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SYNOPSIS 

In 1968, the Premier of New South Wales approved of the constitution of 
the Clarence Valley Inter-Departmental Committee to inquire into the control, 
development and use of the total water resources of the Clarence Valley. 

This report by the Committee presents the summarised results of 
assessments of the feasibility of a dam on the Mann River near Jackadgery. The 
report shows that a dam could be constructed to provide a single-purpose storage 
for flood mitigation, irrigation, or hydro-electric power generation; a dual-
purpose storage for flood mitigation and irrigation; or a multi-purpose storage 
for flood mitigation, irrigation and hydro-electric power generation, Proposals 
for single, dual and multi-purpose projects are presented. 

A single-purpose flood mitigation storage of 1.8 million megalitres capac-
ity is estimated to cost about $47 million, and to have a benefit/cost ratio of 
less than 0.2. 

A single-purpose irrigation storage of 2.6 million megalitres capacity is 
estimated to cost about $59 million, and to have a benefit/cost ratio under 0.5. 

A dual-purpose storage of 3.2 million megalitres capacity to serve the 
combined needs of flood mitigation and irrigation is estimated to cost about $65 
million and to have a benefit/cost ratio of 0,5, 

The most economic multi-purpose storage development, including a 5.6 
milli-on megalitre storage to meet the needs of flood mitigation, irrigation and 
pumped storage hydro-electric power generation, is estimated to cost $268 million 
and to have a benefit/cost ratio just under 0,6, 

The report concludes that even the most attractive multi-purpose project 
investigated is not economically justifiable at this stage. However, the project 
has sufficient merit to warrant future re-assessment in the light of trends in 
growth and water demands of the region, The Committee considers that this 
re-assessment should be undertaken within about ten years. 

Findings of the investigation in relation to the Terms of Reference of the 
Inter-Departmental Committee are presented at the conclusion of the report. 
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UNITS 

Metric (S.I.) units have been used in this report. The approximate 
relationships between the metric units used and the corresponding Imperial units 
are listed below, 

Metric Unit 	 Imperial Unit 

Length 

I metre 	 3.28 feet 
1 kilometre 	 0,62 mile 

Area 

I hectare 

	

	 2,,47 acres 

Volume 

1 cubic metre 	 35.3 cubic feet 
I megalitre 	 0,81 acre feet 

Flow 

I cubic metre per second 	 35.3 cusecs 
1 megalitre per day 	 0,.41 cusecs 

Concentration 

1 milligram per litre 	 I part per million 



THE JACKADGERY MULTI-PURPOSE DAM PROJECT 

1. 	INTRODUCTION 

1.1 Terms of Reference 

In 1968, as a result of representations from the Clarence Valley Flood 

Control Committee, the Premier of New South Wales approved of the constitution 

of the Clarence Valley Inter-Departmental Committee on Water Resources. This 

Committee comprising representatives of the Water Conservation and Irrigation 

Commission, Department of Public Works and the Electricity Commission, was 

established to inquire into the control, development and use of the total water 

resources of the Clarence Valley and report to the Government as to: 

the nature, cost and operation of works necessary to restrict flood levels 

in the lower river to those for which the currently approved flood 

mitigation works have been designed; 

the nature, cost and operation of major storage or diversion works to 

further restrict or control flooding; 

the costs and benefits of any hydro-electric, water supply and irrigation 

works which could be incorporated with 2, above; 

4~ the practicability, desirability and economics of inland diversion of 

portion of the waters of the Clarence Valley by gravitation or pumping; 

additional works or measures which would reduce flood levels in the lower 

valley such as the removal of the Black Boy Reef and Moriarty's Wall, and 

the costs thereof; 

possible means of meeting the future requirements of irrigation and of 

water supply for town and industrial development; 

7, the means and the economics of eliminating or reducing the intrusion of 

saline water in the Lower Clarence River; 

8. the effect of proposed water control or distribution works which the 

Committee may propose on port facilities, tourism, sporting activities 

and wildlife conservation; 

9~ any additional water control or distribution works or measures which may 

be desirable; 

10, recommended works, orders of priorities, and the appropriate authorities 

for the undertaking of works, 
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1.2 Background of Investi~ations 

Residents of the lower Clarence Valley have long expressed the need for a 

i ,~eans of controlling the floods that occur in the Clarence River estuary, to 

:educe hardship and losses caused by flooding and to promote stability in the 

agricultuial industry on lands adjacent to the estuary, Notwithstanding that a 

major programme of levee and drainage works is being implemented in the vicinity 

of Grafton and in areas downstream, individuals and local authorities have contin-

ued to press for an upstream flood mitigation storage to give added protection-, 

This locally expressed need led to the early investigation of possible schemes 

that would meet the immediate needs in the Lower Clarence Valley for flood 

mitigation, as well as estuarine salinity control, irrigation and, possibly, 

hydro-electric power generation, 

Previous investigations for a flood mitigation dam had shown that a dam at 

the Gcrge site (Figure 1) would have the best potential for the control of flows 

from both the Clarence River and the Mann' (or Mitchell) River. These earlier 

investigations covered proposals for both single-purpose and multi-purpose 

projects, but did not lead to the development off" any scheme that was economically 

feasible. 

The Terms of Reference of the Clarence Valley Inter-Departmental Committee 

place considerable emphasis on flood mitigation aspects, particularly the develop-

ment and appraisal of major water storage and diversion works for this purpose. 

As irrigation, water supply, estuarine salinity control and hydro-electric power 

generation are also to be considered, the Inter-Departmental Committee determined 

that its initial activities should be directed to the development and appraisal 

of multi-purpose storage proposals, 

After a preliminary examination of all possible sites for a major dair, and 

storage, and after reviewing the results of previous investigations, the Committee 

decided to concentrate investigations on two damsites on the Mann River near 

Jackadgery (Figure 1). It appeared that it would be possible to develop at these 

sites, multi-purpose water storage projects on a comparable scale to those 

3riginally proposed for the Gorge site, but which would involve less inundation 

Gaze ce 1~0 66 	UL'n 21ug, i~/ 1 
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1,3 §So , of  Lejort ke 

This report presents the summarised results of a preliminary assessment of 

the feasibility of a multi-purpose dam on the Mann River near Jackadgery, As the 

investigations extended over several years, benefits and costs are given in terms 

of 1973/74 money values. 

The various phases of the overall investigation including detailed descrip-

tions of the scope, nature and outcomes of the various component studies are 

outlined in the following supplementary Technical Reports; 

Investigation of Saline Water Intrusion in the Clarence Estuary. 

Comparison of Two Damsites near Jackadgery. 

Irrigation Prospects in the Lower Clarence Valley. 

Geology and Prospective Sources of Construction Materials for Two 

Damsites near Jackadgery. 

5, Hydrologic Investigations for the Jackadgery Dam Project. 

Initial Dam Studies, 

Hydro-electric Potential of the Clarence River, 

This report concludes by presenting the findings of the investigations as 

they are related to the relevant Terms of Reference of the Inter-Departmental 

Committee. These findings should be regarded as being of an interim nature and 

are subject to review when all the investigations required by the Committee's 

Terms of Reference have been completed. 
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2. 	SUMMARY OF FINDINGS 

Either of the two Jackadgery damsites (Figure 1) could be used for the 

development of a large multi-purpose reservoir project. Such a project could be 

designed to achieve the following objectives. 

- to maintain, in conjunction with uncontrolled tributary flows below the dam, 

sufficient flow in the Clarence River estuary to keep the salinity of the 

water upstream of Cowper (Figure 1) at not more than 300 milligrams per 

litre, a generally acceptable level for irrigation in this region; 

- to provide water for irrigation of about 22 000 hectares of land which is 

assessed to be the maximum potentially irrigable area along the Clarence 

River below the tidal limit; 

- to generate hydro-electric power; and 

- to reduce the frequency of floods which overtop the levees protecting South 

Grafton and nearby areas, from about once in four years to about once in 

sixteen years, on the basis of historical records. 

Irrespective of its capacity, a flood storage at either of the Jackadgery 

sites would not be able to keep the level of all floods below the tops of the 

South Grafton Levees, To achieve such an objective with a single dam it would be 

necessary to develop the Gorge site, which commands both the Clarence and Mann 

Rivers. However, proposals for the Gorge site were investigated some years ago 

and discarded on economic and other grounds. There has been no significant change 

in the factors which led to the rejection of the proposal. 

