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3. OPTIONS FOR FLOOD MITIGATION

31 INTRODUCTION

As discussed in the Phase 1 Repont, flood damaiges‘ may be divided into direct damages
ie. those caused by the physical contact with floodwaters, and indirect damages. The
latter being those damages consequent 1o, but not directly caused by floodwater.

In the case of Rockhampton, it was established that a significant proportion of the damage
in the 1991 flood was. caused by indirect losses which resulted from the closure of road,

rail and air links effectively isolating the city for nearly 2 weeks. -

Whilst most of the flood mitigation optlons considered address direct damages, some of
the works considered at Yeppen Crossing, and to a lesser extent at Rockhampton Alrport,
are aimed primarily at reducing indirect losses, by reducing closure times of the major

transport links.

In order to put the flood mitigation options considered in this section into perspective, It is
worth recalling here the magnitude of flood damages. under current conditions, the
distribution of direct fiood damages throughout the flood liable area, and the relative scale
of direct and indirect flood damages, so that flood mitigation works can be concentrated
where they will be of greatest benefit. The following summary given in Tables 3-1 and
3-2 is drawn from various tables in the Phase 1 Report. -

TABLE 3-1

Summary of Flood Damages

" Damage Type - Mean Annual Damage “
' $ million
A Direct Flood Damage
Residential 0.2
- Commercial - . 038
Public Sector . 1.0
Total ' 2.0
B Indirect Flood Damage 3.2 |l
TOTAL 5.2 |

It should be emphasised that the cost of doing nothing to reduce flood damages may well
not be the cheapest option, and it costs an average of $5.2 million each and every year
ie. the long term average taking account of the range of flood magnitudes and thelr
associated probabilities. Whilst this cost does not fall totally on the Local Authoritles or
State Government, It is a cost to the Australian economy. The cost of implementing flood
mitigation works should be viewed in this context and in regard to the reduction of this

average flood damage cost.
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TABLE 3-2

Distribution of Direct Flocod Damages

| Zone Location Mean Annual Damage ($,000's) % of
No. Residential] Commerclal] Approx | Total | Total
I Public Sector
South of River
-10 |Crescent Lagoon 9.2 60.3 378; 1073 9
11 |Gladstone Road 5.7 225 28.8| - 259.5| - 23
12 {Port Curlis 12.6 38.1 28.8 79.5 7
13 |Central CBD 131 138 10.0 161.1 14
14 [Lower CBD 36.8 189 10.0f 2358 21
15 [Depot Hill 8.2 20.4 10.0 38.6 3
16 |D/s Barrage 54 6.9 9.2 215 2
17 |Pink Lily 9.4 1.4 10.0 20.8 2
18 |U/s Barrage 0.8 4.3 7.0 1214 1
North of River ) ‘ '
20 |Dfs Barrage 35 13.6 . 85 255
21/22|Splitters Creek 216 13,4 150  50.0
23. [Moores Creek 7.0 26.1 25.0 58.1
24/25|Lakes Creek Road 269 323 8} = 67.2
TOTAL 160 769 208| 1,137.0 100

considered herein.

Note: Public Sector Costs are based on RCC costs as only the urban area is -

MAD costs for RCC based on total cost of $1.52 million for 1991 fiood and

welghted average of residential and commercial MAD of 13.7% of 1991

damages.

Table 3-2 shows the approximate distribution of mean annual damage (MAD) throughout
the urban area, It Is clear from these values that the highest priority areas in terms of
reducing flood damage costs are in the Gladstone Road/Lower Dawson Road area, and
the lower part of the CBD, which together account for some 44% of MAD. The GCentral
CBUD accounts for a further 14% of MAD but is at risk to only rare floods. |

In the case of Rockhampton, there is no easy solution to flooding, and because of its
location, it will never be possible to eliminate flooding. The consideration of a wide range
of flood mitigation options in the Phase 1 Report discounted several options including
" those which could reduce flood damages by means of reducing the peak flood flows,
whether by storage or diversion. Hence, flood mitigation in Rockhampton must deal with
the full natural flow of the Fitzroy River during flood.
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In order to put the practical range of options considered herein in perspective, it Is
Instructive to first consider two extreme scenarios, neither of which are regarded as being
desirable or acceptable: ~

® firstly, to eliminate flows in the floodway to the south of the city by means of
constructing levee banks along both banks from upstream of the city to well
downstream. The effect of this would be to raise flood levels in the river
considerably, at high cost. The consequences of overtopping if and when the
design flood is exceeded would be considerable. The cost of such a scheme
would be high, aithough this has not been considered in detail. Baslcally
-constraining the river to run between raised banks would not be considered a wise

course of action;

® ~ the opposite end of the spectrum of possible measures is the construction of a
major floodway to the south of the city. This would need to carry about 50% of the
total river flow In order to be effective In reducing flooding. The cost would be
high, of the order of $200 million. Modelling, see Section 2.7.8, has shown this to

be impractical.

Nelther of the above are considered to be practical, nor do they offer ieast cost or high -
benefit-cost ratio solutions. The more practicable options fall generally within these two

extremes.

The bulk of the flooding of the high risk areas arises from the fiood flow in the Pink Lity -
Yeppen — Gavial Creek floodway, with only the lower part of Quay Street and relatively
minor flooding on the north bank of the river resulting directly from river {evels' exceeding
bankfull in the areas subject to flooding from the immediate vicinity. This suggests that
reduction In flood fiows andfor levels in the floodway Is likely to provide the most
appropriate means of reducing the flooding problems in Rockhampton.

The.options considered are discussed In the following paragraphs. The findings of the
hydraullc mode! study are drawn upon in determining the impact of various options on
flood levels (as discussed in section 2.7); costs given in the Phase 1 Report are updated
and refined; and social/environmental impacts are discussed .

Options are Initially considered separately and then in various combinations. Finally,
recommendations are made in regard to preferred options, The options considered
generally give protection to the 1% AEP fiood level, except for upgrading of Yeppen
Crossing where this is conslidered impractical. The worth of providing protection against
more extreme floods is considered for the preferred options only.

" The results from thé hydraulic mode! studies of the options considered have already been

outlined in Section 2.7. Figures in this section further summarise this information as well
as adding costs and other considerations. In order to highlight the economics, hydrauic

-and other impacts of the various schemes, a number of diagrams. have been included to

emphasis the most salient points in order fo try to simplify consideration of the options.
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32 LEVEES

321 General

Levees are low earth embankments built to exclude flood waters. They have advantages
and disadvantages which should be clearly understood by the community in deciding
whether to proceed with any proposed levees. There a many examples of successful
levee schemes in Australia and overseas. ' :

Levees are often the most economically attractive form of protection to flood liable areas.
They exclude all flood waters from the protected area for alf floods up to some selected
design flood. Thelr chief disadvantage results from this limitation in that they may overtop
in some flood greater than that for which they are designed, unless designed to protect
against probable maximum flood. This overtopping may be accompanied by failure of the
levee. Subsequent damage in these circumstances is made all the worse because of the

expectation of protection. This impact Is minimised by good design which incorporates -

spillway sections In the levees to allow controlled overtopping in the event of extreme
flood togsther with good. construction practices and an appropriate level of maintenance.
This allows time for evacuation and prevents catastrophic failure. .

Levee construction should be accompanied by a community education and awareness
program to ensure that the benefits and iimitations of levees are realised.

Other negative impacts are the effects on flood levels elsewhere in the floodplain, and
problems with internal drainage which requires storage, and In extreme cases may require

pumped outlets to be provided.

In spite of these -problems, which as stated above may be minimised by appropriate
deslgn and by community education, levees can provide a high level of community benefit.

