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Intermediate Determination of the Groundwater Component of the Reserve

E.1 Background

E.1.1 Desired Characteristics of the IRD Method

The aim of the IRD project was to develop a method to quantify the Reserve.  The method was to be both scientifically valid and legally defendable under South African conditions. This should be based on best available knowledge and be well documented to ensure all assumptions used in the protocol are properly recorded. 

The following characteristics are also required:

· be performed at a quaternary catchment scale;

· should take no longer than 60 days to perform;

· be based on available information and limited site investigation (site visit, hydrocensus);

· applicable in areas with limited data;

· applicable to a wide range of geohydrological conditions;

· should include some indication of level of confidence and risk of failure; and 

· should be readily usable by DWAF personnel.

The method should be able to provide the following information:

· annual volumes (or depths) of abstractable groundwater, at a quaternary catchment level;

· monthly and peak groundwater abstraction volumes (or depths); and

· abstraction volumes (or depths) during low flow periods.

Seasonal and temporal variations in flow and water usage could be an important issue and hence also need to be addressed.

The method should also:

· provide guidelines for its implementation, provide definitions of terms used and guidelines to classify aquifers in terms of importance and stress (over-exploitation) levels; and

· clearly identify under which conditions the IRD method is not appropriate and identify other methodologies which could be considered.

SPECIAL NOTE:

Some 1946 quaternary catchments exist which cover an average area of about 650 km2, but can range from tens to thousands of km2.

SPECIAL NOTE:

Scales finer than quaternary catchments may need to be used.  These smaller areas are demarcated on the basis of river, groundwater and ecological characteristics. 

E.1.2 Project Methodology

Approach used

Information from a literature survey and discussions with various parties were used to develop a conceptual method for quantifying the groundwater component of the IRD.  A draft discussion document was compiled and discussed by a number of specialists and managers over eight months, with the focus on integration of the groundwater component with the surface water quantity and quality components of the IRD method.  Pilot tests were also conducted to verify the approach (Appendix GW1).  A workshop was held at the Constantia Lodge in Midrand on 16 April 1998 during which sixteen delegates (mainly from DWAF) discussed the document and proposed protocol.  Delegates were also given an opportunity to submit written comment.  The draft discussion  document was also submitted to fifteen leading geohydrologists in the country who were asked to evaluate the protocol and submit recommendations regarding improvement.

The only reasonable means of quantifying the IRD of a significant water resource within the set constraints of the IRD method is to assume that if groundwater levels remain relatively constant and ambient groundwater quality is not disturbed, then the groundwater system can continue to supply water for basic human needs and ecological purposes.  Should over-exploitation of the system occur, then the ability of the geohydrological regime to supply water for ecological purposes is reduced.  The rapid and conservative IRD method dictates the groundwater allocation be determined at a level which will not induce any of the conditions set out in Section B.3.8.

One of the fundamental assumptions in determining the Reserve, however, is that groundwater will be abstracted uniformly throughout the catchment.  This is seldom the case in practice.  Rather, various parts of a catchment play a different role in the system (i.e. recharge zones, discharge zones etc.).  Groundwater abstraction generally takes place in areas of high transmissivity (fault zones, fracture zones, highly weathered zones).  Further, groundwater is not abstracted from areas of poor quality or polluted areas.  Conrad and van der Voort (1998) regarded these as exclusion zones and reduced the exploitation potential of an aquifer by the volume of groundwater stored in such areas.  This is a useful concept which was included in the geohydrological region classification and when quantifying the groundwater allocation.

Key considerations

A significant amount of geohydrological work has been and is being carried out in South Africa which has direct bearing on the outcome of this project.  The national scale geohydrological maps prepared by Vegter (1995) provide an overview of prevailing geohydrological conditions in the country.  Similarly, the regional scale maps currently being produced by DWAF provide a more detailed perspective.  Unfortunately, this is an incomplete data set, but those maps which have been completed could be used in the IRD assessment process.

The national groundwater harvest potential map of South Africa provides an estimate of annual safe abstraction (Seymour, 1995; Baron et al., 1998).  The harvest potential map is being used as the basis for the Desktop and rapid methods (Haupt, 1999).  See Section C.

DWAF initiated a project to develop the concept of mapping exploitation potential on a regional basis.  Mean annual recharge and groundwater held in storage were calculated and the lower value used as a measure of exploitation or harvest potential (Smart, 1998).  Using essentially a similar approach, the CSIR investigated use of GIS technologies to determine sustainable exploitability of South African aquifers (Conrad and van der Voort, 1998).  The proposed methodology was tested on data-rich study sites.  Applicability of the approach remains un-tested in areas with sparse geohydrological data.  Nonetheless, concepts from this work were considered in the current study. 

A research initiative funded largely by the WRC will focus on the groundwater component of the comprehensive reserve determination method (Braune et al., 1999).  Results of this work are expected to facilitate improvements in the IRD method.

Safe yield

The concept of safe yield and quantification thereof has recently been challenged (Bredehoeft, 1997; Sophocleous, 1997).  They noted that natural groundwater discharge (or base flow) and constant groundwater levels reflect equilibrium conditions attained over decades and are not some expression of safe yield.  Nonetheless, if it is accepted the long-term sustainable yield of an aquifer is governed by recharge and storage, recent studies by Kirchner et al. (1991), Kok (1992), Bredenkamp et al. (1995), Vegter (1995), Vegter and Pitman (1996) and Murray (1996) and others have relevance.  These studies have shown the complex nature of the recharge process, and that a blanket approach for quantifying recharge is not possible. They do indicate that reasonable quantification is possible by comparing different methodologies and by monitoring response of an aquifer to pumping.

E.2 Quantification of the groundwater allocation

The process of quantifying the groundwater component of IRD assessments is presented in Table E2 while brief explanations of each step are given below.

E.2.1 Overall Process

Four hydrological components are addressed by the IRD method, namely rivers (quantity and quality), groundwater, wetlands and estuaries.  An initial six step generic process for the IRD method is shown in Table E1.  This was later modified to seven steps to accommodate ongoing monitoring recognised by the development team as being crucial (See section A which describes the generic process in detail).

