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DRAFT ENVIRONMENTAL REVIEW AND
MANAGEMENT PROGRAMME
HARRIS DAM PROJECT

1.0 INTRODUCTION

1.1 GENERAL

At present, Wellington Reservoir,; 19km southwest of Collie, Western Australia, supplies
domestic water to the Great Southern Towns Water Supply (GSTWS) and to the Collie
Irrigation District on the Swan Coastal Plain (Figure 1).

3 and an annual yield of 100 x 108m3.

The Reservoir has a capacity of 185 x 10m
Domestic supplies to Collie and the GSTWS Scheme from Wellington Dam amounted to
almost 7 x 108m?3 in 1984/85, and a further 70 x 106m3 are supplied for irrigation
purposes. Demand for the Great Southern Scheme is expected to rise to 11 x 106 m3

per year within the next 20 years.

The trend of increasing salinity in the water supplied from Wellington Reservoir over
the last decade is cause for considerable concern (Figure 2). Current projections
indicate that the quality of water supplied from Wellington Reservoir will not comply
with National Health and Medical Research Council (NH&MRC) limits for considerable

periods of time.

A wide ranging investigation of the options available for correcting the salinity problem
has been undertaken. This report considers the case for supplying water to the GSTWS

from a location known as Damsite 5 on the Harris River (Figure 1).

This document presents the Environmental Review and Management Programme
(ERMP) for the proposal prepared in accordance with requirements of the States'

Environmental Protection Act, 1971-80.

Wherever 'environmental report' is referred to in this report, it refers to this ERMP.



1.2 OBJECTIVES

Alternatives for the supply of water to the GSTWS and Collie Irrigation District have

been examined in the light of the following objectives:

o To determine the optimum quality of the water which should be supplied to
domestic services

o To supply water of this quality, in a cost effective manner, as soon as possible

o To ensure adequate water is available to meet the projected demand for domestic
supplies serviced by the GSTWS beyond the year 2000

o To facilitate the management of freshwater inflows into Wellington Reservoir so

that the average quality of irrigation water can be maintained.

2.0 DESIRABLE WATER QUALITY CRITERIA

Water quality standards are set primarily to achieve satisfactory health, taste and
aesthetic levels. The NH&MRC, within the Australian Department of Health, sets out
two criteria for water quality. "Desirable current criteria" are maximum levels which
may be used, as appropriate to present Australian conditions, to give water of
satisfactory quality. "Long term objectives" are more stringent levels which could be
aspired to, and which, if achieved, result in drinking water of excellent quality
(Australian Department of Health, 1980). Thus new sources should attempt to meet the

long term objectives wherever possible.

Comparisons of World Health Organisation (WHO) and NH&MRC recommendations on
some commonly adopted quality criteria for total salts, chlorides and sodium are set out
in Table 1.
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sodium set by the World Health Organisation (WHO, 1984) and could not be met for
many water supplies in this country. While the working party recommendation has not
been adopted by the Australian Water Resources Council, it is an indication that some
health benefits can accrue through having water supply quality at levels lower than the

long term objective.

3.0 WATER QUALITY DETERIORATION

The causes of, projections for, and present control of water supply salinities are

outlined below. A more detailed discussion of these important topics is contained in
Appendix M.

3.1 CAUSES OF THE INCREASE IN SALINITY

Removal of perennial forest vegetation and its replacement with annual crops and
pastures has resulted in additional water recharging the groundwater system. As
groundwaters rise, some of the salts stored in the soil profile are mobilised, and
eventually additional salt and groundwater discharge to the surface streams. Major
increases in stream salinities result in the accumulation of large stores of salts at low
points in the landscape. This generally occurs where annual rainfall is less than 900mm
per annum. Streams draining agricultural land in these regions commonly have average

salinities in excess of 3,000mg/I.

Where rainfall is over 1,000mm per annum, salt storage is much lower, and clearing may
result in additional flows of fresh, rather than salty, surface and shallow subsurface
waters. Under these conditions, increases in streamflow salinity are much smaller or
even undetectable (Appendix M). In addition, much of this area is State forest and will
continue to support perennijal vegetation.

3.2 EFFECT OF CATCHMENT CLEARING ON SALINITY

The impact of agricultural development on the inflow salinity to Wellington Reservoir is
clearly depicted in Figure 2. While large variations in inflow salinity occur from year
to year, as a result of variations in the volume of streamflow to the reservoir, a clear
trend of deteriorating water quality is apparent. The salinity of median inflow for 1945
has been estimated to have been about 280mg/l Total Soluble Salts (TSS). By 1984 the
salinity of a year of median inflow had deteriorated to 850mg/l TSS and is continuing to

deteriorate at a rate of 30mg/l per year. Salinities in dry years can be 50% to 100%
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higher than values in average years. The current estimate of the salinity in a dry year

(defined here as a year with rainfall which is exceeded in 90% of years) is 1,370mg/!.

If clearing of the alienated land in the Wellington Dam catchment had been allowed to
continue (see Section 3.3), water quality could have deteriorated to a predicted average
of 1,700mg/l total salts. In extremely dry years the salinity could have approached
3,000mg/l. This problem is further exacerbated by increases in salinity, due to
evaporative concentration, as the water flows through the storages in the distribution
system serving the Great Southern Towns. Salinity increases of the order of upto 15%

are not uncommon.

