o

UNSW

SYDNEY

Flood forecasting for the City of Launceston. August 1960.

Author:
Foster, D. N.

Publication details:
Report No. UNSW Water Research Laboratory Report No. 24

Publication Date:
1960

DOI:
https://doi.org/10.4225/53/57884e9ad9fdf

License:
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
Link to license to see what you are allowed to do with this resource.

Downloaded from http://hdl.handle.net/1959.4/36170 in https://
unsworks.unsw.edu.au on 2024-03-29


http://dx.doi.org/https://doi.org/10.4225/53/57884e9ad9fdf
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
http://hdl.handle.net/1959.4/36170
https://unsworks.unsw.edu.au
https://unsworks.unsw.edu.au

The quality of this digital copy is an accurate reproduction of the original print copy



THE

UNIVERSITY OF NEW SOUTH WALES

WATER RESEARCH LABORATORY

REPORT No. 24

Flood Forecasting
~ for the
City of Launceston

by

D. N. Foster

AUGUST, 1960



The University of New South Walcs

WATER RESEARCH LABORATORY

Report No, 24

FLOOD FORECASTING FOR THE
CITY OF LAUNCESTON

by
D.N. Foster

Report to the Launceston
City Council.

August 1960.

https://doi.org/10.4225/53/57884e9ad9fdf



(1)
PREFACE

This study was undertaken at the Water Rescarch Laboratory
of the University of Now South Wales, Manly Vale, N.S.W. for
Unisearch Ltd, on bchalf of the Launccston City Council, Tasmania.

The study, which was conducted by D.N.Foster, B.E., A.M.I.E,
Lecturcr in Civil Engineccring, was commenced on 20th July 1960 and
completed on 26th August, 1960,

The assistance of the Hydro-Elcctric Commission of Tasmania
and thc Burcau of Metcorology, Hobart, in providing strcamflow
and rainfall data for the investigation is gratefully acknowledged.

H.R. Vallentine

Associatc Profcssor of Civil Engincering

Officcer in Charge of the Water Research
Laboratory.

1.9.60



1.0
2.0
3.0

4.0

5.0
6.0

7.0

CONTENTS
Prcface
Summary
Introduction

Index Station Method

Prediction of Pcak Dischargces from Rainfall Rccords
3.1 General
3.2 Estimation of Gross Rainfall Jiepth
3.3 Estimate of Rainfall Losses

3¢31 Initial Loss

3.32 Loss Rates
4 Estimation of Snowmelt

5 Estimation of Temporal Pattern of Prccipitation
6 Derivation of Unithydrographs
3.7 Derivation of Flood Hydrograph

3.
3.
3e

Summary of Final Flood Forccasting Procedure
4.1 Gencral
4,2 Gross Rainfall
4.3 Initial Loss
4.4 Excess Rainfall Hyctograph
4.5 Prediction of the Surface Runoff Hydrograph
4.6 Prediction of Total Pcak Discharge
4.7 Allowance for Btorms with non-uniform Temporal
Patterns of Rain
4.8 Final Forecast

Results of Forecasting Proccedurc Applicd to Past Floods

Data Required for Operation of the Flood Warning Scheme

6,1 Daily Rainfall Rccords
6.2 Pluviograph Records
6.3 Streamflow Reccords

6.4 Calculations

Conclusion

Page No.

N N
& <

OCO®MO®—I1II ooo\mUTuUinuntwn N =

o
= O

o)
N

13
13
13
13
13

14

(i1)



SUMMARY

A procedure based on rainfall records at seven index
stations to predict the peak discharge and time of peak for
major floods has been developed. The period of warning of
overtopping of the levee banks using daily rainfall records
is approximately 15 hours and the accuracy of the estimate
approximately * 15 per cent.,

(iii)



1.
1.0 Introduction

An investigation to study methods of mitigating floods at
Launceston was completed by the Launceston Flood Protection Authority
in September 1959. In the final report on this investigation
(Ref.l p.C59) it was recommended that prior to the construction of
the protection works that the flood plain be evacuated when a flood
discharge of 70,000 cusecs was forecasted in the South Esk River.

At the present time, however, there is no systematic method of fore-
casting accurately the peak discharge at Launceston for major floods,
and before this recommendation could be put into effect a quantitative
flood warning procedure is required.

Descriptions of various techniques for flood forecasting have
been previously documented (Refs. 1 and 2). However, the majority
of the standard procedures proposed would require the installation of
more instruments and the collection of additional data over a period
of several ycars. As the time interval beforc completion of the
protection works is relatively short, the valuec of the standard methods
of flood forecasting is thercfore limited in their application to the
local problem at Launceston and this investigation was aimed at devising
the best flood forecasting procedurc based on cexisting data and using
existing instruments.

On this basis it was considcrcd that an cstimate of the peak
discharge at Launceston to within X 20 per cent might be possible by
either of two basic methods:-

(a) By corrclating from records of past floods; the flood stage at
Launceston with stage readings upstrcam. This method is known
as the index station method and flood stages at seleccted head-
water stations are used as indices of subsequent stages in the
mgin stream.