As catchment management forms the cornerstone of managing the Reserve, the process for the groundwater component of the IRD method was purposefully modelled on the generic process to promote a high degree of integration between the four components.

Table E1:
Comparison of the generic process of the IRD method and that for the groundwater component.

GENERIC PROCESS
GROUNDWATER COMPONENT

PROCESS

Delineate boundaries of significant water resource
Delineate boundaries of significant water resource.

Determine ecoregion type
Determine homogeneous response units, geohydrological region type and delineate geohydrological response units

Determine reference conditions
Determine reference groundwater conditions for each geohydrological response unit 

Determine present status
Determine present status of each geohydrological response unit

Select  management class
Select  management class for each geohydrological response unit

Quantify the Reserve
Quantify the groundwater allocation

Institute monitoring and review
Institute monitoring and review

Table E2:
Process for intermediate determination of the groundwater component

Responsibility Key
· responsibility of the Minister of Water Affairs and Forestry and / or CMA

· responsibility of IRD project team, including specialists

· responsibility of project geohydrologist

Sequential Process

STEP 0
· Initiate IRD assessment and appoint project team

· Preparation phase


STEP 1
· Delineate geographical boundaries of significant water resources.


STEP 2
· Determine homogeneous response units, geohydrological region types within each homogeneous           response unit and delineate geohydrological response units.


STEP 3
· Determine groundwater reference conditions for each geohydrological response unit


STEP 4
· Determine current status of each geohydrological response unit


STEP 5
· Selected desired management class for each geohydrological response unit


STEP 6a

· Define extent of exclusion zones (based on Step 2) and reduce total area of each geohydrological response unit

· Quantify annual recharge in each geohydrological response unit

· Quantify low maintenance baseflow (based on IFR)

· Decide on percentage of Basic Human Needs to be allocated from groundwater

· Quantify groundwater allocation for each geohydrological response unit and determine allocation   for each homogeneous response unit.

· Set the level of confidence of the IRD assessment for each response unit.


STEP 6b
· Review groundwater allocation in light of current abstraction, baseflow records, conceptual geohydrological model and findings of the other project specialists.  Adjust if necessary.

· Set groundwater allocation and Resource Quality Objectives

· Submit to Review Panel

· Adjust groundwater allocation (if required by Review Panel)


STEP 6c
· Prepare integrated IRD Notice for each significant water resource

· Publish IRD Notice

· Review comments received in response to the publication of the IRD Notice and submit to the Minister of Water Affairs and Forestry.


STEP 7
· Initiate monitoring.

· Review IRD assessments, as specified by the desired management class



E.2.2 Assumptions related to the groundwater component of IRD 

Owing to the relatively quick and conservative nature of the IRD method, a number of assumptions had to be made.

The following assumptions relate specifically to the groundwater component of the IRD method:

· the ability of a geohydrological system to satisfy basic human needs and the ecological Reserve is not impacted if regional groundwater levels do not decline significantly over the long-term and ambient groundwater quality remains within natural limits;

· the IRD method is valid at a quaternary catchment scale;

· the sustainable rate at which groundwater can be abstracted is a function of average long term annual  recharge while the volume of groundwater held in storage acts as buffer during dry periods;

· it is assumed recharge and groundwater abstraction are relatively evenly distributed throughout significant water resources;

· validity of each IRD assessment should be reviewed on a regular basis (five years is the recommended review period);

· the groundwater component of a IRD assessment will be carried out by persons qualified and experienced in the field of groundwater hydrology who, in turn, will collaborate with other specialist hydrologists and ecologists; and

· determination of the groundwater allocation of a significant water resource will be reviewed by a panel of experts prior to finalisation of the IRD.

E.2.3 Data and Information Requirements

A wide range of data can be used to characterise the geohydrology of a quaternary catchment.  The process presented in this report differs from that proposed by Conrad and van der Voort (1998) as it is applicable in areas for which limited data are available.  However, all available data should be collected and used to determine the groundwater allocation (see Table E3).

The IRD method has avoided being too prescriptive with respect to data and information requirements.  Rather, this is left to the discretion of the responsible geohydrologist.  It is further the responsibility of the geohydrologist to indicate the level of confidence of the IRD assessment. This is based on the amount and quality of data available (Section E Step 6a).

National geohydrological maps (Vegter, 1995; Seymour, 1995) and regional scale geohydrological maps produced by DWAF are valuable for IRD assessments on the understanding that, as a result of the scale of the maps, the products have a low level of confidence.  As more and more groundwater investigations are undertaken, so too will more reliable data become available.  To overcome data shortage problems expected in many of the catchments, it is proposed an expert panel be appointed to review each IRD assessment.  In this way, both available data and past experience in a particular geohydrological environment can be used to quantify the groundwater allocation of a catchment.  The panel and person / organisation responsible for the groundwater component of an IRD assessment would, after consultation, provide the Minister of Water Affairs and Forestry with a reasonable assessment of the IRD.

SPECIAL NOTE:

Groundwater data is stored on the National Groundwater Database (NGDB) maintained by the Directorate of Geohydrology, DWAF.  Though this is a prime source of data, accuracy of data needs to be addressed as do data transfer protocols and linkages between software.  Basic training for groundwater practitioners is also required.

