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EXECUTIVE SUMMARY

INFTRODUCTION

For the identification of ground-water resources, the development of new water-supply
schemes and the siting of boreliolcs, it is necessary to utilize all relevant ground-walter
data, if manpower and funds are to be used in the most efficient way. The availability of

this data also facilitates research and reduces its cost. The generation and collection of
these data are very expensive, as it requires the drilling of boreholes and field
observations. At present, a great deal of these data are not formally recorded. Thercfore,
the crealion of a ground-water data base, where all these data can be stored, was stated
as one of the priority tasks in the Master Plan for Rescarch and Development
Requirements in Geohydrology (Water Research Commission, 1981),

After preliminary cvaluation of existing ground-water data bases, e.g. the United States
Geological Survcy"s WATSTORE (USGS, 1980), the Australian data base and others
(Unesco, 1983; Bundesanstalt, undated), had been made by the Instituie for Ground-
water Studies (IGS), which were {ollowed by discussions with the Directorate of
Geohydrology of the Department of Water Affairs (DWA), the Water Research
Commission (WRC) awarded a contract in 1984 to the Institute for Ground-water
Studics for the development of a ground-water data base on the mainframe computer of
the Department of Agriculture in Pretoria,

OBJECTIVES

According to the agreement, concluded between the WRC and the IGS, the generat aim
of the new data base was to improve both:

1) the results of geohydrological {icld work, and

ii)  the planning and management of South Africa's ground-water resources
through better gechydrological information.

To this end, the following objectives were spelled out in the agreement between the
WRC and the IGS:

. The ground-water data base has to be implemented on the existing
mainframe computer of the Department of Agriculture and it hias to be
linked to other data bases, e.g. the hydrochemical data base.

. *This comprised the following tasks:



SYSTEM ANALYSIS: The structure of the data base shall be decided on in
consultation with the Department of Water Affairs after a system analysis
comprising of:

EVALUATION OF EXISTING DATA to determine requirements for the new
data base;

REPORTING ON THE SUITABILITY of existing data and the kind and format
of data to be entered in future;

PROPQSING A STRUCTURE for the data base and which software should be
developed; and

OUTLINING THE HARDWARE REQUIREMENTS.

IMPLEMENTATION: The implementation phase comprised of three tasks, The
time allocated for each task was as follows:

+ Mainframe programming (one year).
» Processing software development (two years),
» Data entry (concurrently with the software development).

«  Allexisting geohydrologlcal data in the Or'mge Free State, as far as possnble,
have to be entered into the data base.

The Orange Free State data, available at the IGS and the Directorate of
Geohydrology, shall be entered by IGS; additional data shall be obtained from
municipalities and other bodies; maps and LANDSAT photos shall be interpreted
for tentative delineation of aquifers and additional field and reconnaissance
investigations shall be carried out, if and where necessary.

. Software for entering, processing and data ouf-put has to be developed.

Generated with the aid of the software processing programs, a gechydrological
report shall be compiled to demonstrate the facilities of the processing package.

- The Department of Water Affairs' personnel has to be trained in the
operation of the data base.

THE DATA BASE

1. SYSTEM ANALYSIS

1.1 Structure

After the evaluation of the existing data and after the requirements [or the new data base
had been determined, it was decided that this data base should be point-crienfated and
should contain unprocessed data. It appeared desirable to include as many parameters as
possible to comply with the needs of a maximum number of users. It was necessary, on
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the other hand, that valuable historical data, which are generally limited in accuracy

-compared to what can be put in the data base, should also be accommodated and,

finally, disk-space requirements and processing times had to be considered.

With this in mind, the parameters to be included in the data base were decided upon. In

order to reduce the disk space necessary for the storage, the data were grouped in 32°

data sets. These data sets comprise the items numbered between 10 and 119 in figure 1.

The basic information about a site is contained in the data set ENTRY: Of the 28 fields provided there (see ™ —

Table 1), at Teast the allocated identification code, the code of the map on which the site is situnted,
latitude, longitude, the accurzcy of the position, the drainage region, the site type and the reporting
institution must be given,

The remaining data sets consist of headers like LOGS, CONSTRUCTION, etc. and repeating groups, e.g.
‘Penetration rate’, 'Aquifer’ and ‘Geology', which resort under their respective headers and which can be
added, when required.