The estimated capital cost of a possible multi-purpose scheme suitable for 

the Jackadgery No. I damsite has been estimated to cost about $178 million. The 

ratio of the present worth of benefits to the present worth of costs has been 

calculated at 0.50 (6 per cent interest over 75 years), and the internal rate of 

return at 3.4 per cent. 

For a possible multi-purpose scheme suitable for the Jackadgery No. 2 dam-

site, the corresponding values are; cost, $268 million; benefit/cost ratio, 0,57; 

internal rate of return, 3.8 per cent. 

The above results show that the Jackadgery No. 2 Scheme is marginally more 

attractive, but as the benefit/cost ratios for both schemes are less than one, and 

as their respective internal rates of return are very low, neither project can be 

considered to be economically feasible at this stage. 
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The benefit/cost ratio for a single purpose flood mitigation dam does not 

exceed 0,2. 

Nevertheless, further population growth and more intensive agricultural 

and industrial development in the Lower Clarence Valley, together with advances 

in water resources technology could result in the development of an economically 

feasible project at some future time and for this reason, a reappraisal of the 

feasibility of a Jackadgery Multi-Purpose Dam proposal could be justified in the 

future. The Committee considers that the proposal should be re-assessed within 

the next ten years to take account of changed conditions. 
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3. 	FEATURES OF THE CLARENCE VALLEY AND SCOPE FOR RIVER REGULATION 

The Clarence River has a catchment area of 22 700 square kilometres and a 

long-term average annual runoff of some 5 million megalitres. However, as 

indicated by records for the Clarence River at Lilydale since 1922, instantaneous 

flows may vary greatly; from more than 20 000 cubic metres per second (1 700 000 

megalitres per day) during a major flood to less than 0.05 cubic metres per 

second (4 megalitres per day) during droughts, 

Recording of flood levels at Grafton commenced in 1839 and the highest 

flood, which occurred in 1890, reached an equivalent height of 7.3 metres on the 

Prince Street gauge. Since 1839 the critical flood height of 5.5 metres on the 

Prince Street gauge has been exceeded on some 28 separate occasions. 

In recent years the Clarence River County Council has been constructing a 

system of levees, drains, and flood gates to mitigate the effects of flooding at 

Grafton and downstream areas, The levees have been designed to protect Grafton 

against floods of up to 7.6 metres on the Prince Street gauge. South Grafton and 

downstream areas are being protected against floods of up to about 5.5 metres on 

the same gauge. 

The Lower Clarence Valley contains a broad flood plain extending along the 

Clarence River from Grafton to Maclean. The main sources of income for the area 

are primary industries such as beef cattle, dairying, cereal and fodder crops, 

sugar cane, vegetables, silviculture and fishing. Secondary and service 

industries are centred mainly in Grafton, which has a population of about 17 000 

people. Tourism is important to towns such as Yamba and Iluka which are situated 

on the coast. 

In the Lower Clarence Valley there is a gross area of 24 000 hectares of 

land that could be irrigated, if an assured supply of low salinity water was 

available in the Clarence River, and if this water could be conveyed to irrigable 

areas. After deducting areas occupied by roads, drains, housing and service 

areas, there would probably be 20 000 to 22 000 hectares of land available for 

agriculture, For the purpose of this report the potential area which could be 

irrigated as a result of providing effective estuarine salinity control has been 

taken as 22 000 hectares. 

Although the rainfall in the Valley is high compared with most other areas 

of the State, there is a need for supplemental irrigation particularly during the 

spring and summer months. It is during these months that river flows are often 
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inadequate to maintain the upper reach of the estuary sufficiently fresh for 

irrigation, 

Preliminary investigations have shown that if a low level of salinity 

could be maintained in the Clarence River as far downstream as Cowper, the 

22 000 hectares of suitable land within the lower Clarence Valley could be 

supplied with water for irrigation either directly from the river or from a 

channel system formed by interconnecting the flood mitigation drains and small 

creeks in the flood plain area, Low salinity levels could be maintained either 

by a barrage across the estuary or by providing flows for salinity control from 

an upstream storage, 

The City of Grafton and other towns in the Lower Clarence Valley derive 

their municipal and industrial water supplies from the Nymboida River, through 

a pipeline from the Nymboida Hydro-Electric Power Station afterbay, On the 

basis of presently forecast population growth rates for the Clarence Valley, 

this source of municipal and industrial water is expected to be adequate until 

the turn of the century, Beyond this time, or with greatly increased growth 

rates, it may be necessary to develop an additional source. 

The power generated by the Nymboida Power Station and the coal-fired 

Koolkhan Station near Grafton is used in conjunction with supplies from the 

Electricity Commission's State power system to meet the needs of the Clarence 

Valley and adjacent Richmond and Bellinger River Valleys. The development of 

more electrical power generating facilities in the Clarence Valley would 

therefore benefit the North Coast area. However, it is unlikely that in the 

near future the Clarence Valley and the surrounding region would be able to 

absorb the output from a hydro-electric power station of an economical size. 

As high energy losses would be incurred in transmitting power from the Clarence 

Valley to load centres near Sydney, it would be preferable to develop required 

additional power stations for the Statewide system in locations closer to the 

main demand areas, 

It is therefore evident that whilst scope exists for the development of 

a multi-purpose dam in the Clarence Valley, the magnitude of local demand for 

municipal and industrial water supply and electrical power does not yet call 

for the construction of additional facilities for these purposes, 
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4. 	POSSIBLE MULTI--PURPOSE STORAGE PROJECTS 

The catchment area of the Mann River at Jackadgery is about 7940 square 

kilometres or 35 per cent of the total area of the Clarence Valley above Grafton 

whilst the average annual runoff from the Mann River at Jackadgery is about 40 

per cent of the total runoff from the whole of the Clarence Valley, As there 

are several sites in the vicinity of Jackadgery which would be suitable for the 

construction of very large reservoirs, the Mann River near Jackadgery is a 

particularly favourable location for a multi-purpose dam, 

Investigations were therefore carried out for a range of possible storage 

capacities at each of two sites near Jackadgery, After initial appraisals were 

made, the more detailed investigations were concentrated on the development of 

the following projects, shown on Figures 2 and 3, 

The Jackadgery No. 1 Multi-Purpose Dam Project, which consists of; 

- a 109 metre high earth and rockfill dam in the Mann River at the No. I 

damsite, to form a 3 200 000 megalitres reservoir to provide 600 000 

megalitres of flood storage and 2 600 000 megalitres of conservation 

storage for estuarine salinity control and irrigation; 

- a small dam (less than 10 metres high) across the Nymboida Saddle on the 

reservoir rim; 

- a 45 metre high earth and rockfill dam, together with a small saddle dam, 

on the Nymboida River at Nymboida, to form a 600 000 megalitre headwater 

pond for the Nymboida/Blaxlands Creek Hydro-Electric Scheme; and 

- the other elements of the Nymboida/Blaxlands Creek Scheme (as described in 

Technical Report No. 7), comprising two power stations having a combined 

net capacity of 432 megawatts and two dams along BlaxIands Creek to form 

an intermediate pond and a re-regulating pond. 

The Jackadgery No. 2 Multi-Purpose Dam Project, which consists of: 

- an earth and rockfill dam Ill metres high on the Mann River at the No. 2 

damsite, forming a 5 600 000 megalitre reservoir, to provide 600 000 mega-

litres of flood mitigation storage and the balance to meet the combined 

needs of estuarine salinity control, irrigation and hydro-electric power 

generation; 
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a 72 megawatt pumping station near Jackadgery to transfer water through 

shafts and tunnels to a 50 000 megalitre headwater pond impounded at the 

upstream end of Table Creek by the Table Creek Dam; 

- an intermediate pond on Table Creek formed by the Earles Glen Dam, and a 

re-regulating pond formed by the Newbold Dam on the Clarence River; and 

- two power stations, one below the Table Creek Dam and one below the Earles 

Glen Dam, having a combined net capacity of 1171 megawatts, 

These two projects have been given as examples of schemes that could be 

developed, to illustrate the scale of potential multi-purpose dam projects for 

the Clarence River, 
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5~ 	DAM INVESTIGATIONS 

5.1 Scope 

Studies to determine the suitability of the two Jackadgery damsites, as 

well as the possible size, type and costs of dams, included: 

- topographic surveys of the dam and reservoir sites; 

- hydrologic studies of the Clarence River Valley; 

- geological investigation of dam and reservoir sites; 

- evaluation of prospective construction materials sources; 

- assessment of the engineering problems and costs of dam construction at 

the two alternative sites; 

- economic analyses of selected storage schemes, 

5.2 Surveys 

The absence of adequate, reliable, large-scale topographic maps of the 

areas of interest required a programme of aerial photography to obtain contour 

plans of each damsite, and the Clarence Valley flood plain area. 

