ANNEXURE 1
OPTIONS ANALYSIS DIRECTORATE
PREFEASIBILITY AND FEASIBILITY STUDIES

FOR AUGMENTATION OF THE 
WESTERN CAPE WATER SUPPLY SYSTEM

BY MEANS OF FURTHER SURFACE WATER DEVELOPMENTS
TERMS OF REFERENCE

1. INTRODUCTION
The Western Cape Reconciliation Strategy Study (WCRSS) recently undertaken by the National Water Resource Planning Directorate of the Department has investigated a wide range of schemes which could be implemented to meet the growing water requirements to be supplied from the Western Cape Water Supply System (WCWSS).  The study has made a number of recommendations.  Among these is that certain major surface water development options be investigated further by the Options Analysis Directorate of the Department.  The surface water schemes earmarked for further investigation comprise the following:
· Augmentation of the Voëlvlei Dam

· Molenaars River Diversion

· Upper Wit River Diversion

· Palmiet River Transfer Scheme (Further Phases)

Other investigations will be undertaken in parallel by the City of Cape Town.  These include smaller surface water developments such as the Lourens River Dam, various ground water development possibilities, desalination of seawater and effluent treatment for re-use.

The results of the proposed Departmental study and the parallel studies will be utilized to prioritise the implementation of the various possible schemes.

The above surface water schemes and the various possible phases thereof have been investigated previously at various levels of detail but not at sufficient level to prioritise them with certainty.  Prioritization is usually based mainly on economic criteria but in the case of some of the above schemes environmental and water quality impacts are a major concern.  Because of these uncertainties, it is considered that all of the schemes should be subjected to an intensive preliminary phase of investigation to clarify uncertainties and firm up on scheme URV’s and environmental acceptability.  The result of this phase will be a recommendation on which schemes to take forward to a feasibility level of investigation.  The remaining schemes will then be investigated at a prefeasibility level.
2. SURFACE WATER AUGMENTATION OPTIONS  
2.1 Voëlvlei Dam Augmentation Option 

The possibility of augmenting the Voëlvlei Dam by transferring water into it from the Berg River was first investigated by the Department in the late nineteen seventies to meet the anticipated burgeoning requirements of the West Coast area.  A substantial increase in yield was determined for a scheme comprising a weir on the Berg River supplying water to a raised Voëlvlei Dam.  Various possibilities were investigated further in the Western Cape System Analysis (WCSA).  In that analysis the lowest URV’s were associated with a first phase scheme transferring sufficient  water from the Berg River to make use of the available spare capacity in the pipeline from the Voëlvlei Dam to the Plattekloof Reservoir.  

The spare capacity occurs in the winter months and amounts to 19 million m3/a.  By making use of this spare capacity the overall increase  in yield of the WCWSS was determined in the WCSA to be about 15 million m3/a.  The scheme URV was determined to be R0,24/m3 at 1992 price levels based on the 15 million m3/a increase in system yield.  The larger augmentation schemes based on a weir on the Berg River and a raising of the Voëlvlei Dam were found to have substantially higher URV’s mainly because of the high cost of a duplicate transfer pipeline to Plattekloof (overall URV R0,69/m3 to R0,81/ m3 depending on whether existing pipeline had to be replaced or duplicated).
The possibility of augmenting the Voëlvlei Dam by making transfers into it from a dam on the Breede River at the lower end of the Michell’s Pass was also investigated in the WCSA.  A range of transfer capacities was investigated also combined with a raising of the Voëlvlei Dam.  Again, the smaller transfers were found to have the lowest URV’s for the same reason indicated above.  The only scheme to be costed was a 5 m3/s diversion which was found to have a yield substantially greater than the 15 million m3/a achieved by utilizing the spare capacity of the Plattekloof pipeline.  The URV for this scheme but based on the 15 million m3/a increase in system yield, was found to be R0,19/m3 at 1992 price levels.    This did not however allow for the costs of rectifying the downstream impact on the pump station augmenting the Greater Brandvlei Dam.  The Task Team which was appointed to draw up a short-list of the options to be investigated further following completion of the WCSA recommended further investigation of the smaller Berg River and Breede River transfers into the Voëlvlei Dam.
Further studies have been undertaken of these options.  The Voëlvlei Augmentation Feasibility study (VAFS), which was completed in 2001 investigated a pumping scheme from the Berg River to utilize the spare capacity in the Plattekloof pipeline.  An unexpected finding of the study was that it was inadvisable to pump Berg River water into the Voëlvlei Dam because of the probable water quality impacts.  A scheme was devised which transferred water directly to the Voëlvlei WTW.  A scheme transferring an additional 21 million m3/a was determined to have a URV (at year 2000 price levels) of R0,62 to R0,70/m3 depending on the balancing storage provided. The study also established that the present day yield of the Voëlvlei Dam was less than the current allocations.  A subsequent study “CMA Bulk Water Supply Study” 2002 for the City of Cape Town reviewed the findings of the VAFS.  It was concluded that for a similar scheme configuration it might be possible to transfer up to 35 million m3/a to Cape Town via the scheme with correspondingly lower URV’s (R0,57/m3 at year 2000 price levels).  If this could be achieved then this would eliminate the current over allocation of the Voëlvlei Dam and make more water available to other users of Voëlvlei Dam water, such as various towns in the Swartland and on the West Coast, which are currently supplied from the dam.  This conclusion was based on meeting a lower Reserve requirement in the Berg River at the point of abstraction than used in the VAFS.  This difference will only be resolved once the final Comprehensive Reserve for the Berg River and its estuary is determined.  The Department’s RDM office is planning to conduct such a determination shortly.

