 'm fludds at
the Brisbans City Gauge. Upstream of the Moggill Gauge intermediate flood
lines will be shown as dashed lines where the primary flood lines are -
widely spaced. In addition to flood helghts the flood return perlods will
also be shown on the maps. In the case of the Bremer Rluer, only return
periods will be shown on the flood lines as the gauge heights are compli-
cated by the effect of inflows from the Bremer River increasing backwatér

levels from the Brisbane River in the City of Ipswich.
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PART 3 — FLOOD PROFILES AND FLODOD FREQUENCY

} 1, INTRODUCTION

1.1 BRISBANE CITY COUNCIL CDNTRIBUTIDN

The Water Supply and Sewarage Departmant of Brlsbane City Council
{B.C. C. ) made available the master copies of the 40 fest to 1 inch sewsr-
age datall plans on which much of the mapping for the overall study was
based. These have besn prepared USing Imperial units on Brisbane City
Council Datum, which is a low water datum. These contour plans had there-
fore to be converted to metric ualues on A.H.D. by the Suruey Office for

use in the flocd invastigations.

Apart from making the original contour plans available, the twe main
contributibns by the B.C.C., to the fleod investigations have been the
derivation of the envelopes of maximum flood heights shown on Figure 6 of
Part 1 ththe'ﬂeport and the flood frequency studies for the Brisbans
River. The flood envelopes are referrad to as flood profiles in Part 1
and are sometimes loosely called ‘'gradients!., They are not instantaneous
flood gradients but indicate the maximum height to which the peak of the
flood hydrogragh_risas as it prodresses downstream from Mt Crosby through

the City reaches of the Brishans River at about 4 km/h.

The description of the work carried out by the B.C.C. (Sections 2,
3 and 4) on the Brisbane River flood envelopss and flood frequency studies

was provided by the B.C.C, for inclusion in this part of the report.

1.2 SNOWY MOUNTAINS ENGINEERING CORPORATION CONTRIBUTION:

Flood envelopes and flood frequency studies were also required for
the Bremer River to produce the flood maps in the City of Ipswich, These
studies were simii%r to the corresponding studies carried out for the 7
Brisbane River by the B.C.C. and ére described in Sections 5 and 6 of this

'part of the report.
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2. EARLY ESTIMATES OF FLOOD ENVELOPES FOR THE BRISBANE RIVER

The derivation of flood envelopes for the Brisbane River has a his—_'
tory stretching back to the record flood of 1893; lovels of this flood
being surveyed in some destail betwsen 1894 and 1896. The envelopes of
successive floods were added as they occurred but this technique failed
to produce a Cohsistent diagram of the style of Figure 6 in Part 1 of
this report due to tha-ﬁa;iable sffects of ths continued dradgihg in the

lower reaches of the river for the improvement of navigation.

Falluminé the 19371 flood for which an improved set of levels was
obtained and for which a discharge measurement was made from Indooroopilly
Bfidga, sarious attempts were made to simulate flood envelopes for the
Brisbane River by applying Manning's equation tﬁ successive half mile
reaches of the river, The simulation of maximum water level endelopes
was started by the Special Committee of fhe Bureau of Industry in 1933,
This Committee was set up to investigate dams for the water supply and
flood mitigation of Brisbane and Ipswich and subseguently recommendsd the
congtruction of Somsrset Dam on the Stanley River, the:major tributary of
the Brisbane River, for this purpose. A backwater appfoach was adopted
ﬁsing the Harbours and Marine soundings of the first 26 km of the River.
The investigation showed what effects the widening and deepsning of the
river for navigation purposes had on reducing flood lsvels, Friction )
and bend losses wers taken into account but the bend losses were generally
under—-estimated. This had the effect of ovarétating the bed friction
losses and so under-estimating the peak flows. The calculations.had,
necessarily to be done by hand which ssverely curtailad the numbsr af
feasible trials. The calculations were revised in 1947 dsing more detaiied
data and this process was repeated in 1955 following a small flood in the

Brisbane River.