For example, by preventing flooding over the full range of floods up to the design flood,
significant reduction in flood damages can accrue, Furthermore, any land protected by
the levee which was previously undeveloped because of its flood liable nature, may
become available for development. Property values tend to fise due to rezoning and
subsequent development of vacant land, and also values of existing property may
increase due to the lowered fiood risk. As property values rise, and/or land is developed,
Councll rates income increases. In Rockhampton, where there is little development
potential close o the business district; this could be a substantial benefit, which has not
been included in the benefit-cost analysis. ~

A summary of advantages and disadvantages of levee schemes is given below,

Advantages ' Disadvantages Overcome by I
Reduction in mean annual flood damags |Failure due to overiepping Design/maintenance
Reduction in soclal Impacts of flooding False sense of security Educationfwaming
improved property valuss [ncrease In flood levels elsewhere  [Compensatory works if
Scope for additional development ) increase unacceptable

The above are-taken, into account in regard to the various options considered.
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Cosi estimates for levee schemes have been revised and refined on the following basis,
but are still regarded as preliminary pending geotechnical investigation and final route

‘selection. The basis for cost estimation assumed the following:

@ side slopes of 1 vertical to 4 horiz_o'nt'al. with 4 m crest width. Passing lanes of 6 m

crest width were allowed every 250 m allow passing of maintenance vehicles, -
whilst the former allows use of other than first grade materials for construction. A4
m crest width ‘is regarded as a minimum, 6 m is preferable but at additional cost.
The provision of passing lanes is an appropriate compromise in this regard;

® a freeboard of 0.6 m above design flood level over and above makihg allowance
for any increase in flood levels caused by the levee itself; S

® generally the 1% AEP flood has been defined as the design flood. Whilst the
freeboard allowance does not strictly give protection above the design flood as it
allows for subsidence of the crest, and wave action, In practice some further
protection is provided in this way. Spillway sections would be designed to overfiow

at the design flood level;
® . alignment accommodated by easement thereby minimising land acquisition costs;

A higher fevei of protection may be provided at refatively low cost as the difference in level
between the 1% AEP fiood and the 0.1% AEP flood is only of the order of 1 m. This Is
considered where appropriate after the primary consideration of options.

The following paragraphs discuss the individual levee schemes considered. Their location
Is shown in Figures 3-1 to 3-3. A summary of schemes, thelr costs and impacts are

given-in Figure 3-4.

Cost estimates are given in Appéndix G, which also gives revised flood damage reduction
figures derived by re-running the ANUFLOOD model developed in Phase 1 with the
revised flood helght/probability curve derived from the design runs of the hydraulic modet,

322 Protection of Port Curtis, Depot Hill and the lower CBD

As outlined in the Phase 1 Report, it would be possible to protect the whole of Port Curiis,

Depot Hill and the lower CBD by a single levee. Alternatively, separate schemes could
protect i) Port Curtis, fi) Depot Hill and the lower CBD. As the Phase 1 Study showed a
combined levee to be the most economic solution, a separate Port Cuirtls levee has not
been considered furiher. Consideration in Phase 2 has been limited to 2 schemes,
namely the single_levee protecting all the areas named above, and a second scheme

excluding protection to Port Curtis.

A levee protecting Port Curiis, Depot Hill and the CBD would eliminate all flooding in these
frequently flooded areas up to the selected design flood, which would be at ieast 1%
AEP, and would eliminate flooding along Lower Dawson Road fo the same. limit,

Further consideration has been given to the alignment of these levees, as shown in Figure
3-1. These alignments will minimise disruption to existing lfandowners whilst providing
maximum protection to the flood protection area. The alignments have not, however,

been finalised.
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The revised cost of these schemes are as follows, breakdowns for which are given in
Appendix G:

e Depot Hill —~ Lower CBD only (Option A1) to 1% AEP flood level plus freeboard,
cost $5.7 milfion. :

® Lower Dawson Road - Port Curtis — Depot Hill ~ CBD (Option A2) to 1% AEP
plus freeboard, cost $6.9 million. : ~

Option A1 would reduce mean annual damage (MAD ) by $300,000 p.a., which has a net
present value (NPV) of $5.8 m at 5% discount rate, reducing to $4.3 million at 7%
discount rate. The benefit-cost ratio (BCR) of this scheme is thus 1.01 at 5%, (0.75 at
7%) assuming all construction costs are in year 1 and Ignoring maintenance costs.

Optlon A2 is considerably more atiractive in economic terms. Construction cost has been
_estimated to be $6.9 milion, with a reduction in MAD of $0.48 million. This gives an NPV

of $9.3 m at 5% discount rate ($6.9 million at 7%) and corresponding BCR of 1.33 (1.0),

which is high for a flood protection scheme.

As well as the economic advantages of this scheme, the soclal benefits would be high as
they would greatly reduce the risk of flooding in the protected areas, and also encourage

further development in these areas.

As discussed in Section 2.7, construction of the Depot Hilllower CBD levee would have
very little effect on fiood levels, but the Port Curtis part of the combined levee would have
a substantial effect as it closes off a significant flow path. The result of the above would
be to raise levels in the floodway by 0.9 m downstream of the Yeppen crossing for a 1%
AEP flood and by 0.4 m on the upstream slde of Yeppen, and about 0.15 m at
Fairypower Road. As these increases are not likely to be acceptable, the overall
performance in combination with other options was considered. This is discussed in

_Section 3.6.

A levee to protect Depot Hill and the CBD would offer substantially economic benefits, but
would have only a marginal impact on flood levels, - However, this would be
disadvantageous to the residents of Port Curtis whose current sense of isolation from the
community would be heightened. Flood hazard at Port Curils would remain high as it is
as present. There is, therefore, a significant social cost in excluding Port Curtis should a
" levee be constructed to protect Depot Hill and the CBD.

if constructed, the Port Curtis to CBD levee would commence on the city side of the
Yeppen crossing. It would be tied into higher ground along and adjacent to Blackall
Street.. The levee would then be built along the southern side of Blackall Street to its
junction with Lower. Dawson Road. A section of Lower Dawson Road from Yeppen bridge
to the Blackall Street/Jellicoe Street junction would be ramped to tie in with the levee
crest, with a ramp down on the city side. This would be a fairly flat grade. If this option

were built in conjunction with raising the road level across the Yeppen Crossing, this ramp

would be less marked on the southern side. The levee would then be constructed along
the southern edge of Jellicoe Street to the railway crossing. The railway crossing will
have to be raised from the Yeppen bridge 1o the levee crest level at Jellicoe Street, and

regraded towards Port Curtis junction. Alternatively, this section could be left at its existing

level and fitted with flood gates but this would not be preferred. The levee would be built
along the southern edge of Jellicoe Street to near the junction with the Old Burnett
Highway, where it would divert to the south so that it could cross the Old Burnett Highway
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and pass on the floodway side of Hastings Deering Pty Ltd. The fevee would then turn
northwards past the last house in Port Curtis (along the OId Bruce Highway) and pass to
the east of Depot Hill. The route in this section has-not been determined but would be as
far to the east as possible in order to maximise the area avallable for storage of internal
drainage f(or for development). The levee would then pass close to .Gavial Creek
(between the sewage treatment works and the creek), turn along the right bank of the
river, terminating near Derby Street. There is generally sufficient room for this section of
levee, although where space is restricted short sections of retaining wall may be required.
These details wquld be determined at the design stage. Flood valves wlil need to be
provided on all drainage outiets along the levee route, to prevent backflow up the drainage
lines. They would prevent the flooding of a large part of Allenstown which currently can
be flooded by backwater from the main drain, At least two spiliway sections would be
incorporated into the levee, probably one on the river side upstream of the Gavial Creek
Junction, and one on the opposite side between Depot Hill and Gavial Creek. This would
allow controlled flooding to occur in the event of the levee being overtopped in an extreme
flood and thereby enable water to accumulate behind the levee to prevent failure if the
entire levee overtops. It should be noted that even in such an extreme situation flood,

damages would be no worse than under existing conditions.

- A separate levee for Depot Hill/lower CBD would need to start in the Port Curtis Junction
area and would need to include local raising of the highway and railway and be tied into
higher ground next to the highway to avold overflow Into the Allenstown area.

323 . Protection of Rockhampton Airport

As discussed in the Phase 1 Report, the protection of Rockhampton Airport would require
levees. In.order to protect the road access fo and from the airport, the Jevees should be-
extended to encompass the adjacent residential areas. The indicative preferred location s

shown in Figure 3-2.