As well as concern for the effect of rising salinity on the water being supplied to Collie
and the Great Southern towns, there is concern for the effect on irrigation supplies and
the, as yet undeveloped, part of the resource which will be needed by future

generations.
3.3 CLEARING CONTROLS AND REFORESTATION

In 1976 the Country Areas Water Supply Act was amended to prohibit unlicensed
clearing of native vegetation within Wellington Dam catchment. At that time 100,000
hectares of catchment had been alienated and 64,000 hectares had been cleared. With
clearing restrictions as the only control measure, the salinity of inflow to Wellington
Reservoir was expected to rise to an average of 1,100mg/l TSS by about 2010. This
average could then be exceeded one year in two and in extremely dry years the salinity
could reach a peak of approximately 1,800mg/l TSS by about 2010. As this quality is
unacceptable for both drinking and irrigation purposes and would limit the future utility
of presently uncommitted yield, partial reforestation of cleared farmland to reverse the

salinity trend in drier parts of the catchment commenced in 1979.

The partial reforestation programme was initially proposed to run for six to ten years
with a target of 2,000 hectares being planted each year. However, due to the limited
availability of land, the replanting rate actually achieved has been between 700 and 800
hectares per year and a total of 3,370 hectares have now been planted. The
reforestation strategy involves planting along the valley bottoms and lower side slopes,
the remaining mid and upper slopes providing viable strips of cleared farmland which
could then be exchanged for salt-affected areas and adjacent lower slope farmland, to

further extend the area of reforestation.
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By September 1984 sufficient land had been purchased to enable approximately 8,000
hectares to be planted. When this planting is complete, the total costs of partial
reforestation are expected to be $13 million. This reforestation, which will take
several years to complete, will in the longer term exert some control of salt discharges
from 18,500 hectares of the 51,000 hectares of cleared farmland in the highly salt
susceptible zones of the catchment. There is however, considerable uncertainty in
assessing the magnitude of the salinity reductions which will be achieved by the

reforestation programme.
3.4 WATER QUALITY PROJECTIONS

Year to year there are significant fluctuations in the salinity of water in Wellington
Reservoir. With the good winter flows into Wellington Reservoir in 1983, the mean
salinit'y:’ in the reservoir fell to 450mg/l TSS. The 1985 winter inflows were somewhat
more saline and the water quality currently being supplied to the GSTWS is about 740-
800mg/1 TSS.

Presently the average annual inflow salinity to Wellington Reservoir is estimated to be
850mg/l TSS. The benefits of the reforestation programme are not expected to begin to
counteract the rising salinity trend until the mid 1990's and the total effect may not be

experienced for some time after that.

If the reforestation programme were moderately effective it would be expected to
result in inflow salinity levels around 1,000mg/l TSS in an average year, with levels

around 1,600mg/! in a run of dry years (Figure 2) by the early 1990's.

As the effect of the reforestation programme becomes more pronounced, inflow
salinities to Wellington reservoir could be expected to stabilise at about 950mg/l in an

average year and around 1500mg/! in a dry year.

While the quality of the water supplied from Wellington Reservoir is dominated by the
quality of inflow, there is scope to operate the reservoir in such a way as to minimise
the salinity of the supply to the GSTWS. The expected ranges of salinity which would
occur in both the GSTWS and irrigation supplies are shown in Table 2, assuming
moderately effective reforestation and the current best operational policy for the

reservoir. The salinities shown for water supply will exceed the NH&MRC's longer term
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4.2 CONSUMER SAVINGS

4,2,1 Domestic Services

Domestic services are here defined as those supplied to households, commercial
premises and rural users. The most recent study available on the economic effect of
salinity on domestic water services summarises the results of investigations in
Adelaide, Melbourne and Geelong and concludes that increasing salinity by Img/l costs
a household $0.408/year (1980 prices) (AMDEL, 1982). The major costs are incurred in
soaps, detergents and water softening agents (47%) and damage to pipework, water

fittings and hot water systems (40%).

There are no local data available to enable a salinity benefit function to be developed
for the GSTWS. The water quality parameters for the South West and those reported in
the AMDEL study are fairly similar, although the alkalinity of the Adelaide water was
higher. The use of the AMDEL data, corrected for differences in the hardness of

GSTWS water, is considered appropriate.

-When projected to December 1985 values, this cost amounts to $0.57 per mg/l per

service per year. A lmg/l reduction in salinity is therefore assumed to save the same
amount annually. Commercial and rural consumers are assumed to suffer similar types
of damage as domestic users but at a reduced level, due to their lower levels of

consumption.

4.2.2 Industrial Services

Information available from studies in the United States on an industrial salinity damage
function (Macdonald et al., 1978) suggests that the value of salinity improvement to
industry is approximately half of the value of domestic salinity improvement. In their
report on the "Effect of Salinity on Industrial Users", AMDEL (1983) note that the
largest costs are incurred in the use of water for boiler feed. Water salinity also has an
impact on process water use and on cooling water. If lower salinity water is available,
it can be recycled longer between blowdowns, thereby reducing losses of heat, water
and chemicals. However, industrial water use on the GSTWS amounts to only about 8%

of the total supply, and the salinity damage costs have been ignored.