Table E3:
Types and sources of data used to quantify the groundwater allocation

DATA NEEDED
DATA AND INFORMATION
SOURCE

Geology

-
lithology

-
stratigraphy

-
structure

-
aquifer types
Geological maps

-
1 : 250 000

-
1 : 50 000 (if available)
Council of Geoscience



Physiography

-
catchment boundaries

-
drainage

-
slope and topography

-
land use

-
other
Topographical maps

-
1 : 250 000

-
1 : 50 000 (if needed)
Directorate of Surveys and Land Information

Geology

Physiography
Remote sensing data

-
satellite images

-
aerial photographs
Satellite Applications Centre

Directorate of Surveys and Land Information

Geohydrological perspective

-
aquifer types

-
recharge

-
potential

-
vulnerability
Geohydrological maps

-
national groundwater maps

-
harvest potential map

-
national groundwater vulnerability map

-
1 : 500 000 geohydrological maps
Water Research Commission

Directorate of Geohydrology



Geohydrological data

-
borehole yields

-
geohydrological parameters (T, K, S)

-
aquifer thickness

-
static water level contour map

-
groundwater quality

-
monitored water levels

-
monitored groundwater quality
Geohydrological data

-
national groundwater database

-
hydrochemical database

-
geohydrological reports
Directorate of Geohydrology

DWAF regional offices

Water Research Commission

Local authorities

Consultants

Other

Rainfall

-
annual

-
monthly

-
distribution in a catchment
Climatic data
Weather Bureau

WR90

SA Atlas of Agrohydrology and Climatology

Population
Population data
Central Statistical Services

SPECIAL NOTE:

During field testing of the IRD method it was apparent that  the determination cannot be done without a hydrocensus being conducted in the area of concern.  It is critical that basic field measurements and local knowledge (even if only anecdotal in nature) be used.  This data can be used to collaborate and update that stored on the NGDB and presented on geohydrological maps.

SPECIAL NOTE:

Quantifying the Reserve throughout South Africa will require large data sets.  The Reserve, and the need to provide all of South Africa’s people with a minimum supply of potable water (i.e. the Basic Human Needs Reserve), provide a major incentive to collect, store and use groundwater data.

E.3 Procedure for intermediate determination of the groundwater component of the Reserve

The step-by-step procedure for determining the groundwater component of an IRD is illustrated in Table E2.  A brief description of each step is presented below while case studies are presented in Appendix GW1 to illustrate application.

Step 1  Preparation phase

The purpose of the preparation phase (Step 1 in the generic method) is to appoint the IRD assessment team and collect available information.   An IRD assessment process is usually initiated by the Minister of Water Affairs and Forestry who also appoints the IRD team to undertake an assessment of a significant water resource.  Such a team typically includes a hydrologist, hydraulic engineers, a geohydrologist, a sociologist and a range of ecological specialists.

As part of the preparation phase, the responsible geohydrologist is to collect all available data and information of the area of concern.  The extent of hydrocensus required is to be assessed in terms of available data.  To provide meaningful input into the IRD assessment process at an early stage, it is preferable that a hydrocensus be carried out as part of the preparation phase and a conceptual geohydrological model of the area should be compiled.  The purpose of a hydrocensus is to visit the study area and assess status with respect to geology, water levels, groundwater usage and other site specific issues of relevance.  During the visit, parameters such as depth to groundwater and quality (EC) may be measured.

Step 2a  Delineation of SWR boundaries

By definition, the basic unit of an IRD assessment is the quaternary catchment.  Input from the IRD team may be required to ensure that resource unit boundaries coincide with hydrological and / or ecological resource unit boundaries.

Step 2b  Delineation of response units and geohydrological region types

It is necessary to delineate zones of similar ecological type within the study area.  Typing is the first step of developing a conceptual understanding of a hydrological system and allows for extrapolation from one area of similar type to another.  Methods to do this have been developed by Kleynhans and Hill (1998) and are based on physical, hydrological and ecological characteristics (see Specialist Appendix R1 - Ecoregional typing to level II).  To ensure the IRD team have a common understanding of the study area, a map demarcating the area of interest must be compiled.

Catchments and significant water resources are typically defined in terms of surface water considerations.  However, it is important that geohydrological factors also be considered as subsurface conditions could play an influential role in controlling hydrological and ecological conditions.  This is particularly true in the case of effluent rivers and groundwater-dependant wetlands. In the case of the Crocodile River pilot test (Appendix GW1), it was found groundwater discharge from the dolomitic aquifer system accounted for about 60% of baseflow.  Because of the unique role groundwater played in the hydrological system, the dolomitic aquifers needed to be delineated as a distinct water resource and therefore was demarcated as a homogeneous response unit.

No formal methodology exists for defining boundaries of homogeneous response units.  This aspect is currently being addressed by van der Voort and Conrad (1999).  Based on the work of Toth (1999), demarcation would typically be based on geology, climate and topography.  A number of tools are available to facilitate homogeneous response unit delineation (Baron et al., 1998; Midgely et al., 1994; Parsons, 1995, Vegter, 1995 and regional scale geohydrological maps).  Until such time as formal tools are available for this, expert judgement will be required. In doing this, it needs to be remembered that the purpose of demarcating homogeneous response units is to identify systems with similar characteristics which respond in a similar manner.  The extent of homogeneous response units must be presented on a map so this information can be clearly and accurately conveyed to other specialists on the IRD team.

Homogeneous response units relate specifically to geohydrological characteristics, but may coincide with ecoregions or parts thereof.  This approach was used to accommodate a range of scales and conditions.  When demarcating homogeneous response units, the responsible geohydrologist should be mindful of the purpose of demarcation, geohydrological characteristics, and ecological and hydrological typing.  Typing of the various components should initially be conducted independently before the various specialists integrate and / or accommodate requirements from other component disciplines.  Because of the number of factors to be considered, setting of boundaries will probably be an iterative process requiring modification until all component requirements have been accommodated.

The purpose of geohydrological region typing is to identify components within homogeneous response units which play a unique role in the hydrological and ecological functioning of that unit.  Classification is based on the geohydrological region type classification system (Figure B1).  Geohydrological region types are grouped according  the chief role or function ie. maintaining system integrity, discharge integrity or ecological integrity.  A set of rules were developed to ensure integrity is not compromised (Figure B1).  These rules are then considered when determining the groundwater allocation and when setting Resource Quality Objectives (see Section B.3.8).  For example, exclusion zones are used to maintain system integrity, and drawdown limitations are used to maintain ecological integrity.  In the case of river flow and spring flow geohydrological regions, the groundwater allocation is reduced by the low maintenance baseflow requirement set by the surface water specialist team.