~ The levee has only been shown for the protection of the existing airport, as no details are

available about the extension being considered. The preferred option is to tie the levee to
high ground to the south of the alrport and to build the levee on the western side of the
runways and then close fo the southern bank of Lion Creek, passing behind the residential
properties and terminating along the river bank upstream of the barrage. This would
provide considerable protection to the adjacent residential areas as well as maintaining the
alrport in operational order for the 1% AEP flood (or higher). :

This would however have a negative impact on flood levels on the small number of
houses in the floodplain. Levels along Nine Mile Road would be increased by a maximum
of 0.3 m for 2% AEP, and 056 m for 1% AEP, so the houses adjacent {0 the proposed
levee would need to be raised. The increase in flood level along the
Rockhampton-Ridgelands Road would be 0.06 m for 2% AEP and 0.12 m for 1% AEP,

which Is regarded as being acceptable.

In this way the airport could be protected to 1% AEP or higher. Protection to 1% AEP
would require a levee about 2.75 m high (including allowing 0.6 m freeboard and for local
increase in flood level) along the boundary adjacent to Lion Creek.
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The estimated cost given in the Phase 1 Report included protection of the proposed
extended runways. In regard to protection of the existing airport, the revised cost is $4.3
million, a breakdown of which is given in Appendix G. Using the approximate reduction in

MAD of $102,000 p.a. given in Table 14-1 of the Phase 1 Report, the NPV at 5% is’
$1.94 million and at 7% Is $1.43 million, giving BCR of 0,45 and 0.33 respectively. Thus

_ this scheme is not viable in purely economic terms, but may be justifiable in terms of
reduction in social impacts which would result from being able to maintain the airpont in
operation condition in a 1% AEP flood.

324 . Protection of other areas

Levees along the norih bank of the Fitzroy River. in the Splitters Creek area was briefly
investigated. The Splitters Creek levee has some merit in regard to closing off a minor
flow path, so that this area would be limited to flood storage (ie. low velocity) flooding.

" The breakout could be closed off by a partial levee as shown on Figure 3-3 for a cost of
about $140,000 (see Appendix G for details). This would not prevent flooding in the
Splitters Creek area but would limit this to backwater ficoding. Full levee protection
requiring a floodgate across Splitters Creek would present practical difficulties resulting
from its proximity to the barrage and has not been considered in detaill. Assuming the
reduction in MAD to be a third of that from the total protectlon this would give a BCR of

about 1.2 at 5% discount rate (0.9 at 7%).

Phase 1 studies had shown levee protection- of other arcas such as Lakes Creek Road

and the Moores Creek area to be not cost-effective and these were not pursued in Phase-

2. However, as the bulk of flooding in these areas is by backwater from the river, it would
require only the provision of flood gates on the major creeks and stormwater drains to
given some measure of flood protection (to about 2% AEP). This has been included as a
low prlorlty ftem in the recommended works summarised in section 5,

3.3 UPGRADING OF YEPPEN CROSSING

As discussed in the Phase 1 Report (section 13.5), the highway and raliway crossings of
the Fitzroy River floodplain to the South of Rockhampton, known as the "Yeppen
Crossing', were reconstructed in the 1980's. The design flood immunity of the crossing is
8.5% AEP (12 year ARI). The actual performance of the crossing in the 1988 and 1891
flood is consistent with this design criterion. The average time of submergence was

estimated to be 0,58 days per year. As the 1988 flood was the fourth highest since .

discharge records begin in 1914 it Is apparent that had the current floodplain conditions
existed throughout this century only the major floods of 1918, 1954 and 1291 would have
caused closure. The hydraulic model has shown that times of submergence for these

floods would have been 15, 12,5 and 11.5 days respectively ie. a total of 32 days in 78 -

years or an average of 0.50 days per year. Thus on this basis also the crossing is
performing as designed. '

Notwithstanding the above, it is clear that the indirect losses caused by closure of this
crossing are high and could be substantially reduced by further upgrad[ng of the flood
immunity. of the crossing. A statement from the Department of Transport in regard to their

position concerning this upgrading proposal is given in Appendix L.
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A summary of the options considered in regard fo upgrading of Yeppen crossing are given
in Figure 3-5. The hydraulic impacts of these options have been outlined in Section 2.7.

It was apparent from the Investigation of individual options for Yeppen Crossing that only
those combining an Increase in waterway area with an increase in embankment height
would be able to improve the flood immunity of the crossing without negative impact on
flood levels. Hence, only these combinations are considered further here.

This paragraph will only consider options for improvement of the flood Immunity and flood
level impact of Yeppen Crossing and not combinations of the above plus other possible
schemes. Such combinations are consldered in section 3.6.

The existing bridge and embankment structures across the floodplain at Yeppen comprise
4 road and 4 rail bridges. ‘

These structures cause signiﬁcémt afflux during major floods. Although reduction in_affiux
would be beneficial to flood levels In the Falrybower area and to a lesser degree at the
airport, flood damages in these areas alone are not sufficient to warrant works to reduce

afflux by increasing bridge waterway area.

Also simply raising the embankments without increasing waterway area has a negative
fmpact on upstream levels but very small reduction to submergence times.

However, the combination of increased waterway .area and raised embankment height
offers significant reduction in submergence time together with some improvement in flood
levels. The options considered in this regard (B5 and B7) would both maintain flood free
conditions for 2% AEP flood (eg. the 1991 flood) with time of submergence for 1% AEP
belng reduced from about12.7 days under existing conditions to 6.8 days for Option BS
and 8 days for Option B7. Average closure time would be reduced to 0.15 days per

annum.

Under Option B5, each of the bridges would be doubled in length to double the bridge
waterway area, and the embankment would be raised so as to give constant road and rail
heights across the entire length of the crossing. It is emphasised that, whilst doubling of
bridging length is shown by the hydraulic model studies to be appropriate, this should not
be taken as final design dimensions of these structures. The individual bridges will need
to be designed to ensure that they meet design criteria for velocity and affiux. This is

outside the scope of the current study.
The cost of upgrading as outlined above has been estimated to be $16.5 million.

Option B7 represents a lower cost alternative in which the additional waterway area would
be obtained by excavating an average of 2 m from upstream of the highway bridges
through to downstream of the railway bridges. The hydraulic model runs showed this to
be almost as beneficial as doubling bridge length, In conjunction with raising
embankments. "An Initial consideration of the structural implications of this has shown this
to be feasible. In ihe case of the highway bridge, DOT have indicated that no bridge
strengthening would be required, but in the case of the railway bridges the pile caps would
be exposed, requiring some structural works and possibility the instaliation of some
additional piles. However, detailed structural calculations in this regard, are outside the

scope of the study.
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it would also be necessary to provide some protection works in the lowered sections in
order to prevent continuing erosion. Gabionsfreno mattresses would be suitable In this
regard, This option could have a relatively high maintenance cost, as small floods may
cause siltation in the lowered section. This tendency would be minimised by limiting the
slope of the downstream ramp. As floodplain flows occur only on a frequency of 1 year in
7 on average, this should not be a major problem. The lowered sections would be
drained to Scrubby Creek to prevent permanent water below the bridges.

The cost of this option, at $13.0 million, offers a substantial saving over Option B5. This
cost includes for bridge strengthening measures expected to be sufficient. However, this
is an inferior solution which would result in increased maintenance.

Estimates given in section 8 of the Phase 1 Report in relation to the 1991 fiood show
direct damage to the combined Yeppen crossing of $1.2 milllon and indirect damage
resulting from road and rail traffic delays of about $5 million, giving a total of about $6.2
‘million. In addition to the above, the closure of this route is one of the main causes of
indirect losses to the commercialfindustrial sector. Assuming these losses are in
proportion to the traffic delay losses for north and south links (ie. 76% of the tofal), this
would result in an indirect loss of about $22 million (using the adopted value of $32 million
for indirect losses to the commercialfindustrial sector given in Table 8-11 of the Phase 1
Report). On the above basis, which Is only approximate, the total losses caused by the
closure of the crossing in the 1991 flood were about $28 miilion. Assuming, further, that
the damages are proportional to the time of submergence, this gives. a total damage of

cost of about $2.5 mllion per day of closure.

The preferred options B5 and B7 would produce a flood free crossing at 2% AEP with,
reduced times of submergence of 6.8 and 8 days at 1% AEP. These times vary slightly
when these measures are combined with others.. The damage values and times of
submergence were used to estimate a damage probability curve as given in Figure 3-6.