4.3 IRRIGATION SUPPLIES

Increasing the salinity of irrigation water can affect overall irrigation productivity in a
number of ways;

o reduced plant growth and productivity
o increasing the rate of rise of saline groundwater tables
o reducing the diversity of crops which can be grown.

Of these three factors only the first has been the subject of any investigation. To date
the research has not been able to show a reliable decrease in yield due to increases in
salinity. The effects are expected to be small and have been marked by the variability
caused by other sources of error. For instance the 1% drop in productivity per 100 mg/l
salinity increase reported in the Department of Agriculture trials at Benger is not
regarded as significant, as it was possible that other sources of error could have masked
the true yield differences (George, 1980). However, work in the Goulburn Valley,
Victoria (Mehanni and Repsys, ANCID, September 1980) indicated a 2.5% drop in

pasture production as salinity levels were increased from 500mg/l to 1500mg/l.

In the past it has been assumed that changes in crop species could compensate for
decreases in water quality. The change from lucerne to paspalum and kikuyu grasses in
the Collie irrigation district had been noted as such a change. More recent work by the
Department of Agriculture has shown that although pasture growth can be largely
maintained, metabolism of these pastures is lower, reducing overall productivity.
Studies on the Waterloo soils has suggested that the mix of pasture species could be
responsive to salinity changes and this could lead to overall productivity changes

directly related to water quality.

Although this work suggests that the salinity of the supplied irrigation water could have
an impact on the overall productivity of the irrigation district, the evidence is not
conclusive.  Given this indeterminacy it is not possible to assign benefits for

improvements in irrigation water quality.
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5.0 PLANNING BASIS AND METHODOLOGY

5.1 BACKGROUND STUDIES

Early work on the solutions to the water quality problems on the Collie catchment
covered a comprehensive range of over 200 alternative schemes (Collie River Salinity
Control Working Papers; PWD, 1981), many of which considered combined schemes to
produce water blends. A variety of strategies for reforestation were also evaluated.
With the present programme of partial reforestation now established, it has been
possible to use this as a base case and re-examine the various options. These include
schemes which only improve supplies to the GSTWS and schemes which improve the

total resource, although not to the same standards.

A broad assessment was made of the nett benefits and costs of these alternatives
relative to their impact on domestic and industrial water services. Seven alternatives
most likely to meet the objectives of Section 1.2 were selected for further study and

are discussed in this report. These alternatives are:

Full Reforestation
Desalination

Saline Diversion

Coal Basin Groundwater
Raising Stirling Dam
Brunswick River Dam

Harris Dam

O O o o o o o

Figure 3 shows locations of the alternative water supply schemes for the region.
5.2 STUDY PERIOD AND DEMAND PROJECTIONS

The prime study period used for this discussion is the next 15 years, to the year 2000.
Prices and costs are based on estimated December 1985 values. During the study
period, demand is expected to grow at a modest rate to approximately 8 x
106m3/annum in 1990 and about 10.8 x 106m3/annum in the year 2000. The major
proportion of this demand is domestic. No allowance has been made for the use of

water for power stations in the coal basin. Similarly, increases in demand created by
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further expansion of Collie townsite due to the freeing up of current town planning
restrictions or increased recreation have not been allowed for, although these
developments might be expected to occur if a new source of supply (e.g. Harris Dam)

was established.

5.3 DISCOUNT RATES

The analysis of discounted costs and benefits has been made at interest rates of 10%
and 7% with prices held at 1985 values. The higher rate, whilst being under the current
long term bond rates, is intended to reflect the opportunity cost of the development.
The lower rate examines the alternative schemes at what could be regarded as a high
real rate of return. If inflation runs at 8%, these rates would effectively be 18.8% and
15.6%.

5.4 BENEFIT-COST ANALYSIS

Both capital and operating costs are considered for each option. Operating costs have
been calculated using energy and water treatment costs based on historic records
appropriate to each option. However, costs which are common to all options, such as

distribution system maintenance, have not been included.

The dominant influence on the benefit function is salinity improvement to the GSTWS.
Benefits are based on reductions in salinity damage to domestic and industrial hardware
as well as reduced usage of soaps or other water additives. Some alternatives derive
additional benefits from increased hydro-electric power generation at Wellington
Dam. No benefit values have been allocated for health improvements. No allowance
has been included for any benefits generated for irrigation. Thus the benefits indicated
may be regarded as conservative. The benefit function assumes that future salinity

trends will follow the mean values estimated in Section 3.

The major proportion of water on the GSTWS is consumed through domestic,
commercial and rural services, with approximately 8% being used for industrial
purposes. The benefits generated from improving industrial water quality have been

ignored.
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New sources of supply, which completely replace Wellington Dam as the source of
water for the GSTWS, create opportunities for recreation and for future development of

Collie town. These aspects are discussed further in Section 7.6.

