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Abstract

As part of the determination of the ecological Reserve for rivers in South Africa (National Water Act, 1998), flow
requirements are assessed for maintenance low flow, drought low flow and flood conditions. Since water quantity and
water quality are often closely linked, it is necessary to ensure that in setting the recommended flow regime, the appropriate
water quality will be attained. This paper presents a simple method (based on solute rating curves) for predicting the instream
concentrations of chemical constituents that will arise from different flow regimes. The method uses monthly mean flow
(discharge) at a given site plotted against monthly median concentration of each chemical constituent. This is carried out
for both the reference condition (the natural, or least-impacted state) and for the present state. The flow-concentration
relationships obtained are used to predict the expected monthly concentrations under the recommended flow regime. The
computed concentrations can be compared with the reference condition and present state values to assess the degree of
river modification. This paper outlines the modelling protocol to be followed, considers the limitations and assumptions
inherent in the approach, and the application of the resultant information. It is concluded that the modelling method is
a useful screening tool for identifying sites where, without reduction of pollution, the water quality component of the
Reserve is unlikely to be attained under the recommended flow regime.
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Introduction

South African rivers are naturally variable in their patterns of flow,
in addition to which abstraction of water, and regulation by means
of impoundment, frequently modify the natural hydrological re-
gime.  It is well known that alterations in flow can lead to changes
in water quality, although such changes are often complex and
difficult to predict (Smith et al., 1996). Alterations in the concen-
trations of chemical constituents and in the values of physical
variables present in the system can, in turn, exert a profound effect
on the aquatic biota (Dallas and Day, 1993). Methods have been
developed to calculate the quantity and timing of discharge required
to maintain a given level of ecological functioning in a riverine
ecosystem, commonly referred to in South Africa as the “environ-
mental”, or “instream flow requirement” (IFR) of a river (King and
Louw, 1998; Hughes, 1999; 2001). The question of water quality
is currently inadequately addressed within the process of calculating
the IFR, however, and until recently, only qualitative predictions
were made of the water quality likely to result from a proposed
change in flow. Since efficient functioning of aquatic ecosystems is
dependent not only on a suitable hydrological regime, but also on
provision of water of a suitable quality (King and Louw, 1998), it
is essential that quantitative predictive methods for water quality
be incorporated in instream flow assessments. This reasoning is
reflected in the National Water Act (No. 36 of 1998) which requires
specification of both the amount (i.e. the volume and timing of

flow), and the quality of water that will maintain adequate biotic
integrity and functioning of a river (DWAF, 1999). The water
quality requirement prescribes, for a given resource protection level,
the concentration of chemical constituents and values of physical
variables that should not be exceeded. The National Water Act also
calls for a system of classification of water resources, from those that
are extremely impacted (class E or F) to those that are largely natural
(class A). The degree of protection that is afforded to a river, or reach
thereof, is dependent on the current state of the river and particularly
on the class for which it will be managed (called the “ecological
Reserve class”). The more protective the management class, the
more stringent the water quality requirements. A system of assess-
ment categories has also been devised for the common water quality
variables (e.g. TDS, total inorganic nitrogen) ranging from A to F.
Concentrations or values typical of un-impacted rivers are assigned
to an “A” category. Increasing concentrations (in the case of
chemical constituents) represent the boundary values that demar-
cate each category. At the time of writing this paper, the method for
setting assessment categories for water quality within Reserve
determinations is undergoing revision (DWAF, 2002).

This paper outlines a simple method (the “flow-concentration”
or “Q-C” modelling method) developed to inter-relate water quality
and water quantity. It has been developed to be used within the context
of Reserve determinations, but may be useful in other situations
where the effect of changing streamflow on water quality needs to be
assessed. The steps were developed using data from actual Reserve
assessments for several rivers in South Africa namely; the Palmiet
River (Western Cape) and the Pienaars River (near Pretoria in
Gauteng Province). The method was refined during the workshops
that comprised the Olifants River Ecological Water Requirement
Assessment Project (Malan, 2001) and the Breede River Basin
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Project, and the results were used to predict the consequences with
regard to water quality of the recommended flow regimes.