Times of submergence (TOS) for the range of design floods (5% AEP to 0.1% AEP)
together with the existing design of zero TOS at 125% AEP (as per the current design
and as evidenced by the 1988 flood) were used to prepare a curve relating TOS to event
probability (Figure 18-6 a). From this a damage/probability curve was derived assuming
that indirect losses caused by the crossing being closed are proportional to closure time.
This may be conservative for short duration of closure but is considered to be reasonable
for the longer durations. It should be noted that for the purposes of this report TOS is
defined as the time for which there is flow across the road. This is not necessarily the

time of closure.

The area under this curve was Integrated to estimate the mean annual damage. This was
estimated fo be $1.75 million to $2.1 million depending on the curve adopted from Figure
3-6. The higher value relates to the TOS given by the design runs but this is based as
the shape and hence duration of the design hydrographs which are based only on
observed hydrographs for the 1991 flood (which was used for-AEP to 1%) and 1918 used
for more extreme floods, The lower value relates to an interpolated curve given in Figure
3-6 which may be more realistic. This above figures compare to $1.6 m. used in Phase
1, when extrapolation to the more extreme floods was not available.
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The reduction of MAD by Options B5 and B7 is shown in Figures 3-6. These are very
similar, the residual MAD being $0.45 million and $0.43 million respectively. ‘The latter
should be reduced to reflect the increased maintenance cost of say $0.1 million per
annum. On this basls, the reduction in MAD is $1.3 million for Option B5 and $1.18
million for Option B7.

Net present value (NPV) of Option B5 is thus, $24.3 million at 5% discount rate ($18.2

million at 7%), with BCR of 1.50 (1.10). The corresponding NPV for ‘Option B7 is $22.4
million ($16.5 million) and BCR of 1.72 (1.27). Thus even accounting for increased
maintenance, Option B7 has a preferable BCR.

As well as these schemes, particularly B7, being justifiable economically, they would also
have a significant social impact as these schemes would not only greatly reduce the
disruption to the movement of persons and goods into and out of Rockhampton during
floods, but would also significantly improve the sense of isolation caused by the closure of

the major crossings.

The Department of Transpori subsequently advised that Option ‘B7 involving lowering of
the bridge inverts would not be acceptable. :

34 - CONTROL OF PINK LILY BREAKOUT

The necessity for works to stabilise the right bank of the Fitzroy River in the breakout
section at Pink Lily has been discussed in detall in the Phase 1 Report. The level at
which the=banks should be stabillsed was to be considered as part of the hydraulic

modelling studies in Phase 2.

For a given river level the breakout at Pink Lily controls the flow of water in the floodplain.
Hence raising or lowering the control level would aiter the distribution of flows between the
river and the floodplain. A number of options were investigated in regard to varying this
control to offset the impact of existing structures and of those being considered in the
current study. These options are summarised in Figure 3-7. . :

It was found that a minor raising of control levels of, say, 1 m throughout the breakout

 zone was Ineffectual (Option D1). - The banks at Pink Lily could be raised so as to

eliminate overflow for 2% AEP (Option D2) and this would cause the existing Yeppen
crossing to remain open even at 1% AEP. However, this would have a major impact on
flood levels and hence fiood damages in the city area, where levels would be raised by
about 0.5 m. At the barrage, levels would be raised by 1.1 m for 2% AEP and 2.3 m for
1% AEP, with similar increases to upstream of Pink Lily. Even flood levels at Yaamba
would be raised by 0.11 m for 2% AEP, and by 0.15 m at 1% AEP. These increases
were regarded as unacceptably high, and this option was not pursued. A compromise
ralsing of 2.5 m (Option D3) was also. briefly investigated. .
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Whilst none of the above were found to be acceptable on thelr own, the lower degrees of
raising in the 1 m to 2.5 m range were thought to be of possible use in combination with

other measures.” If such a scheme -were to be promoted, it would probably be a -

combination of raising the control level and reducing the length of the overflow path to
ensure damaging overiopping did not occur. Lowering of the control level was not

considered as it Is not practical and would worsen levels in the lower floodplain. -
Increasing floodway capacity by means of a major channel is considered in the following .

.

paragraph.

As none of these options are considered to be worthwhile, except possibly in conjuncﬁon
with other measures, it fs recommended that the banks at Pink Lily be stabilised at their

current levels.

35 " MISCELLANEOUS OPTIONS
354 . Major Improvements to _F-'idodway Capacity

The option of a major floodway to the south of the city was briefly investigated using the
hydraulic model. This option had been discounted in Phase 1 due to limited effectiveness,
high cost and high environmental impact. [t was, however, given further consideration in
Phase 2 as a result of having been ralsed in the Community Consultation process.

A summary of the findings are given In Figure 3-8. Even with a channel with 1,000 m
base width and a further 1,000 m width in the right overbank area once a depth of 3 m
was reached, such a channel would only carry 3,500 m%s in a 2% AEP flood and 4,600
m3s in a 1% AEP flood. This general channel shape was used so that a potential benefit
of such a scheme could be to provide levee protection, -or allow filling of the left bank
area, le, the area between the channel and the city. However, even with a channel of this
size, levels through the clty reach would be increased by 0.3 m at 1% AEP, thereby
rendering the proposal ineffectual. Due to the lack of hydraulic performance this was not
considered further. As such a scheme would be of very high cost, would also cause
severe environmental damage and involve resumption of a substantial land area, it was
concluded that this did not warrant further consideration.

352 Minor Improvement to Floodway Capacily

The old Burnett Highway bridge across Scrubby Creek and the rassociated'causeway
across the Yeppen floodplain is still in existence close to the downstream side of the new

Yeppen railway crossing.

Also the disused railway embankment adjacent to the Old Bruce Highway between Port
Curtis and Roopes bridge is still mainly intact. Both of these structures Impede the
passage of floodwaters. Whether there is any benefit in removal of these structures was
considered using the hydraulic model., This was found to have only a marginal impact on
flood levels (Option F3} on its own, but subsequently was found to be effective in parily
offsetting the increase in flood levels caused by the levees around Port Curlis being

considered.
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" The cost of these works was estimated to be $500,000.

A partial floodway was also considered in relation to the above, by means of excavating a
channel from downstream of Yeppen Crossing to discharge downstream of Gavial Creek,
However, because of flat grades and the wide nature of the floodplain, this was found to
have very little impact on flood levels and was not considered further.

353 Effect of Commonage Landfill

Co

The effect of the Commonage Landfill was investigated using the hydraiuic modei. As the
flow in the adjacent overbank section was very small, the Impact on flood levels of
increasing the size of the landfill was found to be insignificant.

However, the environmental concems in regard to the presence of the landfil in the
floodplain, as expressed in the Phase 1 Report are relterated.

354 . Lowering of the Capricorn Hi_ghway

* Whilst a high level of flood immunity for the Capricorn Highway between Gracemere and

the Bruce Highway is not a high priority due to the existence of an alternative flood free
route, the question had been raised during the Community Consultation Phase of the
impact on flood levels of this section of the Capricorn Highway being of the order of 1 m

above surrounding ground level in places.

The effect of this was investigated In the model by lowering the relevant sections by 1 m
(Option M3). This was found to have virtually no impact on peak flood levels, so action in
this regard is not warranted. :

36 COMBINATIONS OF OPTIONS

Consideration of the individual flood mitigation options in the sections above has
demonstrated that upgrading the Yeppen Crossing by both raising embankment height to
Improve flood immunity and increasing bridge waterway area to counteract the Increase in
water levels which would otherwise occur, is the most cost effective means of reducing

indirect damages.

Further hydraulic model runs were carried out with a range of combined options in order
to determine whether the negative impact of the proposed levee schemes could be offset
by the other measures under consideration. ‘These combinations are summarised in

Figures 3-9 and 3-10. '
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Of the levee schemes considered, the Port Curtis — Depot Hill -~ CBD levee is very
heneficial in terms of reducing flood damages. Together with the option of lowering the
bridge inverts, this would cause increase in flood levels immediately upstream of the
Yeppen Crossing in a 1% AEP fiood but not in the Fairybower Road area. Protecting the
smaller area of Depot Hill and the lower CBD only avoids this problem but {o the detriment
of the residents of Port Curtis. In the option with bridge duplication, no such increase in
level would occur. The proposed levee around the airport is believed to be beneficial, if
not- justifiable on purely economic terms, due fo its enabling the airport to continue
operation during a 1% AEP flood (or possibly higher). Construction of this levee would
result in flood levels being increased close to the airport but reduced downstream.