(b) By estimating thc average rainfall depth over the catchment from
records at sclected index stations and applying this rainfall to
the unithydrograph for the South Esk River aftcer appropriate
allowances have been made for rainfall losses and groundwater flow,

Both of these methods have been investigated but owing to the
lack of data on major flood stages upstrecam only the second procedure
is considered anplicalle at the present time.

2.0 Index Station Method

This method attempts to corrclatec upstrcam gauge rcadings with
flood stages at Launceston,
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The catchment of the South Esk River (Fig.4) has an area above
Launceston of 3,355 sq., miles and can be roughly divided into four
main sectors as follows:—

(a) The South Esk River (not including major tributaries) with a
catchment area of 1,304 sq. miles draining the Eastern zone.

(b) The Meander River, a tributary of the South Esk, drairing
the N.W. area of 589 sq. miles.

(¢) The Lake River (not including the Macquarie) a tributary of
the South Esk draining 444 sq. miles in the S.W. sector.

(d) The Macquarie Rivery, a tributary of the Lake River, having a
catchment area of 1,018 sq. miles draining the S.E. portion.

A typical correlation between flood stages at index stations on
the hecadwaters of these catchments and flood stage at Launceston would
take the form -~

M=0Cm + 02m2 + C3m3 + C4m4

where M = flood stage at Launceston

m, to my = flood stage at index stations on the headwaters
of each of the major tributaries

C, to C4 = constants determined by trial and error from

records of past floods

There was insufficient flood stage data at suitable stations on
these rivers, which extended over a sufficient period of time to
enable this method to be used for major floods.

An attempt, howevcr, was made to corrclate flood levels at
Llewellyn on the South Esk River with flood discharge at Launceston
(Figure 1). Although a trend was evident, the plotted points showed
a large degree of scatter, due probably to the non-uniform areal dig-
tribution of rainfall in the various storms considored.

For thesec reasons no further investigation of the index station
method was undertaken.

3,0 Prediction of Peak Discharges from Rainfall Records

3.1 General

A flood forecasting procedurc bascd on forccasting pcak discharges
at Launceston from rainfall rccords would include cstimatces of the
following:-
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(i) The gross rainfall depth on the catchment.

(ii) The rainfall losses, to obtain the rainfall excess.
This involves an cstimate of:-

(a) The initial loss %o rainfall at the start of
the storm as required to satisfy interception
and depression storage.

(b) The average loss rate after initial loss has
been complected.

(1i1) Snowmelt during thc storm,

(iv) The temporal variation of the precipitation during
the storm.

Oncc the above data are known the rainfall excess can be
applied to the unithydrograph for the catchment to obtain the flood
hydrograph at Launceston,

3.2 Estimation of Gross Rainfall Depth

Because of the pronounced orographic cffects on the arcal dis-
tribution of rainfall over the South Esk catchment, the most accurate
method of cstimating the rainfall depth for a storm would be by drawing
an isohyetal map and averaging thc rainfall according to the arcas be-
tweon the isohyets (Ref.3 p.78). TFor practical reasons this method is
unsuitable as it would rcquire a much more cxtcnsive network of tele-
graphic rainfall stations than is at present available as well as in-
crcasing the number of man hours requircd to estimate the rainfall depths.

For this rcason, an attempt was madc to cstimatc thce average rain-
fall depth by applying weighting factors to the rainfalls rccorded at
selected index stations according to the Thicssen method (Ref. 3, p.78).

Rainfall depths during six storms were obtainced for seven, cloven
and fourtcen station averagcs and compared with the more accurate rain-
fall depth obtained from isohyctal averages of the storms. The stations
seleccted for this analysis and their weighting factors arc shown in
Appendix "A" and the results of the study have been summarized in Table I,
Only stations which at prcscnt report daily rainfall rccords to the
Hobart Weather Burcewm by tolegraph werc uscd in the analysis in order
to avoid the installation of any ncw instruments,
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TABLE I

Average Rainfall Depths by the Thicessen Method as compared with
the Actual Rainfall Depth.

Actual
Storm Rainfall T Station Average 11 Station Average 14 Station Av-
Depth erage
from
Isohyetal Rainfall Correction Rainfall Correction Fainfall Corrcct-
Map Depth Factor Depth Factor Depth  ion Fact-
or
April 29 6.10 7.16 0,85 6.48 0,94 6.99 0,87
Sept. 52 2439 2,31 1.03 2.18 1.10 2,33 1.02
2-3 May 56 2,42 2.17 1.11 1.93 1.25 2.01 1.2
22-23 May 56 1.96 2.57 0.76 1.85 1,06 1.85 1.06
22-26 May 58 2.34 2.28 1.03 2.11 1,11 2.22 1.05
Mg, 58 1,62 2.44 0.66 1,62 0,92 1.88 1.16

These results indicate that an cstimate of rainfall depth to within
about 20 per cent could be obtained by either an cleven or fourtcen
station average. This was considercd satisfactory. It was therefore
decided to adopt the eleven station average for cstimating the depth of
precipitation over the catchment,

It was subscequently found, howcver, that whon the rainfall as oh—
tained by the cleven station average was applied to the unitgraph flood
peaks were over cstimated for uniform arcally distributcd storms. It
was considercd that this was duc to the nature of the topography of the
catchment, It was felt that the majority of the flood runoff was
produced from the surrounding mountain rangcs, with negligible con-
tribution to strecamflow from rainfall on the Midland plains. To allow
for non-uniformity in the arceal pattern of the rainfall it was thereforc
decided to modify the eleven station rainfall average by neglecting the
rainfall at cach of the four stations on the plains, Following this mod-
ification it was then nccessary to makce some slight altcrations to the
weighting factors of the remaining sceven index stations in order to censure
that the true volume of runoff was obtained, Although this meant that the
true average gross rainfall depth over the catchment was not calculated
the forecasted flood pcaks showcd closcr agreement with the actual peak
discharge.