Only one ENTRY data set is allowed for each site. Headers and repeating groups, however, may be
repeated. Headers contain general information which applies to all repeating groups which are to be stored
under them. The validity of other new data in the various data sels, e.g. dates and water levels, is checked

_against information already stored in the data base. Certain constructional information in-the data set

ENTRY is updated, as more recent information is added in the repeating groups under the header
CONSTRUCTION. Because most of the data are stored in repeating groups, it is passible to build up
historical records for the different sites.

All parameters that can be accommeodated in the data base are shown in table 1.

Apart from the basic information in ENTRY, geohydrological data gained during drilling are stored under
the header LOGS, i.e. the penetration rate recorded, the thickness and type of the geological strati
encountered and the aquifers struck,

Constructional information is grouped under the header CONSTRUCTION. Data regarding the contractor
are placed under the header, while details about depths and diameters are stored under the repeating proup
Hole', Similarly, the information regarding the casing can be entered under 'Casing’, information
reparding size and distribution of perforations under *Openings’ and information on filter pack or seals
placed around the casing under ‘Fill',

Daia regarding Installation are stored under the header INSTALLATION,

For various eperational data of a site, provision is made under five headers and repeating proups:
'DISCHARGE RATE' and "WATER LEVEL' for the recording of time of measurement and measured
discharge rate or water level respectively and 'FIELD MEASUREMENT' and ‘'METER READING' for storage
of times and a variety of different parameters or different meters respectively. To aveid duplication, the
details of the chemical analyses are stored in the chemical data base of the Department of Water Affairs.
Under "WATER SAMPLE', only the date and time of sampling, as well as the sample number are recorded.
Correlation between thie two data bases is by means of the sample number, the identification code of the
site and the coordinates.

'PUMPING TEST'. Deviating from the principle of accommodating anly unprocessed data, provision is
made to store calculated values for aquifer parameters and recommended abstraction rates, The original
data, which were used to delermine these parameters, are stored under the operational repeating proups
DISCHARGE imd WATER LEVEL,

Other data which do not fall under any of the prevlous headings are gronped under ‘MISCELLANEOUS',
They comprise information on site selection, ownership and numbers other than the site id code. They
refer to the kind and whereabouts of other geohydrological data which are not site specific, site visits,
special cases like information recorded from tunnels, shafts, etc,, references to more peneral information
about the area of the site, the search status, i.e. information on the sources of the data entered into the data
base and lengthy cortnents which cannot be recarded in the comment of ihe relevant data set,
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Figure 1: The structure of the Ground-Water Data Base
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THE DATA BASE PARAMETERS

1.0 ENTRY
1.0.1 Sz [dentiReptbon code
S 1T Map onde
1,03 Namber on T 2 50000 map

1.0. 4 Province, dintrdet & farm oa. - :

1.0 5 Site name

1.0, & Tupoprophie selflag
1.0. 7 Lavtude

1.0 & Longlinde

1L % Coordinate areurscy -
LI Drisinnge reglon

1LO1T Altode

10,12 Aetthnd of moennrement
10,13 Slle Uype

1L0.14 Slie sedector

1L.0.15 Nowinal diameler
1016 Degith completed
1037 CompleDisn date
10,18 Depth Information snurce
L.O1Y Status af gite

£,0.20 Purpeae of lte

L0221 YWater use: cnoaumer
L.0.22 Water vse: pppliention
TAD Neparilng Insiiuliann
L4 Equipmeni

1025 Jatallllly

1025 Dole reeord entered
1.0.37 Date peenrd vpdated
1.0.28 Comment

2.0 1L.0CS

2,0. 1 Sl Jdeniifteatbon foude
2.0, 2 1emler sequence numbier
2.8, 3 Repariing lnatiuthon
2. 4 Dute record enlered

LT Rep.pevap: Penelrution mie
1,1. 1 Site [dentiNeatlan ende

2.1, 2 Mepder sequence nuimher
2.1, 3 ltepenilng proup number
214 Depihi [o top af Interval
2.1.5 Depih U baliom of Interval
2.1. & Diomeder of tnlerval

1.1.7 Penetraiion rale

1.1, § Comment

2.2 epenting provp: Aquifer
2.2, 7 Sl (dentiNeation code
1.2, 2 Mender seqoence nitmiver
1.2 3 Repeotinp groap number
12 4 Depib lu Yop of agulfer
2.2, 5 Deqlh lo beitum of anulfer
1.2, & Adqulfer cods

1.2 7 Comment

23, ftep.group: Unconsolidaled
231 5lte Identfcotfim cnde
2.0, 2 Mender senuicnce number
2.0.3 llepeailng provp humber
2.3, 4 Depth fo lop ol inteswd
1.1 5 Litholngy cude