The Q-C modelling method and its application to
the Pienaars River

The steps of the Q-C modelling method are summarised in Fig. 1. To
highlight some of the issues involved, its application to the Pienaars
River is described. For the sake of completeness all the steps have
been shown, although the first two (in addition to the water quality
section of the third step), are standard components of the water quality
assessment for Reserve determinations (DWAF, 1999). Identification
of water quality monitoring sites and potential sources of pollution,
division of the river into ecoregions and (homogeneous) water quality
reaches, and assessment of the water quality component of the
Reserve are described in detail in Rossouw et al. (1999). A map of
the study area, indicating the most significant features is shown in Fig.
2. The Q-C method was carried out for each water quality reach for
which appropriate flow and water quality data were available, and
each water quality variable was modelled separately. The results for
total dissolved solids (TDS) in Water Quality Reach 1 (WQ1) of the
Pienaars River are presented in this paper. Results for other chemical
constituents and other reaches are documented in Malan and Day
(2002a).

i) All available data on water quality, point sources of pollution,
hydrological structures, hydrology, land use, topography, etc. were
collated. The location of the IFR sites relative to Department of Water
Affairs and Forestry’s (DWAF) water quality monitoring stations,

flow-gauging sites, and any other significant hydrological features
were identified.
A map indicating the above information was produced and is shown
in Fig. 2.

ii) The different ecoregions through which the river flows were
identified. Using this information, in conjunction with the location of
impoundments, major tributaries and other significant hydrological
features, the reaches within which water quality would be expected
to be uniform (termed “water quality reaches”) were delineated.
This is discussed further in Rossouw et al. (1999).

iii) For each water quality reach in which an IFR site was situated,
using the flow and water quality data from the nearest appropriate
gauging and water quality monitoring station, mean monthly dis-
charge values and median monthly concentration values for each
water quality variable (C) were derived and correlated for each
month of the year. This was carried out for the reference condition
(i.e. the natural or least-impacted state) and for the present ecological
state (possibly impacted).
Tables were prepared recording mean monthly flow (for natural and
present day), and median monthly values of each water quality
variable for the reference condition (RC TDS) and present ecological
state (PES TDS). The discharge and concentration data used to
calculate these values were taken from the nearest appropriate DWAF
gauging weir or water quality monitoring station. Table 1 shows TDS
concentrations for Water Quality Reach 1 (WQ1). Median monthly
values of water quality variables both for the reference condition and
present state were obtained from Rossouw et al. (1999), and were

i) Collate available data on water quality, point-sources of
pollution, hydrological structures, hydrology, land use, to-
pography, etc. Locate Instream Flow Requirement (IFR)
sites.

ii) Identify the ecoregions through which the river flows.
Derive reaches expected to exhibit uniform water quality.

iii) Correlate mean monthly discharge (stream flow) values and
median monthly concentration values for each variable (C)
deemed to be of importance, at each IFR site.
a) For the reference condition (least impacted state).
b) For the present ecological state (possibly impacted).

iv) Examine the numerical relationship between flow and the
concentration of the chemical constituent (C).

v) Estimate the predicted concentrations of C for the reference
condition and present ecological state.

vi) Predict the monthly concentrations of C expected under the
recommended flow regime and calculate the 95% confi-
dence around these predictions.

vii) Calculate the extent of deviation of the present ecological
state values of C and the predicted concentration values
from the reference condition.

viii) Assign the predicted assessment category for each month
for each water quality variable and for each recommended
flow scenario.

Figure 1
Summary of the steps in the flow-concentration (Q-C)

modelling method

Figure 2
Schematic representation of the Pienaars River system

showing the water quality reaches (WQ1, WQ2 and WQ3),
significant hydrological features, Instream Flow Requirement

(IFR) sites and Department of Water Affairs and Forestry
gauging sites/water quality monitoring stations (e.g. A2H029).

Figure adapted from Rossouw et al. (1999).
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calculated using three years of data and a minimum of 60 data points.
The table shows that under both natural and present conditions the
highest flow occurs in the river during the summer months. Due to
dilution of salts in the river during high-flow periods, the lowest
annual concentrations of TDS are recorded at these times.

iv) The relationship between flow and concentration (C) was then
examined.
A regression line was drawn through the data points separately for
the reference condition (RC) and for the present ecological state
(PES). The “best fit” was selected using the relationship (linear,
logarithmic, exponential or power) that yielded the highest value of
the regression coefficient, r2. Figure 3 shows a graph of TDS
concentration plotted against flow for Water Quality Reach 1. It can
be seen that the concentrations of TDS under the present ecological
state are higher than under the reference condition, indicating that
salinity is currently elevated in the river. The Q-C plot for the present
state was best described by a logarithmic function (r2 = 0.7) whilst
that of the reference condition was described by a linear function
(Fig. 3). The value of r2 for the reference condition is low (r2 = 0.2),
since this value is below the critical value of r2 = 0.332 (for 10 degrees
of freedom and p = 0.05). This relationship was not used to predict
future concentration, however, but merely to calculate percentage
deviation from natural, and thus for this purpose it is considered to
be acceptable by the authors.