Ground surveys were carried out to control the aerial photography, to 

obtain accurate damsite cross-sections, and to determine the locations of 

diamond drill holes for dam foundation exploration and the locations of bore-

holes and tests pits used for borrow area exploration, 

Reservoir area plans were prepared from photogrammetric information, and 

from these, storage/level relationships were derived to maximum capacities of 

6 million megalitres for a dam at the Jackadgery No. I damsite and 14 million 

megalitres for a dam at the Jackadgery No. 2 damsite. These capacities were 

selected with regard to the topography of the storage basins. 

5.3 Hydrology 

Hydrologic studies, based on recorded streamflow and rainfall data for 

the period since 1909, were undertaken to determine: 

- the size of reservoirs required to provide water for estuarine salinity 

control and irrigation of areas adjacent to the estuary; 

- the effectiveness of various sizes of flood mitigation and multi-purpose 

storages at Jackadgery in reducing flood levels at Grafton; 

- the quantity of water that would be available from various sizes of 

single purpose and multi-purpose reservoirs for firm hydro-electric 

power generation; 



- the design inflow flood hydrograph for a Jackadgery Dam and the frequencies 

and magnitudes of floods for consideration in development of construction 

programmes. 

Details of these studies are given in Technical Report No. 5, and the 

principal results, which apply to dams at both sites, are as follows: 

M To enable all of the 22 000 hectares of potentially irrigable land 

along the Lower Clarence River to be irrigated (by maintaining estuarine salinity 

at acceptable levels as far downstream as Cowper), a water conservation storage 

of 2.6 million megalitres would have to be provided on the Mann River near 

Jackadgery. Owing to the large flows needed to maintain low estuarine salinity 

levels, only a slightly smaller storage of 2.2 million megalitres capacity would 

be required to supply 10 000 hectares of irrigation, 

To reduce the frequency of floods exceeding the critical height of 

5.5 metres on the Prince Street gauge at Grafton from once in 4 years, to once in 

16 years (a four-fold reduction in frequency), whilst maintaining the ability to 

supply water to an irrigated area of 22 000 hectares, it would be necessary to 

increase the storage capacity of a Jackadgery Reservoir from 2.6 million to 3.2 

million megalitres. A single-purpose flood mitigation storage to achieve a 

similar result would need to have a capacity of at least 1.8 million megalitres. 

To further reduce flood frequencies, it would be necessary to provide a much 

larger flood storage capacity. In any event, as large floods originating in the 

Clarence River catchment above the Mann River junction could not be controlled 

by a Jackadgery Dam, the city of Grafton and downstream areas could not be 

completely protected from flooding. 

Hydro-electric power generation facilities can be incorporated with a 

reservoir at either site so that power can be generated by the water released for 

estuarine salinity control and irrigation. By increasing the storage capacity 

above that needed for a dual-purpose reservoir, it is possible to increase the 

supplies available for power generation. In addition, the provision of pumped 

storage facilities would greatly enhance the power generation potential of the 

scheme. 

The design inflow flood for the Jackadgery damsites has a volume of 

some 3.4 million megalitres and a peak flow of 37 000 cubic metres per second 

(3 200 000 megalitres per day), and hence the provision of a large capacity 

spillway or a substantial flood surcharge capacity would be needed. Additionally, 
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the magnitudes of flows having short recurrence intervals (say, less than ten 

years) are such that large capacity diversion works would also be needed during 

construction, 

5.4 ~~Io 

Preliminary geological assessments have been made of both the No. I and 

No. 2 damsites and their reservoir areas, Drilling was undertaken only at the 

No. 2 damsite where likely foundation conditions could not be satisfactorily 

identified from surface investigations, Further extensive investigations 

including drilling would be required before a final design could be developed 

at either site. The main findings of the geological investigations are 

summarised as follows; 

Damsite No. 11, immediately downstream of the junction of the Mann 

and Nymboida Rivers, is located in Permian granites, The granite at the 

damsite is broadly-jointed, the most prominent joint set being a series 

of low angle sheet joints which apparently control the slope of the left 

abutment. In any further investigations at this site, the jointing of 

the foundation rock would require particular attention, 

At the site there is little soil cover, and fresh rock is exposed 

in outcrops, There is a suitable spillway site in the right abutment. 

This site is considered to be geologically and topographically 

suitable for either an embankment dam or a concrete dam, 

Damsite No. 2, about 15 kilometres downstream of the village of 

Jackadgery, is located in silicified claystone and breccia rocks of 

Ordovician-Silurian age, Outcrops of fresh rock occur in the river 

bed, which occupies much of the wide valley floor. Scattered weathered 

outcrops are seen on the soil-covered abutments. Seven exploratory 

holes have been drilled in the dam foundation area. These show that the 

upper left abutment is deeply weathered,, 

This site is considered to be geologically and topographically 

suitable for an embankment dam, or possibly a composite embankment dam 

with a concrete gravity spillway section, 

No major fault cutting across the storage basins or their margins 

has been recognised although two minor faults near Nymboida have been 

mapped by the Geological Survey of N.S.W. It is not considered that 
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these two faults would give rise to seepage losses of any consequence, 

although their effect on reservoir safety should be considered in any later 

investigations, 

The lowest point in the reservoir rim is at the Nymboida Saddle which is 

situated in a narrow ridge separating the proposed storage basin from the 

headwaters of Blaxlands Creek, an easterly flowing tributary of the Orara River, 

Near the No. 2 damsite, there are areas of potential local instability as shown 

by the landslides along the Gwydir Highway near Cangai, These areas are assoc-

iated with steeply dipping strata and would appear to affect only a reservoir at 

the No. 2 damsite. 

5.5 Construction Materials 

Preliminary investigations have been made of prospective sources of earth- 

fill, and of gravels for the production of filters and concrete aggregate. The 

quality of rockfill materials likely to be available from the spillway 

excavations has also been assessed. The main findings of the investigations for 

suitable construction materials are summarised as follows: 

At the No. I damsite, exploration and sampling of seven prospective 

earth borrow areas located from 5 to 8 kilometres downstream show that 

there may be about 3.5 million cubic metres in situ volume of material 

suitable for the impervious core of an earth and rockfill dam. 

Three of the extensive deposits of gravel-sand in the river bed down-

stream of the damsite have been explored and sampled. Most of the material 

was found to be a well-graded gravel-sand suitable for processing for 

graded filters and concrete aggregates. 

The fresh granite rock which will become available from the spillway 

excavation should yield a good rockfill material with a well-graded range 

of rock particles smaller than two metres, suitable for placement in two 

metre thick lifts in the dam. 

Exploration shows that there would be adequate quantities of suitable 

earthfill, gravel, and rockfill materials for construction of the largest 

dam considered for this site. 

At the No. 2 damsite, exploration and sampling of two prospective 

earth borrow areas located between 2 and 6 kilometres upstream of the 

damsite show that there may be over 8 million cubic metres in situ volume 

of soil suitable for impervious core material. 



14~ 

There are extensive gravel-sand deposits, similar to those near the 

No. I damsite both upstream and downstream of this damsite. Exploration 

and sampling of three of these deposits indicates the materials to be 

suitable for processing for graded filters and concrete aggregates, 

Examination of the silicified claystone rock in outcrops and drill 

cores show that this rock, when fresh, would be hard and durable and that 

the fresh rock from required excavations would yield a well-graded but 

comparatively fine rockfill with a maximum particle size from I to 1.5 

metres. An alternative source of rockfill would be the granitic rocks 

which occur a short distance from the damsite. These have not been 

explored, 

Exploration results show that there would be adequate quantities of 

suitable earthfill, gravel and rockfill materials for construction of the 

largest dam considered for this site, 

5.6 Costs 

Details of the engineering investigations to assess the likely cost of 

dams at both the No. 1 and No. 2 damsites are contained in Technical Report 

No. 6. 