No further improvement was madse, except in detail, until the 1968

flood was gauged at Centenary Bridge under very favourable conditicns

by the Irrigation and Water Supply Commissisn. Prior to this time ths

only gaugings had been made in 1231, 1951 and 1955 from Indooroopilly
8ridge just downstream of a.major bend in this river. The reversed flow
on the inside of the bend made the interpretation of the results uncer-
tain and it was finally decided to disregard them in favour of the more

reliable measuremenis mads at Centenary Bridge.
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The 1968 flood was simulated, this time using a computer.. Computers
had by this time become commonplace, reliable, easy to program and eco-

nomical to use. A package program based on Manning's equation was used,

‘This ppogram took velocity head into account and could account for bend

losses. A majof difficulty in this simulation, as in the sarlier attempts,
was the lack of river bed data above William Jolly Bridge at A.M.T.D., 26.5km
from which raliable cross—sections could be derived, The only river sound- .
ings available caﬁe from odd cable and pipelins crcssings, together with -
some systematic scundings at river shoals and a vague centre of navigabls
chanﬁel sounding carried out by a commercial firm for its bargess, A good

deal of imagination had necessarily to be used.

In spite of these difficulties, the level data gathered from the 1968
flood weré simulated closely but it was realised, subsequently, that it
is relatively sasy to manipulate roughness and bend loss coefficients to
simulate the 20 or so Tlood levels collected from the 1968 flood over a
river length of 90 km., This simulation, however, did allow the conditions
of the firét 26 km of the river, as disclosed by Harbours and Marine

Department surveys, to be taken into account.

The envelopes af maximum flood lsvels were then extrapolated for
higher and lower flood flows, using the constants derived from the simu-
lation of the 1968 flood. This study suggasted that the péak flow of

the record 1893 flood had previously been under-estimated,

This suspicion was confirmed by further gaugings mads by the Irriga-
tien Commission from Centenary Bridge in the 1974 flood. Although the
river velocity was so high that the currsnt meters would not sink more
than a few metres, the measurements clsarly showed that previous .ratings

of high floods had been too low.

93]
(S]]

3. RECENT ESTIMATES &8F FLDDD'ENUELDPES FOR THE BRISBANE RIVER

In view of the magnitude of the damagse caused in January 1974, it
was dasirable to simulate the flood closely to derive more reliable con-
stants for use in extrapolating the higher and lower flood envelapes
nacessary for a thorough study of the damage potential of Flouding in
Brisbane and Ipswich., To facilitate the simulatian, arrangemehts wers
made through the Co-ordinator General's Department for the Department of
Harbours and Marine to carry out a-détailed survey of the bed of the
Brisbane River as far teowards Mt Crosby as practicable and for the éuruey
Office of the Queensland Department of Lands to compliete contour pians of
the river banks and flooded areas, whilst the Brisbane City Council car-
ried out a dstailed survey of flood levels from Mt Crosby to the mouth of

tﬁe Brisbane River.

It became apparent that this work would not all be completed in time
for the flood simulatien to be completed before ths 1975 flood season.
A preliminary version of Figure 6 was therefore drawn up on the basis of

histaorical floods cerrected by the simulations derived from the 1968

"flood for the mggarn conditions of the dredged sections of the river and

%‘;olfii

"related to a staﬁdarq tide of 2.5 m from tide tablss., This provisional

version of Figurs 6 was used in conjunction with the contours derived by
the Survey Office to determine the inundation lines shown on the pro-
visional 1:10 000 orthophotos produced by the Survey 0ffice in December
1974 in time for tﬁe.1975 flood season. ‘ '

When the depth survey of the Brisbane River was completed by the
Departmént bf Harbours and Marine in 1975, the Water Supply and Sewerage
Department of the Brisbane City Council commenced the simulation of the f
1974 flood, This river bed contour survey is the most complsts, accﬁrata
and extensive available to date for the Brisbane River and allows cross—
sgctions to be drawn at ﬁDD m horizontal intervals if reguired, The only
problem is the extent to which the river bed was altered during the flood.