One result which emerged early in the benefit cost analysis was that for schemes which
can supply water with a range of salinities through blending, the highest benefit-cost
ratios were obtained with the better quality waters. This was largely due to the fact
that although schemes for blending supplies could make some reductions in headworks
capital costs, the increase in salinity of the water supply significantly reduced the
benefits generated. On average, schemes producing water at 200mg/!l had benefit-cost
ratios 60% higher than similar schemes producing water at 500mg/l. The evaluation of
each alternative has therefore focussed on the configurations which produced the better

quality water.
5.5 ENVIRONMENTAL ASSESSMENTS

Major environmental issues, for which information was readily available for all
potential alternative sources of GSTWS water, have been listed in Table 5. Where
quantitative data exist they have been broadly categorised, to reflect the degree of
likely impact. For example, the lengths of roads and railways inundated have been

allocated to categories on a scale from 0 to 2.

Where quantitative data are not available or are not applicable to all options, are not
directly comparable (eg. various types of wastes) or where subjective judgements are
involved, the impact is noted as present or absent. Methodologies used to assess each

item are outlined below:

o Road/Rail inundated - quantitative rating based on transport routes which would be
inundated at full supply level (FSL), assessed from maps; makes no allowance for

increases in length required to bypass the installation.

o Forest cleared - quantitative rating of State forest and uncleared alienated land
which would be inundated, or cleared to accommodate structures; assessed from

maps.

o Residences affected - quantitative rating of dwellings to be permanently vacated;

assessed from aerial photographs, maps and ground survey.
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Some 8,000ha will be replanted. Reservoir management involves release, or scouring, of
denser, more saline water from the base of the reservoir in early winter and the

selective release of the best available water for domestic supplies or irrigation.
Partial reforestation has two major limitations:

o The slow planting and growth rates of trees means that significant improvements in

catchment salinity are not expected to occur for 10-15 years.

o Projections suggest that partial reforestation is likely to produce salinity levels in
the GSTWS of about 940mg/l, on average, in the mid 1990's and that levels as high as
1,330mg/1 may be reached in dry years.

Partial reforestation can help to improve the quality of the entire Wellington
catchment water resource, will be of benefit to the users of irrigation water and can
preserve and enhance the opportunities for salinity control in the long term. However,
it cannot produce sufficient improvement to meet the long term quality objectives for

domestic water supplies.

6.2 FULL REFORESTATION

Full reforestation of the catchment would involve replanting perennial trees on more
than 50,000ha of highly salt susceptible farmland. Throughout the catchment, a degree
of salinity reversal, greater than the partial reforestation case, could be anticipated
eventually. However, it is still quite uncertain whether the long term salinity

objectives would be met.

An important limitation on the usefulness of any reforestation strategy is the slow rate
at which trees become effective in reducing the salinity in streams. Even full
reforestation cannot achieve the required salinity reductions quickly enough to meet
the quality needs of the GSTWS. For this reason reforestation options are not pursued

here and no benefit - cost ratios are presented.

In general, however, a major reduction in agricultural output and significant
expenditures on land acquisition and replanting would be involved for uncertain,

although positive, improvements in water quality over 10-15 years.
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6.3 DESALINATION

The three main processes which can be economically applied to the desalination of

water from Wellington Reservoir are:

o Reverse Osmosis
o Electrodialysis
o Ion Exchange.

These methods are mainly distinguished by the method in which energy is used to
achieve the separation of dissolved salts from the solution. For example,
electrodialysis uses electrical energy to achieve this separation. By far the most widely
accepted technology for brackish water desalination is reverse osmosis which uses

pressure energy to achieve the salt separation.

A review of currently available literature on reverse osmosis plants covering both
Australian and overseas experience, together with advice from consultants and
information from the Water Authority's own reverse osmosis plant operations have been
‘used to analyse the cost effectiveness of such plants. Although Australian experience is
limited to relatively small plants (less that l,OOOmB/day, compared to a requirement of
up to 70,000m3/day) overseas plants with capacities of 46,000m3/day have been
constructed. Contracts for plants to 84,000m3/day have recently been let in the United
States.

The periodic replacement of reverse osmosis membranes can be a significant component
of the operating cost of these plants. A three year life can generally be guaranteed,
provided strict feedwater specifications are met, although more recent developments
are producing membranes which may not be as susceptible to fouling. The pretreatment
stage is fairly critical if scaling and fouling of the membrane are to be prevented. This
generally consists of coagulation and filtration, although softening may be required to
reduce calcium and silica concentrations. Care is also required to prevent biological

fouling of membranes.

The ion exchange process uses chemical energy in the regeneration of the membranes to
provide the energy source for separation of the salts from solution. Ion exchange

technology is well advanced with plants of up to 10,000m3/day capacity overseas.
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In Australia, ion exchange is used for high quality boiler feed supplies. It has been
suggested that this process may be appropriate to desalination of water for the GSTWS,
with its large variation in feed salinities and summer/winter flow rates as the operating
costs are directly proportional to the volume of water treated and the quality of salts

removed from the water.

The conventional chemical regeneration process is relatively expensive when compared
with reverse osmosis. However, thermal regeneration of the membranes (Sirotherm)
offers some prospects of being competitive in the range of flows above 10,000 to
20,000m3/day. The process is still in the development stage and it will be some time

before such plants become available commercially.