The total capital cost of a reservoir includes the cost of the dam and 

appurtenant works, the cost of replacing or relocating roads, bridges, villages 

and other amenities, and the cost of land acquisition for the storage area and 

for catchment and foreshore protection purposes. Cost estimates have been 

prepared for a range of reservoir sizes, using both concrete, and earth and 

rockfill dams at each damsite. The results of these estimates are presented 

graphically in Figure 4, The graph shows that costs tend to favour a concrete 

dam at the No. I damsite for reservoirs smaller than about 2.6 million 

megalitres; an earth and rockfill dam at the No, I damsite for reservoirs up to 

3.2 million megalitres; and an earth and rockfill dam at the No, 2 damsite for 

all larger reservoirs. In arriving at the basic costs for reservoirs it has 

been assumed that the "Old Gwydir Highway" would be abandoned, while State 

Highway No. 12 would be relocated around any reservoir created by a dam at the 

No. 2 site. 
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6~ 	ESTUARINE SALINITY CONTROL 

The Clarence River estuary extends from the heads at Yamba upstream to 

Smiths Falls, near Copmanhurst, a distance of about 108 kilometres. Usually, 

the upstream limit of saline water occurs in the reach between Cowper and 

Grafton, about 50 to 65 kilometres from the sea, During low flow periods, such 

as that which occurred from April to September, 1970, saline water extended 

almost to the limit of tidal influence near Smiths Falls. Consequently, in the 

part of the Clarence River between Smiths Falls and Cowper, the water in the 

river is sometimes too saline for irrigation. Very often, the urgent need for 

irrigation water coincides with the occurrence of high salinity levels in the 

river. 

There are large areas of land bordering the Clarence River estuary on 

which extensive irrigation development might occur if an assured supply of 

suitable quality water was available, 

Investigations were carried out to determine: 

- the nature of saline water intrusion in the Clarence River estuary; 

- means of restricting the upstream intrusion of saline water so that 

suitable quality irrigation water would be available in the downstream 

reaches of the estuary, possibly to some point near Cowper,, 

The Water Conservation and Irrigation Commission, aided by the Clarence 

River County Council, carried out a water sampling programme over 2-2 years to 

determine the nature of saline water intrusion. Samples were taken at regular 

time intervals at each of nine sampling stations in the Clarence River, Two 

of these stations were equipped with instruments to record tidal fluctuations. 

Daily streamflow records from the Commission's gauging stations at Lilydale on 

the Clarence River and at Bawden Bridge on the Orara River (Figure 1) were used 

to determine the prevailing streamflows. 

Full details of the salinity studies are given in Technical Report No. 1. 

It was found that a relationship could be established between the average 

salinity of the river water at each station and the river flow, measured as the 

sum of the flows at Lilydale and Bawden Bridge. From the relationship at each 

station, it was deduced that if the river flow exceeds a certain minimum value 

called the "excluding streamflow", the average salinity of the river water would 

remain at or below the maximum level for fresh water (a dissolved solids content 

of 100 milligrams per litre was adopted for fresh water), 
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For water to be suitable for the widest practicable range of crops, includ-

ing sugar cane, its salinity should be kept at or below about 300 milligrams per 

litre. Estimates of the minimum flows needed to maintain salinity at about this 

level at various locations (Figure 1) are given in Table 1. 

TABLE 1 

SALINITY EXCLUDING STREAMFLOWS 

Location along Estuary Flow (Lilydale plus Bawden Bridge) 

(cubic metres per second) (megalitres per day) 

Grafton City 20 1 	700 

Cowper 40 3 400 

Maclean 142 12 300 

Two alternative means of controlling saline water intrusion were considered, 

namely: 

- maintenance in the estuary of a continuous flow equal to or greater than 

the "excluding streamflow", or 

- provision of a physical barrier or a channel constriction to inhibit the 

upstream movement of tidal flows, 

The Committee was advised by the Department of Public Works that assessment 

of the feasibility of reducing estuarine salinity by an artificial constriction 

would require a major investigation of the tidal behaviour of the Clarence estuary. 

Present knowledge of the tidal behaviour of the Clarence estuary indicates that 

the tidal ranges and hence salinity penetration are influenced by characteristics 

of the channel, and therefore a structure such as a barrage could be expected to 

produce major changes in tidal behaviour, Possible major adverse effects on the 

drainage of floodwaters, navigation and port facilities, as well as the estuarine 

ecology could also be expected. 

It was therefore decided for the purposes of the Jackadgery Multi-purpose 

Dam investigations to assume that the most practical means of estuarine salinity 

control would be the maintenance of an "excluding streamflow" with the aid of 

releases from an upstream reservoir at Jackadgery, 
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7. 	IRRIGATION PROSPECTS 

At present, the major agricultural activities in the Lower Clarence Valley 

are beef cattle, dairying and the growing of sugar cane, maize, sorghum, fodder 

crops, and vegetables. Some irrigation of pasture, fodder and vegetable crops 

is carried out. 

Average annual rainfall in the Lower Clarence Valley varies from 1000 

millimetres near Grafton to about 1300 millimetres on the coast, and the temporal 

distribution of rainfall is such that soil moisture is often inadequate for crop 

requirements during the main growing periods, Irrigation would augment natural 

rainfall during dry spells, thus increasing yields and enabling additional crop 

types to be grown. 

Investigations into the possible future irrigation development and the 

potential benefits are described in Technical Report No. 3. From this report it 

can be seen that the total area suitable for irrigation in the lower valley is 

about 22 000 hectares. To achieve this level of development however, it would 

be necessary to maintain suitable quality water in the Clarence River downstream 

to Cowper, 

To develop prospective irrigation areas away from the river, it would be 

necessary to provide a system of works to distribute water supplies. Such a 

system could be developed by modifying and adapting the existing flood mitigation 

drains and utilising small natural water courses. Preliminary cost estimates 

indicate that the additional works for this purpose could probably cost at least 

$1.3 million. A possible supply scheme is outlined in Figure 5, and details of 

the scheme are given in Technical Report No. 3. 

The benefits of facilitating irrigation in the Lower Clarence Valley have 

been calculated on the basis of the potentially suitable area of 22 000 hectares 

to expand production of existing crops and to grow kenaf. During consultations 

with the Department of Agriculture, advice was obtained that kenaf, an annual 

plant, is a suitable crop to provide raw material for the production of high 

grade paper pulp. It was therefore assumed that a kenaf industry would develop 

in the Clarence Valley when our present sources of raw materials for paper 

manufacture became depleted, 

The assumed areas of each crop and details of the assessed benefits to the 

irrigators of irrigation are summarised in Table 2. 
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TABLE 2 

PROSPECTIVE IRRIGATION BENEFITS 

Crop Area Annual Benefit due to Irrigation Present Worth 
of Annual Benefit 

(hectares) (per hectare) (over total area) 

Beef Cattle 8 000 109 872 000 10 513 000 	(3) 

Sugar Cane (2) 3 200 16 20 000 247 000 	(3) 

Maize 2 730 51 139 000 2 291 000 

Lucerne Hay 490 30 15 000 242 000 

Vegetables 
(Fresh) 600 576 to 2 360 419 000 	(4) 6 894 000 

Vegetables 
(For Freezing) 700 250 175 000 2 880 000 

Sub-total 15 720 - 1 640 000 23 067 000 

Kenaf 6 000 200 1 200 000 6 000 000 	(5) 

Total 21 720 - 2 840 000 29 067 000 

NOTES: 

Present worth calculated over 75 years at 6 per cent interest rate, with 

allowances for periods of development appropriate to each enterprise. 

Based on 2 year cane, with harvesting of 40 per cent of total planted 

area each year, 

Assuming that full development takes place uniformly over the 10 years 

following the completion of the reservoir project, 

Total annual benefit based on a variety of fresh vegetable crops. 

The above benefits are based on late 1973 price levels. 