The final index stations and weighting factors adopted wore:-

Station Weighting Factor
Avoca 0,135
Lakc Leake 0,103
Mathinna 0.107
Meander 0.126
Shannon 0.083
Sg. Marys 0.059

Upper Blessington 0,059



3.3 Bstimate of Rainfall Losscs

3431 Initial Loss., During thc initial period of a storm the
majority of the precipitation is used to satisfy the interception
and depression storage, It is not until after this initial period
that any substantial surface runoff will occur., The volumc of rain
that falls during this period is termed "initial loss" and may be

defined at the quantity of rain that occurs without producing significant
run-off.

One method of obtaining an estimatc of initial loss is to determine
the average rainfall over the catchment for two types of storms - those
which produce no significant surface runoff and those which result in
only small amounts of surfacec runoff. Initial loss would then lie some-
wherce betwecn the two. If some index of catchment saturation could be
detcrmined a plot of tho curve separating these two types of storms
against the catchment wetness index would give an cstimate of initial
loss. Seven storms have been studied and the results have boen plotted
in Figurc 2 using groundwatcr flow at thc start of risc as an index of
catchment wetness,

3.32 Loss Ratcs. Loss rates from five storms were obtained during
the hydrologic studics for the investigation of methods of nitigating
floods in Launceston (Ref. 1 p. C17). These varicd from 2.4 pts/hr
to 9.5 pts/hr. Further rescarch has indicated, however, that this
variation was mainly duc to the diffcrent methods uscd in asscssing
initial loss. Provided the method discussed in Section 3,21 above
is used throughout, it was found that a constant loss rate of 2.5 pts/hr
could bec used for flood forccasting without introducing significant
CITOTS. This valuc was thereforc adopted,

3.4 Estimation of Snowmelt

Although snow falls in some of thc higher clcvations of the catchment,
the arca affected is small and the depth and duration of snow is
negligible,

3.5 Estimation of Temporal Pattcrn of Precipitation

For all the major storms analysecd for this investigation it was
found that:-

(i) the duration of storm runoff was approximatcly constant
on all parts of thc catchment,

(ii) the mass curves of rainfall at all pluviometcrs were
aprroximately thc same when plotted as percentage of
total storm rainfall at that station against time aftcr
the start of rain.
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For these rcasons the temporal variation of rainfall can be
obtained from any available pluviograph on or adjacent to the catchment.
In this investigation the records of the pluviograph at Launceston have
been used as it was assumed that the headquarters for the calculation
of the flood forecast would be best situated in this city,

3.6 Derivation of Unithydrographs

Five 6-hour unit hydrographs werec derived for the South Esk catch-
ment during the course of the hydrologic studies for the investigation
of flood mitigation measures for Launceston (Ref. 1 p.C19), It was
considered that these were also satisfactory for this study and no
further work was carried out on this phase of the investigation.

Further research has indicated, however, that the unit period of
the unit hydrograph could be substantially increascd without introducing
significant crrors. In other words eithor a 12-hour or a 24-hour unit-
graph couléd be used with a consequent saving in the time required to
forecast the flood pcak,

As the daily rainfall stations record every 24 hours it could be
argued that a 24 hour period would be the best to adopt, In some
cascsy however, this period would be so much greater than the actual
duration of the rainfall that a significant crror may arisc, For this
recason, a l2-hour unitgraph was adopted.

It should also be noted that if the index rainfall stations reported
rainfalls cvery 12 hours (at say 0900 and 2100 hrs.) instead of daily
as at present, an additional period of 12 hours warning could be obtaincd
in some cascs by using a 12 hour unitgraph.

The average 12 hour unitgraph as derived from the average 6 hour
unitgraph given in Ref.l is shown in Figurc 3.