This factor is not known and the post flood bed configurétiun was necss-

sarily adopted for the simulation.
More than 400 reliable flood levels were surveyed by Brishane City

Council along the banks of the Brisbane River in the 90 km iangth from

Mt Crosby to the mouth of the river. The majority of levels were obtained
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from the Brishane suburban areas betwsen A.M.T.D. 14 km and 54 km. In - i For N portions, let:

,addition,‘upwards of another hundred levels uere obtained on the floaod : ~ - L six
S ' : Vs Yy eee v = maan velecities
plain and along the suburban creeks in the arsa of the Brisbane River : -

backuater. From a carsful study of these levels, it is possible to deduce ‘ K1’ KZ”"' KN = conveyance fag#orS'
the peak level of the 1974 flood in all but a few spacial-locations with | ) ' _A1, A2 voe AN = cross-sectional aresa
an accuracy of £ 0.1 m, Vo = mean velocity of area
The léuelé from the 1874-flood provided, for the first time on the- 4 : Thus:
Brisbane Riuer, sufficient data to determine bend losses reliably., In ‘ - | o K1 1
particular, the levels at the Toowong bend were detsTmined in consider- , Ve T ﬁ: 5% drenearaircsiiiiiiiciiiiiiiiiiiiiiieiineas 3(a) .
able detail and the levels at 8 other bends wers well definsd. 'Sufficient a o _ i
leuelé were obtained from a further 8 bends to determipe the bend 103883 | ; ”2 .: ;Z 5% teeeeetaaneasesaeseesrtracsantestnsansones Stb)
with sufficient accuracy. The data from the remaining bends were sketchy . . { . 2
due to the léck of buildipgs on which the lsvels could ba deteéted. Ihe . ?i lK, L | _
losses at thess bends are therefore lesss Dertainf ; 'u'3 = E§"55 .....f..............-...........;...Q...... 3(c)
- Bend losses were assumed to be of the fnfm kUz/Qg and the coefficient _ fé and @ = VA P )
k was dariu;d for each river bend from the measured data. ? N
_ b : D D L R R X TTR R PT PP PPN €=}
Basically the same package program was used as for the simulation of -i i=1
the 1968 flood but, in the meantime, the packags program had besn slightly 'i .y
modified. Manning's formula is used: | = (KT eerie ettt e et et e ea e e aens (6)
a = -% AR?/ZS% T ¢ D) :i i=1 |
r - ; ;
= KS§ (2) ; g s o Qz/(NZK 2 o ' _ - . (7)
- | ' i . 4 R AR L LR PR
where @ = flow . 5 ‘ =1
‘ A= .area-uf section ﬁ ! i _
R = hydraulie radius '% The following energy balance squation is then applied to euery"
5§ = friction slope ; S reach (Figure 1) of the river in turn, starting from the. mouth and pro-
n = rToughness coafficient - '% . gessing upstream: |

= conveyance factor

The input and the output are in-metric units and the program cﬁn— , ;
| verts these to work in imperial units, The program also allows the width -
of the stream to be divided into six portions to allow different values
of 'roughness to be applied to the bed, the banks and the flood pléin of a
river and to-allow Manning's equation to be appliéd to each pﬁrtion

separately as follous:
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- o _ - . - ' o ‘ Starting from a known water surface leﬁal_at Station 1, a trial

water surface level at Stqtiun 2 is assumed and.the total heads at the

: SR - tuo stations compared. If the difference betwsen these two heads is
' h;— ———___-___—_ :—:__:-:_:_—": "—._.'-'-_--—_:"'-_?—F T a. o2 ’ within the acceptance error, a solution has besn obtaired, otherwise a
he 1 E;;;;;L;ugyiaﬁ-—' - - _ ' 25?% - C B new trial water surface level at Station 2 is assumed and the process
. ] _ repesated. A maximum of thirty trials is made after.which ths program is
‘ a1‘152 terminated. This is normally enough trials for a solution to be obtained
29 watex urface ] but if too small a closing error is specified by the user, more trials may

be required.

‘ Zp ' R : : 7
bLiom : .
Channek Bott _ ; 4T This program worked well for the simulation of the 1968 flood for

which no more than 20 flood levsls were availahle over the 90 km of river

! betwsen Mt Crosby and the mouth, However, the very much more detailed

r - DATUM . F ? _léuel data availabls for the 1974 flood caused difficulties in thrge areas
1 ' Ax 2 ) a ' of simulation, i.s., bend losses, bridge pier losses and shock losses dus
ﬁ to deceleration; these being very sensitive to small trial changes in
Figure 1 — Definition sketch of terms in. = o o i the roughness coefficients. These problems were overcome by increasing
' total energy equation ‘ i

the number of river reaches in the vicinity of the areas of difficulty,

with particular attention being given to those bends for which a good

Equating the total heads at the two and sections: deal of lsvel data was collected,