v) The predicted concentrations of variable C for the reference
condition and present ecological state were then estimated.
The predicted values of the variable (C) in the reference condition
and present state were estimated using the appropriate regression
equation. All regression equations were transformed to linear
equivalents and confidence intervals calculated using standard
statistical formulae (Underhill, 1985). The 95% confidence interval
for the predicted present state values is shown in Fig. 3.

vi) The monthly concentrations expected under the recommended
flow regimes and the 95% confidence interval around these predic-
tions were calculated.
The technique for estimating the environmental flow requirement of
rivers that is currently used in Reserve determinations is the Building
Block Methodology (King and Louw, 1998; DWAF, 1999; King et
al., 2000).  In this methodology, the recommended flow regime is
prescribed for each month of the year and is given for both normal
hydrological years (i.e. maintenance low flows that will sustain the
river in the required state) and for drought years (i.e. flows that will

ensure survival of critical species during periods of low rainfall
(Louw et al., 2000). Using the regression equation describing the
relationship between present-state concentration and flow, the
predicted monthly concentration and 95% confidence interval of
each water quality constituent under the recommended flow regimes
was calculated. Table 2 shows the TDS concentrations predicted for
Water Quality Reach 1 of the Pienaars River for each month of the
year under both maintenance and drought low flows. Because TDS
concentration at this site is negatively correlated with discharge, the
concentrations predicted under drought flow are higher than for
maintenance low flow. To simulate natural hydrological conditions
in the river under the proposed flow regime, for both maintenance
and drought conditions, the highest flows are recommended during
the summer months. Consequently, the lowest TDS concentrations
are predicted to occur during this period.

vii) The deviation of the existing (present ecological state) values of
C, and the predicted concentrations of C, from the reference
condition were calculated.
The predicted concentrations of the different water quality variables
were compared with the concentrations in the reference condition and
the difference calculated using the following:

Deviation from reference condition = 
 (Predicted [C] – [C]RC)

                                                                            [C]RC

TABLE 1
Measured stream flow and TDS data, as well as predicted values for Water Quality Reach 1 of the Pienaars
River. Natural (reference condition) and current (present ecological state) discharge given as mean monthly
values (m3x106), TDS concentrations (mg/lllll) reported as monthly median values for the reference condition

([TDS] RC) and for the present state ([TDS] PES). Predicted reference and present state concentrations of TDS
derived from the functions y=-18x+294 and y=-28Lnx+379 respectively (where x = m3 x 106/month and y = mg/lllll).

Month Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept Mean

RC flow measured 0.99 1.47 1.85 3.69 2.84 2.02 1.78 1.01 0.77 0.75 0.67 0.62 1.54
RC [TDS] measured 333 334 275 246 214 219 259 259 261 259 293 259 268
RC [TDS]  predicted 277 269 262 230 245 259 263 277 281 281 283 284 268
PES flow measured 0.94 1.34 1.86 3.1 3.05 2.4 1.72 1.01 0.79 0.78 0.66 0.59 1.51
PES [TDS] measured 378 378 361 361 358 338 347 377 386 391 398 391 372
PES [TDS]  predicted 381 371 362 348 348 355 364 379 386 386 391 394 372

Figure 3
Q-C plot for TDS in Water Quality Reach 1 on the Pienaars

River. Measured reference condition (RC) and present
ecological state (PES) concentrations of TDS are shown. Also
shown are the regression lines exhibiting the highest r2 value,

the equations describing these relationships and the 95%
confidence interval for the present ecological state.

y = -27.914Ln(x) + 379.13
R2 = 0.7515

y = -17.574x + 294.62
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Table 2 shows the percentage deviation of TDS from the reference
condition for the present ecological state, and the predicted devia-
tion under the recommended flow regime for the Pienaars River in
WQ1. Despite the fact that the lowest TDS concentrations are
predicted to occur during summer under both the maintenance and
drought recommended flow regimes, the extent of deviation from the
reference condition was found to be highest during this period. This
is a consequence of the naturally very low salt levels expected in the
river at this time of the year (Table 1).

viii) The predicted assessment category for each month, for each
water quality variable, and for each recommended flow scenario
was then assigned.
The assessment category (A to F) that each chemical constituent
would fall into was then derived for each month under maintenance
low flow and drought low flow. In addition, the mean category for
the entire year was also calculated. The predicted assessment
categories for TDS in Table 2 were derived using the percentage
deviation from the reference condition as described in DWAF
(1999). It can be seen from Table 2, that under the required
maintenance low flow, TDS concentration would remain in an
overall “D” class and would be more or less the same as at present
(except for December and March). Under the recommended drought
low flow, however, there would be a notable decrease in water
quality (to an E/F class).

