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 APPENDIX R25:


Giving Effect to the Reserve:  Yield Modelling and Design of System Operating Rules

R25.1
Background

With the development of the new Water Act (no 36 of 1998), methods ranging from those for planning estimates to comprehensive methods are being developed by DWAF to set the Ecological Reserve (ER).  This chapter is relevant for two Reserve methods, that is those applied for the determination of the Intermediate Ecological Reserve (IER) and the Comprehensive Ecological Reserve (CER).  The Building Block Methodology (BBM) is the method that has most commonly been used to date to determine the quantity component or Instream Flow Requirement (IFR) of the Comprehensive Ecological Reserve.  Reference will be made mostly to the BBM as it was during the application of this methodology prior to the new Water Act, that the yield and operational issues became an issue.

NOTE:    For the purpose of this Appendix, R25, QUANTITY COMPONENT of the Ecological Reserve is equivalent to the IFR. Most of the development and history to this chapter took place prior to the new Water Act and the ER, reference will mostly be made to the IFR.  However, please note at all times that the IFR is equal ONLY to the quantity component of the ER, and not to the ER itself.  

Determination of the IFR has three main phases, which encompass preparations for and running of the specialist meeting (a multi-disciplinary specialist meeting during which the IFR are quantified), and follow-up activities that link the specialist meeting with engineering and planning concerns. (King & Louw 1999).  The three phases are:

· Preparation for the specialist meeting

· The BBM specialist meeting

· Linking environmental and engineering concerns

Although the ‘linking environmental and engineering concern’ phase was recognised early in the process, it is still the least developed.  The primary reasons for this are the following:

· During the third phase of the IFR determination, the process moves away from the Water Resources Planning and Project Planning Directorates (Department of Water Affairs and Forestry (DWAF)).  Involvement in the process by other DWAF directorates such as Civil Design and Operation has not normally occurred, and as a set procedure has not yet been designed and embraced, the required interaction was minimal or non-existent.

· The development of the BBM was aided significantly by applying the process simultaneously to specific DWAF Pre-Feasibility Project Planning studies.  None of the proposed developments for which the IFRs were determined has yet moved to the phase where releases of the IFRs will take place. The urgency and opportunity for developing the detailed steps in this phase were therefore lacking.

· Easily interpretable results and tools from both the ecological and engineering sides were absent.

The focus of IFRs and the detailed development of the method have therefore been completed up to the specialist meeting phase, where the IFR results are supplied for specific sites on the river.

It became more and more apparent that the process cannot continue from this point in isolation, as misinterpretation and applications of the IFR results generated within the specialist meeting often caused problems, especially with quantifying the available yield within the system. (Louw et al, 1999).  The phase of 

‘linking environmental and engineering concerns’ now becomes a vital step in the Reserve process. 

A figure (Fig. 1) illustrating the Water Resources Management Business Process (MacKay 1999) also indicates where these procedures fit into water resource management.
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Figure 1:  Water Resources Management Business Process

The required steps and liaison required after the IFR specialist meeting are the following:

· Determine the impact on the allocatable yield.

· Determine the influence of the design of proposed developments on the achievability of the ER.

· Determine the influence of the operation of the proposed development on the achievability of the ER.

· Monitoring to determine whether the Ecological Management Class (EMC) set for the river is being achieved.

This chapter focuses on the first three issues only.

R25.2
Determination of the allocatable yield

It is necessary to quantify the Reserve before allocating water to other users.  The quantity and level of assurance of these allocations can only be determined once the yield of the system has been quantified.

The natural yield of a system is determined in order to assess the overall available volume and assurance of supply.  The allocatable yield will consist of the water available after the Reserve has been quantified (Fig.2) DWAF presently uses the Water Resources Yield Model (WRYM) to determine the yield.  
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Figure 2:  Bucket demonstration (DWAF, 1999)

If all the water in the country could be put into a bucket, the Reserve is the water that must remain in the bucket.  The quantification of the various allocations can only be undertaken once the allocatable yield of the system has been determined.
R25.2.1
Link between IFR results and the WRYM model

Adjustments of the IFR results/output

The IFR results as represented by IFR values in the IFR table (Table 3) were found to be incompatible with the data requirements of the WRYM model and two major adjustments were required:

· The yield model determines the yield linked to a certain assurance of supply. 