13, 6 Mtlmory enlour

2.2.7 Srcondary Loloar

3.3 B Texlore

1.3, 9 Primory Centure

2300 Secondary feature

23,11 Fenture atirllole

2342 Sartleg

2341 Itoupitness

1304 - 20 Sleve analysly
2.2.21 Comstenl

24 Repeniing group: Consalldolel
2.4.1 Site tdentificatlon eude
1.4, 2 Ilender sequence numbes
1.4, 2 fiepenting proup number
3.4, 4 Depth lo lop of lnterval
1.4. 5 Llithudugy ende

24,6 Primary colvur

2.4 7 Secondary cobour

24. 8 Cexture

14, 9 Feature

212106 Comment

Table 1: The parameters of the Data Base

3.0 CONSTRUCTION

3.0. 1 Slie IdenliNcnilan code

.0, 2 (Ieader sequence number
3.0 ) Plezometer aumber .

L1 4 Reparting instltalfon * -+ -
2.0, 5 Date recotd enlered

AL & 1ule of constracihm

3.0 7 Name of enntracine

AL, 8 Construcion data soorce
3.0. ¥ Method of consiriciinn
3.0.10 Type nl finlah

3.0.5F Methad nf development
3.0.t2 Durnibon of develnpment
3,013 Spec. development Irestment
3,0,14 Cout of carsteuctiva

H0,15 Comment

31 Repesting proup: Hole

3.1, 1 Slte eniNeation code

A1, 2 [leader sequence pumber
3.1, 3 Repenting proup number
J.1.4 Vepth 1o lap of Inlerval
31, 5 Nepth in boltom of [nierval
.1 6 Dtameter nf hule

13,2 Repeailng group: Casing
1.2, 1 Site Identificathon eode
2.2, 2 Viender sequence nomber

. 323 Repending graurp nember

32, 4 Depih to fop of casfng (ntecvol
3.2. 9 Degth i bottom of baterval
3.2 & Dismeler of casing interval
3,7 Cating materisl

3,1, & Wall thickners af cualng

3.2, % Comeenl

3.3 ltepenting proup: Openingy
321 Sle ldeniileallan code

3.3, 2 Meader aequence pumber
2.3, 3 Kepenilng groug nimber
3.1, 4 Deplhs to top of apen Bitcrval
3.4, & Mameter of apen Interval
33,7 Material in dhis Interval

33, B'Tyne of openlnps b (nderval
339 Lenptholopenings

3310 Widih alopenings

3214 or. distance beiw. apeninps
32,13 Vertizal diak, betw, openings
3.2.13 Methnd of apeninps made

14 Rtepeniing group: FI

J.4. 1 Site Mennlication code
34,2 Hender sequence number
34, } Repeailnp graup avimber
34, 4 Bepih to lup of [nterval
34, § Depih 1o butfom of (nlerin]
34, 6 Typeof Al

3.4, 7 Commenl

4.0 INSTALLATION

4.4 1 Slte Ideat)ficatln eode
4.0, 2 Hender senuence nuikher
4.0, 3 Repurtag Inalftution

4.9, 4 Dale record entered

4.4, 5 Bute of [nstallaliog

4.0, £ "1'ype af Instaiiaifon

4.0 F Depih o pomp latake
4.0, £ Type of power

4.0, 9 Vower raling

4.0.30 Mopulactorer

4.0.11 Serisl nomther, -+ ¢ - -
4,012 l'wwer meter number
4,033 Monltoring faciilly
4,0,14 Jnstallatton dats soree
4.:15 Cumment

5.0 DISCHARGE. RATE

5.0. T SNe ldentificattan code

£.0. 3 INeader sequeence number
£.0. 3 liepirsing Instlivilon

5.0, 4 Uate record enfered

5.0 5 Vype ol dixcharpe

5. 6 Mcihnd discharge measured

&£.0.7T Dlachaepe Infortation sotirce

5.1 Rep.group: THackarge rpte
5.1. 1 Site |dendifteation code
5.1, 2 Nepder sequence numhes

5.1, 3 Nepeniing pronp number o v .. -

5.1, 4 Tinde of measoyement
5.4, 5'Fime ol mensuzeiment
5.1, 6 Discharge rale

5.1, 7 Comymenl

LD WATER-LEVEL

6.0, 1 5)e {deptificatlon onda
£.0L 2 1leader sequence nitmher
6.0, 3 Vicynmeter numbér