Assuming that development of a kenaf industry takes place 20 years after 

the completion of the reservoir project. 
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8. 	HYDRO-ELECTRIC PROSPECTS 

After reviewing the various hydro-electric power generating schemes which 

have been proposed in the past for the Clarence River Valley, the Committee 

arranged for the Electricity Commission of New South Wales to undertake studies 

of potential schemes which could be associated with a dam on the Mann River near 

Jackadgery. The results of the review and the further studies by the Electricity 

Commission have been presented in Technical Report No. 7, 

As indicated in Technical Report No. 7, increases in demand for power within 

the State can be met by commissioning a generating unit of about 400 megawatts 

each year, so only schemes of 400 megawatts or greater capacity have been consid-

ered, The power generating schemes which are considered capable of producing more 

than 400 megawatts of power at a capacity factor of five per cent are as follows: 

A 535 megawatt power station located immediately downstream of a 130 

metre hiah dam at the Jackad~ery_No, 2 damsite. The total storage capacity 

would be about 9 million megalitres of which some 5.5 million megalitres 

would be taken up as dead storage in order to provide a sufficiently high 

generating head. The reservoir could take from 5 to 10 years to fill 

initially, even if no water were released from the storage for any purpose 

until it was filled, The estimated capital cost of power delivered at the 

load centre is $326 per kilowatt, the highest cost of the five schemes 

studied. 

A scheme using the same size dam as (i) above - but with an under-

ground diversion from near Jackadgery to the Clarence River near Circular 

Flat Creek - following the route o 

Scheme". To take advantage of the greater available generating head, an 

underground power station with an installed capacity of 730 megawatts would 

be used. The estimated capital cost of power delivered at the major load 

centres near Sydney is $319 per kilowatt, 

The Table Creek Scheme - an overland diversion from the Mann River at 

Jack 	 via Table Creek including a 

. A dam 109 

metres high at the Jackadgery No. 2 damsite would be used to form a 5 

million megalitre reservoir. A 72 megawatt pumping station near Jackadgery 

would be required to pump water into a headwater pond impounded by the Table 
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Creek Dam at the point where Table Creek enters a steep gorge. An inter-

mediate pond needed to develop the full generating head would be formed 

in the valley of Table Creek by the Earles Glen Dam, located where Table 

Creek emerges from its gorge to join the Clarence River, A tailwater 

pondage would be established on the Clarence River by the Newbold Dam, to 

re-regulate the large generating releases from the power stations, Two 

power stations would be required to exploit the 237 metres of available 

static head for generation. One would be located below the Table Creek 

Dam and the other below the Earles Glen Dam. Their combined installed 

capacities would be some 1216 megawatts, Off-peak energy would be used 

to pump water from the Jackadgery Reservoir to the Table Creek Reservoir. 

This water would then be released through the power stations during 

periods of peak power demand to supply peak power to the State system. 

The estimated capital cost for power from this scheme is about $234 per 

kilowatt, 

(iv) The Nymboida/Blaxlands Creek Scheme - a diversion from the Nymboida 

River to the Orara River - to exploit a total static head of some 190 

metres, The scheme consists of a Nymboida Dam, which would impound a 

600 000 megalitre headwater pond to a maximum level of R.L. 230 metres, 

an intermediate pond in the valley of Blaxlands Creek, and a re-regulating 

pondage on Blaxlands Creek just upstream of Coutts Crossing, Two power 

stations having a total installed capacity of 417 megawatts would be 

installed, one near the present Nymboida Power Station and the other below 

the Blaxlands Creek Dam, which impounds the intermediate pond, The estim-

ated capital cost for power delivered is $239 per kilowatt. This scheme 

relies on flows from the Nymboida River, and in a more fully developed 

scheme at this site, it is envisaged that the power stations could incorp-

orate pumped storage facilities, together with pump/turbines to augment 

the Nymboida flows by pumping from a Jackadgery Reservoir at the No. 1 

damsite and to generate energy from high flows that would spill into the 

Jackadgery Reservoir. 

The unit costs given for the various alternatives include the cost of a 

Jackadgery Dam of sufficient size to meet only the needs of hydro-electric 

generation, Multi-purpose dams are discussed in Section 11 of this report. 
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It is the aim of the Electricity Commission to provide power at the lowest 

possible cost to the consumer, and for this reason the most economic proposals 

are selected for implementation, 

To assess the feasibility of generating power in the Clarence Valley, the 

proposals referred to herein were compared with a pumped-storage hydro-electric 

scheme designed for Mount Heaton in the Newcastle area. This scheme involves an 

upper and lower pond each having sufficient storage for four hours of generating 

with a 1000 megawatt power station. As the upper pond has negligible catchment 

area, the scheme would rely almost completely upon external off-peak energy 

sources for replenishment of the water supply to the upper pond. As this scheme 

would operate under a high generating head (about 325 metres) and would require 

only a single power station and two comparatively small dams for its development, 

the estimated capital cost of power, $106 per kilowatt, is lower than those for 

the Jackadgery schemes. The Mount Heaton Scheme has been described for 

comparative purposes only, It does not have any priority in proposed power 

generating developments in the State. 

In Technical Report No. 7, the hydro-electric projects have been examined 

as single-purpose projects, although some of them can be incorporated into 

multi-purpose schemes. Also considered in Technical Report No. 7 was a pumped-

storage scheme which would be located in the Bellinger River Valley and which 

would be similar in most respects to the Mount Heaton Scheme, As this scheme 

is not located within the Clarence Valley, it is not discussed further in this 

report, but the reference to it has been made as a further example of altern-

ative schemes,, 

In view of the number of more attractive power development schemes which 

are available elsewhere in the State, schemes based on the Jackadgery Dam 

proposal are unlikely to be considered for implementation for some time, 

Economic appraisals of multi-purpose schemes incorporating hydro-electric 

power generation are given in Section 11 of this report, 
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9. 	FLOOD MITIGATION PROSPECTS 

The Committee's Terms of Reference required it to investigate the nature, 

cost and operation of works necessary to restrict flood levels in the lower 

river to those for which the currently approved flood mitigation works have 

been designed, The City of Grafton is protected against floods rising to 7.6 

metres on the Prince Street gauge, a level greater than the height reached by 

the highest historical flood. South Grafton and the rural areas are protected 

by levees from floods to 5.5 metres on the Prince Street gauge whilst a system 

of drainage works has been constructed to minimise the duration of inundation 

by higher floods, 

The studies have indicated that a large capacity dam on the Mann River 

at Jackadgery could not reduce all floods to below 5.5 metres on the Prince 

Street gauge at Grafton, Nevertheless, there is scope to reduce the frequency 

with which the South Grafton levees are overtopped, In this regard, Table 3 

shows the effect of various sizes of storage at Jackadgery on the twelve floods 

which have exceeded 5.5 metres at Grafton since 1919. 

TABLE 3 

ESTIMATED FLOOD MITIGATION EFFECTS 

Storage Capacity 
(megalitres) 

Number of Floods Reduced 
to Below 5.5 metres 

Flood Conservation Total 
Mitigation 

Nil 300 000 300 000 None out of 12 

Nil 2 600 000 2 600 000 3 out of 12 

600 000 2 600 000 3 200 000 9 out of 12 

600 000 5 000 000* 5 600 000 9 out of 12 

1 800 000 Nil 1 800 000 9 out of 12 

* Including 1 000 000 megalitres of non-active storage for hydro-electric 

generation purposes. 
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It is assessed that each time the levees in South Grafton and downstream 

areas are overtopped, flood damage of about $400 000 for South Grafton and about 

$2.5 million for the downstream rural areas would be incurred on the basis of 

present levels of development. The average annual cost of flood damage which 

can be expected without a dam is estimated at $700 000. 

The reduction in the frequency of floods as would be achieved by the 

storages referred to in Table 3, would lead to flood mitigation benefits having 

present worth values of:- 

$3.5 million - for a 2 600 000 megalitre conservation storage; 

$8,8 million - for a 3 200 000 megalitre dual purpose flood mitigation 

and conservation storage, the flood mitigation component 

of which is 600 000 megalitres; 

$8.8 million - for a 5 600 000 megalitre multi-purpose storage, compris-

ing 600 000 megalitres for flood mitigation, 4 000 000 

megalitres for conservation (irrigation and hydro-electric 

power generation) and 1 000 000 megalitres of inactive 

storage to maintain a minimum power generating head; 

$8,8 million - for a 1 800 000 megalitre flood mitigation Storage, 

Present worth values are calculated over 75 years at 6 per cent interest, 
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10. 	MUNICIPAL AND INDUSTRIAL WATER SUPPLIES 

The existing town water supply for Grafton City, South Grafton and the 

Lower Clarence valley townships east of Grafton is drawn from the penstock of the 

Nymboida Power Station and conveyed to consumers by pipelines. Coffs Harbour and 

Sawtell are also supplied from the Clarence Valley by schemes in the headwaters 

of the Orara River. 

