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Section D:
Procedure for Rapid Determination of RDM for River Ecosystems

D.1
What is in this section

This section describes the procedures for rapid determination of RDM for river ecosystems.  The procedures can be used to determine the water quantity and water quality components of the ecological Reserve.  Resource quality objectives are not generally determined at the rapid level, since the field surveys are not intensive enough to provide sufficient information for setting RQOs for habitat and biota.

The section is arranged such that the water quantity and water quality components of the Reserve are addressed separately.  This is appropriate, because at the rapid determination level, there is no explicit integration and matching between the water quantity and water quality components.  Integration and matching can only be adequately addressed at the intermediate and comprehensive levels of determination (See Appendix R29).

The rapid procedure is very similar to the desktop estimate: the ecological management class is derived on the basis of ecological importance and sensitivity.  This ecological management class then serves as input to the hydrological model for determination of the water quantity component (see Appendix R13), and to the procedure for rapid determination of the water quality component (see this Section D.)

Acronyms used on this section:

EISC = ecological importance and sensitivity category

DEMC = default ecological management category

DESC = default ecological status class

PESC = present ecological status class

AEMC = attainable ecological management class

D.2
Introduction

The main purpose of the rapid determination of the reserve is to provide an estimate similar to the desktop estimate, but with a higher confidence in the information on which the desktop estimate is based. The rapid determination will probably mostly be applied in situations where there is a relatively limited application for water use in an unstressed water resource, or where there is a requirement to illustrate the undesirability of further water use in systems already stressed (See Integrated Manual, and Section A of this manual.). The time and detail required for doing a rapid determination would also be limited compared to the intermediate determination.

The Rapid determination will be done on a particular river section for which a water use license application has been received. This is in contrast to the Desktop estimate that is applicable to the mainstem river in quaternary catchments specifically. This means that the Rapid determination will also be used at sub-quaternary level.

The methods and approaches to be used for the Rapid determination are very similar to those used for the desktop estimate, but will have to be adapted in some cases to achieve the required level of confidence.

It must be emphasized that the approaches proposed here (although mostly already developed) have not yet been applied for the specific purpose of rapid reserve estimation, and will be tested in the near future.

D.3
Determination of the ecological management class

D.3.1
Assessment of the Ecological Importance and Sensitivity Category (EISC)

For the ecological importance and sensitivity assessment from which the default ecological management class is derived, the approach as used for the Desktop estimate will be followed (see Section C). However, to provide more sensitivity to the habitat determinants, it is proposed that two additional determinants be included, in order to address sensitivity of the water in the system to changes in quality. For this purpose, an assessment of the alkalinity and hardness of the water under close to natural conditions (with the assumption that this will reflect the sensitivity of some of the biota), together with the sensitivity of the system to flow related water quality changes are perceived to provide some indication of the sensitivity to water quality changes. This information is available for several catchments but will have to be derived for catchments that are not that well known (Jooste, pers.com. 1999). However, it may be possible for a water quality expert to rate the sensitivity of catchments based on alkalinity and hardness and include this in future as a standard feature of the EISC database (Jooste, pers. com. 1999).  

The higher confidence requirements of the Rapid determination compared to the Desktop estimate, will usually require field surveys at relevant sites. These surveys will usually be applicable to fish (see Appendix R20), invertebrates and the riparian vegetation. The median of determinant scores will be used to relate the EISC to a particular DESC (See Appendix R7 and Section C). It is suggested that this procedure be followed prior to any field surveys (i.e. a low confidence rating similar to the Desktop estimate will in most cases be obtained) and to re-assess these ratings following the field surveys and the consideration of possible additional available information sources and expert opinion. This also means that whereas the Desktop EISC/DESC mostly relate to the expected or perceived natural situation, the Rapid EISC/DESC may to some degree have to confirm or reject the scores for the Desktop EISC/DESC following a field survey. However, due to the limited number of sites considered for the survey (See Appendix R20), the confirmation or rejection of the preliminary scores for determinants will have to be treated with caution.