The present estimates have therefore been based on reverse osmosis plants using
currently available information on membrane performance. Desalination of the whole
Collie River resource is undoubtedly far too expensive and the estimates have been
prepared for plants to progressively be upgraded to meet the demands on the GSTWS at
product qualities of 200mg/l and 500mg/l. The different product qualities are achieved
by blending with raw water. Brine disposal from the desalination process has been

based on discharging into the ocean through a pipeline from the plant site.
6.4 SALINE DIVERSION

Reductions in the salinity of Wellington Reservoir can be achieved by defining the more
saline sub-catchments and intercepting some or all of the saline discharge and diverting
it from the Wellington catchment (Figure 3). On the basis of available topographic
information, preliminary estimates have been prepared for constructing storage dams
and pumping saline water to the Blackwood River catchment. The Blackwood River was
selected as it has a large mean annual flow and has an average salinity of approximately
1,000mg/l and thus would be least affected by further saline inputs. However, the
flows diverted from the Collie catchment would have salinities up to 14,000mg/l so
that, in the summer months, they could still significantly increase salinity levels in the
Blackwood. Diversion of saline flows to the ocean would markedly increase capital

costs for piping.
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Of three alternative schemes considered, salinities could at best be reduced by 12%.
Combinations of schemes are the most cost effective and benefit-cost data on a typical
combination are shown in Table 4. Environmental data in Table 5 are also based on a

typical combination scheme.

Under the present reforestation programme, more than half of the salinity which could
be diverted will be controlled eventually anyway. This reduces the ultimate benefits
which would be generated on the catchment by constructing saline diversion schemes.
Saline diversion does have the advantage over reforestation that the effects are

immediate.

Given their marginal benefit, and major potential impact on the Blackwood River,

saline diversion schemes are not favoured.

6.5 COAL BASIN GROUNDWATER

Investigations in the Collie Coal Basin have shown that limited supplies of low salinity
groundwater occur east and south of Collie township (Figure 3). The area is close to the
.Muja water supply pipeline extension and the Collie pumping station on the GSTWS
main. The annual yield of the area is estimated to be of the order of 4 x 106m3 per
annum. The water has a salinity of about 400mg/l but would require treatment for its
acidity, and high iron and manganese content. Up to about 1990, the bores could be
blended with water from Wellington Dam in a 50/50 mix, but limited supplies would
gradually reduce this to a 37/63 mix by the year 2000. The proposed borefield would
include bores drilled into old mine workings as well as conventional bores, pumping to a
treatment plant located near Collie pumping station. Correction of the acidity would
be carried out at each bore. From a clear water reservoir at the treatment plant,
water would be pumped via Collie pumping station into the GSTWS system.

One of the major issues in the use of the coal basin water resource is the interaction
with coal mining and power generation. The State Energy Commission (SECWA) now
draws all its water for the power station from dewatering operations in the mines and a
borefield at Shotts. The limiting water quality parameter for this water is the
concentration of silica, which causes deposition of scale on the heat exchange
equipment of the cooling circuit. In practice the feedwater quality has to be better

than about 400 or 500 mg/l to be acceptable.
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The current SECWA demand for water is 12 x 106m3/annum. By 1990 it is expected to
rise to 20 x 106m3/annum. The ultimate development of power stations on the coal
basis could require 26 x 106m3/annum.

Present SECW A water use is considered to be approaching the limit of the yield from
the groundwater source and further development of the coal basin as a power
generation source will require the mining of water from the groundwater basin. While
this overuse is considered to be compatible with the mining and power generation
activities, it does cause a conflict of interest with use of the resource for water supply

purposes.
6.6 RAISING STIRLING DAM

Currently the Stirling and Harvey Dams (Figure 3) are too small to fully utilise the
annual flow of the Harvey River. Stirling, with a storage of 91% of the mean annual
flow (MAF) develops a yield of approximately 66% of the MAF (40 x 106m3 per
annum). By doubling the storage it would be possible to increase the yield to meet the
needs of the GSTWS to the year 2000. The enlargement would require raising the
.existing embankment and spillway by about 10m, and construction of a pump station and

rising main connection to Worsley tank.

The Stirling Dam option could supply high quality water to the GSTWS scheme but only
up to the year 2000,

6.7 BRUNSWICK DAM

The Brunswick River is one of the largest undeveloped freshwater resources on the
Darling Scarp between Bunbury and Perth (Figure 3). With a MAF of 70 x 106m3, at its
lowest point of development, it has the potential to play a major role in future water
supply developments in the South West. Two prime sites for development ofurface
resource exist; the lower site (Brunswick 26)* has potential for developing water to
improve Collie irrigation supplies as well as the GSTWS. An upper site (Brunswick 37)
would only supply water to the GSTWS. Total salinity levels in the Brunswick Dam
would be expected to be of the order of 250mg/l for the lower site, although slightly

lower levels could be expected for the upper site.

*Site numbers refer to the distance upstream from the point where the river discharges
into the ocean or another large river.
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The connections to the GSTWS for either dam would be through a pipeline connected to
the Worsley tank and then through the existing pipelines to Collie and Bingham pump

stations.

The operating costs for the upper Brunswick site would be approximately the same as
for the Stirling alternative and marginally more than for the existing operation from
Wellington Dam. At the lower site they would be slightly higher. As the benefits
generafed by schemes which improve irrigation water supplies have been ignored, the
Brunswick 37 site has the highest benefit-cost ratio and this alternative has been used

for subsequent analyses.
6.8 HARRIS DAM

The two sites (Damsite 1 and Damsite 5) considered in detail on the Harris River are

shown on Figure 3. The following paragraphs compare the relative merits of each site.