The Public Works Department of N.S.W. has made forecasts of water supply 

demands for this area up to 1995, A comparison of present consumption and fore-

cast consumption is as follows: 

TABLE 4 

PRESENT AND PROJECTED TOWN WATER USAGE 

Area Present consumption 
(megalitres/year) 

Forecast for 1995 
(megalitres/year) 

Grafton and South Grafton 4 000 7 200 

Lower Clarence Valley Towns 
and Angourie 1 	600 4 100 

Coffs Harbour and Sawtell 1 	800 6 	130 

Totals 7 400 17 	430 

Over the ten years from January, 1963 to December, 1973 monthly diversions 

from the Nymboida River for hydro-electric generation have averaged almost 22 000 

megalitres. Annual diversions have, however, ranged from 164 000 megalitres to 

306 000 megalitres with the minimum monthly diversions being 6300 megalitres. 

Thus, present town water supply requirements utilise only a relatively small 

proportion of hydro-electric diversions, 

It is therefore evident that water demands up to 1995 could be adequately 

supplied from existing sources, Effective estuarine salinity control could, 

however, enable direct pumping of water supplies for Grafton and the Lower 

Clarence Valley towns from the Clarence River, but benefit gained from reduction 

in pipeline costs would tend to be offset by possible increase in water treatment 

costs. 
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In the event of Grafton and the Lower Clarence Valley requiring water supply 

from releases from a jackadgery Storage, the increase in the LOLal demand on the 

storage would be minimal, The forecast annual water supply demands for 1995 total 

only 11 300 megalitres, about one per cent oi the potential requirements for 

irrigation and estuarine salinity control. However, the above fore'Last has not 

allowed for the possible establishment in the Clarence Valley of high water-use 

industries such as paper manufacture, which could greatly increase town water 

supply demands, 

The Coffs Harbour and Sawtell water supply is drawn from the headwaters oi 

the Orara River near Karangi, well upstream of the entry point of the Nymboida 

diversions. The present supply system is inadequate to meet present demands, but 

plans to augment the supply system from this source are being implemented, When 

the planned works are completed, they are expected to meet demands until the year 

2000. After that date, it is expected that sources of supply from ocher coastal 

creeks and rivers, including the Bellinger River, would be developed, It is not 

expected that a Jackadgery storage would fill any major role in supplying water 

to the Coffs Harbour area. 

Therefore, in view of the present and forecast demands tor water in the 

region, and the availability of closer adequate sources for future supplies, 

it would not be possible to assign any significant benefit to a multi-purpose 

Jackadgery reservoir on account of municipal and industrial wacer supplies, 
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11- 	ECONOMIC STUDIES AND PROJECT SELECTION 

ii-i Economic Analysis 

E--oriomic assessments have been made Of two alternative multi-purpose 

projects, one based on a dam at the jackadgery No. I damsite and the other based 

on a dam at the Jackadgery No, 2 damsite as outlined in Section 4, Each of these 

projects would be able to meet the requirements of flood mitigation, estuarine 

salinity control, and irrigation of 22 000 hectares, while generating firm 

peaking power at a 5 per cent capacity factor with the water released for these 

other purposes. Comparative economic assessments have also been made -of one dual-

purpose project embracing irrigation and flood mitigation, and three single-

purpose projects for flood mitigation, irrigation and hydro-electric generation 

respectively. 

The beneiit licost ratio of each proposal was determined on the basis of the 

present worth of costs and benefits at the completion of construction, The 

benefits resulting from irrigation and flood mitigation have been discussed 

previously in Sections 7 and 9. In Section 10 it -was concluded that there is no 

significant potential benefit ~or municipal and industrial water suppiies. To 

determine the benefit from hydro-electric power generation a comparison has been 

made in Section 8 with an alternative hydro-electric proposal - the Mount Heaton 

Pumped Storage Scheme - in the Newcastle area, The presenL worth of hydro-

electric generation benefits has been taken as the present. worth of the altern-

ative and cheaper Cost of providing an equivalent power generat'ing capacity at 

Mount Heaton.. In calculating present woiths, year 0 has been assumed at the end 

of construction of the project, 

Present worths of benefits and costs have been calculated over a period of 

75 years at an interest rate of 6 per cent for all civil works,. For electrical 

and mechanical works the benefits and costs were discounted over 30 years at 8 

per cent, This required providing for the repiacement costs of all' electrical 

and mechanical works after 30 years and after 60 years r-o continue the hydro-

electric operations for the assumed ?5 year life of the civil works, The 

electrical and mechanical costs used in this analysis are as tabulated in 

Schedule 3 of Technical Report No. 7. 

*The adopted 6 per cent disco-Lint rare for civil works is below the current 

long-term bond rate and the current opportunity cost of money for capitai 

J investments but, in Australia, water resources development projects are regarded 
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as having significant social value as well as economic value, Recognition of 

uhese vallues and of Lhe need to provide durable investments that will aid long-

term national development is reflected in the adoption of lower discount rates 

for assEssing the economic efficiency of water resources projects, On the 

other Land,, the higher discount rate of 8 per cent for electrical and mechanical 

works is related to the loan interest rate prevailing at the time the studies 

were carried our, as power generation is regarded as a commercial enterprise 

rather than as the provision of social or merit goods. All benefits and costs 

are given in. terms of 1.973-74 money values, 

The results of the economic analyses are given in Table 5. together with 

details of the Mount Heaton scheme, Project costs were obtained from Figure 4 

oi this report assuming the ~'Old Gwydir Highway" to be abandoned. 

The two muiti-purpose projects ana l ysed are des ,~ribEd in Section 3,3, 

For the Jackadgery No. I project the benefits and costs were obtained. by direct 

addition of those for the dual-purpose jackadgery No. I project and the single-

purpose Nymboida/Blaxlands Creek hydro-electric scheme. The basic costs of the 

hydro.-eleCLriC works for the Jackadgery No. 2 pro3ecc are listed in Schedule 3 

in Technical Report No. 7, as the "Jackadgery No, 2 with 'Table Creek Diversion" 

proposal. These costs are for a single purpose hydro-=electric development only, 

and, to provide for flood mitigation and irrigation in a multi-purpose scheme, 

the dam height would have to be increased to provide the additional reservoir 

capacity needed, at an additional cost of $5 million, 

The benefit/cost ratio of each project is given in Table 5 and for Mount 

Heaton this ratio is unity since it is the policy of the Electricity Commission 

to supply electrical energy at the cost of production, 

To provide an additional criterion for the comparison of projects, the J 

internal rate of return was also determined for each project. 'The internal rate 

of return is the interest rate at which the present worth of benefits equals the 

presen: worth of cosrs, 

In addition to the direct benefits listed above, there are a number of 

indirect benefits, the true present worths of which are difficult to estimate in 

monetary terms, These benefits include- 

(i) short term increase in income and development in Grafton due to local 

spending generated by the construction of the project; 
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the resultant permanent growth in some local indusLriEs due to 

addir-ionai local employment; 

recreation; 

environmental improvements; and 

decenLralisation effects, 

in conformity with current standards of economic assessment o-f water 

development, projects, no artempt has been made to include allowan-Les for these 

indirect benefits in the economic analyses. 

11,2 Project Selection 

The comparisons in Table 5 shOW that the projects which involve hydro-

electric power generation have the most favourable beneilt /'cost ratios and 
f 
internal rates of return. The power generation "benefit" tends to oiiset the 

large reservoiL costs necessitated by the storage requiLrements oi estuarine 

salinity contril., Power can be generated when reieases are being made for 

escuarine salinity control and irrigacion, 

Oi the projects without hydro-eie,,~tri,.~ power generation s1--hemes, the dual-

purpose storage serving both iiood mitigation and irrigation is ciearly a becLer 

investment than a single-purpose storage serving either purpose. 

rhe est.imaLed internal rates of return show thaL a single-purpose flood 

mitigation dam would not be ecconomicaiiy feasible under any circumstances with 

its negative internal rare of return, The ~)uher projects show a small but 

posiLive raLe, with the Jackadgery No. 2 Project giving Lhe highest internal 

rate of return of 1.8 per cent, 

One benefit nor accounLed for in these studies is the independence from 

external energy sources of any project incorporating the Biaxiands Creek Scheme, 

Pumping energy would have to be supplied to the Table Creek and Mounct Heacon 

type schemes from generators operating on non-renewabie iuel. souices. Consid-

eration of such a benefit could enhance the feasibiiiLy OJII- the Jackadgery No. t 

Projec.r_ over that of the jackadgexy No, 2 Projec'L, although pumping energy costs 

at present. are low enough to make pumpedsLorage schemes more economically 

~7 feasible than pure hydro-eleCLric schemes, 

An indirect project cost not accounted for 'is the remporary and permanent 

disruptions caused to private and community amenities as a result of reservoir 

construction. The people displaced from the reservoir areas will need to find 

new ways of making their living and to re-establish their families in new 
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communities, Any of the agricultural lands that are inundated by a reservoir 

are forever lost. This consideration, which weighed so heavily against earlier 

proposals for a large dam at the Gorge site, would adversely affect the 

feasibility of the jackadgery No, 2 Project, if it were possible to evaluate 

such losses in moneEary terms. Another indirect cost could arise from adverse 

environmental impacts. 