The determinants that will be assessed for the Rapid EISC/DESC will be:

· Rare and endangered instream and riparian biota

· Unique instream and riparian biota

· Intolerant instream and riparian biota

· Species richness, riparian and instream

· Diversity of habitat types or features 

· Refuge value of habitat types 

· Sensitivity of habitat to flow changes

· Sensitivity to flow related water quality changes

· Sensitivity to water quality changes in terms of alkalinity

· Sensitivity to water quality changes in terms of hardness

· Migration route/corridor for instream and riparian biota

· Presence of National parks, Wilderness areas, Nature reserves, Natural Heritage sites or unproclaimed natural areas

D.3.2
Assessment of Present Ecological Status Category

The assessment of the PESC will follow an assessment of the habitat integrity as well as the biotic integrity of the system (Figure D1).

Habitat Integrity 

The method and procedure proposed for habitat integrity assessment for the Intermediate determination (see Appendix R4) will be followed. This is a scaled down version of the comprehensive habitat integrity assessment (Appendix R5) that only assesses the habitat component of the system. Integrity will be placed into a habitat integrity category A-F (see Appendix R5).

Biotic Integrity

Based on the field surveys conducted at selected sites, the biotic integrity of streams will be determined for fish (see Appendix R20), invertebrates (see Appendix R21) and riparian vegetation (see Appendix R19) and placed into a particular category A - F. As the biotic integrity assessment will be of a limited intensity and extent, it should mostly be used to provide insights into the habitat integrity assessment, i.e. it should be used as a possible check of specific aspects of the relatively broad habitat integrity assessment. 

D.3.3
Determination of Recommended Attainable Ecological Management Class (AEMC)
It is proposed that the same assessment system as for the Desktop estimate be followed (See Appendix R11 and Section C). This means that the EISC will determine the DESC. The PESC will be assessed (based on habitat and biotic integrity as described above) and this will be compared with the DESC to determine how close these are to each other (on a class level). The possible improvement of the system within 5 years (as described in Section C) should also be considered, particularly in the case of stressed systems. The AEMC that results from this procedure should be used as the input into the desktop hydrological model (See Appendix R13), and the procedure for determining the water quality component of the Reserve (see later in this Section D).

PESC :




PESC: POSSIBLE ATTAINABLE IMPROVEMENT:

(based on habitat integrity

  and consideration of biotic integrity)           Acceptable range of AEMC:

Catefgory A: Unmodified natural

Class A: Unmodified natural

Category B: Largely natural                                 Class B: Largely natural

Category C: Moderately modified                        Class C: Moderately modified


Category D: Largely modified                              Class D: Largely modified


                                                                         Not acceptable:

Category E: Seriously modified                            Class E: Seriously modified

Category F: Critically modified                            Class F: Critically modified

Figure D1:  Procedure followed in the determination of the AEMC. (: indicates relationship, 

                                    : indicates possible direction of desirable change.

D.4
Quantification of the Water Quantity Component of the Ecological Reserve

The methodology for quantification of the water quantity and/or flow component of the ecological reserve at the rapid level is the same as for the desktop estimate.  The ecological management class is used as input to the hydrological model of Hughes and Münster (1999); the procedure to be followed is described in Appendix R13 of this manual.

D.5
Quantification of the Water Quality Component of the Ecological Reserve

D.5.1
Overview

The generic RDM determination (water quality component) includes the following six steps: 

· Delineate the geographic boundaries of the resource, 

· Determine the water quality river reaches of the resource, 

· Determine the resource quality reference conditions,

· Assess the present ecological status, 

· Select the desired management class, and 

· Assign the reserve.

In overview, the rapid RDM determination for water quality includes: 

· Delineate the geographic boundaries of the resource.  The geographic boundaries are generally determined by the terms of reference for the Reserve determination.

· Divide the resource into water quality reaches for which a water quality reserve will be determined, 

· Determine the resource quality reference conditions.  In most cases, for the rapid reserve determination for water quality no reference conditions will be determined, but see note below.

· Assess the present ecological status, using available data and information, by identifying the monitoring points in each water quality reach, selecting a monitoring point close to the downstream boundary of a water quality reach, processing the data and deriving present state statistics for system variables, nutrients and toxic substances.

· Select an ecological management class (water quality) which will satisfy the water quality requirements of the ecological management class selected for the biota. 

· Quantify the reserve by converting the ecological management class (water quality) into allocable water quality ranges for the system variables, nutrients and toxic water quality constituents.