6.0, 4 iepartivg (nstitoyion

6.0, 5 Date record entered

&0, i Methad ol measurement
60, T Waler-level slolus

6.0, B Coltar elevalbun

6.0, 9 Water-level Infii. source

€.1 Jtepenting proups Water Jevel
6.1, L Site plensileation code
6.1, X learder sequence auintber
6.1, 3 Repealing prawp nusnher
6.1, 4 Diate of measuremenl

£1. 5 Time of messuremen|

£ G Water-leve)

. 1. T Comenent . -

TOWATER SAMILE

7.8 1 S4e 1dentifleating code
T, 2 Jlendir senuetice number
1.0, 3 Keparilnp Instilutle

7.0, 4 Vade record endered

7.1 Repesting provp: Waler sumple
1.1, 1 Slte IidenliNcation code

1. 2 Meader sequence number
7.1, 3 Repeating groop numher

7.1. 4 Date af 2ampling

7.1 5'1we of snmpling

LV, G Sample numher

T2 T Comment

5.0 FIELD MEASUREMENT
8.0 1 Site Identilicatton code
2,0, 2 Header sequence qumber
&L.0. 3 itepeallng provp numher
A8 4 Daie record entered

2.1 Repgr: Fleld mensurement.
B.1. T 5Me Identification code
A1, 2 {Jender sequence nembar
8.3 3 lepenilng eroup number
B2 4 Dale of measurement

A.1. 5 Ttme ol measurement

8,1. 6 larameler measured

A.1. 7 Reading

4.1, % Comment

20 METER REAPING

2.0 1 S0 Idendléteatinn tode
.0, 2 Vlender acquence number
9,03 Repotilng nsitiution

4.0, 4 Date record enlernl

9.1 5 T'ype of meter read

9.0, & Comment

9.0 liepeating prowp: Meter reading
9.1, I SHiz identiflcathm enda. - -~
9.1, 2 Vedder stnLenee number’
%.1. 3 Repeating proup iumher

2.1, 4 Dote of reading

9.1, 5'Tlwye of reading

9.1 & Neadlnp

9.1, T Cormment

L8 PUMPING TEST

14 1 Sl{e Identification code
190, 2 liender senuence numher
18,8, 3 Reportlcp nstiution
160, 3 Tate recurd entered

10,0 5 Dhile pumplng fest soried

100, & Medtid lesled

10.0. T Pepth 1o pomp Intake
10,40, 8 Recomm, shatraci lon fale
1040, % Tranmnlstivlly

10,0,10 Starativily .

T10.0.0t Coriment

1LA MISCELLANEOUS

11.0.1 Site [dentiNentlon ende
110, 2 Ilealer agtjuence Hmher
11.0. 3 Reparling Instiutian
11,0, 4 Date record entered

11,1 Rep. group.: Slie selecilon
TLI. T Site (deatlBration cade
11.1, 2 1feader stquence number
1L.1. 3 epealinp proup nuenber
1114 Deacyiplion & Jol

1.2 Repentinp praup: Owner
1.2, 1 5lte ldentifeatinn side
0.2 2 Hender sequence number
1023 Repealing group number
1L.2, 4 Ownership date

11,2, § Name of avner

113 Rep.proup.: Other |dentiler
11.3.1 Stie IdentiNeation cnde
113, 2 Hender seqoence number
11.3.3 Repesting groop number
113, 4 Odher identifler

11,2, § Asalpnar

V14 Nepenting proap: Difier dota
114, 1 Site Menatifcation code
1.4, 2 [ender aequence numbier
114, 3 Repenting pravp number
114, 4 Thato type

11.4. § T'ypea of logrer

11.4. 6 Lacatlpn

1.4, T Format

11.5 Ytepeatinp provp: Shie vislls
11,5, 1 Site Identificollon cnde
¥1.5, 2 Memder sequence numher
11.5. 3 Repeating gravp number
TL.5. 4 Date of vialt

11.5, 5 Visltor

11.6 Regs. prowpt Speclal aes
11.5. 1 Slte identiNeatlon rode
11.6. 2 Ifeader sequence numher
316, J Repentlng group numbec
31.6. 4 Nember of holes in proup
11.6. 5 Depth af the deepest hile
11.6. & Depth af shallowes hole
11.46. T Melhind hales conatriscied
116, & Diameter of growp

11.6. 9 Lenglh of pont/lunnelidraln
11.6.10 Stelke of pandiiunneldenin
1LET IMp of wennel oF denly
11611 Depib of lateral cullzcinr
ILA.I3 Lenpth aflaterst