Zg*’“g“é =z, #a,ikuf-!-'hf,%he tetertetsctcirtsiasccacaaes (B) | ' " ‘ . A
%3 75 : ? - ’ The 1874 flood and the 1968 flood were simulated in parallel to
é determine ths different coefficients and, as an additienal check, an
Where 7 = water sirfacs elevation f? _ intermediate stage of the 1574 flood was also simulated to check the ‘
v = velocity for individual portions of sections . ﬁ effect of varying cosfficiénts for differenf flood stages. In the pro-
y ; mean velocity of section ' f cess it was found necessary to reduce the peak flow of the 1974 flood
A = area of section é slightly to obtain an accurate simulation;’ this flood flow being mudi—
= Coriolis coefficient H- j fied in preference to the 1968 peak flow because of the lsss thorough -
N ‘ . ' gauging in 1974.
2:(U§A.) | | :
@ = =l 157 eeeeereietiiiaiiiiieiitiiiiiasiieaaaa, (9) ‘ X When the simulation of the known profilss of the above floods was
U3AJ . ; N considered to QF as satisfactory as the data would permit the derived
hf = friction loss ' _ '. € coefficients were then used to simulate the profiles for higher ang lower

o N flood flows., The profiles for floods rising to heights of 2 m, 4 ﬁ,ﬁ m, 8m
= Sf.Ax whers S is taken as the average of the frictiaon

slopes 'at the two end stations ' E and 10 m (Australian Height Datum) at the Brisbans City Gauge for a stan-
o : dard tide of 2 m (Port Dffice Datum) were then interpolated from thess
he = bend loss which may be exprassed as a proportion of S oo
the velocity head . , data. The adopted standard tide corresponds to 'High Water Mark' for the

2 N
= k (ag—g) where k is the bend loss coefficient

Part of Brisbane as defined in the Department of Harbours and Marine Tide

Tables.

Ax = 1length of reach
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‘4. FLOOD FREQUENCY STUDY FOR THE BRISBANE RIVER = .

- The othetr major contribution by the Water Supply dnd SEUErage Depart-
" ment of the Brisbape City Council was the revision df flood Probabilitiag
for the Brisbane River. Several estimates were made in the Past but were
all on different bases using a variasty of ‘analytical methods, Neédless

to say the prnbabllltles assigned by different investigators to the same
historical fleod differ by as much as a factor of- twe. A major problem

in this study has always been the non-uniform nature of the flogg popula-

tion. available for analysis.

The lpvels of significant floods have been recorded at tpg Port Office
in Brisbane since 1836. Some of the early levels are not known within a
range of feet and many minor floods were not-recorded. The Brishane Port .
-folce is affected by tides which have the greatest influence Dn Small
fleods. Furthermore, the dredging of the metropolitan reachssg of the
Brisbane River for the improvement of nau1gatlnn startad in 1879 and
reached its peak in about 1940. Since this date the central city reaches
of the river have been abandoned for port purpases and dredging of them

has been discontinued with the consequent silting up of the riverp,

In addition to all this soms deliberate widening was tarried out in
the metropolitan reaches of the river in the_late 1930's fer flggq mitio
gation and Somsrset Dam on the Stanley Riuer, a major tributary of the
Brisbane River, became effective for flood mitigation from 1943, A11
these factors have resulted in a very mixed population of flogg lavels
available for analysis from the Port Office in Brisbane. . Some attempts
were made in the past to produce a uniform population of Flouds,for:fre_

quency analysis but the methods adopted to do this are quastignable_

Annual flood lsvels are available from 1887 for the Mt Crnsby gauge
just above the tidal regime of the river at A.M.T.D. 90 km whilst daily
river levels for this gauge date from 1894, Major flood levelg date from
1893 with daily levels starting in 1909 at Lowood on the Brisbane River
and daily readings started in 1915 at the site of Somerset Dam on the
Stanley River and in 1920 at Fulham Vale on the Upper Brisbane River,

Thé levels of moderate and major floods have been recorded at Caboonbah

and Murrumba on the Brisbane River just below the Stanley Junctign sinca
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4, 'JFLDDD FREQUENCY STUDY FOR THE BRISBANE RIVER ' )