The rapid RDM determination for water quality differs from the intermediate and comprehensive determination in the following ways:

· Only available data and information are used whereas the intermediate and comprehensive determination make provision for collecting additional data;

· The time available for a rapid reserve determination is two days and should not exceed 4 days;

· The rapid method uses the precautionary principle for toxic substances by not allowing licensing of toxic discharges on the basis of a rapid RDM determination.

Important note:  Situations where water quality data is not available

In some cases, water quality data may not be available on the Department’s water quality databases for determination of present status.  This is especially so for instream water temperature, dissolved oxygen, TSS and some toxic constituents.   

If a water use licence application is received for evaluation, and the proposed water use could potentially impact on one or more water quality constituents for which no data are available, then an Intermediate RDM determination should be considered for those constituents.  This will allow at least limited field data to be collected prior to evaluation of the licence application.

Important note:  Situations where site-specific reference conditions must be determined

Generally, reference conditions for water quality are not determined at the rapid level, as it is assumed that the Target Water Quality Ranges in South African Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1999) will be used to indicate reference conditions.  

There are some cases where this will not be adequate due to local regional variability in geology and natural water quality conditions.  This applies particularly for pH in Western Cape Rivers and for TDS in Eastern Cape rivers.  These exclusions are noted in the text of this section.  In these cases, field surveys will be necessary to determine site-specific reference conditions, and an Intermediate RDM determination for the relevant water quality constituents may be more appropriate.

Step 1:  Delineate the geographic boundaries of the resource

The first step and second step of the water quality component of the rapid RDM determination are closely linked.  If the reserve determination is, for example, for as whole catchment, it would be necessary to break the catchment into water quality units which are each significantly different from the other to warrant their own specification of the reserve, and to clearly delineate the geographic boundaries of each.  

In general, the geographic boundaries of the resource are defined by the terms of reference of the study.   If the Department initiates the study as part of a compulsory licensing process, then the boundaries are determined by the Department’s requirements.  If the RDM determination is carried out for evaluation of a single water use license application, then the study boundaries will depend on the scale and extent of impact of the proposed water use.  However, the boundaries may need to be extended to address upstream-downstream dependencies between resource units if these dependencies are significant.

Method

· Select a complete river catchment system, or section of a river system (as in the case of an individual license application).

· Compile a map of the study area.  This can either be a GIS map generated from available information or it can be compiled from available maps.  To compile a study area map from available maps, obtain all 1:50 000 maps for the catchment. Combine the 1:50 000 maps into a single catchment base map. Obtain all reports and information relevant to water quality in the study area and which are readily available from the Department of Water Affairs & Forestry.  

· On the base map, mark the catchment boundary, ecoregion (level 1) boundaries, major tributaries, reservoirs and routine water quality monitoring points.

· For each monitoring point, indicate on the map the number of water quality samples and length of record (for example 1974 to 1998, n=345 samples).

· Obtain from the DWAF Regional office the location of pollution monitoring stations in the study area and other sources of major non-point sources that impact on water quality.  Mark this information onto the base map.

Step 2:  Determine the water quality river reaches of the resource

The next step is to sub-divide the study area into water quality reaches which would each have an independent statement of the water quality component of the Reserve.  The objective is to sub-divide the river into water quality reaches which, in unimpacted conditions, would have homogeneous background water quality characteristics.  The size of the reaches for the water quality component would probably differ from the water quantity resource units because for the water quantity component, resource units are closely aligned with level II ecoregion boundaries whereas water quality in rivers is more closely related to geological regions and thus probably more closely aligned with level I ecoregion boundaries.  In many cases, the minimum size of a resource unit would be more or less equivalent to a quaternary catchment.  This section provides some guidelines for sub-dividing the river into water quality reaches.

Method

· After mapping the study area (Step 1), identify the reservoirs in the system.  The dam wall forms the upstream boundary of a water quality reach and the inflow point into the reservoir forms the downstream boundary of a water quality reach. 

· Identify the level 1 ecoregion boundaries.  These then become the downstream boundary of a reach, and the upstream boundary of next downstream water quality reach.

· Identify the water quality monitoring point closest to the downstream boundary of each river reach.  This monitoring point will become the site where the present ecological state will be defined.  

· If there is no monitoring point close to the downstream boundary, the next downstream monitoring point can be used to determine the present status provided this monitoring points falls within the upper quarter of the next downstream reach. 