3.7 Derivation of Flood Hydrograph

To predict a flood from a design storm by the usc of the unitgraph
the first stop is to deduct appropriate loss rates and initial loss
from the gross rainfall pattcrn. The remainder is the excess rainfall
hyetograph and is prescnted with periods corrcsponding to the unit period
of the unitgraph. The surface runoff hydrograph can then be computed
from the unitgraph and the excess rainfall hydrograph using the scries
of ecquations shown below. In thesc cquations Pn is the cxcess rainfall
in inches during the nth period and Xn and Yh ar¢ the unitgraph and hydro-
graph ordinatcs in cusccs at the cnd of the nth period after the start of
rain,



T

P X,= Y, - == (p)
P‘X2+ P2X| = Y2 - === (2)
P|Xn+ P2Xn-1 +cou = Yn —_— e - - (n)
PX =7, e e (a (z1) )

where r = No. of rainfall vporiods
a = No, of unitgraph periods
b = No. of hydrograph periods
a + (r~1

To obtain the total peak flood discharge, basc flow must be added to
the surface runoff hydrograph. Insufficicnt data are at present available
to dctermine accurately what this incrcasc should be. For major floods,
howevery, the crror introduced by an incorrcct asscssment of basc flow is
small and a suggestcd allowance is tabulated in Table 5 below.  This
table may warrant altcration at a later date in the light of additional
experience,

TABLE 2.
Increascs in Pecak Surfacc Runoff to allow for Basc Flow
Pcak Surfacc Runoff Quantity of Basc Flow
(cusces) (cusces)
20,000 to 40,000 5,000
40,000 to 60,000 6,000
60,000 to 80,000 7,000
80,000 to 100,000 8,000
100,000 to 150,000 10, 000
150,000 to 200,000 12,000
200,000 to 250,000 14,000

4,0 Summary of Final Flood Forccasting Procodurc

4.1 Genecral

The proposced proccdurc for flood forccasting can best be summarised
by reference to the cxample given in Appendix "B" to predict the peak
discharge of the April 1929 flood.

4,2 Step 1 -~ Gross Rainfall

The average gross rainfall over cach 24 hour period after the start
of rain is obtaincd by rmltiplying the daily rainfall rccords at the
scven index stations by the weighting factors given in Scction 4.1 and
summing as shown in Table 3 of Appendix "B",  Thus for the poriod cnding
0900 hours on the 2nd April, 49 points werc recordcd at Avoca, 18 points
at Lakc Leake and so on. Multiplying thesc figurcs by the weighting
factors of 0,135 for Avocay; 0.103 for Lakc Leake ctc. we obtain the
weightod rainfalls of 6.6 points at Avoca, 1.9 points at Lakc Leake ote.
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By summing this column, thc average rainfall depth over the catchment
during the first day is calculated at 26.7 points. Similarly the av-
crage depth of precipitation for the 24 hour npcriods cnding 0900 hours
on 3.4.29;5 4.4.293 5.4.29 and 6.4.29 are 9.83 196,45 412 and 46,4 points
respectively.

4.3 Stoep 2 - Initial Loss

Initial loss is obtained dircctly from Figure 2 provided the dis-
charge in the South Esk River at Launceoston prior to the start of rain
is known. In April 1929 discharge at Launccston on the 1st April was
437 cuscces., From Figure 2 the initial loss corrcsponding to this flow
is 110 points.

This means that the initial loss was satisficd by the light rain
which foll on the lst and 2nd (rccorded at 0900 hrs, on 2nd and 3rd)
plus T3 points of the total rain which fell on the 3rd.

The query ariscs as to what degree light rain prior to the start
of the main storm gocs towards satisfying initial loss. The author
has found that for the floods analyscd, bcst rcsults werc obtaincd by
considcring the rainfall for the threc days only prior to the start of
cxcess rainfall, It is felt that rainfall carlicr than this will be
reflected in the groundwater flow and will therefore be catorcd for in
Figurc 2. Very light rain preceding the main storm, however, should
be discountced as cvaporation would make its effect on initial loss
ncgligible,

444 Step 3 = Bxcess Rainfall Hyctograph

As discussed in Scetion 3.4 the mass curve of rainfall at any
pluviograph on the catchment is approximately constant when plotted
as cumulative perceontage of total rain against time. Thus the
average mass curve of gross rainfall for the cntire catchment can be
obtained by multiplying thc mass curve as rccorded at the Launcoston
pluviograph by the ratio of average rainfall on the catchment over a
given period to the rainfall at L,uncceston for the same period,

If the assumption of a constant temporal pattern of rainfall over
the cntire catchment was strictly correct then this multiplication
factor would be a constant irrespective of the time period chosen,

In practice, however, its value will depend on the time intcrval
selectcd and must be allowed for in the computations.

The method is illustrated in Table 4 of Appendix "B", As all the
rainfall which fell during the 48 hours ending 0900 hrs. on the 3.4.29
is used to satisfy initial loss, computation of the mass curve need
only be calculated aftcer this time. The mass curve of gross rainfall
as recorded at the pluviograph at Launceston is shown in columns 1 to 33
rain commencing at 1800 hrs, on the 3rd.
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Multiplication factors as calculated for cach of the time intorvals
beginning at the start of rainfall and ending at 0900 hours on the 4th,
5th and 6th April respectively are tabulated on page (i) of Appendix "B",
Their values correspond to 2.36 for the 15 hour period cnding 0900 hrs.
on the 4th, 2,46 for the 39 hr. poriod ending 0900 hrs. on the 5th and
2,06 for the 64 hr, period ending 0900 hrs. on the 6th. To obtain the
cumulated gross rainfall over the catchment at the corresponding times,
the cumulated gross rainfall at Launceston is multiplied directly by
these factors, as shown in Columns 3 to 5 of Table 4 at 0800 hrs. on the
4thy, 5th and 6th respectively. Intermediate values arc determined by
proportioning the multiplication factors cqually between the values
obtained above on the assumption of a linecar variation as shown in
Column 4, The computed cumulated gross rainfall over the catchment is
tabulated in Column 5.