Therefore the following (Options C8/C9) are put forward for final consideration:

o Construction of a levee from Port Curtis ~ Depot Hill - Quay Street, together with
upgrading of Yeppen Crossing, removal of the Old Burnett Highway bridge and the
disused railway embankment adjacent to the Old Bruce Highway, levee protection
of the existing airport and the adjacent residential area, and levee protection to
prevent breakout from the river in the Splitters Creek area.

The cost of the total combined scheme Is estimated to be $23.9 million if the airport and .

Splitters Creek levees are excluded or $28.2 million with these inciuded (Option C9).
Overall BCR for these alternatives are 1.40, 1.26 at 5% discount reducing to 1.04, 0.93
for 7% discount rate. -

The preferred option should be compared to the cost of the 'do nothing' option. If no flood
mitigation works are constructed, even though there may be no flood and hence no flood
damages for some years, the long term average damage cost has been estimated to be
$5.2 million per annum, together with significant social disruption during and after each
major flood. Floods occur in a random sequence, so the fact that a major flood has
occurred recently 1s no guarantee that there will not be a flood of sm[ar or greater

magnitude in the near future.

As the preferred schemes would substantially reduce the long term average flood
damage, and also substantially reduce the social impacts of flooding they are
recommended for implementation. Possible funding of such works Is discussed in

Section 5.

In the above combinations the levee components are based on protection against 1%
AEP flood, Costs and benefits associated with the recommended levees were then
considered for a range of higher levels in order to determine the most appropriate level of

protection,

In regard to the GBD levee, the cost differential between protection to 1% AEP and 0.5%
AEP is about $1.45 million ie. a total cost of $8.35 million. The benefits however, increase
considerably as the MAD reduction is improved significantly from $0.49 milion to $0.63
million. The BCR at this level is increased to 1.43 at 5%, 1.05 at 7%, compared to 1.35
(1.0) respectively at 1% AEP. However, a levee giving protection to 0.5% would have
some adverse impact on flood levels, for example raising the leve! upstream of Yeppen
Crossing by 0.2 m to 0.3 m depending on whether the airport levee is also constructed.
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Further Increase in protection level beyend 0.5% AEP would result in a significant cost
increase in order to prevent direct breakout from the river in the ‘city area (which first
occurs between 0.5% AEP and 0.2% AEP). This would require construction of a retaining
wall along Quay Street to at least the Fitzroy Street bridge. MAD reduction would rise to
$0.77 million, and the estimated capital cost would be . $10.1 million. This would give a

" BCR of 145 at 5% and 1.07 at 7% discount rate. Such a levee would also have a

significant impact on flood levels in the floodplain for floods in excess of the 1% AEP
event. '

it is apparent on the basis of the above that protection to levels higher than 1% AEP flood
have marginally beneficial BCR's at higher initial cost. Levees to 0.5% AEP would keep
out a flood greater than the 1918 flood, which is a reasonably high degree of protection.
However, as protection above the 1% AEP level starts o have a negative impact on flood
levels in the floodplain for events between 1% AEP and levee. overtopping, it is
recommended that protection should be limited to the 1% AEP flood.

In regard to the airport levee, the additional cost of raising from 1% AEP flood level to
05% AEP flood level would be $1.3 million, raising the cost to $5.6 million. Further
raising to the 0.2% AEP level would incur & substantial cost increase to $7.4 million. As
this levee cannot be justified even to 1% AEP on economic grounds, a decision to raise
the levee to above 1% AEP level would need to be based on disaster relief
considerations, as the need for an operational airport could become more imporiant as
flood magnitude increases. However, again as increasing protection above 1% AEP

_causes detrimental impact on flood levels, this is not recommended.

The Yeppen Crossing upgrade has been based on maintaining flood free acceés at 2%
AEP, as that Is the maximum which can be practically achieved without major cost over
and above.that already considered.. This is because providing a greater level of immunity

. would require raising of the deck level of the existing bridges, as well as any new works.

This has not been considered.
37 EX‘TR_EME FLOODS

The operation of the preferred scheme under floods more exireme than the design flood
was considered to ensure that the works would not be detrimental under such

circumstances.

The hydraulic model was run with the 0.1% AEP flood ‘assuming that the levess were not
overiopped, with the following results compared to the corresponding values for existing

floodplain conditions:

® peak levels in the Pink Llily to barrage reach would be increased by up o 0.28 m;

. peak levels in the city reach would be reduced by 0.09 m at the flood gauge;

® peak levels in the upper part of the floodway ie. Pink Lily to Nine Mile road would
be up fo 0.45 m higher than under existing conditions, and up to 0.592 m along Lion
Creek;

® peak level at Fairybower Road raised by only 0.02 m;

ol peak level upstream of Yeppen Crossing would be raised by 0,32 m, and by a

maximum of 0.566 m downsiream.
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These impacts whilst significant in the floodplain are in areas of low density of occupation
‘and represent increases in flood depth but not increases in flood frequency. The above
_figures are conservative in that they assume that the levees are not overtopped in such an

event. As the recommended level of protection is for 1% AEP, more extreme floods
would cause the levees be overiopped, whereupon the peak levels would be reduced

from those reported above.

As considerable devastation would occur in any event in a flood of this magnitude, the
increase in damages which would result from the presence of the works as a result of
increased flood levels would be small, - On the contrary, the presence of the flood
mitigation works would allow adequate time for evacuation prior to an extreme flood with
consequent reduction in flood damages and social impact. Hence, it is believed that the
presence of the works would be beneficial even when the design flood is exceeded.

The effect on flood levels of 0.5% and 0.2% AEP floods for Options C8 and C2 were also
considered. There are given in Tables J-30a and J-31 a (Volume 3).

38 RECOMMENDATIONS

Having taking account of the costs, benefit cost-ratio (BCR), impact on fiood levels and of
social consequences of flooding and flood protection, it was concluded that the most

beneficial works for flood mitigation in Rockhampton are:

® Upgrading of Yeppen Crossing to provide flood free passage to both the Bruce
 Highway and the North Coast Railway at 2% AEP and to reduce times of
submergence: for larger floods. This will significantly reduce indirect flood

damages;

o Construction of a. fevee 1o protect Port Cums,'Depot Hill, and the more flood liable .

part of the CBD from floods up to 1% AEP. This will significantly reduce direct
flood damages and soclal costs without negative impact on flood levels compared
to existing conditions. This also requires the removal of disused rail embankments

and a disused highway bridge;

o} .Construction of a levee to protect Rockhampton Airport and the adjacent residential

areas. As well improving the flood immunity of the airport this will reduce direct -

~ damages to the adjacent residential area;

@  Construction of a levee to prevent overflow from the river in the Splitters Creek
area.

- These proposals have a marked positive social impact in regard to those members of the
community who will be protected by the levees. However, a small number of persons
outside the levees, particularly those in the area between the Rockhampton-Ridgelands
Road and Lion Creek, and to a lesser extent those In the Fairybower area will suffer a
negative impact because levels in any given flood will be increased, dlthough the
frequency of flooding will be unaffected. The impact on the latter groups will be offset to
some degree by-the proposed upgrading of the flood warning network which will enable,
~ for the first time, forecasting of levels in the floodplain. Al residents and businesses will

benefit significantly from the marked reduction in social and business disruption resulting

from improving the flood immunity of the Yeppen Crossing. -
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LEVEE OPTIONS

Option  Description
A6 Moores Creek

impact on levels:
Negligible as flood storage only.

Option Description
AT Lakes Creek Road
Impact on levels:

Increases ficod levels negligible as flood
storage only.

Options shaded thus are carried
forward for further consideration.

Option Description Table J-4

Ad Levee — Alrport with
proposed runway extension

Delails not avaifable, modelled approximalely,
littte change from A3. .