Augmentation of the Voëlvlei Dam from the Breede River at Michell’s Pass was investigated further in the Breede River Basin Study (BRBS), which was completed in 2002.  Diversion capacities of 4, 8 and 12m3/s were analysed.  The additional volume of water which could be made available during the worst drought affecting the entire WCWSS was determined.  This volume was used to determine the incremental increase in yield of the Voëlvlei Dam.  This equates to the increase in historical firm yield but does not indicate what yield can be supplied at a particular assurance of supply.  No attempt was made in the study to optimize the diversion capacity to utilize the spare capacity in the Voëlvlei to Plattekloof pipeline.  The smallest diversion analysed (i.e. 4m3/s) would be more than sufficient to supply the 19 million m3/a spare capacity in the Plattekloof pipeline.  The only scheme which was costed was the 8m3/s diversion, which diverted considerably more water than can be utilized by the pipeline.

Further investigations of a diversion from the Breede River into the Voëlvlei Dam have been undertaken in the Prefeasibility Study into Potential Water Sources for the area served by the West Coast District Municipality, which was recently completed.  This focused on the augmentation of towns in the Swartland and on the West Coast (Saldanha, etc) which fall under the West Coast District Municipality.  Although their needs are relatively small compared to those of the Greater Cape Metropolitan Area, there was a concern that the supply situation was becoming critical.  A 1m3/s diversion from the Breede River was investigated including the impacts on the pump station at Greater Brandvlei.  It was concluded that a 1m3/s diversion would increase the yield of the Voëlvlei Dam by 11,2 million m3/a at a URV of R0,35/ m3 (2005).  This included for an increase in pumping capacity at the Papenkuils Pump Station at the Greater Brandvlei Dam from 5 m3/s to 6,3 m3/s to compensate for the reduced delivery of the existing pump station.
In order to identify whether an augmentation scheme from the Berg River or the Breede River is the optimal scheme to utilize the spare pipeline capacity a more exacting analysis is required.  Given that only an additional 19 million m3/a can be supplied through the CCT pipeline above the present CCT allocation, it needs to be assessed how much additional water needs to be supplied to correct the existing over allocation of the Voëlvlei Dam and to meet the further growth of the other users supplied from the Voëlvlei Dam.  The Reserve requirements of the Berg River and the Breede River must also be satisfied as well as the needs of other downstream users.  With these requirements known, the design configuration of the two alternatives can be optimized by means of yield analysis.  In order to determine yields at the required level of assurance, stochastic analysis of the augmented WCWSS using the Western Cape WRYM will be necessary.  If the existing CCT pipeline can be more effectively augmented from the Breede River rather than the Berg River, as currently seems likely, it needs also to be assessed whether the Michell’s Pass diversion should be constructed to a greater capacity initially in order to cater for possible later phases involving duplication or enlargement of the CCT pipeline and the raising of the Voëlvlei Dam.
Diverting water from the Breede River via the Michell’s Pass Diversion will  also impact on water availability to downstream irrigators who pump water to off-channel storage other than the Greater Brandvlei Dam.  The impacts must be determined and mitigation measures established.  Either sufficient compensation releases must be made, or, in the case of the Papenkuils Pump Station, which diverts water into the Greater Brandvlei Dam, it will be necessary to increase the existing 5m3/s pumping capacity to make greater use of the intermittent elevated flows (the Supplementary Report on the Greater Brandvlei GWS (WPM’81) envisaged an ultimate pumping capacity of 20 m3/s for the Papenkuils Pump Station).  The cost of such provision should be added to the cost of the Michell’s Pass Diversion Scheme in determining the overall URV for comparison with the URV of the Berg River diversion.
Comparison of the two alternatives purely on their relative cost is not advisable because this would ignore their relative environmental impacts.  A preliminary assessment of the environmental impacts of the Michell’s Pass Diversion should be undertaken and compared with the assessment of the Berg River diversion undertaken in the VAFS.  The overall comparison should thus be based on both the economics of the two schemes and their environmental impacts.