6.8.1 Storage Size and Yield

2 and a mean annual flow of 46 x 106m3,

2

Damsite 1 has a catchment area of 383 km
while Damsite 5 has a catchment area of 321 km< and a mean annual flow of 36 x
10m3. At Damsite I it would be possible to construct a dam with a storage volume of
6_3
0°m

130 x 106m3, yjeldjng approximately 33 x 1 per year. At Damsite 5 the maximum

storage size which could be developed is approximately 71 x 106m3, yielding 20 x 106m3
of water per year. While larger storages could be built at Damsite 5, the higher full
supply levels would flood Twenty-Two Mile Pool and possibly some sites of significance
to aboriginal people. The environmental significance of Twenty-Two Mile Pool is
discussed in more detail in later sections. In any event the total yield which could be
developed with the larger storages at Damsite 5 (140 x 10°m3) would be 24 x
106m3/year. To meet the needs of the GSTWS to the year 2000, without unduly
affecting irrigation water salinity, the construction of a dam at Damsite 5 to store 71 x
106m3 would be required. At Damsite 1, a dam to produce the same yield would require
a storage volume of 46 x 106m3.

The yield of Damsite 5 can be increased by pumping back streamflow from the
catchment between Damsites 1 and 5. This would require the construction of a small
pipehead. dam and pumping station at Damsite | together with a delivery main from
Damsite | to the storage at Damsite 5. However, the yield of 2 x 106m3/year which

could be developed by this method is relatively expensive.
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6.8.2 Irrigation Water Quality

One issue which has been examined in some detail (see Appendix K) is the impact of
construction of the Harris Dam on the quality of irrigation water released from
Wellington Dam. With the retention of fresh water in the Harris storage, there is scope
for improving the efficiency of the reservoir management policy at Wellington Dam. In
addition, there is sufficient storage in the Harris reservoir, releases from the Harris

storagé can further dilute the salinities in Wellington.

Analysis of this aspect of the scheme has been carried out using a two dam
hydrodynamic simulation model. The results from this modelling indicate that the

improvement in irrigation water quality is dependent on;

(@ the GSTWS draw.

(b)  the size of the Harris storage.

The actual salinities which would occur with a dam at Damsite 5, under various
conditions of catchment reforestation and demands on the GSTWS are shown in Table
3. The tabulation indicates that on average, irrigation salinities would be improved by
approximately 40mg/l. However, as the demand on the GSTWS expands beyond the
figures projected for the year 2000, the average improvement in irrigation water
quality is gradually reduced. At the end of a drought sequence irrigation salinities can
be 120 to 140 mg/l worse than would have occurred if the Harris Dam was not built.

The average improvement in irrigation water quality for a dam of 45 x 106m3

storage
at Damsite 1 is approximately 25mg/! in the late 1990's and there is a chance that
irrigation salinities at the end of the drought sequence could be 120 to 140 mg/l worse

3

for one or two years. However, for a 90 x 106m storage at this site, salinities at the

end of the drought would not be any worse.

For either site and the storage sizes under consideration, additional works could be
required to meet increases in demand on the GSTWS beyond the year 2000, if further
deterioration of irrigation water quality is to be avoided. In the case of Damsite 5 this
would have to take the form of additional source developments or further
reforestation. At Damsite 1 the storage size could be increased by raising the

embankment and spillway crest levels.
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7.2 HEALTH BENEFITS

Under average conditions all options meet the current desirable criteria for TSS and
chloride. Continuing the present programme of operation at Wellington Dam, with
partial reforestation of the catchment, is expected to exceed the limit for chlorides
two or three years in ten, as discussed in Section 3.3. This comment could also apply to
the saline diversions and groundwater schemes, although somewhat less frequently.
Harris, Brunswick and Stirling Dams, and Desalination are the only options capable of
meeting the most stringent long term chemical quality objectives including the WHO
sodium criteria. Colour analyses for Harris River water are within the NH&MRC
desirable current criteria but, like the existing Wellington supply, do not come within
the NH&MRC long term objectives for considerable periods of time. Colour is an
aesthetic criterion and does not affect health or taste at these levels. Thus, to supply
the best quality water, with the maximum health benefit, the Harris Dam, Stirling Dam

or Desalination system should be selected.

7.3 BENEFIT - COST ANALY SIS

The results of the benefit-cost analysis for the GSTWS are summarised in Table 4. At a
discount rate of 10%, the Harris Dam option has the highest benefit-cost ratio, followed
by the Stirling and Brunswick options. All seven options are relatively insensitive to

changes in the discount rate.

No detailed assessment has been made of the benefits to irrigation. However, even
larger schemes than those detailed here would be required to significantly improve
water quality supplied for irrigation and these are not likley to be cost effective. A
dam on the Harris River will however provide the opportunity for better inanagement of
freshwater flows into Wellington reservoir through the year and hence will lead to a
small improvement in irrigation water quality on average during the early years of

operation of the scheme.
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7.4 TIMING

All options involving new construction will take the same order of time to build, about
3-4 years. This then is the shortest time in which improved supplies can be made
available to the GSTWS.