- The othet major contribution by ﬁhe Water Supply and Sewerage_Deﬁart—
" ment of the Brisbane City Council was the revision df flood probabilitiaes
for the Brisbanme River. ~Several estimates were made in the past bgt were
all on different bases using a varisty of "analytical methods. Neédlass

to say the probapilities assigned by different investigators to the same
his%urical flood differ by as much as a factor of ‘two. A major problem

in this study has always been the non-uniform nature of the flood popula-

tion available for analysis,

The levels of significant floods have been recorded at the Paort Office .
in Brisbane since 1836. Some of the early levels are not known within a
rangs of feet and many minor floods were not-récorded. The Brisbane Port -
Office is affected by tides which have the greatest influence. on small
floods. Furthermore, the dredging of the metropolitan reaches of the
Brisbane River for the improvemsnt of néuigation started in 1879 and
reached its peak in apout 1940. Since this date the central city reaches
of the river have besn abandenesd for port purposes and dredging of tham

has been discontinued with ths consequent silting up of the river.

In addition to all this some deliberate widening was carried out in
the metrbpolitan reaches of the river im the late 1930's for fiuod miti-
gation and Somerset Dam on ths Stanley River, a major tributary of the
Brisbane River, bscame effective for flood mitigation from 1943. All
these factors have resulted in a very mixed population of flood levels
available for analysis from the Port Offices in Brisbane. _Some attempts
were made in the past to produce a uniform population of floods for fre—

~quency analysis but the methods adopted to do this are quasfionable.

Ahnual flood levaels are available from 1887 for the Mt Crosby gauge
just above the tidel regime of the river at A.M.T.D. 90 km whilst daily
river levels for this gauge date from 1894. Major flood levels date from
1853 with daily levels starting in 1909 at Loweod on the Brisbane River
and daily readings started in 1915 at the site of Somerset Dam on the
Stanley River and in 1920 at Fulham VYale on the Upper Brisbana River.
The levels of maderate and major floods have besn recorded at Cahoonbah

and Murrumba on the Brisbane River just belew the S5tanley junction since




1890 qnd at Goodna on the Lower Brisbane River sinde the same date. Rain-
fall: records, for other than Brisbane and Ipswich, begin to giueia reason-
aﬁiévcoverage for the significant parts of the Brisbane River catchment

only from the late 1880's.

The main problems to _be overcome in the re-svaluation of fleod pra; :
babhilities in the BrisbanB River are, firstly, ths effect that thé opera—
tion of Somerset Dam would have had on the mitigation of historical floods
prior to 1943 and, secondly the effects of the dredging and widening of

the navigable part of the river on flood levels.

Somerset Dam mitigates floods by storing the flow of the 5tanley

" River when the peak of the flood in the Upper Brisbane River is passing -

the Stanley junction. In small and moderate floods it is possible to
store the whole of the Stanley River flow in Somerset Dam and release
nothing on to the peak of the Upper Brishans River. In this way the dam
acﬁieues thq maximum possible dggree of flood mitigation in the Brisbane
River. Howsver, in major floods, the limited flood pondage available in
Somerset Dam requires some water to be dischargearcn to the peak of the

Upper Brisbane flood to prevent the dam from being filled and overtapped.

The available data limited the period of the investigation from 1887
to 1974 and also required that different methods be adopted for the
periods 1887 to the establishment of daily measurements at Lowood in 1909,
from 1909 to the start of daily measurements of flow at Fulham Vale and
Mt Tarampa in 1920 and finally from 1920 to 1943 when Somerset Dam first
became effective for which period more or less éomplete hydrographs are
available from a number of stations. From 1943 to date the dam has been
in operation and the downstrsam flood levels are the result of the delib-

erate operation of the dam.

The sffect of the coperation of Somerset Dam on floods before 1943 was
assessed by first calculating the hydrograph that would have occurred in
the Stanley River had Somerset Dam not been built. This hydrograph was
ther routed downstream to Lowood and subtracted from the Lowood hydrograph
to give the;hydrograph of the Brisbane River catchment less the Stanlsey
River catehment. The Stanlsy River flood was then routed through Somsrsat

Dam with the dam being operated in the manner determined from 30 years of
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practical experience. The discharge from the dam, if any, was then

routed to Lowood and added to the previous subtraction hydrograph to give

the hydrograph of the Brisbane River flood as mitigated by Somerset Dam.