To obtain thc mass curve of cxcess rainfall, the initial loss as
previously determined and thercafter a constant loss rate of 2.5 pts/hr (or
the rainfall rate whichever is the lessor) is deducted from the gross
rainfall mass curve. The cumulated loss is shown in Column 6, The
balance of the initial loss of 73 pts. is satisfied somewherc betwcen
2400 hrs, on the 3rd and 0200 hrs. on the 4th and is recorded against
the rcading at 2400 hrs. The curmlated loss is then obtained by adding
the 5 points loss which occurs in cach of the two hour periods giving a
cumulated loss of 78 pts. at 0200 hrs. on the 4th, 82 pts. at 0400 hrs.
on the 5th cotc, By deducting the cumulated loss (Column 6) from the
curmlated gross rainfall (Column 5) the mass curve of cxcess rainfall is
obtained as tabulatcd in Column (7).

From the excess rainfall mass curve the quantity of rainfall exccss
which fell in each 12 hour pericd can be determined dircctly as shown in
Column 8, The first 12 hour period ends at 1200 hrs, on the 4th, the
rainfall excess boing 134 pts. The sccond 12 hour periocd cnds at 2400
hrs. on the 4th, the curulated rainfall cxcess then being 280 pts. of
which 134 pts., fcll in the first 12 hour period. The rainfall coXcess
in the second period is thereforc 146 pts. and so on for the other
periods,

Note 1. In this cxample a time intcrval of 2 hours is uscd to define
the mass curvec. It is considcred that this period will be adoquate for
all storms which produce major floods at Launceston.

Note 2. When the duration of the last period of excess rainfall is
not cxactly equal to 12 hours it should bc allowed for according to the
following rules. If the time intcrval is 6 hours or more it can be
considered as a 12 hour period without any adjustment. If the period
is five hours or lcss the rainfall should bc added to that of the preceding
12 hour period.

In the above cxample the 4 pts. fell in the last poriod of 2 hours and
would thereforc be added to the 195 pts. which fell in the preceding 12
hours making the total cxcess rain which fell in this poriod equal to 199 pts,
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Note 3. Wherc the rainfall rate over a 2 hour period is less than
the loss rate of 2,5 pts/hr., the total rainfall during this period
should only be considcred as loss since the losses can ncver cxcccd
rainfall,

4.5 Stop 4 = Prediction of the Surface Runoff Hydrograph

Once the 12 hour cxcess rainfall hyctograph is known the surface
runoff hydrograph can be calculatcd by the method described in Svetion 4,0,

Sample computations for the flood of April 1929 arc shown in Table 5
of Appcndix "B", Ordinatcs of the 12 hour unitgraph at 6 hour time in-
torvals are shown in Column (2) whilst the excess rainfall for cach 12 hour
period after the start of oxcess rain is shown along the first row.

The surface runoff produced by cach period of rainfall cxcess is
obtained by multiplying the unitgraph ordinatcs by the rainfall cxccss
in that particular period as shown in Columns 3, 4 and 6, The total
surface runoff is then computed by summing these valucs with the start
of runoff delayed by intcrvals of 12 hours. Thus the total surface
runoff aftcr 24 hours of excess rainfall is calculated by the addition
of Columns (3) and (4) as tabulatcd in Column (5) and after 36 hours by
the addition of Columns (5) and (6) as shown in Colurm (7).

Note. Sufficicent calculations nced only be made to asscss the time
and value of the peak discharge.

4,6 Step 5 — Prodiction of Total Pcak Discharge

Table 5 shows the magnitude of the peak surfacc runoff, In this
cexample its valuc corresponds to 150,400 cusces. In order to obtain the
total pcak discharge kase flow rmst be added according to Table 2 in
Section 4,0. From this tablc basc flow will increcasc a surface runoff
pcak of 150,400 cusecs by 12,000 cusccs. Thus the total predicted peak
is 162,400 cusccs.

It will be noted that in step 5 of this cxample a preliminary peak
discharge of 100,600 cusecs was forccamted at 1000 hrs., on the 5.4.29
before the completion of all rainfall exceoss. This would engble evac—
uation of the flood plain to take place 24 hours before the final forccast

was madc.

4,7 Step 6. Allowance for Storms with non-uniform Temporal Pattcrns of Rain

The poak discharges of six past floods for which rccords are available
were predicted according to the above procecdure, The results arce summarized
in Table 8 below,



Table 8
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Estimated Flood Peaks for Past Floods

Date Foreccasted Peak Actual Peak Remarks
cfs cfs
13th Oct.58 53,000 48,000
18th Aug, 58 50,000 43,000
26th May, 56 37,000 49,000 Uneven temporal pattern
5th May, 56 31,000 31,000
21st Sept.52 21,000 33,000 " " L
6th April, 29 162,400 150,000 True Temporal Pattern

and Flood Peak estimated

It will be noted that with the exception of the floods of 26th May
1956 and 21st September 1952 the forecasted peak flood discharge is with-
in 15 per cent and generally within 10 per cont of the true peak. For
these two floods the temporal patterns of rainfall werc extremely uncven,
there being at lcast one or more 12 hour periods during the total storm
duration when the rainfall rate did not cxcccd lossecs.