The assurance of supply during droughts is critical for resource planning and the determination of assurances is linked to the allocatable yield.  As can be seen from Table 3, the IFR specialist meeting provides the flow rates required during maintenance periods (i.e. flows that will maintain the river in a required state) and drought periods (i.e. flows that will ensure survival of critical species). However, no indication was provided of the frequency (or percentage of time) of droughts, how often flows should be intermediate between droughts and maintenance flows, and, in wet years, how often flows should be above maintenance requirements.  These frequencies therefore have to be determined (Fig. 4). The flow duration curve (FDC) in Fig. 4 also illustrates different ways in which IFR results set according to Table 3 could be interpreted.

The IFR process was therefore further developed and it is now required to determine the percentage of time that flows will be at maintenance flows during the IFR specialist meeting.  The percentage of time that maintenance and drought flows will occur differ from river to river depending on its sensitivity to flow variation and is determined by investigating the natural hydrological characteristics of the river to obtain some indication of the variability and sensitivity of the river.   These percentages are calibrated during a modelling process (see next discussion point) and by the ecological specialists. This results in a definition of the FDC (Fig. 5) compared to the uncertainty demonstrated in Fig. 4.  This process has been integrated into most IFR studies since 1997 and the Ecological Reserve studies since 1998.

Table 3:  IFR results format
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* Assurance of supply (how often)

· Linking of IFR requirements to a natural trigger (when)

One of the basic assumptions of the BBM method is that the specified flows, be it base flows or floods, will not be supplied in a rigid and consistent manner, but will be linked to the natural flow regime or natural trigger of that specific river,i.e., 

· a large flood should not be released during a month when no rains have occurred in the specific catchment area where floods are generated; 

· droughts and maintenance flows should occur during natural dry and normal periods.

However, prior to the development of the IFR model (Hughes et al 1997), no tools existed that provided information for the yield model on when maintenance flows and droughts should occur and when the floods should be released.  
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Figure 4:  Base flow IFR time series for one year and FDC for one month illustrating the problems when the percentage of time that flows should occur are not determined.
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Figure 5:  Output of an IFR specialist meeting illustrated as a FDC

(Note all numbers on axis are hypothetical and differ from river to river)

The IFR model represents an attempt to generate a representative time series of daily flow ecological requirements that are expected to result from the implementation of the output from an IFR specialist meeting.  The actual daily requirements are expected to be made up of a combination of low flow releases with flood event releases superimposed upon them.  In keeping with the philosophy of the BBM and the definition of when maintenance and drought flows should occur, the model uses climatic cues to determine the actual daily flow rates.  The climatic cues within the model are derived by examining the daily flows within a “Reference Flow” time series.  This may be an observed record at an adjacent gauging station, or a simulated time series of flows at the IFR site or elsewhere.  The main consideration in the selection of an appropriate reference flow time series is that the patterns of flow are representative of the patterns of flow that would have occurred at the IFR site under natural (or other suitable development state that is considered acceptable to the specialists) conditions.

To be able to make use of the climatic cues, a set of low flow and flood “rules” are defined by the specialists.  These represent threshold values which are compared, in the model, with the daily values of the climatic cues to determine the actual flow rate required on a specific day.  The operating rules are calibrated (progressively modified) until an acceptable pattern of time series of modified flows are achieved which satisfies the specialists perceptions of the effects of their decision making process on the river.  The graphical output of the model for base flows for one year is illustrated in Fig. 6 and Fig. 5 serves as a flow duration curve output for the model.
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:  Output of the IFR model as a time series

This process has been applied since 1997 in most IFR studies and is now also followed during the ER studies.

· Present IFR output
The IFR output has changed from the IFR table (Table 3) to the output from the IFR model which uses the results in the IFR table (the design flow rates) to provide the final output (the modelled IFRs). This has now also become the format in which the quantity component of the ER is gazetted. A statistical summary program can be provided and calculates (for each calendar month) the percentage of time that the modified flow regime is at, or above, maintenance, between maintenance and drought or at drought levels.  These are effectively the recommended assurance levels of the different flows and are represented by a flow duration curve (Fig. 5).