VL4614 Meh of acreen Jn lateral

11,7 epenting gproupr Referenres
11,7, 1 Sle [deniiDeadlon code
11.7. 2 Meader sentuence nutnher
1.7, 3 Repeating grovp nimher
10%, 4 Reforence {naplsccin ey

11.8 Rep.grovns Search atatug

11.5, 3 Sile identiica e code

1148, T tRender sequente nvimber - -
ILE 3 epealing proup nienher
11.H. 4 Rec, type & period s2orched

1LY Iepeating proup: Commenls
11.9. 1 it ldentiflcntinn code
1.9, T [Tender senuence number
119, 3 Hepenllnp genup numher
119, 4 Commenl




1.2 Hardware

The daia base is implemented on the mainframe computer at the Department of
Agriculture. Terminals, printers and micro computers are linked, either directly or via
the Transparent Government Network and concentrators. BURROUGHS' ET 1100 and
other compatible products which can emulate the ET 1100 screen as; for instance, the
Olivetti M24, the Qume QVT 109 and ADM 32A terminals, are all supported. For local
processing, IBM compatible (QOlivetti M24) and HP 17 micro computers with printer
and plotter attachments have been used so far.

2. IMPLEMENTATION

2.1 Communication with the daia base

Mainframe programming has been done in such 2 way that data are entered, updated and
extracted interactively by terminals connected to the mainframe via the Government
Network. For entry, change, deletion and retrieval of data, use is made of screens on the
terminal which depict the coding forms that have to be filled in. All items, shown in
figure 1, are screens and most of them comrespond with the data sets in which the actual
values are stored. The BEGIN screen is for logging on and SITE for determination of
the site identification code for which information is to be updated. The screen numbered
850 is for inquiries. The higher numbered screens contain various code lists and are,
together with the unnumbered screens, for the use of the data base administrator only.
Details, describing the step-by-step procedures which a user must follow to enter,
retrieve and process data, are contained in a vsers manual (Institute for Ground-water
Studies, 1988a) and the technical specifications are given in a second volume (Institute
for Ground-water Studies, 1988b).

2.2 Data collection, preparation and entry

Data to be entered into the data base must satisfy certain minimum requirements and
must be presented in the correct format, Under normal circumstances, data are entered

on coding forms for the different data sets. Details, describing.the required formatofithe ... -. .

data and guide-lines regarding the completion of the coding forms, are contained in the
users manual., A list of the fields and codes of the data base is also available.

Once an authorized user has logged onto the system, a choice of the SITE may be made.
Other screens may be selected by entering transaction codes, data and next screen
numbers, using the numbers given in figure 1. As an example of the layout of the
screens, the one for the data set INSTALLATION is shown in figure 2.
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<TJ<«139]¢ IHSTL4QOO217]<30AUGERS] \
ficcepted codea: ADD, CHG, BEL er IHQ ~ 'HOHE®" curser to change code [ADD]
I RS TALLAT I OH

Site id code <2424pD00CD1] Record sequence number - i
Reportling imstltulian - [16s )| Dote entered ¢ ]
Date of installatian ~- 0] Type of Installalion [ 1
Depth to intake R 2] Type of power [ ]
Power rotlng - 0] Hanufoelurer - E ]
Serial number [ ] Power meler numher [ ]
Honiterling faclilitly [ 1 Nala source [ ]
Comment [ ]

\_ Hext screen nuaber D][@]J

Figure 2: Example of a screen: 40 INSTALLATION

2.3 Retrieval

A variety of options exist for the refrieval of data; when the user wishes to extract
information using the data base programs, the inquiry screen XINQU is called up by
entering 850 as the next screen number (see figure 3).

CT1¢1401CK 1ROV T<DOITS1<I0SEPBE1"B620] ™
HAT | OWRAL GROUHND-UATER DATAR BASE
[ HDUTRY SCREEHN

Title of reguest [ i
Reguesied by f Date <19880930]
Single sites from [ Jte I ]

OR
Grid = Lalitude: minioum ~ D) ° 1} noximue *~ 0} ~ 1
Grid = Longltude: sinfoun ~ 0] = ]  wmaxisum -~ D] ~ I