To allow for storms in which thc temporal pattern is extrcmely un-
eveny, it would appear that the foreccasted peak should be incrcasced. To
fix accurately the porcentage increasc, analyscs of a much larger number
of storms of this type would be required. Data on such storms arc at
prcsent not available and it is suggested that until this can be carricd
out that pcrcentage incrcascs bascd on the above cstimates be applicd
according to thc following rule.

"Wherc the cxcess rainfall in any period of 12 hours during the total
storm duration is equal to zero then the forecasted peak discharge should
be incrcased by onc third".

This rulc applicd to thce floods of 26th May 1956 and 21st Scptember
1953 would increase the forecasted peaks to 49,000 and 28,000 cusccs
respectively as comparcd with the actual peak flows of 49,000 and 33,000
respectively,

4,8 Step 7 ~ Final Forccast

The magnitude of the pcak flood discharge is calculated in Step 5 or
Step 6 according to thc type of storm being analysed.

From Table 4, showing thc mass curve of rainfall cxcess, and Table 5,
showing the surfacc runoff hydrograph, the timc when excess rainfall
commenced and the time to peak after the start of rainfall cxcess can he
determined respectively, This data enables the time of arrival of the
flood crest to be calculated as shown in Appendix "B".



obtained in the same manner if so desircd.

12,

Preliminary forecasts prior to thce completion of rain can be

For example for the flood

of April 1929 as tabulated in Apvendix "B" a peak of at least 100, 600
cusecs occurring at 0600 hrs, on 6.4.29 is predicted 24 hours before the
final forecast of 162,400 cusccs occurring at 1800 hrs. on 6.4.29 is
made,

also be estimated,

Similarly the time when the levec banks will be overtopped can

The average discharge at which the levee banks are
overtopped is estimated at 90,000 cusccs (Ref.l p.059).
1929 flood it is sccn from Table 5 that this flow dischargc less the allow-
ance of 8,000 cusccs for basc flowy, occurrcd 40 hours aftcer the start of
rainfall cexcess at 2400 hrs. on 3.4.29,

For the April

Thus the time when the levee

banks arc overtopoed is estimatcd at 1600 hrs. on 5.4.29. The actual time

when the levee banks were overtopped was 0130 hrs. on 6.4.,29 or 5%-hrs.
later than that forccastod.

for which rccords arc available,

5.0 Results of Forccasting Proccdurc Applied to Past Floods

The procedurc developed above has been applicd to six past floods
The results arc summarised in Table 9

belows—
Table 9
Estimates of Flood Pcaks and Time of Pcak for Past Floods
Datc of Time of Forecasted Actual Forccasted Actual
Storm Forccast Peak Peak Time of Time of
cusecs cusces Pcak Pcak
Oct,58 1000 hrs, on 1500 hrs. 2200 hrs.
12th 53,000 48,000 on 13th on 13th
Aug. 58 1000 hrs., on ' 0800 hrs. 0600 hrs.
16th 50,000 43,000 on 18th on 18th
May 56 1000 hrs., on 0200 hrs. 0500 hrs.
24th 49,000 49,000 on 26th on 26th
May 56 1000 hrs. on 0200 hrs. 0100 hrs.
3rd 31,000 31,000 on 5th on 5th
Sept.52 1000 hrs. on 1000 hrs. 1800 hrs.
20th 28,000 33,000 on 2lst on 21st
April 29(1)1000 hrs. on 4, ¢4 150, 000 0600 hrs. 2400 hrs.
5th on 6th on 6th
April 29(2)1000 hrs, on 162, 400 1800 hrs.

6th

on Tth
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6.0 Data Bcquirced for the Opcration of thg Flood Warning Schome
6.1 Daily Rainfall Records

Daily rainfall records as read at 0900 hrs. should be telegraphed
to the flood warning centre as carly as possible after 0900 hrs,

The index rainfall stations selected for the scheme are shown below
with suggested alternative stations shown in brackets in the case of an
emergency breakdown in the reports on rainfall during a flood.

Avoca (Lewis Hill, Fingal)

Lake Leake (Lewis Hill

Mathinna (Tower Hill)

Meander éGolden Valley, Caveside, Mole Creck)
Shannon (Breona, Steppes, Arthur Lokess Intorlaken)
St., Marys (German Town, Cullenswood)

Upper Blessington (Ringarooma)

Thesc station alternatives are only intcended for use in the case when
telegraphic contact to any of the main index stations is broken.

Each of thc main index stations selected arc at present telegraphic
stations for the Hobart Weather Burcau although in some cases no reports
arc given on Sundays.

6.2 Pluviograph Records

Pluviograph rcecords arc required from any arbitrary station on or
adjacent to the catchment. In the proccdurc described above, records
from Launceston arc used although this is not essential., In the casc of
a brecakdown in operation of the pluviograph at Launccston, additional in-
struments arec located at Westorn Junction Acrodrome and Scottsdale which
would bec satisfactory.