Previous analyses of the larger augmentations of the Voëlvlei Dam appear to have been deficient in some respects.  Augmentation from the Berg River and the Breede River were treated as competing schemes.  There seems to be no reason why the two schemes could not complement each other.  A raising of the Voëlvlei Dam combined with both augmentation schemes could have a significantly higher yield than the yields previously determined for the individual augmentation schemes.  The water quality issues surrounding the diversion of Berg River water into the Voëlvlei Dam would however have to be carefully considered.  Previous studies have assumed that the existing Voëlvlei to Plattekloof pre-stressed concrete pipeline, which was completed in the early nineteen seventies, will remain in a good condition for many years into the future.  If this is not the case and the pipeline has to be replaced in the short to medium term then this could impact on the prioritization of further Voëlvlei Dam augmentations because the existing pipeline could be replaced by one of larger diameter.  The additional capacity needed for the further augmentation could then be provided at a lower incremental cost than that of a new duplicate pipeline.  The state of the existing pipeline is scheduled to be investigated by the CCT in the near future.
Previous studies of the larger Voëlvlei Dam augmentations have assumed that a duplicate or enlarged pipeline from the Voëlvlei Dam to Plattekloof would be required.  This accounted for a major portion of the cost of the augmentation.  An alternative possibility, which does not appear to have been considered, is to utilize the additional yield provided by the major augmentation to supply the irrigators in the Upper Berg River catchment currently supplied from the Theewaterskloof Dam.  This would free up water in the Theewaterskloof Dam for supply to the CCT via the existing tunnel of the Riviersonderend-Berg River GWS.

2.2 Molenaars River Diversion
The diversion of the Molenaars River into the Berg River catchment was first investigated by the Department in the late nineteen seventies when it became known that the Department of Transport intended to construct a road tunnel to replace the Du Toitskloof Pass.  A scheme to divert water through the tunnel from a dam on a tributary of the Molenaars River to link up with the Dasbos Tunnel of the Riviersonderend-Berg River GWS was found to be viable.  Agreement was reached with the Department of Transport to incorporate a water supply pipeline into the road tunnel design.  Following this agreement, a White Paper (WP R-’81) was tabled giving details of the entire scheme.  However, the scheme met with strong opposition from organized agriculture in the Breede catchment resulting in a petition signed by more than 2000 Breede River farmers being sent to the Minister of Water Affairs.  No attempt has been made to fully implement the scheme.  Only the pipeline within the Huguenot Road Tunnel has been completed.
In 1991, the Department conducted a Relevant Environmental Impact Prognosis for the scheme, which indicated that the proposed dam would have serious ecological impacts on a relatively pristine environment along the Elandspad River.  It was recommended that the dam should be relocated to the mainstream of the Molenaars River.  In the WCSA, dam sites on the Molenaars River were proposed and a site for a dam was selected.  A relatively small dam with a capacity of 100 000m3 was investigated.  Even this dam was deemed to have a moderate to severe environmental impact, and, despite its relatively low URV of R0,26/m3 (1992 price levels) based on a yield of 37 million m3/a, the scheme did not make it onto the WCSA Task Team’s short-list of schemes recommended for further investigation.
The scheme was investigated further in the BRBS (2002).  For the first time the Reserve requirements of the Molenaars River were taken into account.  The storage dam was eliminated because of the environmental concerns.  This changed the scheme to a run of river scheme with a pump sump excavated into the bed of the river.  From there the water was to be pumped a distance of 700m to the eastern portal of the Huguenot Tunnel (pumping head 35m).  From the western portal, the water would gravitate to the Berg River Dam via a 26km pipeline.  The yield of the scheme, based on the volume of water which could be supplied to the Berg River Dam during the worst drought on record, was determined to be 27,2 million m3/a based on a transfer capacity of 5m3/s and taking into account the Reserve requirements.  The transfer rate of 5 m3/s may however be high for the size of pipe installed in the Huguenot Tunnel (given as 1,2 m diameter by some sources but 1,4m by others) and the transfer rate may have to be reduced.
2.3 Upper Wit River Diversion