As discussed earlier, reforestation options would take 10-15 years to materially affect
salinity levels. This time lag is not considered acceptable for the GSTWS. However
slow improvements to the total Collie catchment resource are worth pursuing and the
existing reforestation programme is expected to continue in concert with a new source
for the GSTWS.

7.5 ENVIRONMENTAL ISSUES

Broad environmental issues for which information was readily available across all
options are summarised in Table 5. Given the necessary caution required when summing
environmental impact ratings across widely varying parameters, there is little
difference between the two options which meet the water supply objectives, namely
" Harris Dam and Brunswick Dam. Further detailed studies, undertaken in the region

influenced by the Harris Dam option, are discussed in subsequent sections.
7.6 SECONDARY BENEFITS

New sources of supply, which completely replace Wellington reservoir as the source of
drinking water for the GSTWS, create opportunities for additional secondary benefits.
These are outlined below. No benefit-cost analyses have been performed on these

secondary benefits.

o Additional recreational values would be generated. As Wellington Reservoir would
primarily become an irrigation source, there would be scope for recreation on the
reservoir (Appendix F) and developments along the reservoir foreshore (Figure 12).
As there are limited opportunities for freshwater recreation in the Darling Range

this could be particularly highly valued.

Landscaping of the area below a new dam could also provide a new focus for
recreation. However, recreation would not be permitted on the water body formed

by a new dam.
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Provision of effective seepage control measures is being investigated in some detail.
The large depths of weathered material at the site pose a number of problems which
can be solved in a variety of ways. Designs incorporating an upstream impervious
blanket, foundation cutoffs, downstream drainage to reduce uplift pressures and added

weighting of the toe of the embankment are being considered.

8.3 SPILLWAY

Current studies indicate that the spillway would have an ungated ogee crest with an
open, lined concrete chute. Site investigations indicate that the crest structure and
chute can be founded on rock excavation, a proportion of which can be used as a source
of rockfill for the works. A terminal structure and stilling basin would be located
where the spillway flows re-enter the river. The spillway will have the capacity to pass
all floods up to the probable maximum flood, after allowing for flood attenuation in the

reservoir.

8.4 INTAKE TOWER

The intake tower would consist of a reinforced concrete stem and a sheet steel clad
hoist house. Access to the hoist house would be provided from the embankment by
bridge. Site investigations of the tower foundations have shown low bearing capacity
and therefore piled foundations are under consideration. The tower will have multiple

intake ports to enable water to be drawn over a range of water levels.

8.5 OUTLET CULVERT

A concrete outlet culvert will extend from the intake tower to the pump station located
immediately downstream of the embankment. The culvert will house two 900 nominal
diameter pipelines with access walkways on either side of the pipelines. The culvert
will be articulated to accommodate embankment settlement. Construction will be
carried out early in the programme so that the culvert can divert river flows that occur

during construction.
8.6 PUMP STATION AND RISING MAIN
A rising main will be constructed from the pump station to link with the GSTWS

pipeline from Wellington Dam approximately 3km east of Collie Pumping Station. The

possible location of the pipeline is shown on Figure 6.
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8.7 OTHER FACILITIES

The power supply to the pump station is expected to be via a power line from the
SECWA southwest grid. Final location for the line has not been determined but it is
expected to be adjacent to the main site access road from Tallanalla Road. Other
permanent facilities will include sealed access roads linking all the major facilities
(Figures 5), public vantage points (with associated parking facilities) and a public
recreation area located downstream from the embankment. Site access will be via the
Tallanalla-Collie Road. This road will facilitate heavy vehicle access to the site. As
the Tallanalla-Collie Road passes through the damsite, and will be within the reservoir
storage area, relocation of the road will be necessary. The environmental impact of the

road relocation is addressed in this environmental report.
8.8 SOURCES OF CONSTRUCTION MATERIALS

Potential sources of suitable materials have been identified and these locations are
shown on Figure 7. Earthfill material will be produced from a borrow area located in
the area immediately upstream of the damsite. Additional areas may be necessary.
\'however, all earthfill borrow pits are expected to be within the resevoir area. Fine
filter materials will be produced from sand deposits located near Griffin (see Figure 7)
this area is outside the reservoir area. Course filter material, aggregate for concrete
structures and rip rap material will be obtained from established local quarries. Rock

obtained from the spillway excavation will also be used for rip rap material.
8.9 CONSTRUCTION PROGRAMME
The following programme of works is based on the assumption that an environmental

clearance is received and that satisfactory arrangements can be made with the

Australian Government for financial assistance.

o October 1985 Detailed investigation and design of the project commmences
o December 1986 Complete design and tender documentation
o March 1987 Call tenders for major civil works

o July 1987 Award contract for major civil works
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recorded in July (4.2°C). Evaporation rates at Collie range from 50mm during July to
275mm in January. Evaporation rates at Collie exceed the annual average rainfall by

approximately 70%.

The low summer rainfall and associated low humidity levels indicate that humidity
would rarely be oppressive or have an adverse impact on construction activities. Frosts
occur throughout the winter from May to September with rare occurrences recorded in

April, October and November.