· If there is no monitoring point in a water quality reach, the water quality component of the reserve should be assigned without any reference to the present state of the water quality river reach.

· The breakdown of the water quality reach could be further resolved according to management requirements.  For example, where there are markedly different land uses that lead to significant differences in water quality along a water quality reach, a further breakdown according to major land uses can be carried out.

Step 3:  Determine the reference conditions

No reference conditions will be determined for the Rapid RDM Determination, since there is inadequate field information to do so.  The Target Water Quality Ranges (TWQR) of the South African Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1997) are considered to provide appropriate reference conditions for rapid RDM determination  (but see notes on Tables regarding exclusions where site-specific determination of reference conditions may be required in certain cases).

Step 4:  Assess the present ecological status

This section describes the method to determine the present ecological status of a river with regard to water quality. The method has not been tested for impoundments, wetlands or estuaries. The water quality variables described include: system variables (total dissolved solids (TDS), pH, dissolved oxygen, temperature and total suspended solids (TSS)), nutrients (these include ammonia, phosphorus partitioning and the N:P ratio), and toxic water quality constituents.  

The aim is to describe the current water quality at the downstream boundary of the water quality reach.  If there is no routine water quality sampling point at the downstream boundary then no present water quality status is defined for that water quality river reach.

Assessing the present status for system variables: Total dissolved salts (TDS)

· For the water quality river reach, extract the TDS data for the last three years of data.

· Calculate the median value for each month (using the IWQS web site software).

· Assign the river reach a water quality assessment category for each month using Table D1.

Table D1:  Rapid present status assessment for total dissolved salts (TDS)

Assessment category
Median monthly TDS (mg/l)

A
0 – 163

B
163 – 228

C
228 – 325

D
325 – 520

E and F
> 520

Table D1 Exclusions: This method can not be used for rivers in the Eastern Cape and Western Cape with high baseline salinity values.  In these cases, site-specific reference conditions will need to be determined, and an intermediate level determination for TDS may be more appropriate.

Assessing the present status for system variables: pH 

· Extract the pH data for the past three years of data.  

· Calculate the median pH value for each month (using the IWQS web site software)
.

· Assign the river reach a water quality assessment category for each month using Table D2.

Table D2:  Rapid present status assessment for pH in rivers.

Assessment category
Median monthly pH

A
6.5 - 7.5

B
6.0 - 6.5 or 7.5 - 8.0

C
5.5 - 6.0 or 8.0 - 8.5

D
5.0 - 5.5 or 8.5 - 9.0

E & F
< 5.0 or > 9.0

Table D2 Exclusions: This methodology for pH should not be applied to rivers where the baseline pH is low such as in the Western Cape. In these cases, site-specific reference conditions will need to be determined, and an intermediate level determination for pH may be more appropriate.

Assessing the present status for system variables: Dissolved oxygen concentration

· For the particular water quality reach, obtain all the dissolved oxygen data for the last three years of data.

· Convert the dissolved oxygen concentrations into percentage saturation taking account of the water temperature and elevation above mean sea level (Refer to page 59, Aquatic Ecosystem Guidelines, DWAF, 1997 or Addendum D-1 to this section). 

· Calculate the median dissolved oxygen saturation for each month, and assign the water quality monthly assessment category using Table D3

Table D3:  Rapid present status assessment for dissolved oxygen.

Assessment class
Dissolved oxygen concentration (%)

A
80 - 120 % of saturation

B
80 - 100% of saturation

C
60 - 80% of saturation

D
40 - 60% of saturation

E & F
< 40% of saturation

Assessing the present status for system variables: Water temperature

Water temperature data is not always available on the Department’s water quality databases.  Carry out a qualitative assessment, using available data and information, to assess whether there are significant artificial changes to the water temperature which may be of concern in the river reach under consideration, beyond the ranges indicated in the South African Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1997). If this is a concern, briefly document the spatial and temporal scale of the impact, the magnitude and the significance of the changes.

Assessing the present status for system variables: Total suspended solids concentrations

Suspended solids data is not always available on the Department’s water quality databases.  Carry out a qualitative assessment, using available data and information, to assess whether there are significant changes in the suspended sediment concentration (or turbidity) which is of concern in the river reach under consideration, beyond the ranges indicated in the South African Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1997). If this is the case, briefly document the spatial and temporal scale of the impact, the magnitude and the significance of the changes.