Diversion of the Upper Wit River into the Berg River catchment was undertaken by local farmers in the late eighteenth century with the completion of the “Gawie se water” diversion furrow from a low weir on the river.  These works divert most of the summer flow to the extent that the summer Reserve requirements are probably not being met.
The Paarl Municipality has been investigating schemes to divert greater volumes of water since the nineteen forties.  Such was the potential that the municipality purchased a farm on the river for the purpose of constructing its own dam.  The scheme was put on hold after Paarl received an allocation from the Wemmershoek Dam.  In 1991, the Paarl Municipality initiated a feasibility study for the scheme, which included an environmental impact assessment.  The municipality was subsequently persuaded by the Department to allow the scheme to be prioritized as one of the suite of possible schemes analysed in the WCSA.  In the WCSA it was determined that a dam of capacity 9 million m3 would be required to meet the anticipated water requirement of 12 million m3/a in 2010.  From the dam an 18km long pipeline would carry the water to the Leliefontein reservoirs at the foot of the Du Toits Kloof Pass.  A fairly low URV of R0,29/m3 was determined in the WCSA.  The scheme was however predicted to have severe environmental impacts and moderate social impacts.  The scheme did not make it onto the WCSA Task Team’s short-list of schemes recommended for further investigation.
The scheme was not deemed suitable for further investigation in the BRBS because of the environmental concerns.

In the WCRSS a revised configuration is proposed which reduces the environmental impacts on the Wit River.  The dam is eliminated and replaced by a diversion structure.  Water would be diverted in winter into the Pombers River via a canal or tunnel.  The water would flow down the Pombers River into the Kromme River at the foot of the dividing range.  A dam on the Kromme River on the farm Doolhof would store the winter flows.  The water would be treated at the dam site and then pumped via pipeline to Wellington.  Water could also be transferred to Paarl via an existing pipeline.  The yield of the scheme is estimated to be about 10 million m3/a and the URV R0,54/m3 at year 2005 price levels.  The scheme, with some modifications, may enable the Summer Reserve requirements of the Wit River to be met, which would provide some environmental benefit.  This depends on the location of the lands irrigated from the existing diversion furrow. This possibility needs to be investigated.
2.4 Palmiet River Transfers (Further Phases)
The existing Palmiet River (Phase 1) Government Water Scheme, which transfers water from the Palmiet River into the Upper Steenbras Dam, was completed in 1988.  The scheme came into being as a result of a cooperative effort between the Department and Eskom.  To pump water from the Palmiet River into the Steenbras catchment via a stand-alone pumping station would have been very expensive because of the high pumping heads involved.  It was realized by the Department that there were opportunities for the development of a pumped storage scheme for the generation of hydropower.  Such a scheme could then also be utilized to transfer water at a lower cost than would be the case for a stand-alone pump station.  The Department completed its investigations in 1977 and submitted these to Eskom for consideration.  Eskom completed its own investigations in 1980 which confirmed the viability of the scheme.  In 1982, White Paper K-82 was approved.  This set out the details of the combined pumped storage hydropower scheme/water transfer scheme including the responsibilities for funding.  The scheme comprises a dam on the Palmiet River, the Kogelberg Dam, with an active capacity of 15,0 million m3.  This is linked to the upper dam, the Rockview Dam, located on the divide between the Palmiet and Steenbras catchments, which also has an active capacity of 15,0 million m3.  The link between the two dams comprises the tunnels of the pumped storage scheme and the 400MW hydroelectric power station located close to the Kogelberg Dam.  From the Rockview Dam a conduit with a capacity of 12m3/s can transfer water into the Upper Steenbras Dam.  The scheme was designed to transfer water at an average rate of 4,44m3/s over the weekly generation cycle.  Water for transfer is only available in the winter months.  The incremental yield increase of the Steenbras Dams was stated in the White Paper to be 30,0 million m3/a.  This did not however take into account any Reserve releases from the Kogelberg Dam.  Subsequent analyses undertaken after the Reserve requirements were determined reduced the incremental yield to 22,0 million m3/a.
The original planning investigations for the scheme envisaged the implementation of further phases of the transfer scheme based on the construction of dams on the Lower Palmiet River from which water would be conveyed to the Kogelberg Dam.  Many of these dams were deemed to have unacceptable environmental impacts on the Kogelberg Forest Reserve which straddles the lower river and a number of compromise solutions were investigated.  The most environmentally favourable of these was a dam, the Upper Campanula Dam, constructed upstream of the Forest Reserve which could be supplemented by a weir constructed below the Forest Reserve.  The provision of additional storage by raising the Lower Steenbras Dam to the same level as the Upper Steenbras Dam was found to be a cost effective further augmentation.  These possibilities were investigated further in the WCSA.  This envisaged the construction of the Upper Campanula Dam as a second phase of the existing scheme (URV of R0,52/m3 (1992), based on incremental yield of 43 million m3/a), the raising of the Steenbras Dam as a third phase (URV of R0,35/ m3 based on incremental yield of 30 million m3/a ) and the construction of the supplementary weir as a fourth phase (URV of R0,73/m3 based on incremental yield of 20 million m3/a).
The order of construction was reviewed in the WCRSS and it was deemed more favourable to raise the Lower Steenbras Dam as the second phase probably because of the lower URV and the lower environmental concerns associated with such a raising compared to the concerns around a new Upper Campanula Dam.  