6,3 Strcamflow Rccords

Discharge in the Scuth Esk River at Launceston prior to the start of
rain is required to estimatc initial loss., This will nccessitate daily
records of flow either by the H.E.C, at Trevallyn Dam or by a scparate
obscrver at the H.E.C. gauging station at Hadspen.

6,4 Calculations

All calculations can be carried out to sufficiont accuracy by slide
rule, A suggested form of tabulation is shown in Appendix "B".
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7.0 Conclusion

Insufficicnt data arc available to cnable stage forccasting of
major floods at Launccston to be uscd with any degrec of confidence.
Howevery a procedure for forccasting peak flood discharges from rainfall
records has been developed which has given an accuracy of 15 por cent
or better in the forecasted peak discharge for six past floods and can thero—
fore be expected to work satisfactorily for futurc storms.

For the flood of April 1929 a forccast that the levee banks would be
overtopped was made 15% hours nreceding their failurce while the peak dis—
charge was predicted 14 hours before its occurrcence. This period of
warning could be inereased if rainfalls at the index stations were ro-
ported covery 12 hours instcad of daily as at present.
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Appendix "A"

15.

Thiessen Weights for Scven, Eleven and Fourtcecn

Index Stations on the South Esk Catchment.

Station Name

Thicsscn Wits.
14 Station Avcrage

for Thiessen Wis.
10 Station Average for 7 Station

for Thicssen Wts,

Avcrage
Avoca 0,1200 0,1222 *
Brcona 0.0265 * *
Campbelltown 0.,1278 0.1399 *
Cressy 0.1347 0,1591 0.2435
Intcerlakon 0.0451 * *
Launccston 0.0265 0.0576 *
Lake Leake 0.0825 00,0856 0,2115
Mathinna 0,0872 0.0894 *
Meander 0.0530 0.1048 0.1175
Oatlands 0,0592 0,0744 0.0910
Shannon 0.0553 0.0687 0.0820
St. Marys 0,0491 0.,0495 0.1115
Upper Blessington 0,0483 0.0488 0.1430
Westbury 0,0848 * *
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APPENDIX

L]

B -

FLOOD FORECAST AT LAUNCESTON FOR STORM OF APRIL 1929

g

GROSS RAINFALL.
TABLE 3.
‘| Date 2.4.29 3-4.29 4 429 5.4 29 6-4-29 -
. Weighting {ist. Day |[Weighted |2nd. Day |Weighted | 3rd. Day |Weighted | 4th. Day |Weighted | Sth. Day Wcighud
Station Factor |Raintall |Rainfoll |Rainfall |[Raintall |Raintali |Rainfall |Raintall |Raintall |Raintall [Ragintall
(pts) (pts) (rts) | (pts) (pts.) (pts) (pts) (pts) (pts) (Pts)
Avoca 0135 49 6-6 12 16 149 201 | 250 33-8 38 5.
Loke Leake O 103 18 1-9 8 O-8 161 16 -6 650 66-9 10 1.0
Mathinna O 107 45 4.8 22 24 520 © 65 -6 1325 141 -8 22 -4
Meonder 0-126 | 55 69 o 145, 8 3 | 300 | 37-8 172 21.7
Shannon O .083 S3 4.4 4 03 370 30.7 529 43 -9 113 9.4
St Marys O-059 C O 65 3-8 618 36 -4 821 48-4 10 0-6
Upper Blessington O - 059 3s 21 s 09 317 187 668 39-4 105 6-2
TOTALS 26-7 9-8 196 -4 412-0 46 . 4
INITIAL LOSS.
Discharge ot Start ot Rise = 437 cusecs
Initial Loss = IO pts
Initiol Loss to be satisfied by rain  which feil after 0900 hrs. on 3.4.29 =110 - (27+10) = 73 pts.
MASS CURVE
- . Rainfall on Catchment over given per iod
Multiplication  Factors = -
Raintall ot Launceston over some period
IS hrs. ending O900 hrs. on 4.4 29 = |96/83 = 236
39 " " S-4 9 x 608/251 = 246
64 n " " «w 64 M e 654/318 = 2 06

(1)



TABLE 4.

sross P Gross P Mass 12 Hour Gross «.ross P Mass 12 Hour

Date Time |ot L'ton|Muit  fon catch-| Loss [Curve ~|Excess Dote Time ot U'ton [ Mylt Jon cotch-} Loss [Curve ‘o Excess

factor | ment E";oc.(n“ Rain factor | ment E&t:icnss Rain

(Hrs) | (pts) (pts) | (pts) | (pts) (pts) (Hrs) | (pts) (pts) | (pts) | (pts) (pts)

| 2 3 4 5 6 7 8 | 2 3 4 5 6 7 8
3rd losoo | o sth |020C | 187 44| ase | 138 [ 318
1800 | O 23| O 1 040C | 209 |2-45| 493 | 143 | 350
B 2000 | 10 | 236] 24 I 0600 | 225 |2-46 | 554 | 148 | a0s
2200 | 19 | 236 4s 0800 | 244 |2 46 ] 601 | 153 | 448
2400 | 29 | 2 36| 68 73 o Ticoo [258 [2745] 627 [ 158 | a69