Assessing the present status for nutrients: Ammonia


· For a particular water quality reach (downstream boundary), extract all the ammonium data for the last three years. If the number of data records is less than 60, use a longer period of data. Ideally, all nutrient assessment must use the same period of data (it may not be valid to use ammonium data for the early 1980's with phosphate data for the late 1990's).

· Convert the ammonium values into un-ionised ammonia using water temperature and pH data (refer to Addendum D-2 to this section D, or to page 24 in Aquatic Ecosystem Guidelines (DWAF, 1997) for methods to convert ammonium concentrations to un-ionised ammonia concentration.

· Calculate the 90 percentile ammonia value. Where the ammonia concentration is at or near the analytical detection limit, the river is allocated a A/B class.

· Assign the water quality assessment category for ammonia using Table D4.

Table D4:  Rapid present status assessment using the un-ionised ammonia concentration to assign assessment categories for rivers

General categories for nutrient assessment
Assessment Category
Ammonia (un-ionised) concentration (expressed as mg-N/l as NH3)

unimpacted
A
<0.007

moderately impacted 
B
<0.015


C
<0.030


D
<0.070

highly impacted system
E
<0.100


F
>0.100

Assessing the present status for nutrients: The ortho-phosphate to total phosphate ratio

· For a particular ecoregion, extract all the ortho-phosphate (SRP) and total phosphorus (TP) data for the past three years. Where there is no TP data then this method can not be used.

· For each pair of SRP and TP values, determine the percentage ortho-phosphate content, given by: 

· Ortho-phosphate content = [SP]/[TP]*100 

· where [SP] is the soluble orthophosphate concentration (expressed in mg-P/l), and [TP] is the total phosphorus concentration (expressed in mg-P/l). 

· In a river where the measured orthophosphate concentration is at or near, the analytical detection limit, the river is allocated an A/B assessment class.

· Calculate the median ratio value, and assign the water quality assessment category using Table D5.

Table D5:  Rapid present status assessment based on orthophosphate as a percentage of the total phosphorus content

General category intervals for assessment
Assessment Category
Percentage orthophosphate content

oligotrophic
A
< 10 percent


B
< 20 percent

mesotrophic
C
< 40 percent


D
< 60 percent

eutrophic
E
< 80 percent


F
> 80 percent

Assessing the present status for nutrients: Nitrogen to Phosphorus ratio

· For a particular water quality river reach, extract the phosphate (SRP), total phosphorus (TP), ammonium and nitrate data for the past three years. If the number of records is less than 60, use a longer period of data.

· Calculate the total inorganic nitrogen (TIN) concentration by summing the ammonium and nitrate values for each set of values.

· Calculate the N:P ratio using the TIN and TP values

· For the period of data, calculate the median N:P ratio, and the median SP concentration. 

· Assign the river class using Table D6. Where the measured orthophosphate concentration is at or near, the analytical detection limit, the river is allocated an orthophosphate concentration of <0.01 mg-P/l.

· If there is no TP data (and only SP), use the same calculations for nitrate and ammonia to derive the TIN concentration. The N:P ratio is then derived from the TIN and  SP values and the value assessed using Table D7.

Table D6:  Rapid present status assessment of nutrient content based on the N-P ratio (using TIN and TP) 



Total inorganic Nitrogen to Total Phosphorus Ratio






<5:1
>5:1 & <10:1
>10:1 & <20:1
>20:1

Ortho-phosphate concentration

(expressed in mg-P/l)
<0.01
C
B
A
A


<0.05
D
C
B
A


<0.07
E/F
D
C
B


<0.10
F
E/F
D
C


>0.10
F
F
E/F
D/E

Table D7:  Rapid present status assessment of nutrient status based on N-P ratio (using only orthophosphate data) 



Total inorganic Nitrogen to Soluble Phosphate Ratio






<10:1
>10:1 & <20:1
>20:1 & <30:1
>30:1

Ortho-phosphate concentration (expressed in mg-P/l)
<0.01
C
B
A
A


<0.05
D
C
B
A


<0.07
E/F
D
C
B


<0.10
F
E/F
D
C


>0.10
F
F
E/F
D/E

Assessing the present ecological status for toxic water quality constituents

Data on toxic water quality constituents is not always available on the Department’s water quality databases.  Carry out a qualitative assessment, using available data and information, to assess whether there are significant impacts on the aquatic environment which can be ascribed to the presence of organic or inorganic toxic substances in the river reach under consideration, at concentration above the TWQR given in the South African Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1997). If this is the case, briefly document the spatial and temporal scale of the impact, the magnitude and the significance of the changes.