A homogeneous response unit is simply subdivided based on the role groundwater performs in a particular area.  Expert judgement is used, but the following guidelines can be considered:

· a distance of 1 km from a particular feature can be used to demarcate exclusion zones, with the exact distance based on prevailing conditions and risk of impact;

· normally the entire low maintenance baseflow in surface water resources is assumed to be derived from groundwater, but this may be reduced in the case of influent streams;

· exclusion zones or groundwater abstraction limitation zones can be demarcated around sensitive rivers and springs, if groundwater abstraction from such zones could significantly impact flow; and 

· drawdown and groundwater level limitations outside exclusion zones
 need to be based on site specific considerations, but reduction of the static water level by 10% of the depth to groundwater from surface can be used as a general rule.

An area may be classified as more than one geohydrological region type.  For example, groundwater may sustain both river flow and riparian vegetation.  In such cases, both rules apply when setting the groundwater allocation and Resource Quality Objectives ie. reduction of groundwater allocation by low maintenance baseflow and setting of drawdown limitations.  Once the geohydrological region types have been define these are demarcated as geohydrological response units
.  Groundwater allocations are determined for each geohydrological response unit.

SPECIAL NOTE:

In the case of the Atlantis and Graaff-Reinet case studies (Appendix GW1), quaternary catchments were considered to be the significant water resources and homogeneous response units within these resources were demarcated.  In the case of  the Crocodile River pilot study, ecoregional typing resulted in the demarcation of two ecoregions (Great Escarpment Mountains and Lowveld).  Because of the role of the dolomitic aquifer system, three homogeneous response units were recognised. 

Step 3  Determination of Reference conditions

The concept of reference conditions has previously not been applied to groundwater in South Africa.  As a result, the concept is not well developed and lags behind its application in determining IFR’s or setting the Reserve for the surface water component.  Methods of quantification and reporting are required.  Until such time that these tools are in place, qualitative-descriptive approaches based on expert judgement have to be used.  The approach used to date is illustrated with short descriptions presented for the four case studies (Appendix GW1).

A short description of the geohydrological system is required to describe both natural (reference) and current conditions.  The purpose of this is to develop a sound conceptual understanding of prevailing geohydrological conditions and to assess the present status of the geohydrological regime.  In turn, present status is used to set the  management class.  Typically, information presented will include:

· geology;

· description of different aquifer types;

· depth to water, and if sufficient data are available, a water level contour map;

· typical fluctuations in water levels, particularly in the vicinity of rivers and wetlands;

· typical ranges of T, K, S and hydraulic gradient for each aquifer type;

· borehole yields and drilling targets;

· typical groundwater quality using a Piper diagram classification system and distribution statistics of relevant quality parameters and, if sufficient data are available, an EC contour map;

· information relative to groundwater abstraction;

· information relating to known and expected sources of contamination;

· information relative to vulnerability; and

· information relating to known or suspected environmental impacts resulting from groundwater abstraction or contamination.

Water level and water quality data is of particular importance when setting the groundwater component of the Reserve.  If possible, groundwater level and EC contour maps should be prepared and attention paid to both natural, unimpacted conditions and to conditions reflecting anthropogenic influences.  In most cases it is expected insufficient data will be available for preparing the desired contour maps and more qualitative descriptive approaches will have to suffice.  Under these circumstances, collection of water level and quality information during the hydrocensus will be paramount.

Homogeneous and  geohydrological and response units demarcated in Step 2 should be reviewed in light of the conceptual understanding developed during the assessment of reference and current conditions.  Demarcations may have to be revised.

The level of detail at which reference conditions can be described is a function of available data and information.  The responsible geohydrologist should aim to use all available data and present the most detailed description possible to facilitate development of a sound conceptual model of the significant water resource being assessed.  

Step 4  Present status assessment

The present status of each geohydrological region is assessed in terms of degree of use and modification from reference conditions described in Step 3.  As rigorous methods for assessing present status are not available, present status will in many instances be based on the findings of the hydrocensus and expert judgement. 

Four tools have been developed to assess the present status of response units, namely

· groundwater usage (Table E4),

· groundwater contamination (Table E5),

· potential or expected groundwater contamination (Tables E6 and E7) and

· environmental impacts (Table E8). 

It is the responsibility of the geohydrologist to apply the most appropriate tool, but as a general guide and in accordance with the conservative approach of the IRD method, the lowest class indicated by the four tables is used for setting the present status of a particular geohydrological response unit.

It must be noted these tools are first attempts at providing methods for quantitatively setting the present status of response units.  Therefore it must be expected they will evolve as they are applied and as more issues are identified or addressed.  When assessing present status it is important that any impacts to the aquifer system or environment resulting from groundwater usage or other anthropogenic activities be highlighted. 

SPECIAL NOTE:

Table E4 relates the volume of groundwater abstracted to the groundwater allocation, as a guide for setting the present status.  As the groundwater allocation is only determined in Step 6, an iterative process is needed.

SPECIAL NOTE:

The potential or expected groundwater contamination tool (Table E6) relates aquifer vulnerability to expected land use impact. If a site specific assessment using DRASTIC (Aller et al., 1987) is not carried out, vulnerability as presented by Parsons and Conrad (1998) can be used.  A table relating expected impact to land use was developed (Table E7).  This table was based largely on the work of Foster and Hirata (1988), but can be modified in future to include approaches developed as part of the groundwater quality management strategy (DWAF, 1998).  For example, a medium sized sewage works located on a highly vulnerable groundwater system requires the present status of that geohydrological response unit to be set at the level of category D.

SPECIAL NOTE:

Table E8 provides a generic means of assessing present status based on various impacts on the environment.  Affected environments currently recognised are spring flow, river flow, vegetation, land subsidence and sinkhole formation.  Other affected environments can be added to this list when identified.