In terms of conventional economic analyses, the Jackadgery No. 2 Project 

appears to be the mosc attractive of the schemes considered, but owing to an 

unfavourable benefit/cost ratio, construction would not be justified on economic 

grounds, On the other hand, there is much scope for refining the proposals thau 

have been examined, and there is the possibility that if this were done, the 

relationship between benefits and cost could be marginally improved. 
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TABLE 5 
PAGE 30 

COMPARATIVE SUMMARY OF PROJECT BENEFITS AND COSTS 
(11 	 00 	 (111) 	 (IV) 	 (V) 	 (VI) 	 (VII) 

PRIIEIT SINGLE-PURPOSE SINGLE-PURPOSE DUAL-PURPOSE SINGLE -PURPOSE MULTI-PURPOSE MULTI-PURPOSE COMPARATIVE 

::::FEATU~RE 
FLOOD MITIGATION IRRIGATION FLOOD MITIGATION HYDRO-ELECTRIC PROJECT PROJECT PUMPED-STORAGE 

STORAGE STORAGE AND IRRIGATION SCHEME HYDRO - PROJECT 
STORAGE NEARSYDNEY 

Jackadgery Jackadgery Jackadgery Nymboida Jackadgery No 	I I 	Jackadgery No 	2 MOUnt Heato;, 
Proposed Site No. 1 Damsite No. I Darnsite No. I Damsite Blax~ands Creek Project Project Pumped Storage 

Scheme 
-- 	--------- 

Project 

Main Reservoir Capacity (M 1) 1 Boo 000 2 600 000 3 200 000 3 200 000 5 600 000 12 000 
600 000 

Upper Pond Capacity(Me) 

Concrete gravity Concrete gravity Earth and Rockfill Earth arid Rockfill 

600 000 
- - -------- - 

Earth arid Rockfill 

55 000 

Earth and Rockfill 

6 000 

Concrete faced Rockfill Type of Dam 

ESTIMATED COSTS 

Works S47million $59million $65million $114 mi I I ion $178 million $268 million $92 million 

Annual Operation and 
___-Mainterrance Cost $47 000 S59 000 $65 000 $0.5 	nillion $0.61'rillion S1.6 million S1.0 mi I I lot] 

Annual Pumping Energy Cost Nil Nil Nit Nil Nit S1 .0 Off I t I On S1,2 million 

PRESENT WORTH OF 
ESTIMATED BENEFITS 

Flood Mitigation S8.8million $3.5 million 
---- ----- - 

$8,8million Negligible $8.8million S8.8million Not applicable 

Irrigation Nil $29.0 million $29.0 million Negligible $29.3 million $29.0 million Not applicable 

Firm Hydro, Generation Nil Nil Nil S57.2 million $57.2 million $155,2 million $132.5 million 

Forced Hydto Generation Nil Nil Nil S11.2 million S11.2 million Nil Nil 

TOTAL S8.8million $32.5 million $37.8 mi6ion $68.4 million $106.2 million $193.0 million $132,5 million 

PRESENT WORTH OF 
ESTIMATED COSTS 

Works S55.4million $68.9million S75.5millicn $231.7 m i I I ion $207~2 million S308.D mlilion S105.0 million 

Operation and Maintenance S0.8imiillion $1.0 million S1.1 million $6.2 million $7.3 million $19.9 in i I I i on million 

Pumping Energy Nil Nil Nil Nil Nil S12.5 million S1.5million 

TOTAL $56.2 in i I I ion S69.9 m i I I ion S76.6million $137.9 in i I I ion $214.5 mil lion $340.4 million $132.5 million 

0.16 0,46 

1 	
2.9% 

13ENEFIT/COST RATIO 0.50 

1 	
3.1% 

0.50 

1 	
3.7% 

0.50 

1 	
3.4% 

0.57 

1 

1.0 

8% INTERNAL RATE OF RETURN NEGATIVE 

* 
ENERGY IS PRICED AT ITS COST OF PRODUCTION 
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12, 	ENVIRONMENTAL CONSIDERAHONS 

12.1 Comatibil tv - L~y 

The impact of dam construction and large scale irrigation development on 

the environment can be substantial. Nevertheless, careful investigation early 

in the pre-investment stage of any project can greatly assist in planning future 

development for maximum compatibility with the environment at minimum cost, The 

lack of careful investigation and planning could lead to the unintentional 

initiation of ecologicai disturbanzes with far-reaching effects. 

12.2 The Natural Environment 

Impacts upon the natural environment would arise from the creation and 

operation of the Jackadgery reservoir, and from the growth in irrigation and 

agricultural activities due to the availability of irrigation water, Because of 

the nature and scale of the project these impacts could extend from the storage 

basin downstream along the Mann and Clarence Rivers through the broad flood plain 

areas to the sea, 

At this stage no attempt has been made to evaluate the type and extent of 

possible impacts, Nevertheless it is apparent that a very detailed environmental 

investigation would be necessary in conjunction with any further feasibility 

studies of the project, Such an investigation would need to include particular 

consideration of the effects of the project and associated irrigation development 

on: 

Stream regime and tidal behaviour -, 

Marine life which presently inhabit the estuary; 

Native fauna and flora habitats, species and populations; 

Water quality; 

Soil fertility, 

In relation to these aspects the following comments are made. 

The most favourable scheme would inundate an area of 14 000 hectares, 

a significant proportion of which is in a relatively natural state. 

Due to its location and capacity the proposed dam would have a marked 

effect on sediment load in the rivers downstream. it is possible that this 

could increase the rate of erosion of the river banks downstream of the dam. 
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Control of the intrusion ot saline water, reduction of flood flows and 

frequencies and the possible lower temperature of water released from the 

dam could result in changes in the marine environment in the Clarence River 

estuary, affecting the breeding and livelihood ol water fowl in the swamps, 

and possibly influen~Ling the Life cycles of prawns, fish and other lite 

forms which inhabit the escuary and the nearby coastal region. 

The disEributary works for irrigation water could become a habitat for 

species of native and exotic fauna and flora that are incompatible with the 

presenL Ecjiogy, 

'There are possible dangers arising from the use of pesticides and 

fercilisers in the large quantities associated with intensive cultivation. 

The drainage and cultivation of swamps would destroy a natural refuge 

for water fowl during inland droughts. Valuable natural pastures. 

e,g. swamp couch, would also be destroyed. A large area of natural wetland 

has beEn drained by re;~ent flood miLiga:.ion work. 

The intensively cultivated crops could also provide new actraCtive 

habitats and food supplies for some spec.iEs of animals and insects, 

irrigation of pooriy drained, clayey soils could resuit in rapidly 

increasing soil salinity. 

Possible euErophication in channels and water courses resulting from 

weed control aCLivities and other .-.auses, Lould severely impair the 

quality of water and destroy the habitat of many forms of aquatic life. 

12.3 The Social Environment 

Change from the present level of farming activity to the intensive irrig-

ation farming which could be supported by a JackadgeLy dam would be accompanied 

by changes in the lifestyle of Lh~_- rural 

Whiist there are a number oi modern farms efiicientiy operated by 

progressively-minded farmers, others are small holdings owned and worked part-

time by farmers with limited resources, It is unlikely that the traditionally-

minded and part-time farmers would make the necessary large investment in 

irrigation equipment and do the greater amount of work needed to cultivaLe 

intensive crops, In che long tecm such iarmers would Lend to be replaced by 

ji company" farmers who often command substantial -apital resources and expertise 

and could, if the OppOrLuniLy was available, make a substantial beneficial impact 



33. 

on the local scene. 