Documentation of present status assessment

Once the classes have been determined, the methods, data and other supporting information must be documented so that the calculations and assumptions can be verified at a later date (Table D8).

Table D8:  Documentation of present ecological status assessment – example

River: River reach:
Variable: TDS
Variable: pH

Data source used
DWAF HIS: B4H005Q01
DWAF HIS: B4H005Q01

Full data period
1974 to 1998
1974 to 1998

Trends detected
yes, positive
shift in values prior to 1990

Period used in Reference condition
1974 to 1976
1993 to 1997

Point source upstream?
None
None

Adjustment made for point sources?
Not necessary
Not necessary

Diffuse source upstream of sampling point?
None (min. Impact)
None (min. Impact)

Adjustment made for diffuse sources?
No
No

Degree of Confidence (DOC)
High
High

Other information/notes:
-
-

The degree of confidence (DOC) is assigned from the following criteria:

High - The present state assessment is supported by studies and information available in the published scientific literature. These studies should be directly applicable to the river in question.

Medium - The values are supported by one of the following: published studies/data, unpublished data, direct observations. 

Low - The reference conditions were based on anecdotal information, or “best estimate”.



Step 5:  Determine the ecological management class (water quality)

The overall ecological management class for the resource unit is determined on the basis of ecological importance and sensitivity of biota and habitats, according to the procedure described earlier in Section 0
For the rapid determination of the water quality component of the ecological Reserve, the ecological management class selected for the biota forms the guide for the management classes for the water quality component.  The ecological management class (water quality) is derived from a table which lists the water quality associated with a specific ecological management class (biota) to (Table D9). 

Method

· Obtain the future management class for the biota from the procedure described earlier in Section D

· Determine the future water quality management class for the system variables, nutrients and toxic substances from Table D9.  

For example, if the ecological management class for instream/riparian biota is set at B/B then it is necessary to determine what water quality classes will achieve B/B class for riparian and instream biota.  Table D9 provides an indication of what is required to maintain a biota class from A (the most unmodified) to a D class (the most modified). For example, a ecological management class for the biota B/B would require the toxics to be set at an A class, and the system variables and nutrients to be set at a B class (see Tables D1 to D6).

Table D9:  Guide for rapid determination of the ecological Management Classes (water quality component) based on the ecological management class for the biota.  Note that this table applies only to Rapid RDM Determinations, unless otherwise specified.

Ecological management class selected for the instream/riparian biota

Guideline Ecological Management Class (Water Quality) 




System variables
Nutrients
Toxic substances


A/A
A
A
A

A/B
B
B
A

B/B
B
B
A

B/C
C
C
A

C/C
C
C
A

C/D
C-D
C/D
A

D/D
C-D
C/D
A

Step 6:  Quantification of the reserve:  water quality component 

This section describes the use of the ecological Management Class for water quality to quantify the water quality component of the Reserve for the downstream boundary of each water quality reach.   The ecological management class for the three groupings of water quality variables (Step 5), needs to be converted into numerical requirements which can be specified in the notice of reserve determination for a specific river reach.

Method

· Table D10 is used to quantify the Reserve for three of the system variables: TDS, pH and dissolved oxygen.  The reserve values are based on the future management class that was selected for system variables (Step 5).  Note exclusions.

· The reserve for water temperature and for total suspended sediment is stated as a difference from the baseline water quality in the study area.  The allowable difference is derived from Table D11.  Note that seasonal variability must be maintained.

· Table D12 is used to quantify the reserve for nutrients based on the future management class selected for to maintain a water quality suitable for a selected future management class for the biota.
· Toxic water quality constituents: In rapid determinations, the reserve for toxic water quality constituents is set by default at the concentrations required for a class A river.  This means that, for any toxic substances, the concentrations of that toxic substance in the river must be :
· less than or equal to the TWQR for 90% of the time;

· less than or equal to the CEV for 99% of the time;

· less than or equal to the AEV for 100% of the time;

The TWQR is the Target Water Quality Range stated in the SA Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1997). The acute and chronic effect concentrations to be used for a specific toxic substance, are the AEV and CEV values specified in the South African Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1997).
SPECIAL  NOTE:

The rapid RDM determination may not be used as a basis for evaluating an application to discharge a toxic substance.  If a discharge of water or water containing waste includes a toxic substance listed in the SA Water Quality Guidelines, or if it displays toxicity according to a standard laboratory toxicity test, the at least an intermediate RDM determination is required before the discharge can be evaluated for licensing purposes.