Monthly summary data or total release volumes can be generated for the complete time series.  These monthly time series data can then be further analysed to determine more detailed assurance values for the full range of flows that form part of the recommended modified flow regime.  The time series or assurance levels can then be used in a conventional water resources assessment and reservoir yield model (such as WRYM) to determine if the planned development can satisfy the expected abstraction demands as well as the IFR release requirement.

· Adjustment of the WRYM model

Previously the WRYM could only incorporate the IFR as a user requirement and it was not possible to attach priority to the IFRs or define the assurance rules applicable to differentiate between the occurrence of drought or maintenance IFR flows. To fit in the requirements of the new Water Act, the WRYM model has now been adjusted and can accommodate the IFR as a priority and is compatible with the IFR results provided in the IFR model format.

R25.2.2
Interactive process required

With the models now being compatible, the interactive process of determining the allocatable yield can be defined.  It must be noted that the yield model only gives an indication whether sufficient bulk volume is available, not whether the Reserve can be supplied in the correct distribution. 

The sequence of events required is illustrated in Fig. 7.

· Provide Reserve (quantity) results to yield modellers

Interaction between the IFR modeller and the yield modeller should take place.  The IFR results are provided in the format required by the WRYM model and the correct use of the results must be ensured.

· Implication of the Reserve on the existing allocatable yield or the natural yield.

In the cases where existing developments occur, the allocatable yield would have been determined without considering the Reserve.  In cases such as this, the Reserve is highly likely to impact on the allocatable yield.  The yield modeller runs the yield model with the IFR requirements to determine whether, with the proposed developments in place, the IFR volume will be met.  If this is the case, the effect on the proposed operation of the system  (section 3) has to be evaluated to determine whether the Reserve can be met (in volume and distribution) and licences can then be considered.  If the IFR volume cannot be met, the following must take place.

· Develop alternative IFR scenarios

The yield modeller will provide some indication of which components of the IFR flow regime have the greatest impact on the yield.  The IFR modeller and key IFR specialists will then devise various scenarios by either changing flow rates, or the percentage of time that flows occur.  These scenarios are then supplied to the yield modeller, again in compatible format. An example of an IFR scenario (Fig. 8) is the following:

· IFR : Maintenance flows or more occurring 70 % of the time.  Drought flows 8 % of the time.  Flows between maintenance and drought at 22 % of the time.

versus

· IFR scenario : Maintenance flows or more occurring 55% of the time.  Drought flows 14 % of the time. Flows between drought and maintenance 31 % of the time.
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Figure 7:  Flow diagram illustrating the interactive process during the yield phase

Figure 8:  FDC illustrating an example of IFR flow (IFR model output) and an IFR flow scenario


· Implication of IFR scenarios on yield

The yield modeller will model these scenarios to determine whether they result in a sufficient range of different yields to enable informed decision-making.  If the range is insufficient, the IFR modeller and key IFR specialists will again be requested to devise other scenarios.

· IFR scenario meeting

The IFR scenarios are presented to a multi-disciplinary IFR specialist group.  The presentation is by means of illustrating the IFR scenario at the IFR sites on the cross-section so that impacts can be linked to the primary impact on habitat and secondary impact on biota.  Impacts of each of the IFR scenarios are determined and on the basis of this, the IFR scenarios are ranked according to severity of impact on the selected ecological management class of the river.  During this meeting, other scenarios could be devised that might require evaluation.

· Decision making

A decision then has to be made on the flow regime that will be released.  The decision-maker will, by following the above process, have all information on the engineering, financial and social costs, and ecological implications and this should allow for an informed decision. 

· It must be noted that during the process used to quantify the flow component of the Reserve, it would be impossible to design all the options that could still achieve the selected EMC.  Small changes in the Reserve, could therefore result in an IFR scenario that would still achieve the selected EMC as well as providing other demands.  In this case, this scenario could be accepted as the Reserve.

· When existing allocations exceed the allocatable water and the situation is such that no compromise in the short term can be identified without significant social costs, a long-term strategy as part of the catchment management strategy has to be devised to achieve the EMC in the long-term.