The computed wind rose (Appendix A) indicates that the prevailing winds occur from
the northwest and west. The majority of the winds (37%) are in the speed range 1-5
km/hr, and 24.6% are in the 6-10km/hr speed range. Only 1.2% of winds exceed a
constant speed of 4lkm/hr.

9.2 GEOLOGY

9.2.1 Regional Geology

The Harris River occupies a semi-mature valley incised in the Darling Plateau. The
plateau comprises an undulating lateritized surface, underlain by rocks of mainly
Precambrian age. These rocks are generally granitic or gneissic in composition and are

variably foliatg‘:d and intruded by dykes and sheets of dolerite.

The plateau surface comprises massive and pisolitic laterite and some lateritized sand,
usually overlying a weathering profile, which may exceed 20m depth. Valley slopes are
mantled by colluvial deposits, and the valley floors comprise alluvial sands, silts and

clays.

Despite the extensive cover of superficial deposits, there is evidence that structural
trends in the underlying geology exercise some control over present day topography.
The orientation of the Harris River Valley in the vicinity of the damsite appears to be

related to structural lineaments in the bedrock.
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9.2.2 Seismic Risk

The Harris River damsite is shown on the Earthquake Risk Map of Australia (1979) to lie
to the south of the southwest Seismic Zone. The Risk Map defines four risk zones,
namely O, A, 1 and 2; in increasing order of seismic risk., The damsite lies
approximately on the boundary between Zones O and A. The zone boundaries are
defined by means of a chart relating Earthquake Return Period to Earthquake Intensity,
in terms of both ground particle velocity and the empirical Modified Mercalli Scale.
The zone boundary chart is reproduced as Figure 8. The zoning of the damsite shows
that for a return period of 300 years or less, a maximum intensity of VIon the Modified
Mercalli Scale could be anticipated, increasing to intensity VIII at a return period of
6000 years.

For comparative purposes, it may be noted that the City of Perth, and the water
catchment areas in the Darling Range are all assessed at a higher seismic risk, falling
either within Zone A or on the boundary between Zones A and 1,

9.3 LANDFORM AND SOILS

9.3.1 Landform

A comprehensive description of catchment landforms is contained in Appendix A.
Landform mapping units identified from published data include:

Dwellingup Unit - undulating hills and shallow depressions

Goonaping Unit - shallow upland valleys

Yarragil Unit - floors and streams of minor valleys

Pindalup Unit - valley floors and slopes

o O O o o©°

Murray Unit - deeply incised valleys with floodplains.

(Department of Conservation and Environment, 1980)

Materials eroded from the surface have been sorted and deposited and have resulted in

exposure of variously weathered and unweathered substrata (McArthur et al., 1977).
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9.3.2 Soils

A detailed description of the soils identified in the catchment area is contained in
Appendix A. Six individual soil types were identified using the Northcote (1979) system
of soil classification. These six soil types have been mapped under four soil mapping

units and include:

Gravelly earthy sands
Earthy sands
Lithosols

O O O o

Swamp soils.

The major feature of the gravelly earthy sands and lithosols is the high percentage

(greater than 70%) of lateritic gravel present.

The soil erodibility of the soil mapping units varies from very high to low. Soil erosion

hazard for the landform mapping units varies from high to low.

9.3.3 Erosion Status

An assessment of erosion status for the catchment showed no evidence of massive
erosion on the forested lands although spatially discrete areas of soil erosion occur
along roads within the forest. These discrete areas of erosion were contributing minor
amounts of sediment to the drainage system. The cleared agricultural lands are
contributing sediment from sheet erosion and this is the major form of accelerated

erosion in the catchment.

The small area used for agriculture, and the large area managed as State forest within
the catchment, serves to damp the hydrologic response. The presence of the forests
ensures good retention of rainfall and ensures low energy input into stable drainage
lines. The low incidence of erosion within a low energy environment results in rinimal

transport of sediment.
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9.4 HYDROLOGY

9.4.1 Catchment Description and Available Data

The catchment, which has a mean annual rainfall of 969mm, lies in the high to medium
winter rainfall climatic zone.The catchment is characterised by its low to moderate
relief with undulating plateau and bauxite laterite soils over Archean granitic rocks.
The river is moderately incised in its lower reaches but is broad and swampy in its upper
reaches. There are two long term gauging stations on the Harris River and three

temporary stations installed in its tributaries as tabulated in Table 6.

TABLE 6
AVAILABLE STREAMFLOW DATA

STATION PERIOD OF RECORD
Name Area (ka) From To
Harris River Stubbs Farm 383.00 Jan 1952 Mar 1976
Harris River Tallanalla Road 382.00 Apr 1976  Date
Hanson Bk River Bend 8.19 Jun 1983 Date
Harris River Trib. Scar Road 15.25 Jun 1983 Date
Harris River Trib. Norm Road 20.84 Jun 1983 Nate

The proposed Harris damsite (Damsite 5) is about # kilometres upstream from the main
stream gauging station sites and has a catchment area of 321 square kilometres. Flows
from the intervening 62 square kilometre catchment between the damsite and the main
stream gauging station have been estimated using data from the three temporary

stations installed in June 1983,

Rainfall data for the period 1972 to 1983 was obtained from four pluviograph stations
distributed fairly uniformly over the catchment. Longer term records were available
from the Collie Post Office (1907 to 1983).
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