It was indicated in the WCRSS that the estimated capital cost of these further phases, which were based on the escalation of the costs given in the WCSA (1994), appeared to be too low.

3. TECHNICAL INVESTIGATIONS

Most of the options to be investigated have been previously investigated but generally at a level below prefeasibility level.  Important previous studies are the WCSA (1994), the VAFS (1999), which investigated a first phase augmentation of the Voëlvlei Dam from the Berg River, the CMA Bulk Water Supply Study (2002), which reviewed the VAFS and concluded that the yield of the proposed scheme could be substantially higher, and the BRBS (2002).  The recently completed Prefeasibility Study of Potential Water Sources for the area served by the West Coast District Municipality (WCDM) has relevance in respect of augmenting the water supply to the various towns in the Swartland and along the West Coast within the WCDM’s area of jurisdiction.  Schemes investigated included augmenting the yield of the Voëlvlei Dam and the Misverstand Dam. The WCRSS has recommended certain adaptations of previously studied options, mainly in order to reduce the environmental impacts.  A study called “The Water Availability Assessment of the Berg Catchment (WMA 19) by Means of Water Resource Related Models” (WAAS-WMA 19) was commenced in 2005.  There is a major focus in the study on assessing present water use, updating the existing Western Cape System models and reassessing the yield of the system.
The aim of the intensive preliminary phase of the present study will be to assemble all the previously collected data for the schemes to be investigated, to investigate any additional issues and to refine the data to a level sufficient to prioritise which schemes should be investigated at a feasibility level and which schemes should be investigated at a prefeasibility level.  The finding of the WCRSS was that augmentation of the Voëlvlei Dam either from the Berg River or the Breede River to utilize the existing spare capacity in the Voëlvlei to Plattekloof pipeline should be investigated at feasibility level and that a number of other surface water schemes should be investigated at prefeasibility level.  At the inception of the present study, it should be assumed that this prioritization still stands and the work should be planned accordingly.  However, after the intensive preliminary phase is completed this prioritization is to be reviewed and amended if necessary.  
It has to be borne in mind that the prioritization is not merely a matter of determining the most cost effective scheme.  Because of the long lead times required to plan and implement some of the schemes it may be necessary to rule some of them out for early implementation even if they are the most cost effective.  On the other hand, because of the long lead times it may be appropriate to commence with feasibility level investigations in the near future in any case to ensure that schemes are implemented in sufficient time to meet the increasing requirements.  The need to fast-track some of the investigations should therefore be considered.
The approach for the intensive preliminary phase is therefore to compare schemes at as close to prefeasibility level as possible given the time constraints.

The proposed schemes comprise a combination of weirs, small and large dams, dam raisings and various types of conveyance infrastructure.  The sizing of the schemes has, in the main, been based on a level of investigation lower than prefeasibility level.  The previously recommended sizing thus needs to be reviewed based on the latest available information.  In the intensive preliminary phase, the revised scheme configurations should be established and costed, the revised scheme yields determined, taking into account the Reserve and other downstream requirements, and scheme URV’s  determined.  At this preliminary phase level of investigation, it will be sufficient to base the investigations on the increase in historical firm yield which each augmentation scheme provides to the historical firm yield of the overall system.  It should however be borne in mind that the updated WRYM models to be prepared in the WAAS study may not be available for the preliminary assessments (see page 14).  Costing can be based on cost models similar to those previously used in the Vaal Augmentation Prefeasibility Study (the original cost formulae are considerably out-dated and some substantial effort will be required to up-date the cost formulae.  This will require the accumulation of data for recently constructed schemes).  A parallel initiative, similar to a conventional scoping phase of environmental impact assessment should be undertaken to assess the environmental sensitivity of the various schemes.  A considerable amount of previous environmental impact assessment work is available to feed into this task (Relevant Environmental Impact Prognoses, EIAs for the Berg River diversion to Voëlvlei WTW and for a dam on the Upper Wit River, the environmental impact assessments undertaken in the WCSA and the environmental studies carried out for dams on the Lower Palmiet River).
A combined assessment of the scheme URV’s, environmental sensitivity and implementation lead times, together with other possible criteria such as spare capacity in existing delivery and treatment infrastructure, will then be utilized to establish which schemes should be immediately investigated up to feasibility level.  In this regard, the information available from the other parallel CCT studies should also be taken into account.
3.1 Feasibility and Prefeasibility Level Investigations
The aim of the feasibility level investigations will be to provide sufficient detail that the scheme can immediately proceed to the design and implementation phase.  The aim should be to identify and resolve, at least in principle, all the technical issues likely to affect implementation and to provide an estimate of cost with sufficient accuracy and reliability to ensure that management decisions can be made with confidence.  
The prefeasibility level investigations can be undertaken at a lower level of detail but should be sufficiently detailed to allow schemes to be compared and prioritised with a high level of confidence.  The key aspects which will need to be investigated at feasibility and prefeasibility level are indicated below.
3.1.1 Geotechnical investigations