Note: NPV at 5% (7%) Summary of L.evee Options
Figure 3-4
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YEPPEN CROSSING

Option  Description Table J-6

B Double bridge width

impact on levels: )
Reduces flood lovel u/s of crossing by 0.27 m
for 2% AEP, 0,29 for 1% AEP,
Reduces flood levels Alrport, Falrybower Road
by 0.08, 0.14 m respectively for both 2% and

- 1% AEP.
Reduces levels Depot Hill by 0.06 m, 0.1 m for
2% and 1% AEP.

TOS: 9.75 d, 11.95 d {current 11,8, 12.7 d}

Table J-8

Option Description
B4 Raise road/rail to bricdge
level

impact on levels: :

Increases fleod ufs of crossing by 0.38 m for
2% AEP, 0.3t m for 1% AEP,

Increases leve] Falrybower Road by 0.23 m,
0.19 m for 2% AEP, 1% AEP.

Reduces level Depot Hill by 0.04 m, 0.06 m for
2%, 1% AEP

TOS: 7.67 d, 9.63 d for 2%, 1% AEP

Qption Description Table J-i0

B6 Increase walerway area by
lowering invert by 2 m

Impact on leveis:

Reduces level ufs of crossing by 0.21 m for
2% AEP, 0.22 m for 1% AEP.

Heduces level Fairybower Road by 0.11 m 2%
and 1% AEP.

Reduces lavel Depot Hill by 0.03 m, 0.05 m for
2%, 1% AEP

TOS: 101 d, 11,4-d for 2%, 1% AEP

Note: NPV at 5% (7%)
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Options shaded thus are carried

forward for further consideration,

Summary of Flood Mitigation Options - Yeppen Crossing

Figure 3-5
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BREAKOUT CONTROL

Optlon  Description Table J-14
D1 Raise Breakout Levei at Pink Lily
by 1.0 m

Option Description  Table J-16

D3 Raise Breakout Level at
Fink Llly by 2.6 m

Impact on Flood Levels:

Increases loevel at Yaamba by 0.03 m 2% AEP,
0.01 m 1% AEP

Increases level at barrage 0.32 m for 2% AEP,
0.12 m for 1% AEP

Increases level at Cily Flood Gauge 0.13 m,
0.06 mi for 2%, 1 % AEP,

Raduces levels Nine Mine Road by 0.21 m, 0.1
m for 2%, 1% AEP.

Reduces levals Airport by 0.44 m, 0.14 mior
2%, 1% AEP. .

Reduces levels Fairybower Road by 0.26 m,
012 m for 2%, 1% AEP.

Reduces levels Yeppen Crosslng by 0.22 m,
0.09 m for 2%, 1% AEP.

Negligible impact at Depot Hill.

NOT EFFECTIVE

Compromise between D1 and D2 glves
signfleant reduction In time of submergence at
Yeppen to 6.5 d at 2% AEP, 9 days at 1%
AEP. Levels at Yeppen reduced by 0.71 m for
2% AEP, 0.4¢ m for 1% AEP.

But ralses levels at Yaamba by 0.07 m, 0.06 m
for 2%, 1% AEP, at Barrage by 0.71 m, 0.55
m and at-Cily flood gauge by 0.27 m, 0.19 m,

Option Dascription Table J-16
pa . Ralse bireakout threshold at
Gavial Creek to reduce
tailwater at Yeppen

Option Description Table J-15
D2 Ralse breakout [evel at Pink
Lily to prevent overfiow in
2% AEP
Flood Free
al Yeppen
1% AEP

impact on levels: ]

Increased level at Yaamba by 0.11 m, 0.15 i

for 2%, 1% AEP.

Increased level at Stanwell PS by 1.3 m, 1.66

m for 2%, 1% AEP. ’

Increased level at Pink Lify by 1.82 m, 222 m

for 2%; 1% AEP. ]

Increased level at Barrage by 1.14 m, 235 m

for 2%, 1% AEPR.

Increased level at City Flood Gauge by 0.49 m,

0.51 m for 2%, 1% AEP.

Reduces level at Alrport by 1.81, 1.48 m for

2%, 1% AEP.

Reduces levef at Yeppen by 1.57 m, 1.27 m

for 2%, 1% AEP,

TOS: Yeppen O, for 1% AEP .

GIVES FLOOD FREE CROSSING AT

YEPPEN FOR 1% AEP BUT RAISES LEVEL
-~ IN RIVER BY UNACCEPTABLE ANMOUNT.

This was investigaled for 2% AEP only.

As a means of redusing levels at Yeppen
Crossing this was ineffective, reducing levels
by only 0.08 m but ralsing levels in the river by
up to 0.7 m at the Gavial Creek Junction,

NOT CONSIDERED FURTHER.

None of the above were considered to warrant further consideration as stand alone
measures, but could be useful in conjunction with other measures.

These: measures were not costed.

Measures to Vary Breakout Control

Figure 3-7






MISCELLANEOUS OPTIONS

a)  PINK LILY ~ YEPPEN -

GAVIAL CREEK FLOODWAY

b) OTHER

Option  Description Table J-19
El Pink Lily - Gavial Creek

Option-  Description Table J-20
Mi Commonage Land{ifl

investigated only briefly, the alm of this would
be to carry a signficant part of the fiood flow to
the south of the cily. Modelling showed that a
channsl 1,000 m wide for 3 m depth and
1,000 m wide right overbank section would
only be able to carry about 3,500 m¥/s al 2%
AEP, and 4,600 m¥s at 1% AEP. This would
cause Increased levels In the ity reach of the
river of up 10 0.3 m at 1% AEP, The cost
would be prohibitive and environmental impact
on the lagoon system would be high. [t would
however, allow filling of adjacent land for
development.

NOT CONSIDERED FURTHER

The effect of the commonage landfill on flood
levels was Investigated.

This was found to have an insignifcant impact
on flood levels.

Option Description  Table J-18

F4 F3 + Enlarge Channel d/s
Yeppen ’

Option  Description Table J—22
M3 Lower Capricorn Highway by 1.0
m

‘The effectiveness of excavating a channe! from
the downstream side of the Yeppen Crossing
in addition to the works in Optlon F3 was
investigated as a means of reducing tallwater
lavels and hence increasing the capacity of the
exisling structures,

This was found to be ineftective.

NOT CONSIDERED FURTHER.

The impact of lowering those sectlons of the .
Capricorn Highway above ground level by 1.0
m was investigated.

This was found lo be inefiective,

NOT CONSIDERED FURTHER

0060G803.807

ptions shaded thus are carried
orward for further consideration.

Miscellaneous Flood Mitigation Measures

Figure 3-8
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5 SUMMARY OF RECOMMENDATIONS

5.1 GENERAL

This section summarises the recommendations made in Phases 1 and 2 of the study for
improvement of flood management in Rockhampton. The latter incorperates both the.
structural flood mitigation options discussed above and the non-structural measures

recommended in the Phase 1 Report. The consideration of a combination of such
measures is In line with the guidelines given for works to be funded under the Federal

Water Resources Assistance Program (FWRAP).
This section also briefly addresses possible funding for these works.

It is recommended that thoseé items of the relatively low cost non-structural ‘measures
identified as being of first priority be implemented by Rockhampton City Councll, Fitzroy
Shire Council and Livingstone Shire Council as appropriate, as soon as possible and prior
to awaiting the outcome of any funding application, as although these do not give any
physical protection against flooding they will ensure that damages are minimised shouid
another major flood occur prior to the construction of the flood mitigation works.

The total estimated cost of the recommended works is about $35 million of which the
non-structural works comprise only-$0.3 miliion. The structural works have been broken
down into four priority levels. These priorities may be used in phasing the works

according to budget constraints.

52 SUMMARY OF RECOMMENDATIONS

5.2.1 Non-Structural Measures

The following is a summary of the non-structural measures which were recommended in-
the Phase 1 Report, which should be consulted for further detail. These are measures

recommended for immediate implementation.

a) Formulation and adoption of a floodplain management policy to be formalised by
the adoption of appropriate planning instruments. The flood inundation .map and
flood hazard map produced as part of this study provide the basis for these
controls. For the preparation of the floodplain management policy allow $30,000;

b) Upgrading of the flood warning system: . .
- installation of telephone telemetry at the Rockhampton flood warning gauge,

cost $20,000; 7

installation of & new river level station with telephone telemetry at Pink Lily
to provide information regarding floodplain fiows, cost $15,000;

installation of rainfali recorders at existing river level stations equipped with
telephone telemetry (Riverslea, The Gap, Neerkol Creek) cost 3 @ $1,000

ie, $3,000;
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- installation of a water level and a rainfall recorder with telephone telemetry
in the Alligator Creek catchment, cost $16,000.