The following example illustrates how the table could be used: if groundwater abstraction near a river reduces  stream flow or basefolow in the river by say 10%, this requires the present status be classified as C.  Reduction of flow by 50%, however, requires either a D or E category .

Table E4:  Present status category - groundwater usage.

PRESENT STATUS CATEGORY
DESCRIPTION
GUIDE

A
Unmodified, pristine conditions
Very limited use

(groundwater use is less than 5% of groundwater allocation)

B
Low volume groundwater usage, largely natural conditions, no negative impacts apparent
Stock watering, farm domestic water supply, rural water supply

(use ranges between 5% and 20% of groundwater allocation)

C
Moderate volumes of groundwater usage, little or no negative impacts apparent
Small scale irrigation, rural water supply, water supply for villages and small towns.

(use ranges between 20% and 40% of groundwater allocation)

D
High volumes of groundwater usage, but with little apparent negative impact
Water supply for large rural communities, medium to large towns, large scale irrigation.

(use ranges between 40% and 65% of groundwater allocation)

E
Stressed system due to over-abstraction of groundwater or inappropriate land-use
High volume of major groundwater users

(use ranges between 65% and 95% of groundwater allocation)

F
Critical over-abstraction of groundwater or highly sensitive hydrological environment
Very high volume of major groundwater uses

(groundwater use is in excess of 95% of groundwater allocation)

Table E5:  Present status category  - groundwater contamination.

PRESENT STATUS CATEGORY
DESCRIPTION
GUIDE

A
Unmodified, pristine conditions
Natural groundwater quality conditions prevail

B
Localised, low levels of contamination, but no negative impacts apparent
Largely natural groundwater quality conditions prevail

C
Moderate levels of localised contamination, but little or no negative impacts apparent
Some localised contamination detected, may impact the purpose for which groundwater is used.

D
Moderate levels of widespread contamination, which limit the use or potential use of the aquifer
Groundwater contamination is quite widespread but levels are relatively low, may impact the purpose for which groundwater is used.

E
High levels of local contamination which render parts of the aquifer unusable
High levels of contamination detected in places, use of groundwater from impacted area to be restricted or prohibited to protect water users.

F
High levels of widespread contamination which render the aquifer unusable
Very high levels of contamination, widespread throughout the aquifer.  Groundwater use to be restricted or prohibited to protect water users.

Table E6:  Present status category  - potential or expected groundwater contamination.


VULNERABILITY

(see Parsons and Conrad, 1998)

EXPECTED

LAND

USE

IMPACT

(see Table E7)



Low
Medium
High


Low

Impact
A
B
B


Moderate

Impact
B
C
D


High

Impact
C
D
E

Table E7:  Present status category - Land use 

EXPECTED IMPACT
LAND USE

Low impact
· natural veld

· industrial area - other

· pastures

· rural area - farms

· abattoirs

· irrigation - limited chemicals

· kraals

· rural area - low density

Moderate impact
· sewage works - small (less than 1 ML/d)

· spills – hazardous

· waste site - small

· industrial area - food processing

· irrigation - chemicals

· rural area - high density

· feedlots

· sewage works - medium

· waste site - medium (between 1 and 20 ML/d)

High impact
· Industrial area - chemical

· Mine dumps

· Urban area

· Waste site - large

· Sewage works - large (greater than 20 ML/d)

· UST's

· Industrial area - metal processing

· Power generation

· waste site - hazardous

Table E8:  Present status category  - environmental impacts.

PRESENT STATUS CATEGORY
GENERIC

DESCRIPTION
AFFECTED

ENVIRONMENT

           A
Unmodified, pristine conditions
spring flow

river flow

vegetation

land subsidence

sinkhole formation

           
B
Localised low level impacts, but no negative affects apparent


C
Moderate levels of localised impacts - moderate or perceived impact on the environment.


D
Moderate levels of widespread impacts - limited but noticeable affect on the environment.


E
High levels of local impacts – serious affect on environment


F
High levels of widespread impacts - critical affect on the environment


Step 5  Setting groundwater management class

The management class is used to guide the protection and management of a particular resource unit and therefore could have an important bearing on issuing water authorisation permits.  Table E9 presents the groundwater management classes set on the basis of the present status category according to the “default rule”, as explained in Section A, and highlights the recommended management actions.

For the IRD, the relationship between the present status category and the management class is based on the so-called “default rule” (see Integrated Manual and Section A), to prevent further deterioration of the resource.  Those response units with a management class of “a” require little protection and management intervention.  It is possible for water users in these areas be issued with limited groundwater abstraction authorisation permits without further investigation being required.  Those response units with a management classification  of “c” require significant intervention in terms of reduction of present water uses.

The  management class is used for two purposes, namely to set the frequency of review of the IRD (Table E9) and to limit groundwater abstraction, when required (Table E10).  Those units with a Class “c” classification require annual review of the IRD assessment.  The review is to be based on monitored water level and quality data and the observed response of the geohydrological response unit to recharge and abstraction.  Such geohydrological response units may require a comprehensive Reserve determination to be carried out before additional groundwater usage authorisation can be given.

Table E9:  Rules for setting management class in relation to present status category

PRESENT STATUS

CATEGORY
MANAGEMENT CLASS
REQUIRED ACTION

A
a
Conduct IRD assessment,

institute monitoring and review IRD within 5 years

B



C
b
Conduct IRD assessment,

institute monitoring and review within 3 years

D



E
c
Conduct IRD assessment,

institute monitoring,

initiate CRD assessment and review within 1 year

F



SPECIAL NOTE:

It is important to note the frequency referred to in Table 9 relates to how often the IRD assessment must be reviewed and not frequency of monitoring.  Typically, Class “a” systems require a six monthly or annual monitoring frequency while Class “c” systems require quarterly or even more frequent monitoring.

SPECIAL NOTE:

The management action is appropriate for and undeveloped resource, but differs from the categories used in the surface water Reserve determination where class “a” implies greater protection and possibly more intense monitoring.