At a feasibility level of investigation, foundation conditions at the weir and dam sites should be investigated in sufficient detail to predict excavation depths and to establish that foundation conditions are suitable for the type of dam under consideration.  Excavation conditions along the routes of canals and pipelines should be investigated to establish the volumes of soft and rock excavation. Quarry sites for construction materials (aggregates, earthfill, rock fill, rip-rap, clay core and pipeline backfill) should be investigated in sufficient detail to assess that construction materials are available of the required quantity and quality.  It should be noted that exploratory drilling has already been undertaken at certain dam sites and reports are available (i.e. Michell’s Pass – three possible dam sites were drilled).
At a prefeasibility level of detail it may be sufficient to rely on existing information.  The need to undertake any geotechnical exploration in addition should be considered in the Inception Report.

3.1.2 Scheme details

Scheme storage volumes and conveyance capacities should be optimized based on the water requirements, the hydrology, the economics and any other relevant technical issues at levels of detail appropriate to feasibility and prefeasibility level investigations.

The effects of sedimentation on storage capacity should be taken into account.

The floods at appropriate frequencies must be determined for dams and weirs.  
At a feasibility level scheme configurations should be optimized in sufficient detail to allow accurate cost estimates to be made. For dams this will require the determination of dam type, the full supply level and the non-overspill level, the spillway size and its configuration and the outlet works details.  For weirs and other diversion structures this will require the optimization of the Weir details based on the required diversion capacity.
The inundation of existing upstream lands, buildings, roads and other infrastructure should be investigated and quantified.  The need for bush clearing should be investigated and quantified. At a feasibility level, topographical and aerial photographic surveys may be necessary for scheme design and to establish the effects of inundation.

The need to provide fish ladders for the weirs should be investigated.  
At feasibility level, details of the temporary works for scheme construction should be provided.  This should include the coffer dams, river diversion works, temporary roads, temporary housing and offices, workshops and stores, and the scheme construction plant such as the concrete batching plant and aggregate crushers.  Details of temporary services such as water and electricity supply and sanitation should be provided.
At a feasibility level, details of the Permanent Works required for the scheme, such as roads, offices, permanent housing, electricity sub-stations, and security fencing should be provided as well as details of the associated infrastructure (water supply, sewerage, electricity, etc).

At a feasibility level, the mechanical and electrical equipment needed for scheme operation (control gates, valves, emergency gates, maintenance gates, pumps and pump motors, transformers, control and monitoring equipment, cranes and standby generators and any other necessary equipment) should be detailed sufficiently to allow reasonably accurate costing to be undertaken.

The conveyance structures such as canals and pipelines should be sized based on Departmental design criteria.  Where pump stations are required, the possible benefit of designing the pump stations and pipelines to take advantage of Eskom’s off-peak tariffs should be investigated.  At a feasibility level of detail, canal routes should be plotted sufficiently accurately to establish the need for siphons, tunnels, deep cuts, canal crossings and cross drainage.  It should be assumed that a gravel road will be provided adjacent to the canal for maintenance purposes.  Provisional routes for pipelines should be determined in order to minimize pumping heads and to establish the pipeline lengths for costing purposes.  The excavation conditions along the provisional pipeline routes should be assessed.  The annual operation and maintenance costs of the schemes should be assessed.  
At a prefeasibility level of detail, scheme details do not have to be optimized to the same level of precision as indicated above, but nevertheless should be at a level sufficient for cost comparison purposes.
3.1.3 Hydrological Analysis

The hydrology of the catchments supplying the existing dams of the WCWSS and the potential new schemes to be investigated in the present study is being updated in the WAAS (WMA 19).  The study involves an assessment of current land use and water use and updating of the hydrology.  This will be used to update the calibration of the various sub-system models.  The existing WRYM sub-system models will be reconfigured to include most of the various new development options to be investigated in this study (i.e. Voëlvlei Augmentation, Molenaars Diversion and additional Palmiet River transfers).  The stochastic hydrology for the reconfigured system will be generated by the WAAS.  This will be used to undertake some stochastic analyses of the existing system and future augmentation.
Task 28 of the WAAS Inception Report reads:
“Analyze a number of development options / schemes in the respective sub-systems using the updated WRYM configurations.  Yields of development options will be determined, as well as assessing implications of the Reserve requirements on the yield”.