' Annual maintenance and operation on the above, allow $20,000. It is possible that
some of the cost of the above upgrading could be met by the Bureau of

Meteorology.

) Installation of permanent flood markers throughout the urban area and the
floodplain to show the 1991 flood level, allow $25,000 (1,000 markers @ $25);

d) Establishment of a recorded message telephone service for flood warnings at the
t.ocal Emergency Operations Centre (LEOC). The cost of this is difficult to
determine without investigation of the PABX system currently installed but may be
of the order of $20,000 — $30,000 if queuing facilities have to be provided

compared to just a few thousand for the recorded message facility ltself. An

indicative cost of $30,000 has been included herein. The warning messages
should be frequently updated and should contain information on levels at Tartrus,
Riverslea, The Gap, Yaamba, and the new floodway reference gauge as well as
Rockhampton. The message should repeat so that information missed on the first
pass may be reheard. Multiple telephone lines should be provided;

€) Instigation of a programme of raising community flood awareness and
preparedness, by means of:
)] making the flood maps available for sale to the public;
i) preparation of a flood awareness pamphlet;
iii) inclusion of a flood awareness page in the local telephone directory;
v) encouragement to local business operators to prepare flood action plans;
V) establishment of the LEOC as a single point of contact;

vi) raising media awareness of thelr role in flood warning dissemination;
vii) improvement to road closure reporting (RACQ/LEQC).

The costs of preparation of the community flood awareness material would be
approximately $25,000.

The total cost of these measures outlined above would be $143,000 pilus annual
maintenance costs of about $30,000. The improvement in flood warnings and the way in
which the community can relate the warnings to their own circumstances would be
expected to result in a substantial reduction in direct flood damages. if this results in only
a 10% reduction in actual damage, this is worth of the order of $200,000 p.a. (mean
annual direct damage approximately $2 m) so this expenditure is clearly worthwhile.
These measures are further summarised in Table 5-1.

The Phase 1 report also contained a recommendation in regard to a pilot study of the
feasibility of flood proofing commercial premises in Rockhampton. This may be supported
by local business groups. The aim of such a study would be to look at the practicalities of
fiood proofing a small number of existing buildings of a range of types and industry types,
together with a detailed examination of the damage reduction such measures would
produce in order to enable evaluation of the cost effectiveness of this approach. There Is
very little detailed information in this regard, hence support for a pilot study would be very
‘worthwhile. The cost of this study would be about $40,000. Business operators should
also be encouraged to prepare flood contingency plans, or flood action plans, so that they
can minimise damage and disruption caused by any future floods.
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Whilst the responsibility for flood forecasting lies with the Bureau of Meteorology, there
would be merit in establishing a flood forecasting model for the lower Fitzroy River which
would be operated locally. This could be developed from the MIKE Il model set up for the
current study and would allow the operators of the LEOC to have Improved information of
a more detalled nature than that provided by the bureau. The cost of developing this
mode! would be about $50,000 plus $30,000 for computer software and hardware, it is
recommended that consideration be glven to developing this system.

522 Structural Measures

The following structural measures are recommended. The priority of each component is
shown. Should the works be constructed in a phased manner, the order of construction
should follow the priority rating. A phased approach will allow the highest level of benefits
to be achieved early during the works programme. Works of priority 1 to 4 may be
envisaged, for example, as a 4 year work programme. This timing must be determined by
the Local Authorities in regard to their budgets and also in regard o possible funding.

As discussed in Section 3, the recommended works comprise the following, a summary of
which is given in Table 5-1.

a)  Priority 1

@ upgrading Yeppen crossing by raising embankment height to bridge -height
for the full width of the floodplain crossing, together with doubling bridge
waterway area by increasing bridge length to about 840 m from the existing

420 m.
 The cost of these works is estimated to be $16.5 million.

This would raise the flood immunity of the southern road and rail
approaches to Rockhampton to 2% AEP, with significantly reduced closure

times for more extreme floods,

The damage reduction has- been estimated to be about $1.8 million per
annum on a long term average basis, with a benefit-cost ratio of 1.5 for
these alternatives assuming a 5% discount rate (1.1 for 7%).

The Department of Transport's position regarding funding this upgrade is
given in Appendix L.
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® Construction of a levee to protect the lower Dawson Road/Gladstone Road,
Port Curtis, Depot Hill areas and the lower part of the CBD. This would
extend from Blackall Street to the north of Yeppen Yeppen Lagoon along
Jellicoe Street to Port Curtis, across to Depot Hill, to near the Gavial Creek
junction with the Fitzroy River, then along Quay Street to Derby Street. if
protection were provided to 1% AEP, the cost would be about $6.9 million,
with a BCR of 1.35 at 5% (1.0 at 7%). Raising the level -of protection to
0.5% AEP would increase the total cost to $8.35 million with a BCR of 1.43
(1.05), and to 0.2% AEP the cost would be $10.1 million with a BCR of
1.45 (1.06). However, as the 0.5% AEP level of protection would have
some negative Impact on flood levels in the floodplain, it is recommended
that the levee be designed to give protection to the 1% AEP flood, with
controlled flooding for more extreme events. ‘

® Removal of the bridge/causeway along the section the Old Burnett Highway
between Jellicoe Street and the new Briice Highway, together with removal
of the disused railway embankment adjacent to the Old Bruce Highway
between Port Curtls and Roopes Bridge at a cost of approximately $0.5
mitlion.

The latter measure Is necessary to help offset the adverse Impact of flood levels
which would otherwise be caused by the proposed levee. The measures outlined
above should be regarded as a total package and should preferably be constructed
concurrently.  If phasing is necessary due to financial constraints, the Yeppen
Crossing upgrade should be regarded as being the highest priority.

The combination of the above will have no adverse impact on flood levels in
occupied areas at 2% AEP and at 1% AEP compared to existing conditions.

This scheme will have a very high positive social impact. it will allow complete
protection from flooding (apart from local runoff) for the areas within the levee up to
at least 1% AEP with consequent reduction of the trauma effects of isolation during
flooding. The community awareness programme should include discussion of the
limits of flood protection but this should be balanced against the benefits. This
scheme will also allow development within the protected areas, aithough sufficient
area should be retained for storage of local flood waters, and should result in a rise
in property values. It is considered that there is little or no negative environmental

impact of these works. :

The proposed upgrading of Yeppen Crossing will also have a substantial positive
soclal impact as It will significantly reduce the frequency of closure of the southern
road and rail approach to Rockhampton, with consequent reduction In disruption to
soclal and business activity. The proposed scheme Is considered to have

negligible environmental impacts.
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b)

Priority 2

At a slightly lower priority, construction of a levee to protect Rockhampton Alrport,
and the adjacent residential areas is recommended. One end of this levee would
be near the Barrage. It would then pass close to Lion Creek, around the airport
and then to higher ground near Denham Street (Extended). This would cause a
significant increase in flood levels in that part of the floodplain between Pink Lily
and Lion Creek. This is a maximum of 0.3 m at 2% AEP and 0.6 m at 1% AEP.
A small number of houses along Nine Mile ‘Road may need to be raised to
compensate for this effect. The increase in level along the Rockhampton-
Ridgelands Road is 0.05 m at oo, AEP and 0.12 m at 1% AEP, which Is regarded

as being acceptable.

Social Impact will be positive overall with the protection of the airport and the
adjacent residential- areas, although it will be negative for the small number of
houses where flood levels are adversely effected. However, as these houses are
within a current floodway, their lot is not significantly worsened. The cost of raising
these houses should be considered as part of the scheme. Land use controls
should be utilised to prevent additional development in the floodway as discussed

in section 4.