In the towns, the impetus to local business resulting from large but 

short-term inflows of money due to local spending by the construction force 

could lead to the development of additional industrial, commercial, 

educational, medical and housing facilities. Development stimulated by the 

project would tend to stabilise upon the completion of construction buu by 

this time the local urban communities would have had the opportunity to 

improve their lifestyles appreciably, In addition, the area would benefit 

from the additional recreational facility with a consequential increase in 

tourism. 

The impact of a Jackadgery Dam Project on the social environment of 

the Clarence Region is, therefore, potentially beneficial, and merits 

careful consideration in future assessments of the project's feasibility. 
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13. 	FINDINGS RELATED TO THE TERMS OF REFERENCE 

The findings of the inveSLigaLions for the Jackadgery Multi-Purpose Dam 

Project, as they are related to the Terms of Reference of the Clarence Valley 

Inter-DeparLmentai Committee are set out below. 

(a) 	First Term of Reference 

~ V the nature, cost and operation of works necessary to restrict flood levels 

in the lower river to those for, which the cu~~rent 

~iaation works have bee~~~si~_ed". 

At present, the City of Grafton is protected by levees against floods rising 

to 7.6 metres on the Prince Street gauge but South Grafton and rural areas down-

stream are only preLected against floods to a height of 5,5 metres, 

While it is not feasible to provide further works that will restrict, for 

all time, the levels of floods to a maximum of 5,5 metres, it would be possible 

to reduce substantially the frequency and duration of floods exceeding this ievel~ 

This could be accomplished by providing a suitably located flood mitigation 

storage of adequate size, to impound flood-waLerS temporarily for release after 

the flood at non-damaging rates, The Mann River in the vicinity of Jackadgery is 

the best location for such a dam. 

To achieve a reduction in the frequency, of 1loods exceeding 5.5 metres from 

about once in four years to about once in sixceen years, provision of a single-, 

purpose flood mitigation reservoir of 1 800 000 megalitres capacity is one 

solution, The cheapest single-purpose reservoir of this size would cost some $47 

million, and would be located at the Jackadgery No, I damsite. On the other hand, 

a similar reduction in flood frequency could be achieved by providing a 600 000 

megalitre flood mitigation storage on top of a conservation storage of 2 600 000 

megalitres at this site, The escimated costs of dams of 2 600 000 megalitres and 

3 200 000 megaliLres are $59 million and $65 million respectively, 

The present worths of benefits (calculated over 75 years at an interest rate 

of 6 per cent) resulting from the reduction of flood frequency is estimated to be 

some $3.5 million for the 2 600 000 megailtre reservoir and some $8.8 million for 

the 3 200 000 meaalitre reservo.ir,, 0 
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Second 'Term of Reference 

Itthe nature, cost and operation of major storage or diversion works to 

further restrict or control floodjp_~". 

It would not be feasible, by means of a flood mitigation reservoir at either 

of the Jackadgery damsites, to further restrict or control flooding in the 

Clarence River at Grafton beyond the degree described in (a) above, To control 

all flooding effectively, it would be necessary to control the flows from both the 

Mann and Clarence Rivers. The only available site for such a dam is at the Gorge, 

which is considered unsuitable for development for several reasons, including the 

large area of valuable agricultural land that would be inundated by a reservoir 

of the size needed for total flood control. 

Even if a reservoir capable of controlilng all floods in the Mann River were 

placed at one of the Jackadgery damsites, it would not reduce flooding much more 

than the works described in (a) above, because tloods from the Clare-ice River 

above the Gorge would Still be uncontrolled. 

Third Term of Reference 

lithe costs and benefits ~?_k any_:~ydr,~eleq ric w~~L,~r sup 	i~r d 

works which could be incor2orated-with any major flood miti~aLion storage". 

Either of the Jackadgery damsites would be suitable for the construction of 

a very large multi-purpose reservoir for hydro-electric power generation, water 

supply and irrigation in conjunction with flood mitigation and estuarine salinity 

control. 

Two possible multi-purpose projects, one at each of the Jackadgery damsites, 

have evolved during the investigations, Each of these projects was designed with 

a similar capability for flood mitigation, estuarine saiinity control and irrig-

acion. The hydro-electric generating capability for each is different owing to 

the different topography at each site, 

The estimated capital cost of a muiti-purpose project based on the Jackadgery 

No. I damsite is about $178 million. The present worth of construction, operation 

and maintenance costs has been estimated to be about $215 million, and the present 

worth of all the potential benefits has been estimated to be about $106 miliion, 

when calculated over a period of 75 years, resulting in a benefit/cost ratio of 

0.50. The internal rate of return for the project over the same period is 

estimated to be 3,4 per cent. 
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For a multi-purpose project based on the Jackadgery No, 2 damsite, the 

estimated capital cost is about $268 million and the corresponding present worths 

of costs and benefits were estimated to be $340 million and $193 million respect-

ively, resulting in a benefit/cost ratio of 0.57, The estimated internal rate of 

return is 3,8 per cent, 

The above economics have been based on preliminary project layouts, and 

with further investigation, it is possible that an optimum design with a better 

benefit/cost relationship could be developed. 

(d) 	Sixth Term of Reference 

irements of irrigation and water 

town and Industrial development". 

The demand for irrigation water from the 22 000 hectares of potentially 

irrigable land adjacent to the Clarence River estuary could be met by a regulated 

supply of fresh water in the Clarence River. At present, irrigation is restrict-

ed by high salinity levels in the river at times of low flow. Therefore, a 

scheme to supply irrigation water should include provision for estuarine salinity 

control. 

To irrigate the potential area, it would be necessary to make fresh water 

available in the Clarence River downstream to Cowper and to distribute this water 

to lands in the flood plain, The cost of modifications to the existing channel 

system together with the cost of new works has been estimated to be about $1.3 

million. This does not include the cost of providing the large headwater storage 

needed to provide salinity "excluding streamflows" and irrigation supplies, 

There are other possible means of supplying irrigation water to irrigable 

areas on the Clarence River flood plain. These would not be able to supply the 

maximum area of 22 000 hectares but, on the other hand, would not require a large 

headwater storage at one of the Jackadgery damsites. As these possible altern-

atives were not related to the investigations for a Jackadgery Dam, they have not 

been investigated in detail, 

Water supplies for town and industrial use in Grafton and downstream areas 

are obtained from the Nymboida River by pipeline, Forecasts of water demand 

indicate that this source will be adequate for many years hence, In any event, 

the requirements are small compared with those for estuarine salinity control, 

irrigation and hydro-electric generation, so that even if the actual demand 
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substantially exceeds the forecast demand at the end of the century, it would be 

possible to meet town and industrial water supply needs from a large multi- 

purpose storage at one of the Jackadgery sites. 

Water supplies for the Coffs Harbour area are drawn from the upper reaches 

of the Orara River and work is in progress to augment present supplies by means 

of a large offstream storage filled from the Orara River near Karangi. It is 

anticipated that further demands for water in the Coffs Harbour area may be met 

from the development of local streams and ultimately the Bellinger River, rather 

than from the Mann or Nymboida Rivers, 

(e) 	Seventh Term of Reference 

li
the means and economics of eliminating or reducing the intrusion of saline 

water in the Lower Clarence River". 

Possible means of controlling the upstream intrusion of saline water in the 

Clarence River, include barrages, channel constrictions and the maintenance of 

a m~nimum "excluding streamflow". However, barrages and channel constrictions 

could produce higher flood levels and longer periods of inundation during floods 

in lands adjoining the estuary and for this reason provision of an "excluding 

streamflow" is to be preferred, 

Studies have shown that by maintaining a regular minimum flow of some 

3400 megalitres per day (measured as the combined flows of the Clarence River 

at Lilydale and the Orara River at Bawden Bridge), it would be possible to keep 

salinity at a level of about 300 milligrams per litre downstream to about Cowper. 

An upstream storage would be needed to augment natural streamflows to 

provide the required "excluding streamflow" at all times. 

As additional flows to those for salinity control would be needed for irrig-

ation purposes, the costs and benefits of controlling saline water intrusion and 

irrigation have previously been outlined under, the third Term of Reference (Item 

c). 
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