It is not clear how many future development options will be analysed in the WAAS study. The budget allowed by the WAAS consultant for the WRYM yield modelling is however only R165 500.  It should therefore be assumed that the bulk of the work will have to be undertaken in the present study.  There will however have to be close cooperation with the Consultant undertaking the WAAS.  It should be noted that the up-dated WRYM models will only become available from the WAAS in July 2008.  This may place an unacceptable time constraint on the intensive preliminary phase of assessment.  This should be discussed in the Study Proposal.
Since stochastically generated flows will be available from the WAAS for the bulk of the augmentation schemes to be investigated, it is considered that incremental stochastic yields at appropriate levels of assurance should be determined for the augmented WCWSS for each of the augmentation options for both the prefeasibility and feasibility level investigations.  The exception is the Upper Wit River diversion.  For the Upper Wit River investigation it will thus be necessary to review the hydrology in the present study, to generate stochastic hydrology and to determine stochastic yields.

It will be important to ensure that the information used in the yield analyses is satisfactory.  In this regard it will be important to ensure that the Reserve requirements at a comprehensive level are utilized, that sufficient allowance is made for future increases in upstream abstractions and for compensation releases for current and possible future downstream abstractions.
In the WAAS, the WRPM for the system is also being updated.  The revised model will be utilized in the WAAS to establish when the existing system needs to be augmented.  It is also the intention to investigate up to two future development options using the updated WRPM to determine what static demand these options can sustain at an acceptable risk of failure.  The amount budgeted for this task by the WAAS consultant is however only R119 834.  This is probably insufficient for the present study.  It should be assumed, for the present study, that it will be necessary to apply the WRPM to either the Voëlvlei Phase 1 Augmentation from the Berg River or the Michell’s Pass Diversion depending on which scheme is preferred.  It should then be assessed what additional expenditure if any, above the R119 834 will be required.
3.1.4 Water Quality
For all of the schemes to be investigated (i.e. both feasibility and prefeasibility), the available water quality data should be collected and summarized.  For each of the four seasons, the mean, the median and the 5% and 95% excedence values should be indicated for each of the water quality parameters which are available.  The number of samples and the sampling period should be indicated.  The reasons for seasonal variations should be analysed and described.  The year-to-year trends should also be analysed and the reasons for declining water quality should be investigated and described.

There are certain issues, which need to be investigated in detail.  In the VAFS it was indicated that the Voëlvlei Dam is at present in a mesotrophic condition but close to the mesotrophic/eutrophic boundary.  It was concluded that if Berg River water is transferred into the dam there would be a high likelihood that the dam would become eutrophic because of the high phosphate content of the Berg River water.  This would aggravate the existing algal growth problem, which is already quite severe at times (at present the CCT’s Voëlvlei WTW cannot treat the volumes it normally takes from the dam because of the algal growth problems which are believed to be mainly caused by the reactivation of the phosphates trapped in the bottom sediments particularly when water levels are low and surface disturbance due to high winds is high).  It was therefore concluded in the VAFS that Berg River water should not be pumped into the dam but should be transferred directly to the water treatment works.  It needs to be established whether this would apply to all transfers from the Berg River even if these transfers were diluted by transfers from the Breede River, which are expected to be of better quality.  The outcome would impact on the yields available from a raised Voëlvlei Dam because if the larger augmentations from the Berg River into the Voëlvlei Dam are found to be undesirable from a water quality perspective then the yields of a raised dam would reduce and the optimum raising would change.
If the present situation is caused by the continued accumulation of phosphates in the bottom sediments of the Voëlvlei Dam it is unlikely to improve in future because sediments are not flushed out by regular flooding.  It may therefore in any event be necessary to undertake radical changes to the existing Voëlvlei WTW in the near future.  If these are inevitable then this could place a different perspective on the diversion of Berg River Water directly into the Voëlvlei Dam.  Apart from the expense of treatment, other issues also need to be considered. Severe eutrophication can result in water having an unsatisfactory taste which is difficult to correct.  Cancer causing compounds, carcinogens, can also be produced by the treatment process.  The severity of these effects is linked to the degree of eutrophication.
Another issue which should be addressed is whether better management of the water quality of the existing diversions into the Voëlvlei Dam would improve the present situation.  It is understood that the existing Tulbagh sewage treatment works are over-loaded and that this results in sewage spillages into the Klein Berg River.  This issue should be investigated and if found to have a major bearing on the present water treatment problems, the faults in the present cooperative governance framework preventing the resolution of such problems should be high-lighted.  If the main source of nutrients is found to be increased return flows from agricultural areas, the problem may be more difficult to resolve.
A similar issue is possibly affecting the quality of Berg River water.  The high phosphorus levels of the water may be the result of the agricultural return flows and the unsatisfactory discharges from the sewage treatment works at Paarl and Wellington.  This should also be investigated and the implications for the water quality of transfers from the Berg River into the Voëlvlei Dam assessed.  To what extent the present situation can be improved through improved management / cooperative governance should be assessed.