Table E10 presents protection and management guidelines for impacted geohydrological response units.  Severe limitations are imposed on heavily impacted units.  This is done to both protect groundwater users and limit further environmental impact until the situation is properly assessed through more appropriate and detailed investigation.  Few cases are known in South Africa where aquifers have required such dramatic intervention with some of the better known examples including the Uitenhage artesian basin, the Dendron aquifer and the Vermaaks River aquifer.

Table E10:  Desired protection and management actions

PRESENT STATUS

CATEGORY
MANAGEMENT

CLASS
RECOMMENDED PROTECTION AND MANAGEMENT ACTIONS



impact caused by abstraction
If impact caused by contamination

A
a
no limitation on

groundwater allocation
no limitation on

groundwater allocation, but check quality in terms of

usage guidelines

B




C
b



D


include impacted area in GRU,

but limit groundwater allocation

to 75% of that calculated

E
c
limit groundwater allocation

to 75% of that determined
exclude impacted area from

GRU and prohibit abstraction

within 1 km of impacted area,

limit groundwater allocation of

GRU to 50% of that calculated

F

limit groundwater allocation

to 50% of that determined
exclude entire GRU and prohibit

all groundwater abstraction until

situation properly assessed

Step 6  Quantification of the groundwater allocation

Determination of the groundwater allocation for each geohydrological response unit requires a number of tasks be carried out.  The procedure followed is illustrated in Appendix GW1.  For the sake of clarity, the quantification process is divided into three sub-steps 

· determination of groundwater allocation (Step 6a)

· review and setting Resource Quality Objectives (Step 6b)

· preparation and publication of IRD Notice (Step 8)

6a:  Determination of groundwater allocation

Long term average recharge within a geohydrological response unit forms the basis of setting the groundwater allocation.  This guide is not prescriptive in terms of the recharge calculation method to be used.  Rather, this is left to the discretion and professional judgement of the responsible hydrogeologist.  Further, it is the duty of the responsible geohydrologist to ensure the determined allocation is reasonable in terms of known hydrological and geohydrological conditions.

The boundaries, typing and management class of each geohydrological response unit within a significant water resource are determined in Steps 2, 3, 4 and 5.  This information is used to complete the relevant sections of Table E11. 

Quantifying recharge requires three tasks be completed, namely determining the effective area of the geohydrological response unit, selecting the most appropriate method(s) of calculating recharge and then calculating the recharge:

· The area of the geohydrological response unit only has to be reduced if exclusion zones are present (Figure B1 or Table E11).  Total area of the response unit is reduced by the area of the exclusion zones within the response unit and the effective area recorded.  Exclusion of the sea water geohydrological region in the Atlantis case study is an example of this procedure.  The exclusion zone included an area within 2 000 m of the coast.

· A number of methods can be used to estimate average annual recharge (Table B1).  Selection of the most appropriate method (and verification thereof) is left to the discretion of the responsible geohydrologist.

· Average long-term annual recharge in a response unit (using the effective area) is estimated using the selected recharge method(s) and the results recorded in Table E11.

The quantification process then requires that baseflow and basic human needs adjustments for each geohydrological response unit be included.  Low maintenance base flows are set by the IRD surface water component team (see Rivers Specialist Appendix.  Monthly requirements are totalised and recorded in Table E11.  Normally the adjustment includes the total low maintenance baseflow.  However, is some instances, this may be reduced, as done in the case of the Pienaars River pilot test (Appendix GW1).  Clear and proper motivation must be recorded when doing this.

Water for basic human needs can either be allocated from surface or groundwater resources or a combination of both.  A decision therefore needs to be taken regarding the percentage to be allocated from groundwater resources within each geohydrological response unit.   This aspect must be addressed by the entire IRD team as well resource managers and planners from DWAF.  If the total basic human needs requirement is to be derived from groundwater the adjustment required is calculated by multiplying the number of people in a response unit by the basic human water need (refer to the Water Services regulations and Basic Human Needs RDM manual) and annualising the product.  If only part of the basic human needs requirement is to be met from groundwater resources, then the calculated BHN adjustment is merely reduced by the percentage to be supplied from subsurface resources.

SPECIAL NOTE:

In major urban areas, only a small percentage of water required to satisfy basic human needs would typically be derived from groundwater.  Conversely, in rural areas groundwater resources will probably play a more significant, if not dominant, role.  The Pienaars River case study is a good example of this.

Once the adjustment calculations have been completed and recorded in Table E11, the groundwater allocation of each geohydrological response unit is calculated by reducing annual recharge by the low maintenance baseflow and basic human need adjustments.  The groundwater allocation for the significant water resource is then determined from the sum of allocations for individual response units.

To provide a measure of the level of confidence of the IRD assessment, the responsible geohydrologist should indicate this based on guidelines presented in Table E12.  Both the quantity and quality of data used in an assessment and conceptual understanding of the geohydrological system must be considered.  Typically IRD assessments would be in the medium confidence range.  In comparison, rapid and desktop assessments will generally provide estimates with low to very low levels of confidence while comprehensive Reserve determinations should have high to very high levels of confidence.

Of the case studies to date, the Atlantis IRD assessment was of high to very high level of confidence (large data set, well studied, detailed monitoring) and the Graaff-Reinet IRD assessment of high confidence (reasonable data set, properly investigated, limited monitoring).  The Pienaars River IRD assessment was assigned a medium to low confidence level (large data set, limited detailed investigation, poor conceptual model).  However, the Crocodile River IRD assessment was of very low confidence level due to a lack of data.  Experience from similar geohydrological regimes elsewhere had to be used to set the groundwater allocation.