Table D10:  Matrix for determination of the ecological Reserve (water quality)for system variables.

Ecological management class (water quality)
Water quality range for a specific ecological management class (water quality)




Median TDS (mg/l)
Median pH
Median dissolved oxygen concentration (%)

A
0 – 163
6.5 - 7.5
80 - 120% saturation

B
163 – 228
6.0 - 6.5 or 7.5 - 8.0
80 - 100% saturation

C
228 – 325
5.5 - 6.0 or 8.0 - 8.5
60 - 80% saturation

D
325 – 520
5.0 - 5.5 or 8.5 - 9.0
40 - 60% saturation

Exclusions on Table D10 - This method can not be used to set the water quality component of the ecological Reserve for rivers in the Western Cape where baseline pH is low, and for rivers in the Eastern Cape where baseline TDS is high.  In these cases, site-specific reference conditions will need to be determined in order to derive appropriate numerical water quality requirements for the ecological management classes in Table D9.

Table D11:  Allowable deviation from the baseline water quality for selected ecological management classes (water quality)

Ecological  management class (water quality)
Water Temperature

TSS


The median water temperature should not differ from the upstream Reference Condition (RC)  by greater than:
Or, the median water temperature should not differ from the upstream Reference Condition (RC) by greater than: 
Where the Reference Condition (RC) median TSS is <100 mg/l


(Expressed in percent change from reference condition)

A
10 percent
2o C
<10 percent 

B
12 percent
3o  C
<15 percent

C
15 percent
4o C
<20 percent

D
20 percent
5o C
<25 percent

Note on Table D11:

Natural seasonal variability in temperature and TSS should be maintained

Table D12:  Nutrient water quality ranges for selected ecological management classes (water quality). 

Ecological  management class (water quality)
Water quality range for a specific ecological management class (water quality)






Median ammonia (un-ionized) concentration (mg-N/l as NH3)
Percentage ortho-phosphate content

[PO4]/[TP]*100
Median ortho-phosphate concentration (mg-P/l)
Median total phosphorus concentration (mg-P/l)
TN:TP ratio

A
0 - 0.007
0 - 10 %
0 - 0.01
0.1
> 20:1

B
0.007 - 0.015
10 - 20 %
0.01 - 0.05
0.100 - 0.250
>10:1 & < 20:1

C
0.015 - 0.030
20 - 40%
0.05 - 0.07
0.175 - 0.250 
> 5:1 & < 10:1

D
0.030 - 0.070
40 - 60%
0.07 - 0.10
0.167 - 0.175
< 5:1
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Web Links

Institute for Water Quality studies - water quality data set:

http://iwqs.pwv.gov.za/wg/map/sa_hca1.htm
Weather Bureau data set:

http://www.sawb.gov.za
Addendum D-1

Method to convert dissolved oxygen concentration to a percentage saturation

Convert the dissolved oxygen concentration to a percentage saturation by dividing the observed  dissolved oxygen concentration by the theoretical dissolved oxygen saturation concentration.  


Dissolved oxygen (%) = (DOobs / DOsat ) * 100

where

DOobs = observed dissolved oxygen concentration (mg/l)

DOsat = dissolved oxygen saturation concentration (mg/l)

The dissolved oxygen saturation concentration is dependent on water temperature and elevation above sea level.  The saturation concentration can be read from a table (Method 1) or calculated (Method 2).