R25.3
Design specifications (specific emphasis on dams)

Even if the volume for the Reserve is available, this is still no guarantee that the Reserve will be achieved.  If for example a proposed dam will include sluices that can only allow much smaller floods through than that recommended as part of the Reserve, the Reserve will not be met. Only after the dam has been designed and the next phase discussed in (R25.4) can it be assessed whether the Reserve can be met.

The design of the dam is usually initiated before a final allocatable yield is determined.  However the required yield of the dam directly influences the size, i.e. the wall height. 

The design of dams has traditionally been undertaken in isolation from the provision of water for the aquatic ecosystem.  With the increased emphasis on the need for environmental releases and the impact of these requirements on design as well as the possible negative impacts on the river ecology of different design measures, a closer relationship was required. Recent liaison between dam designers and IFR specialists during the Thukela Water Project has led to a mutual understanding of the issues and a more integrated process. This process is in its infancy and only rough guidelines are provided.  Some of the issues that will need to be addressed and evaluated are listed below: 

· Size of outlets

· Requirement of multi-level outlets

· The sizes of bottom outlets

· Tailpond dam vs a plunge pool

· Prior excavation of the plunge pool

· Requirement for deforestation of the dam basin

· The type of dam wall and associated implications

The major emphasis is usually around the size of outlets required to provide the larger flood requirements.  There are various ways of providing for example the large floods by using a combination of multi-level outlets and bottom outlets.  These different scenarios all have cost implications as well as positive and negative environmental effects.  It has also become apparent that it is difficult to separate design and operation issues and representatives of river operators should also be present during meetings regarding design.

The proposed process during this phase is the following:

· Presentation of design options

The design engineers must provide all design options for supplying the environmental requirements to a multi-disciplinary IFR group.  These should preferably be accompanied by photographic examples of the structures or realistic drawings.

· Evaluation of design options

Design options refer to specific parts of design, such as outlet options, or dam wall options.  The options should be compared, the impacts determined and the degree of severity of the impacts supplied.  Where an option is unacceptable, this should be indicated.  Impacts on the immediate downstream river reach when supplying the environmental requirements to the rest of the river should also be noted.  Furthermore, where agreement is reached on an acceptable design option, the expectations of operation on which this is based must be documented.

· Provision of a dam design scenario/s

A design scenario refers to a combination of the above design options to form a certain dam design.  For example, the design scenario would be a concrete 100 m high dam with two bottom outlets, multi-level outlets staggered every 6 meters with a tailpond dam vs a rockfill dam with a side-channel concrete spillway discharging via an energy dissipater at a point downstream from the dam.  

Taking the above information into account, the designers should present the IFR specialists with a complete design scenario/s.  The same process of evaluation of the scenarios must take place, as well as the impacts on the river and the effect on the management class on the river.  

· Further interaction

It is highly likely that repetition of the above steps will be required, at least until a mutual understanding is developed with regard to the different issues and the possible impacts.

· Decision making

The above will again allow for informed decision making as all implications of possible designs will be available.

R25.4
Operation

This is the last aspect to be evaluated prior to a final assessment of whether the ER can be met.  During the yield phase, the bulk volume is assessed; during the design phase, the supply of the different flow building blocks are assessed, and during this phase the possibility of achieving the required distribution of flows at all the sites along the system is assessed.
Once the dam design and yield have been established, the actual operation of the reservoir to supply the IFRs at certain points downstream of the dam has to be considered.  The required liaison and actions required be now being developed for the Injaka Dam and the operational phase has not yet been completed.  The information supplied below is therefore a proposed process and will need testing to ensure that all the required aspects are addressed.  

R25.4.1
Operating the system to link IFR releases to a natural trigger

The necessity for this linkage was discussed in R25.2.1.1.  The yield model incorporates this linkage and the yield results are based on this.  To ensure that this happens in practice and is built into the operational rules of the dam, liaison with IFR specialists is required.  

When the IFR model is calibrated, a natural trigger is identified to use for the modelling.  Examples of these triggers are

· An upstream (from the development) gauge that represents reasonably natural flows.