Discussion

General comments

Flow-concentration modelling is a simple approach in that it is based
on solute rating curves, a technique that has been used extensively
in the literature (Gregory and Walling, 1973; Kronvang, 1992; Smith
et al., 1996; Malan and Day, 2002b). Many factors, apart from flow,
influence water quality, however, and these are not taken directly into
account in this modelling method. Instream concentrations of
chemical constituents resulting from a given discharge can vary

depending on (inter alia) season, antecedent rainfall, land-use,
temperature, and the operation of upstream impoundments
(McDiffett et al., 1989; Britton et al., 1993; Davis and Keller, 1983;
Petts, 1989). Thus Q-C modelling is aimed at providing an estimate
of predicted water quality and whether the stipulated allowed
maximum concentrations of each chemical constituent (i.e. the
assessment category) will be exceeded under the recommended flow
regime. Furthermore, water quality and pollution are complex,
involving the interaction of many variables, which in turn affect the
aquatic biota.

The Q-C modelling method has been developed into an integral
component of ecological Reserve determinations (at the Intermedi-
ate, or Comprehensive level). Thus the first two steps and some of
step iii) would automatically be carried out as part of the water
quality assessment. It is envisaged that preparation of the Q-C plots
would be carried out prior to the Instream Flow Requirement (IFR)
Workshop. At the workshop, the specialists would first specify a
flow regime that is designed to keep the river in a predefined
ecological Reserve class. The model would then be used to predict
the monthly concentrations of each water quality variable (referred
to as the “water quality consequences”). It can thus be used as a
screening tool to identify sites at which the water quality Reserve
is not likely to be attained without amelioration of pollution sources.
At such sites, a more sophisticated water quality model may be
required to investigate pollution sources, and the detailed mitigation
measures required to improve water quality to an acceptable level.
The method is compatible with the Building Block Methodology
(King and Louw, 1998; King et al., 2000) and with DRIFT (Down-
stream Response to Instream Flow Transformations) a newly
emerging methodology for assessing environmental flow require-
ments in South Africa (King et al., in press).

Flow-concentration modelling is most useful for TDS, indi-
vidual salts and ions and other conservative constituents, but is not
suitable for simulation of dissolved oxygen or temperature. Nutri-
ents, often exhibit considerable scatter when concentration is
plotted against discharge, a likely consequence of the various
processes (e.g. microbial conversion between chemical forms, ad-

TABLE 2
Monthly flow values (m3x 106/month) for a recommended flow regime (maintenance and drought low flow) for
Water Quality Reach 1 on the Pienaars River.  The corresponding predicted monthly concentrations of TDS, %
deviation from reference condition (values given in Table 1), and assessment category are also shown. The

mean annual value is given in the final column.

Month Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept Mean

Maintenance low flow 1.0 1.3 1.5 3.0 2.2 1.8 1.5 1.0 0.7 0.7 0.6 0.5 1.3
Drought low flow 0.5 0.6 0.8 1.0 0.9 0.8 0.7 0.5 0.3 0.2 0.1 0.2 0.5

Maintenance low flow 379 372 368 348 357 363 367 379 389 389 394 397 375
Drought low flow 405 393 385 379 382 385 389 398 413 424 443 424 402

Present Ecological State 37 38 38 52 42 37 38 37 37 37 38 39 39
Maintenance low flow 37 38 40 52 46 40 39 37 38 38 39 40 40
Drought low flow 46 46 47 65 56 49 48 44 47 51 57 49 50

Present Ecological State D D D E/F E/F D D D D D D D D
Maintenance low flow D D E/F E/F E/F E/F D D D D D D D
Drought low flow E/F E/F E/F E/F E/F E/F E/F E/F E/F E/F E/F E/F E/F

WQ = water quality, RC = Reference Condition, PES = Present Ecological State
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sorption/desorption from sediment particles, uptake by the biota)
that influence instream concentration. In such cases the Q-C
regression approach as it now stands cannot be used, but could be
enhanced to include more complex multivariate regression ap-
proaches as required for a particular application.