A étudy of the records for Somerset bam éhowed that a simpie.rela—
tionship holds between the peak day rainfall in a storm and the peak flood
flow. This relationship was used to find the peak of the Stanley River
hydrograph. The shape of the hydrograph was then found from factors
deduced from a study of the response of the catchment. A continuing loss
of 25 mm/day was adopted for the catchment and the hydregraph was then

ad justed to sguate the volume of runoff to the volume of effective rainfall;

The above is basically the same technique adopted by the Stanley Rivaer
Works Board 40 years ago to sxamine the flond mitigation aeffects of the
propésed Somerset Dam on a limited range .of floods. In the last 40 years.
the accumulation of data on the rainfall response of the Brisbane River
catchment and on the modification of flood hydrographs by valley storage
along the Brisbane River has resulted in improved accuracy in the deriva-
tion and routing of hydrographs. In spite of these improvements little
reason was found to modify the griginal work doﬁe by the Board on the
representative floods of 1893, 1898, 1931 and 1928. However, the accumu-
lated data made it possible to attempt the hydrology of small floods and
freshes with confidence. This was not possible mﬁen the Stanley River

Works Board commenced the process.

For the period 1894 to 1909 the Lowood hydrographs were obtainsd by -

extending the Mt Crosby readings back to Lowood. All calculations were

pentered on Lowood, firstly, because of its lengthy record of river levsls

and secondly, because it is only a short distance downstream of the site
of the proposed Wivenhoe Dam. The Lowood derivations can be ussd to pro-
vide a population of floods into Wivenhoe Dam for assessing the flood
mitigation effect of the dam provided the contribution of Lockyer Cresk

which enters the Brisbane River bstween Wivenhoe and Lowood is assessed:

Having obtained a population of floods at Lowood modified by the
operation of Somerset Dam the floods were routed to Mt Crosby by height
relationships derived from many years of records. Mt Crosby is lecated

at the head of the tidal section of the Brisbane River and also marks the

. 195



limit of urban development. The Bremer River with a catchment of 2 020 kw? ' - . TABLE 1 - RETURN PERIODS FOR FLOODS ON THE BRISBANE RIVER

OUt-Of‘ a‘ total catchment of 13 560 lelz at Brisbane Enters the Brisb_ane - . BRISBANE CITY RETURN PERIOD IN YEARS
"Rive ‘ ila : ‘ GAUGE HEIG - . -
River. downstream of Mt C?qsby. A study of the augllable recordsxshow that 7 ] IGHT EMPIRICAL - PEARSON LOG PEARSON Lot .
the Bremer River provides a steady proportion of the peak flow in the _ - .mon AH.D DISTRIBUTION* TYPE III TYPE III =~ NORMAL
majority of ths érisbane River floods. However, on a number of . occasions - ' . .
the Bremsr River contribution to ths peak flood flow has been non-typical. _ : 8 8
: ‘ 2.0. 12 1
Peak levels are available from Goodna, downstream of the Bremer Junction ) T ?1 10
: : 2,5 18 16 . '
for the majority of moderate and major floods since 1890 and it was pos- . 4 : 12
: . _ 3.0 ’ 23 2 B
sible to routs these floods to account for the flood mitigation effect of - ® X L S 16
_ 3.5 33 35 2
Somerset Dam, The main problem lies with the minor floods and freshes for - ,3 : 20
' 40 50 28 .
which very littie data has been gathered. The variable contribution of , ) 22
4.5 60 70 34 .25
the Bremer River to these floods is difficult to assess from rainfall. | ‘ ‘
' i 5.0 80 100 40 " 30
Fortunately, however, ths effact of such small floods upon the high-tide i :
: o A ; 5.5 110 140 50 33
level at the Port Office in Brisbane is small and, furthermore, is largely ' }
, o ; 6.0 140 185 60 37
independent of the height of the tide. Except for 1947 im which a signif- '
‘ , , j £.5 200 . 260 ‘ 70 40
icant indspendent flood occurred in the Bremer River, the established i
- 7.0 250 350 80 50
relationship between the flow at Mt Crosby and the raising of the level . :
, . 7.3 _ 350 500 20 55
at the Brisbane City Gauge for a standard tide of 2 m (from Tide Tables
_ L 8.0 600 ) 700 110 60
and therefore on Port Office Datum}was used fer all minor floods. In k .
. ] ) o i B.5 800 4 000 130 70
- general, the relationship from Figure 6 of Part 1 of this report was used p '
' , . i 3.0 1 000 1 400 © 150 75
between the Bremsr Junction and Brisbane City Gaugs. i ) ' : -
i 9.5 1 700 2 000 170 85
_ ) ! 10.0 2 500 2 500 200 90
In this way a uniform population of floods was obtained for the i '
. , . : . L | 1.0 6 000 5 000 250 100
years 1887 to 1974 ipclusive for the 1974 conditions of the Metropolitan : .
. _ . J 12.0 > 10 000 g 000 320 125
reaches of the Brisbane River, for a standard tide of 2.0 m (Port Office ‘ ’
S o . i 13.0 » 10 000 > 10 000 450 160
Datum) and with Somerset Dam in opsration to mitigate flooding. The & 3
. , : 14,0 » 10 000 > 10 000 550 190
return periods for floocds of various heights at the Brisbane City Gauge :
] o ] o 15.0 » 10 000 > 10 ooo 700 ' 220
were derived by fitting four different flood frequency distributions to ' '
the annual seriss for the period 1887 to 1974. ) ' 5 4 * Boughton, W.C. (1975). A study of Queensland floods, Symposium, the