· A gauge in a tributary that represents natural flows with similar flow characteristics to the river at the IFR sites.

· A simulated flow record using a calibrated rainfall model and measured rainfall data over the catchment.

When the operational rules of the dam are being designed, this trigger site must be formalised and it might for example require the building of a gauging weir specifically for this purpose.  The Injaka Dam is situated in the Marite River which is a tributary of the Sabie River.  As the Injaka Dam will mostly play a role in supplying environmental water requirements in the Sabie River, a trigger in the Sabie River is required.  This has led to a gauge being constructed in the Mac-Mac area and this gauge will be used to supply the information to the operator of Injaka Dam regarding the size of releases.  A possible process is that the flow rate at the Mac Mac gauge will represent a certain percentage point on the flow duration curve.  The same percentage point can then be transferred to a flow rate on a flow duration curve for the Inyaka Dam/Marite River and this will indicate the environmental release required.  (Fig. 9).  This is of course a simplified process as the release of floods will be more complicated, and releases for users on top of the environmental requirement must also be considered. Meaures required to meet the IFRs, such as the construction of gauging weirs, could also have other environmental impact that requires consideration.

Figure 9:  Use of FDC in linking flow from the trigger site to the dam


With run-of-river abstractions the most appropriate manner of managing the system is by controlling the abstractions rather than determining the required release.  However, a trigger site will still be required to indicate when control or restriction of abstractions are required.  An operational model, preferably on a daily basis, will also be required to manage systems in which run of river abstractions will take place and to indicate control when necessary.

R25.4.2
Flow releases required to achieve the IFR

The IFR requirement is set at specific points (IFR sites) in the river, usually downstream of proposed developments.  Flow in rivers is non-uniform and unsteady and because of the irregular geometry of the rivers, this results in complex and strongly non-linear systems.  Also because of the time that water will take to flow from a dam to the IFR sites, optimisation of the control and flow management systems could take a long time to achieve.  Consequently it could be necessary to simulate the processes.  Tools that are available to undertake these simulations are e.g. Mike-11, PROCAN and WAS.  These hydraulic routing models should be able to estimate flow lag times, flow hydrographs and evapotranspiration and seepage losses.  The PROCAN and WAS models are being adjusted for use on the Sabie River (Injaka Dam) and will be tested for their suitability.  Information required for these models could be quite data intensive; for the Sabie and Sand River reaches approximately 300 cross-sections are required.

Floods are especially problematic as a certain flow rate and velocity is required to achieve the objectives set for the floods required.  Floods released from a dam will attenuate quickly and careful manipulation will be required to determine the size of flood releases required from a dam as well as to link the floods to other incoming floods from tributaries.

The results of these activities should indicate the size of releases (taking into account losses and other inflows) required from the dam to achieve the IFR requirement at the various IFR sites.  The size of releases can again have other, possibly negative, effects on the immediate downstream river section and require consideration.  Close liaison with the IFR specialists is therefore again required.

R25.5
Conclusions

Even though the various processes have seen limited application up to this time, the following have become evident:

· The IFR or Ecological Reserve process does not stop at the IFR specialist meeting.

· Close liaison is required at all stages up to the point of real time operation.

· Involvement from the design and operating engineering fraternity is required to ensure closer liaison.

· Development of tools and process from both the IFR and the engineering sides are required to achieve the Reserve objectives. This development should also be integrated to ensure that the results are compatible and user-friendly.

· Specific research needs to be initiated to aid ecologists in interpreting and quantifying the impacts associated with specified flows occurring at other percentages of time than those recommended.  At present this information is lacking and during scenario meetings ecologists are only able to provide broad indications.

· The design phase is closely linked with the operation phase and representatives from the operations directorates should be involved during the design phase.

· The practical implications of releasing IFRs could have other negative environmental consequences.  This could lead to a process where weighing the pros and cons of releasing IFRs should be evaluated.  This should be linked with the Environmental Impact Assessment and Integrated Environmental Management procedures and these linkages require investigation.

· Monitoring of BOTH the accuracy of IFR and the management of the IFRs is essential.
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The procedure discussed in this Appendix  links to these blocks in the WRM process




