The discharge regime recommended by river specialists at the
IFR Workshop is for low flows, freshes and floods, and these are
specified for both normal and drought hydrological conditions. In the
case of the low flows, this represents the minimum volume of water
required in the system to maintain the prerequisite state. Fre-
quently, higher discharges would be present in the system as a result
of recommended floods or freshes, or as a result of additional flow
(i.e. water not required for abstraction or impoundment). The
predicted concentrations in the case of water quality constituents
that exhibit a dilution effect with increased flow therefore represent
the worst-case scenario. Some constituents at some sites (notably
TDS in salinised catchments of the Western Cape, and occasionally
nitrates and phosphates in various parts of the country) have been
found to increase with discharge (Malan and Day, 2002a). It is
considered that the Q-C method may not always be suitable for
making predictions of water quality in such situations. A positive
concentration-flow relationship is often due to wash-off from the
soils of the surrounding catchment. If streamflow is reduced in such
systems (e.g. by in-channel abstraction), the loading of chemicals
from wash-off will remain the same, and thus it cannot be assumed
that instream concentrations will decrease (since the dilution capac-
ity of the river is reduced). Predictions of instream concentration of
such a constituent, under changed discharge conditions, will depend
on how the flow change is brought about. Such situations are
complex and accurate predictions of diffuse sources of pollutants
are more difficult to make than for point sources. Further work is
required to examine the use of the modelling method in situations
where concentration is positively correlated with flow.

Assumptions and limitations in the approach

The major limitations and assumptions in the modelling approach are
described below:
•  A key limitation is that the user must have a good understanding

of the hydrology, water quality data and general insight into the
main processes influencing instream concentrations of chemical
constituents in the river. Additional monitoring of water quality
may be required at some sites if these fundamental processes are
not fully understood.

• Use is made of monthly median values of concentrations and
monthly average flow, through which a trend-line is fitted.
Median and mean values are used for concentration and flow data,
since this is the convention in the field of water quality and
hydrology respectively. An alternative approach would be to
use all data points for concentration linked to the discharge at
the time of sampling. In this study, comparisons were made of
the trend patterns and the value of the correlation coefficient
obtained between measured and predicted data using either all
data points or monthly data. It was found that Q-C trends could
be more clearly discerned using monthly data, than if all data
points were used. This is substantiated by the work of Pionke
and Nicks (1970) who found that several widely divergent
salinity values corresponded to the same discharge on an
instantaneously determined basis whereas averaging the data on
a monthly basis removed much of the variability.

•  Because of the low frequency of occurrence of extremes of flow
(either very low or very high) there are often few data for these
regions. Thus extrapolation to these regions when making

predictions of concentration is likely to be inaccurate.
• The modelling method is severely constrained by the availabil-

ity of data. The degree of confidence in the predictions is
influenced by the accuracy, and completeness, of the data that
are used. If no suitable data are available, or if a poor correlation
between concentration and flow is obtained, accurate predic-
tions of instream concentration cannot be made.  The accuracy
of the predictions is also influenced by how representative the
available water quality data are of the site, or water quality reach
that is to be modelled. The greater the distance between the site
and the monitoring station, or if a major tributary or other
hydrological feature (e.g. a weir) is situated between the moni-
toring station and the IFR site, the less it can be assumed that
the water quality predictions are representative. Field monitor-
ing can be carried out to assess longitudinal gradients from the
monitoring point to the site or reach under consideration.

•  It is assumed that if flow is altered, apart from the concentration
of the water quality variable under concern, all other parameters
(e.g. the pollution load) will remain constant. In practice, if
discharge is altered drastically it is likely that the source of the
water, and hence the pollution loading will be altered (for example
by means of impoundment of tributaries). In addition, changes
in the operation of upstream impoundments may also be involved.
This method is empirical in that it does not take into account
changes in water quality management scenarios (i.e. changes in
the loading of pollutants). It assumes that the relationship linking
concentration and flow remains the same. Alterations to the
system such as mentioned above are likely to change that
relationship, making predictions using the original flow-
concentration model inaccurate. This is a major limitation in the
method and should be understood when making predictions of
future water quality. At the moment there is usually no
consideration of different water quality management scenarios
in Reserve assessments in any case. This is a deficiency, which
needs to be addressed. Should consideration of different sce-
narios be included, a more sophisticated form of water quality
modelling, such as mass-balance modelling would most likely
need to be employed at some sites.