Table E11:  Example of completed IRD method data sheet

BOUNDARIES AND TYPING
MANAGEMENT CLASS
RECHARGE
ADJUSTMENTS
ALLOCATION

Homogeneous

Response

Unit
Geohydrological

Region

Type
Present status
 Management Class
Total

Area

(km2)
Effective

Area

(km2)
Recharge Method 
Annual Recharge

(106 m3)
Low Maintenance

Baseflow Adjustment

(106 m3)
BHN Adjustment

(106 m3)
GRU

Groundwater

Allocation

(106 m3)
Confidence

Unit 1
Terrestrial Vegetation
A
a
34
34
20% MAP
2.86
0.50 2
0.00
9.92
very high


Sea Water
A
a
22
0
exclusion

0.00
0.00




High Volume Abstraction
D
b
103
103
20% MAP
8.65
0.00
1.09



Unit 2
Terrestrial Vegetation
A
a
59
59
15% MAP
3.72
0.00
0.00
3.72
high


Sea Water
A
a
32
0
exclusion

0.00
0.00



Unit 3
Terrestrial Vegetation
A
a
54
54
5 % MAP
1.13
0.00
0.00
1.13
high


Total for Significant Water Resource   
16.36
0.50
1.09
14.77


Table E12:  Criteria used to define the level of confidence of the groundwater assessment.

LEVEL OF CONFIDENCE
CRITERIA

Very high 
(+75 %)
Aquifer response to pumping monitored and quantified

Detailed information from exploration of the catchment

Extrapolation of information from similar groundwater regimes elsewhere which are well understood

High
(65 - 75%)
Aquifer response to pumping observed

Detailed information from exploration of the catchment

Extrapolation of information from similar groundwater regimes  elsewhere which are well understood

Medium
(40 - 65%)
Detailed information from exploration of the catchment

Extrapolation of information from similar groundwater regimes  elsewhere which are well understood

Low
(20 - 40%)
Limited on-site data

Extrapolation of information from similar groundwater regimes reasonably well understood

Very low
(< 20%)
No on-site data; based on national-scale maps

Extrapolation of information from similar groundwater regimes reasonably well understood

6b:  Review of groundwater allocation and setting of resource quality objectives

The purpose of this step is to check that the groundwater allocation is reasonable and to set Resource Quality Objectives.  In reviewing the resultant groundwater allocation, all available information from the water resource of interest as well as similar areas elsewhere must be reviewed.  The responsible geohydrologist must ensure that available evidence supports the conceptual understanding of the geohydrological regime.  The conceptual model must be revised until all information supports the model.  If conceptual problems persist, the geohydrologist must accept the IRD is based on a weak understanding of the system and the level of confidence set in Step 6a is lowered.  This was the case with the Pienaars River pilot test.

Resource quality objectives are set to ensure that integrity of the Reserve is maintained to provide resource management guidelines and performance specifications.  Geohydrological regions which maintain ecological integrity may require static water level and permissible drawdowns to be set (Figure B1). Examples of Resource Quality Objectives include the prevention of:

· impact on aquifer integrity;

· significant drop in groundwater levels;

· deterioration of water quality (either by saline intrusion, induction of poorer quality from adjoining aquifer and / or contaminated water);

· increased risk of sinkhole formation (in dolomitic areas);

· negative impact on spring flow;

· negative impact on river flow;

· negative impact on riparian vegetation; and

· negative impact on vegetation.

Resource quality objectives should be site specific.  Controls or measures that can be used to ensure that Resource Quality Objectives are met include drawdown limitations, restricted pumping (particularly in the vicinity of rivers and springs), protection zoning and land use management.  No formal process is in place yet to define Resource Quality Objectives for groundwater.  The responsible geohydrologist, therefore, has to use experience and professional judgement.   When doing so, the purpose of the objectives needs to be borne in mind as well as means of monitoring that they are being met.

As a means of checking and standardising all IRD assessments, each assessment is to be submitted to a review panel for review.  Once the assessment is received back from review, the groundwater allocations may have to be adjusted and the preliminary Reserve notice prepared.

8:  Preparation and publication of IRD Notice

IRD Notices for the groundwater component should inter alia specify (see examples in Appendix GW1 and the Integrated Manual):

· volume of groundwater that may be abstracted from each response unit;

· Resource Quality Objectives;

· groundwater quality and quantity monitoring information requirements; and

· any other appropriate groundwater usage authorisation conditions specific to a particular response unit.

Experience with developing an integrated IRD Notice (including surface water, groundwater and wetland components) showed a high level of integration between the component specialists is required.

Step 7  Monitoring and review

The IRD assessment process is a relatively quick method of setting the Reserve based on available data and limited field work.  It was recognised during development of the IRD method that the only way of checking the validity of IRD assessments is to monitor the response of systems to natural and anthropogenic influences.  Monitoring was hence added as an extra, ongoing step to the original six step IRD assessment procedure (Table E1).

Implementation of proper monitoring is the responsibility of the Minister of Water Affairs and Forestry.  Further, monitoring could be set as condition of any water usage authorisation permit.  Monitoring for purposes of evaluating Reserve assessments must be integrated with the current national groundwater monitoring programme.  Clear guidelines are urgently needed for this.  Until such guidelines are available, the responsible geohydrologist is to liaise with the Directorate of Geohydrology regarding current and required monitoring.

To ensure that groundwater allocations which have been determined using the IRD method are appropriate, IRD determinations have to be reviewed within a specified time.  Frequency of review of groundwater components is prescribed by the management class (see Table E9).

E.4 Discussion

E.4.1 Preamble

It must be borne in mind the groundwater component of the IRD method presented in this guide is an initial attempt at setting the volume of groundwater that can be abstracted from a significant water resource without impacting the ability of the groundwater system to sustain aquatic ecosystems.  The preliminary nature of the method dictates that a conservative approach be used.  Review of the groundwater allocation by a Review Panel and the IRD re-assessment process within a stipulated time are mechanisms for checking assessments.  Monitoring is a critical and ongoing component of re-assessment and verification.

The IRD method focuses on basic human needs and aquatic ecosystems, but recognises the need to manage all groundwater in a significant water resource in a sustainable manner.  However, the IRD method cannot be used as a general groundwater management and protection tool.  Further, it cannot be used for issuing individual authorisation permits.  Rather, the groundwater component of the IRD method provides an estimate of the volume of groundwater that can be abstracted from a significant water resource without impacting the Reserve.