Variations in water quality at the Misverstand Dam are an issue which was recently investigated in the Prefeasibility Study of Potential Water Sources for the area served by the West Coast District Municipality.  The TDS of the water abstracted at the dam on occasion rises to the order of 600mg/l which is a concern for certain industrial users such as Saldanha Steel.  Investigation was undertaken in the study into the mitigation measures required to achieve a better water quality.  The investigation took into account the reduction in flow following implementation of the Berg Water Project and also the first phase diversions from the Berg River to the Voëlvlei WTW as investigated in the VAFS.  Possible  larger diversions from the Berg River to a raised Voëlvlei Dam were not however investigated.  If these larger diversions are found to be feasible, the effect on water quality at the Misverstand Dam will have to be investigated.  If problems arise in meeting the water quality targets at the Misverstand Dam because of the larger diversions, further mitigation measures should be investigated.  The cost of such measures will form part of the overall Voëlvlei augmentation cost for the comparison of alternatives.
It should be noted that water quality of the Berg River is also being investigated in the WAAS study.  In the WAAS study the following will be undertaken:

· Collation of water quality related studies and monitoring reports undertaken since the completion of the WCSA study

· Synthesis of key water quality findings of these studies into a water quality status report

· configure the IMPAQ water quality simulation model for the Berg River

The IMPAQ model can be linked to the WRYM model and can be used to predict changes in water quality resulting from new water resource developments.  The current version of IMPAQ simulates soluble phosphorus, particulate phosphorus, total phosphorus, suspended solids, E-coli and algae.
The possible use of the IMPAQ model in the present study should be addressed in the Inception Report.

3.1.5 Environmental Impact Assessments
For all of the options to be investigated a basic scoping assessment should be undertaken.  This would assemble all the information available from previous studies and would be one of the inputs to the initial preliminary investigation phase to verify which options should be investigated at feasibility level.  The scoping report for each option will identify the issues requiring detailed investigation in the subsequent Environmental Impact Assessments for each augmentation option. For the scheme(s) identified in the preliminary investigation phase as requiring investigation at a feasibility level, the scoping report will serve as the Terms of Reference for the needed comprehensive EIAs to be undertaken by other Consultants in parallel with the present study.  
The findings of the scoping level investigations should be made available to the Provincial and the various environmental interest groups in the Western Cape and their comments should be incorporated into the reports and taken into account in determining which schemes to take to feasibility level.

3.1.6 Other Technical Aspects

(i) Distribution Infrastructure and Treatment Works

The impacts of each development option on the existing bulk distribution infrastructure needs to be analysed.  In some cases there is spare capacity in the distribution infrastructure and treatment works which can be utilized.  In other cases, new distribution infrastructure and additional treatment capacity will be needed.  It will be necessary also to have a good understanding of where the main water demand growth points are within the Greater Cape Town Metropolitan Area and whether a particular augmentation option is best suited to supply these growth points.  This in turn, is related to the ability of the existing infrastructure to move water around to suit the demand patterns. The associated costs of providing additional infrastructure, unless decisions have already been taken to provide it, must be added to the costs of each option when determining URV’s and will thus have a bearing on the prioritization of schemes to be investigated at feasibility level.

3.1.7 Hydropower

Some of the options have the potential to generate hydropower, in particular the transfers from the Palmiet River and possibly those from the Molenaars River and the Upper Wit River.  These possibilities should be investigated and, if found favourable, the benefits should be included in the determination of scheme URV’s.
3.1.8 Public participation
For each of the options to be investigated it will be necessary to engage local stakeholders.  It is considered preferable to form separate stakeholder groups for each option rather than to have a single stakeholder forum covering all options.
Stakeholders need to be identified and meetings held with them at an early stage to inform them of the study.  For each of the four groups of options to be investigated it should be assumed that four stakeholder meetings will be held during the course of the study.  

Certain key Provincial Government Departments should be invited to participate.  These should include those departments responsible for agriculture, environmental matters, land affairs, regional development and tourism.  Eskom should also be a participant for those schemes where there is a substantial power requirement or where hydropower generation is a possibility.

4. INCEPTION REPORT


In parallel with the intensive preliminary phase of investigation an Inception Report should be prepared.  The results of the preliminary phase will feed into the Inception Report.  The Inception Report will refine the original Terms of Reference.  It will identify information gaps and the need for additional work.  It will set the level at which the various investigations are to be conducted (i.e. feasibility and prefeasibility level.)


The work required to complete the study will be re-assessed based on the inception phase findings and any changes to the original Contract Amount will be motivated and costed.  The Inception Report should be submitted as soon as the preliminary phase findings are close to finalization.
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