• The method makes use of the standard regression functions
available in commercial spreadsheet packages. Considering the
inaccuracy inherent in the modelling method, it is considered that
this simplification will not detract from the overall accuracy of the
results.

Information that can be obtained using flow-
concentration modelling

Using flow-concentration modelling, depending on the availability
and reliability of data for each site or water quality reach, the
following information can be obtained:

• Flow-concentration relationships and confidence intervals can
be derived for key water quality constituents.

• Estimates can be made as to how many months of the year, under
the proposed flow regime, the water quality Reserve will be
attained with regard to the various water quality constituents
(TDS, nutrients) and the likely assessment category (A, B, C
etc.).

•  In what month the worst water quality would be likely to occur
and what concentrations could be expected.

• An estimate of the extent to which the predicted water quality
will be different from natural.

• What discharge in the absence of pollution control, would be
required to dilute pollutants to acceptable levels.



ISSN 0378-4738 = Water SA Vol. 29 No. 3 July 2003310 Available on website http://www.wrc.org.za

• In the case of “natural water quality problems,” what flows
would be needed to dilute the chemical constituents in order to
attain the water quality component of the Reserve.

When flow-concentration modelling should not be used

Predictions of water quality should not be made using Q-C modelling:

•  If the available present-day water quality data do not satisfy
the requirements as laid out in the Manual for Resource Directed
Measures (DWAF, 1999). In the absence of data characteristic
of the reference condition, predictions of future water quality can
still be made, but the extent of deviation from natural cannot be
assessed.

• If the nearest water quality monitoring station is in a different
water quality reach from the site for which predictions are to be
made. In other words, if no data are available that are considered
to be representative of the water quality at the site, modelling
should not be carried out.

• If accurate present-day flow data for the water quality reach
under consideration are not available.

• If the value of r2 for the present ecological state is low, the
simulations should be discarded. An arbitrary value of r2 = 0.6
has been chosen (for 10 degrees of freedom, α(2), p>0.003) for
the cut-off point. Below a value of r2 = 0.6, it can be concluded
in such cases that factors other than discharge are also influencing
instream concentrations. Predictions of water quality in such
cases should be made using a more sophisticated water quality
model such as QUAL2E or a catchment runoff model.

•  If the concentration of the water quality variable is positively
correlated with flow. Factors controlling instream concentra-
tion in such situations are likely to be complex and need to be
investigated carefully before assessing if Q-C modelling can be
used to make predictions of instream concentrations.

Water quality and Reserve assessments

An important principle within both the Building Block Methodology
and DRIFT is that the environmental flows recommended should be
those that satisfy the requirements of the aquatic biota with regard to
hydraulic habitat. Flows should not be recommended because they
are required to dilute contaminants to a level acceptable to the biota.
If they are, it should be stated clearly that the “extra” water required
for dilution is not part of the ecological Reserve. Yet, many South
African rivers are impacted due to high levels of contaminants and
if pollution sources are not addressed and implementation of
environmental flows leads to a reduction in low flows, deterioration
of water quality will result. The current approach therefore is to
predict the likely water quality consequences of the recommended
flow regime in the absence of pollution control (Palmer and Rossouw,
2001). In the context of environmental flow assessments it is
important to distinguish between “anthropogenic “ water quality
problems as mentioned above and “natural” water quality problems.
The latter would include instances where for example, due to the
geology of the surrounding catchment, water draining that region is
naturally saline, resulting in elevated concentrations in the river. The
aquatic biota in such reaches are adapted to high salinity levels.
Implementation of a flow regime, however, for which the mainte-
nance and drought flows represent a reduced discharge volume may
well result in unacceptably high levels of inorganic salts. In such a
case, adjustment of the water quantity Reserve to attain the water
quality aspect of the Reserve is justified.

Conclusion

Flow-concentration modelling represents a pragmatic method for
assessing the likely water quality conditions that will arise from
implementation of a recommended flow regime. It is recognised that
the method is simplistic and can only be used to give estimates of
predicted concentrations of chemical constituents, however, it does
give some insight into the likely duration and frequency of water
quality that may be stressful to aquatic biota. The major limitation
of the method is that it does not take into account different sources
and loading of contaminants. This deficiency is not restricted to the
modelling method in that this is a major limitation in the Reserve
determination process at the moment. As long as the assumptions and
limitations in the method are understood, however, Q-C modelling
can be useful as a screening tool to identify sites where, without
reduction of pollution loading, the water quality component of the
Reserve is unlikely to be attained under the recommended flow
regime.
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