E.4.2 Comparison with Other Methods

Four case studies are presented in Appendix GW1 as a record of testing done to date and to illustrate how the groundwater component of an IRD is determined.  The most beneficial aspect of applying the method to case studies was to move from a theoretical and conceptual domain towards a practical approach capable of yielding reliable assessments within the constraints of the IRD method.  This shift resulted in a number of weaknesses being exposed, including understanding of surface-groundwater interaction, application of water balance models in semi-arid environments and lack of ability to quantify recharge.  Recommendations regarding ways of addressing these issues are presented in Section E.4.4.  Field testing on parts of the Crocodile and Pienaars Rivers ensured the method could be linked to the river and wetlands components of the Reserve determination method.

Interactive testing of the IRD method resulted in a simple, pragmatic tool capable of yielding reliable results.  A comparison of results using the IRD method and those obtained from the harvest potential map (Baron et al., 1998) and the desktop estimate (Haupt, 1999) is presented in Table E13.

Table E13:  Comparison of groundwater allocation determined using different methods.

CASE STUDY
IRD METHOD

(x 106 m3/a)
HARVEST POTENTIAL

(x 106 m3/a)
DESKTOP

ESTIMATE

(x 106 m3/a)

Atlantis

Crocodile River

Graaff-Reinet

Pienaars River
14.77

78

4.86

60.88
14.33

18.82

6.20

92.62
10.03

9.41

4.34

44.36

It is recommended a database be kept of all IRD assessments and a continual process of evaluation be conducted.  Not only will this allow for refinement and improvement of the IRD method, but it will also allow for extrapolation to similar geohydrological regimes elsewhere in the country.  This, in turn, will allow for wider testing of the harvest potential map and improvement in desktop estimates (Section C).

E.4.3 Instances When the IRD Method is Inappropriate

The IRD method cannot be applied under all circumstances.  The groundwater component of the IRD method was developed to provide a preliminary first assessment under the following conditions:

· when little data are available;

· in areas of limited or low groundwater dependance;

· when ecologists and water resource managers require a first assessment relatively quickly.

Application of the IRD method, however, would be inappropriate under a number of conditions.  For example, should management of aquifers within a catchment require lowering of the water table over the long term, then more detailed data than required by the IRD method is needed to support such an application.  Other instances where the IRD method could be inappropriate include:

· areas where large volumes of groundwater are abstracted and systems are being stressed;

· when groundwater sustains very sensitive ecosystems (eg. certain wetlands, RAMSAR sites, World Heritage Sites);

· where aquifer degradation is evident or suspected (lowering of regional water table, sinkhole formation, groundwater quality degradation etc.);

· mine dewatering;

· highly polluted aquifers; and

· areas of water conflict and legal dispute.

In such cases, comprehensive determinations may be required. 

E.4.4 Conclusions and Recommendations 

Conclusions

· The IRD method presented is a rapid method based on available information and limited fieldwork, the purpose of which is to provide geohydrological information required for intermediate Reserve determination.  It is not intended to provide a mechanism for subsequent setting of groundwater allocations nor as a general groundwater management and protection tool.

· As it is difficult to quantify the groundwater component of the Reserve, it was assumed natural ecological requirements of significant water resource are continued to be met if regional groundwater levels are not lowered and groundwater quality remains constant.  Quantification of the groundwater allocation of each response unit is hence used to ensure integrity of the Reserve is not diminished by groundwater pumpage.

· Average long term recharge is used to provide a first approximation of the groundwater allocation for each geohydrological response unit.  The protocol is not prescriptive regarding recharge calculation methods to be used.  Rather, it is left to the discretion of the responsible geohydrologist.

· Four case studies were used to illustrate application of the IRD method.  Based on these studies it appears a reasonable determination of the groundwater allocation was obtained. However, because groundwater is not abstracted evenly throughout the catchment, the IRD method may tend to over-estimate exploitation potential when considered at a more detailed scale.

· Monitoring is a fundamental part of the process and should be a requirement of all water allocation permits. 

Recommendations

· It is critical the IRD method be properly tested on catchments with differing geohydrological and biophysical characteristics.  On-going refinement and improvement will be required as experience is obtained.

· As recharge forms the basis of quantifying the groundwater component of the Reserve, it is proposed a short course on recharge and its estimation be presented to improve skills in this arena and develop a common understanding thereof.

· Surface - groundwater interactions are not well understood.  It is recommended steps be implemented to improve conceptualisation and quantification of hydrological interaction.

· It is recommended that a series of training courses on the method proposed in this report be held.  Courses should target DWAF officials, geohydrological practitioners, catchment managers and others involved in managing the Reserve of a catchment.  Such training could be used as a basis for accreditation of individuals capable of undertaking the groundwater component of IRD assessments.

· The National Water Act recognises monitoring to be critically important for achieving the objectives of the Act.  It is the duty of the Minister of Water Affairs and Forestry to establish national monitoring systems.  Expansion of the national groundwater level and quality monitoring networks and improvement of data storage and reporting systems are urgently required to support Reserve determinations.  Monitoring guidelines are also urgently required.

· Serious consideration should be given to including recharge and depth to groundwater maps in the regional scale geohydrological maps currently being prepared by DWAF.

· It is recommended that a national project be initiated to identify regions were significant volumes of groundwater are abstracted. This will allow for identification of those groundwater systems most likely to be under stress and in need of protection immediately.

· A surprising aspect to emerge during execution of the IRD project was the lack of documented case studies of negative impacts resulting from over-abstraction.  Therefore, it is proposed a project be initiated to provide both local and international information in this regard. 

�  Editor’s note:This point is unclear. Author to clarify please


� Editor’s note: We had some discussion of the difference between HRUs and GRUs and resource units.  The conclusion was that resource units are integrations between the surface and groundwater units, taking account of land use.  The concept of resource units from the surface water Reserve determination methods has been incorporated into the groundwater method – please check these differences.


� Editor’s note: See issue above about terrestrial vegetation being an affected environment? Author to clarify.
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