Method 1

Table D-1.1: Dissolved saturation concentration as a function of water temperature and elevation

 Water temperature

(degree C)
Elevation correction 

0 to 100 m
Elevation correction 

100 to 400m
Elevation correction 

400 to 800m
Elevation correction 

800 to 1200m
Elevation correction 

1200 to 1600m

6 
12.7 
12.1 
11.4 
11.0 
10.4 

7 
12.4 
11.8 
11.2 
10.7 
10.2 

8 
12.2 
11.6 
11.0 
10.5 
10.0 

9 
11.9 
11.3 
10.7 
10.3 
9.8 

10 
11.6 
11.1 
10.5 
10.0 
9.5 

11 
11.4 
10.8 
10.3 
9.8 
9.3 

12 
11.1 
10.6 
10.0 
9.6 
9.1 

13 
10.9 
10.4 
9.8 
9.4 
8.9 

14 
10.7 
10.1 
9.6 
9.2 
8.7 

15 
10.4 
9.9 
9.4 
9.0 
8.5 

16 
10.2 
9.7 
9.2 
8.8 
8.4 

17 
10.0 
9.5 
9.0 
8.6 
8.2 

18 
9.8 
9.3 
8.8 
8.4 
8.0 

19 
9.5 
9.1 
8.6 
8.2 
7.8 

20 
9.3 
8.9 
8.4 
8.1 
7.7 

21 
9.1 
8.7 
8.2 
7.9 
7.5 

22 
8.9 
8.5 
8.1 
7.7 
7.3 

23 
8.7 
8.3 
7.9 
7.5 
7.2 

24 
8.6 
8.1 
7.7 
7.4 
7.0 

25 
8.4 
8.0 
7.5 
7.2 
6.9 

26 
8.2 
7.8 
7.4 
7.1 
6.7 

27 
8.0 
7.6 
7.2 
6.9 
6.6 

28 
7.8 
7.5 
7.1 
6.8 
6.4 

29 
7.7 
7.3 
6.9 
6.6 
6.3 

30 
7.5 
7.1 
6.8 
6.5 
6.1 

Method 2

The dissolved oxygen saturation concentration at sea level as a function of temperature (zero salinity) can be calculated as (APHA, 1985):

ln csf = -139.34411 + (1.575701 x 105 / T) - (6.642308 x 107 / T2) + (1.2438 x1010 / T3) - (8.621949 x 1011 / T4)

where

csf = freshwater dissolved oxygen concentration in mg/l at sea level

ln = natural logarithm

T = temperature in K, T(K) = T(C) + 273.15

The change in saturation with elevation can be approximated as (Zison et al., 1978):

osp = os1 [1 - 0.1148 x elevation (km)]

where

osp = saturation concentration of oxygen at elevation

os1 = saturation concentration of oxygen at sea level
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Addendum D-2

Method to obtain the un-ionised ammonia concentration.

Un-ionised ammonia is dependent on the pH and the water temperature and can be derived from a table showing the relationship (Method 1 below) or calculated if the water temperature, pH and electrical conductivity (or TDS) is known.

Method 1

Table D-2.1: Relationship between water temperature, pH and un-ionised ammonia

pH
water temperature (degree C)






10
15
20
25
30

6.5
0.06
0.09
0.12
0.18
0.25

7
0.18
0.27
0.39
0.56
0.79

7.5
0.58
0.85
1.2
1.7
2.4

8
1.8
2.6
3.8
5.3
7.3

8.5
5.5
7.9
11
15
20

Method 2

Un-ionised ammonia can be calculated in river water samples from the ammonium concentration using water temperature, electrical conductivity and pH.

Un-ionised ammonia (NH3) (mg/l) = NH4 / (1 + 10logK-pH)

where NH4 is the total analysed ammonia concentration in mg/l, pH is the pH of the sample and logK is calculated as follows:

logK  =   0.00035130T2  +  ‑0.044736T  +  10.119

+  [‑0.00055400T2  +  0.029236T  +  ‑0.59920]*[sqrt(I)/(1+sqrt(I))]

+  [‑0.00021131T2  +  ‑0.0010510T  +  0.46909]*I

where T is the water temperature in degrees Celsius (C)  and I is the ionic strength in mol/l which can be calculated from the electrical conductivity as:

I = 0.00013(EC)

where EC is the electrical conductivity in mS/m.  This ionic strength: EC relationship is valid for river waters and soil extracts with an electrical conductivity less than 3200 mS/m.


























































� Editor’s note:  provide full reference to the site and the software.


� Ed’s note: check for consistency with section D3 and Appendix R29


, as Table 9 assumes two-level specification for instream/riparian biota


� Note;  In rapid RDM determinations, a precautionary approach requires that toxic water quality constituents be set at class A levels at all times.
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