frequency of floods in Queensland, Inst. of Engs., Aust., Queens.
. Branch, Aug 1975, '
The results for a given flood height vary considerably as can be .

seen from Table 1. Three of the distributions in the table have gained ’ ;
wide acceptance in Fiﬁod hydrology while Boughton (1975) has shoun that
the 'Empitical distribution' is a good fit to Queensland data. After con-
sideration of the‘infnrmatinn in the table and graphical plots of the four
distributions, the flood Co-ordination Recording Committse decided the
results from the Log Pearson Type III distribution were the most appropri-

ate for the purpose of indicating return periods of floeding on the flood

maps.
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5. FLODD FREQUENCY FOR THE BREMER RIVER

A number of difficulties were invelved in the dgtermihation of flood
frequencies in the Bremer Riﬁef from its Junction with the Brisbane River
to a ﬁoiﬁt upstream of thé'Marrill Creek.— Bremer River junction. The
main difficulty was that no long-term record of flood discharges was

auailabie for the Bremer River in.the City of Ipswich and although flood

‘gauge readings were available for the Bremer Riuef at the David Trumpy

Bridge, their analysis was complicated by the fact that during most floods

this gauge is affected by backwater from the Brisbane River. .

A regional flood frequency approach was therefore adopted for the
Bremer River using information auailable‘FfDm 1) stream gauging .stations
in the Brisbane River catchment. For consistency with the B.C.C.'s work
on the Brisbane River the individual stations analysed in the regional
approach were assumed to fit the Log Pearson Type'iII distribution., The
results of the regional study for floods of the same return peripd as
those used to derive the Brisbane River flood profiles are as shown in

Table 2.
TABLE 2 - RETURN PERIODS FOR FLOODS 0N THE BREMER RIVER

RETURN PERIGD DISCHARGE

YEARS m /s

11 - 1 100

28 1 620

60 ' 2 100

: 110 2 540

200 3 050 -
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' G. ESTIMATES OF FLDOD ENVELOPES FOR THE BREMER RIVER

The fleood envelopes for the Bremer River were estimated by allowing
the peak flood discharges indicated in Table 2 abous to recede over a
period of 28 hours. The reduced discharges resuiting were then assumad
to occur at the time qf the Brisbane River flood peak and a backwater

curve was computed along the Bremsr River for this Situatinn.

Where the backwater condition intercepted the normal flow depth for

the peak discharges given in Tabls 2, these wers assumed to form the

remainder of the flood envélops. Because of the complicated naturs of the

analysis of the flood situation along the Bremer River and the limited
data the computed flood envelopes are not considered to be as accurate as

those ﬁfouided by the B.C.C. fbr the Brisbane River.
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