The cost of this levee system, with protection to 1% AEP is estimated to be $4.3
million rising to $5.6 mifion at 0.5% AEP. The direct benefits are relatively low
with BCR for 1% AEP at only about 0.35 at 5% (0.26 at 7%). However, a
significant intangible benefit would be obtained from keeping the airport open o
traffic during such circumstances by allowing emergency and flood relief services to
operate far more effectively-than Is currently possible. There Is a substantial cost
penalty of raising protection to 0.2% AEP as the total cost would then be $7.4
million. Because of negative impacts on fiood levels for protection against floods
greater than 1% AEP, the 1% AEP level is recommended. '

Priority 3

e = The construction of a levee to prevent direct overilow from the Fitzroy River
Into Splitters Creek. The levee would extend from near Limestone Creek o
near Splitters Creek. The purpose of this levee is to prevent the direct
overflow and hence reduce flood hazard. The cost would be $0.14 million.
The social impact would be positive as a result of reduction in flood hazard.

e The stabilisation of control levels at Pink Lily was investigated as described
in Sections 2.7 and 3.4, whereupon it was determined that no alteration to
the control levels could be justified. However, as discussed In the Phase 1
Repott, section 13.4.3, it would be advisable to stabllise the outer bank of
. the Pink Lily meander so that the breakout threshold level does not reduce
with time. It is not possible to estimate direct-flood mitigation benefits from .
this measure. Hence these stabilisation works are included as a low priority
item at an estimated cost of $900,000 on the basis of battering the existing
bank, placement of a rockfill toe and revegetation of the banks.
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d) Priority 4

Priority 4 items are those ‘which should be undertaken In the longer term. These

are measures to reduce fiooding in flood fringe areas and comprise- the fitting of
flood gates on creeks and flood valves-on stormwater drainage outlets to prevent
backwater flooding. These will not prevent flooding in the relevant drainage areas
when local flooding is coincident with river flooding, but will prevent river floodwater
backing up these systems to between 2% AEP and 1% AEP level at which
adjacent bank sections would start to overtop. Further long term measures to
improve the immunity would be to raise the north bank levels by means of low
levees. These have not been costed at this time,

These items have not been costed in detail, a sum of $500,000 has been allowed

for floodgates for each major creek on the north bank le. Spiitters Creek, Moores .

Creek, Frenchmans Creek and Thozet Creek, and a further $500,000 in total for
similar control on piped stormwater drainage outlets.

In addition to the capital costs outlined above, the Local Authorities and Government
Departments responsible for the above works would need to meet maintenance costs.
These costs are difficult to establish and a nominal cost of $100,000 per annum for
Priority 1 works, $50,000 per annum for Priority 2 and Priority 3 works and $100,000 for
Priority 4 works should be allowed. These would be substantially reduced if there is spare
capaclty in the existing maintenance labour force,

523 Design Stage

If the Local Authorities resolve to proceed with the measures outlined above, it will be
necessary for detailed engineering studies to be carried out prior to construction. These
“costs have been allowed for in the estimates given, the approximate-allowance of 10% of
capital costs includes detail design, preparation of contract documentation and
construction supervision., These costs may be included in the FWRAP funding application.
Final alignment of the proposed levees would be determined in the design stage.

‘In the case of the non-structural works, these can proceed without further engineering

input, except for determining the PABX requirements for the Installation of the recorded
telephone service: -

524 Other Issues Requiring Action

This paragraph lists other issues raised in this report which require further investigation or
action for their resolution. Due to budgetary and time constraints it was not possible to
include the following in Phase 2, but all of the items listed warrant further study.

® Estimation of probable maximum flood;

e Scrubby Creek Diversion;
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TABLE 5-1

Summary of Proposed Works Programme

JIPRIORITY.1 MEASURES

NON-STRUCTURAL

TOTAL PRIORITY 2

o Floodplain Management Policy $30,000
° Upgrading of flood waming system $53,000
Y Installation of Flood Markers $25,000
o Recorded message service $30,000
® Community awareness programme $25,000
SUB-TOTAL $163,000
CAPITAL WORKS
e Upgrade Yeppen Crossing to increase embankment height to that of the bridges, $166m
plus increase waterway area by increasing bridging length to 840 m (BCR 1.5)
e Construction of levee from Blackall Street to Quay Street protecting Lower $6.9 m
Dawson Road, Port Curlis, Depot Hill and the lower CBD (BCR 1.25)
e Removal of disused railway embankment adjacent to Old Bruce Highway $0.5m"
(material may be used in levee works) '
Demolition and removal of bridge/causeway on Old Bumett Highway
SUB-TOTAL $23.9m
TOTAL PRIORITY 1 $24.083 m
PRIORITY 2 MEASURES
NON STRUCTURAL
e Development of Flood Forecasting mode! $80,000
e Commerclal Flood Proofing Pilot Study $40,000
SUB-TOTAL $120,000
CAPITAL WORKS - .
e Construction of leves to protect airport extending from Savage Street to Denham $4.3 m
Street Extd (BCR 0.45)
$4.42 m

PRIORITY 3 MEASURES

TOTAL PRIORITY 3

® Construction of levee to prevent overflow from River to Splitters Creek (BCR $0.14 m
approximately 0.7) :
e Bank stabilisation works at Pink Lily $0.9m
$1.04 m

PRIORITY 4 MEASURES

e Flood gates on Splitters Creek, Moores Creek, Frenchmans Creek and Thozet $20m
Creek '

e Flood valves on stormwater drainage outfalls $0.5 m

TOTAL PRIORITY 4 $25m

OVERALL TOTAL RECOMMENDED WORKS $32.023 m

Note: BCRs at 5% discount rate.
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e Development of a geographic information system for counter dlsaster plannlng and

operation;
] Detailed Investigation of erosion and siltation in the lower Fitzroy River;.
® | Investigation of leachate from operational and closed landfills in the Fitzroy River

floodplain and subsequent remediation if warranted.
© 53 FUNDING OF WORKS

In recent years flood mitigation works have been eligible for funding under the Federal
Water Resources Assistance Program (FWRAP). From 1993/94 flood mitigation works
and measures are expected to be eligible for funding under the National Landcare
Program (NLP) which will integrate FWRAP and other programs.

In Quieensland, it is the responsibility of the relevant Local Authority to apply for funding
under the program to the State Government in the first instance through the Water

Resources Commission, customarily by December each year. The State Government will

integrate and prioritise applications and submit those programs it supports as part of a
Partnership Agreement with the Commonwealth Government. Notification of successful
applications is made following the Federal Budget each August.

Under this scheme funding is as follows:

® Federal Government 40%
® State Government 40%
® Local Government 20%

It should be noted that NLP funds are limited, and that submissions for funding are
considered on their merits and cost-effectiveness and also on the basis of priority with
other state projects as this program is placing increasing emphasis on well integrated fand
and water resource management projects and non-structural flood mitigation measures.
However, due to the magnitude of flood damages in the recent flood and the isolation of a
clty of the size of Rockhampton which results from such’ floods, It may be expected that
the chances of a support by the State would be high, but would of course depend on the
State's priorities in the particular year, Criteria for Commonwealth support under the new
NLP may evolve from those under FWRAP with increasing emphasis on Commonwealth
funds being used to stimulate micro~economic reform or improvements in procedures and
perceptioris of natural resource management issues. Consequently, successful projects
would need to engender new local and regional financing schemes and viable, beneficial,
community-based flood management strategies. '

Thus If funding were obtained under NLP for all the first priority works, the Local Authority
Contribution would be expected to be $4.8 million. However, if only the levee works and
the non-structural works were funded in this way, for example, this would reduce to $1 5

million.
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Whilst the proposed upgrading at Yeppen principally relates to flood mitigation in respect
of reduction of indirect damages, it would be expected that part of the upgrading costs
would be met by the Department of Transport. This would be the subject of negotiation
between relevant Government Departments and Local Authorities. The Department of
Transport's positioin in this regard is the subject of the statement given in Appendix L.

In regard to the airport levee, Rockhampton Alrport is owned by Rockhampton City.
Council but is administered as a separate entity. Thus the costs attributable to protection
of the airport will need to be separated from those for protection of the adjacent residential
areas, so that the costs of protection the airport are not a direct cost on ratepayers. As
for the Yeppen crossing, the distribution of costs will need to be negotiated should the

scheme proceed.

Also the Bureau of Meteorology may contribute to funding of the fiood warning system
upgrade. Local business groups may be willing to fund the proposed flood proofing pilot

study.

The priorities listed above should be followed in developing a phased programme of works
to match Local Authority and funding agency budgets. :
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