4th |o200 | 39 |2 36 92 78 | 14 r 1200 [267 |2 39 o38 163 | 475 | 195
0400 | 48 | 236|113 83 3cC 1400 | 274 |2 36 | 647 168 | 479
0600 | 64 | 2 306|151 | a8 63 1600 [ 278 [2-33| 648 169 | 479
0800 | 77 | 2 36| 182 93 89 Tieoc [284 2 29 | 651 172 | 479
1000 | 90 | 2 -36] 212 98 Il 4 “laooc 286 [2 261 651 172 | 479
1200 | 100 | 237237 103 134 | 134 220¢ [ 293 |2 23] 653 174 | 479

1400 109 2-38|259 | 108 151 2400 I'296 219 | 653 174 479 4
Teoo [ s [ 230 28a [ s | T [ om o200 |29 [2 76 |53 | 174 | 279
1800 | 126 | 2 .40/ 302 18 ™ 0400 | 306 [2-13| 653 | 174 | 479
2000 | 138 | 2 41 [332 | 123 | 209 0600 | 309 |2 10653 | 174 | a79
2200 | 154 | 242|372 | 128 | 244 0800 | 315 |2 06| 653 | 174 | 479
2400 [ 170 | 2 43| 413 33 | 280 | 146 1000 | 322 |2 06| 654 | 175 | a79

N\




HYDROGRAPH

RUNOFF

SURFACE

4.

5.

TABLE

2. Ot ¥ $22sn>

[HO3uIDy SIy TL
120 jjouny
250)4ns |D}O)]

13

. O X 322snd
>

d
SIYZI W9 wou)
J40UNJ 23D4ung

12

——

PRSI S

2-Ol X $22sn2

11DJuUIDI 'SIy O9
J20  jouny
250}40S |D}0)

1-O1 X 0280y
’d

$J4 2 yis woyy

jlouny DD4INg

10

B

—

4

—4

.- Ol x 533802
110}UID S SIY gy
J210  jouny
25D44ns |DYO)

-4

-0l % $22$ n D

?d
SJY 21 Wy wouy
jjouns 2503In¢G

8

S

—

IR

p¢3= I 99

2-Ol ¥ $928n>

JIDJUIDS SIYGE
1230 jjounu
35D}4ns 1030}

33

93
208
377
605

860
1123
1330
1459
1504
1463

——

¢ -Ol ¥ s92sn3

g

SI4Z PIE wouy
jsouns 22044ng

14
50
123

255
404
548
656

693

pczx {

. 46

2-O1 ¥ 592303

[1D4UIDJ SIy 12
J23)0 jjp0uny
25041nS [DIO)

33
93
208

363
555
737
868
926
9l

848

770

z-Ol x 822snDd)
q

34yg) PuZ wouy

JIouNy 20044NG

10
37

91

i87

296
402
481

508
485
440

P¢.= 1-34

.- Of x §228n>

*d
$JyzZ 18| wouy
Jjouns 250440 S

3= PR, x(2)| 4 2P, x(2)] 52(3)+(4) | 6=R,x(2) | 7=(5) +6)

33
83
171
272

368
441

466

4 45
403

363
330

—4—

—t

12 Hr.

Rain

Excess

Hyetograph

¢-Ol X §228n>

ydoibyun uy 2
JO $2)\0ULIPIO

2

25
62

128
203

275

329
348
332
30!
271

246
215

176

142

14
92

74
61

48

38
29
21

sJy

uIDJ
$S20X2 )0 }UDyS

210 |

12

18
24
30
36
42

48
54
60
66
72

78
84
90
96

102
108

114

i20
126

132

138




5. TOTAL FLOOD DISCHARGE
TABLE 6.
Preliminary Forecast Final Fforecast
Time 1000 Hrs. on S 4 29 [IO00 Hrs. on 6 4 29
Peak Surface Runott 92,600 150.400
Allowance for Bose Flow 8.000 12,000
TOTAL FLOOD PEAK 100600 162 400
6. ALLOWANCE FOR STORMS WITH NON-UNIFORM TEMPORAL PATTERNS OF RAIN
ls excess rainfalt  in any I2hr. period equa! 1o zero? = No
It answer s Yes - -
Tota! Fflood Peak ftrom Step 5. = -
%Totol Fiood Peok from Step S =
T TOYAL FORECASTED PEAK = -
7 FINAL FORECAST
TABLE 7.
v
Prelimingry Ffzorecast Fingl fore sost
Time 1000 Hrs.  on S 4.29 1000 Hrs. on 6 4. 29
Peak Discharge 100,60C 162 400
Raintfall Excess commenced | 2400 Hrs on J 429 2400 Hrs on 3 4.29
Time to Peak 5S4 MHrs. 66 Hrs
Yime ot Peak 0600 Hrs on 6 4-29 [IBOO Hrs. on & 4 29
- - e
Time to Surtace Runotf 45 MHrs. 40 Hrs
of B20OOO c.t s
Time when levees 2100 Hrs. on  5-4-29 | (600 Hrs. on 5 .4.29
overtopped