1]
Province [ 1 Bistriet [ 1 Faren [ 1 on Droinoge reglan [ ]
Site type [ 1 Conmpletion/Bigitizing daote from © 1 to ~19660930]
Chose option; mark with ‘R' or oumber [ ] OARTA [ 1 STATISTEES
[ ] EHYRY [ 1 LoGS { 1 COMSTRUCTIDH [ 1 IHSTALLATIOH
[ 1 D1SCHRAGE { 1 LEVEL - [ 1 SAHPLE £ ] FIELD NERSURENERT]
[ 1 nETEAR READIHG { 1 PUAPIHG TEST [ ] HISCELLAWEQUS [ 1 ALL PATA
Qulput to: [ ] Printer file ¢P> or Tranamisafon file <T» Go nmow [ 3 <¥/Hs
@Ef urn Lo BEGIN <leave blank for another Inguiry, else ¥ { 1 (el

Figure 3: The inquiry screen 850 XINQU



Here, data are selected according to identification codes or area. The area can be defined
by either two coordinate pairs; by province, district or farm; or by drainage region.
Optionally, the extracted data can further be sorted by specifying the site type, e.g.
borehole, well or fountain and the completion date. Data can be printed as various
printed lists or in statistically processed form, by choosing Printer file' from the menu.
Printed lists contain tables, displaying all data of the data sets selected on the inquiry
screen and are sorted according to either coordinates, identification codes, farm numbers
or drainage regions.

If the option ‘Statistics', instead of 'Data’ is chosen, one of the following print-outs can
be obtained:

1) the NUMBER OF ENTRIES within the specified area broken down, according to 5
accuracy classes of the position;

2) the NUMBER OF ENTRIES, the NUMBER OF THE HEADERS including 'Installation’
' and 'Pumping test’ and the NUMBER OF EACH OF THE 22 REPEATING GROUPS
within the selected area;

3) in addition to the information under point 2, the respective NUMBER OF
REPEATING GROUP ENTRIES PER SITE within the selected area; and

4) SELECTED INFORMATION ABOUT EACH SITE intended amongst others for use of
the technician or geologist in the field,

MACHINE-READABLE DATA FILES can be created by selecting the option 'Transmission
files'.

If data are to be selected by other parameters than the options provided by the inquiry
screen of the data base, special software like ERGO, INQUIRY and LIRC must be used
which is provided on the mainframe.

3. DATAENTRY

Data from a total of 9585 boreholes in the Orange Free State were traced and entered
into the ground-water data base. Roughly, one-third of the data were extracted from- -
internal reports of the Institute for Ground-water Studies and the Directorate of
Geohydrology. The remaining two-thirds of the data were collected from existing
borehole completion cards, site selection reports, etc., which, in numerous cases, rarely
contained enough data per site, to warrant inclusion into the ground-water data base,

After consultation with the Directorate of Geohydrology, it was decided that data from
Atlantis should be used to demonstrate the use of those programs for which no or



insufficient data were available from the Orange Free State. Therefore, data from

_ approximately 260 boreholes in Atlantis were also entered.

TFurthermore, data from 186 boreholes west of De Aar (Karoo Aquifer Project) and froma
number of boreholes in the Qudtshoom area were entered by the IGS. The Directorate of
Geohydrology has, apart from. assisting the IGS with data entry from the Orange Free
State and Atlantis, used the data base for data from the northern boundary areas of South
Africa.

In total, data from 35 209 boreholes have been entered, since data entry began in January
1986. Of this number the IGS entered just over 10 000 boreholes; the balance has been
entered by DWA.

4 THE SOFTWARD

4.1 The programs

" The data base has béen créatéd with the aid of LINC II (Logic and Information Network

Compiler), a fourth generation system development package. By means of special
programs (or inquiry software programs like LIRC), data are processed on the mainframe
for the creation of the transmission and printer files.

It has been found, however, that specialized geohydrological processing of the data is
more effectively done on micro computers. Micro computers are more user-{riendly and
graphical output can easily be obtained. For the geohydrological processing and present-
ation of the data, micro computers linked to the mainframe are therefore used.

For the use of the data base, the IGS has developed software which facilitates the
processing of geohydrological and geohydrochemical data. Programs for the presentation
of chemical data (Piper-, Schoeller- Durov- and SAR-diagrams), graphical displays of
geological and other borehole information in sections, on plans and contour maps, as well
as a variety of single and multivariate statistical tests, were developed. The available
programs are listed in figure 4.

4.2 Geohydrological processing of data— - - -

Data from the Orange Free State and from Atlantis have been used to demonstrate the out-
put that can be obtained by using the processing package. The authors have also tried to
show how interpretation of the results, obtained by means of the programs, can assist the
professionals in the exploitation and management of the ground-water resources. Some
examples of graphical presentation of processed data are shown in figure 5.
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4, TRAINING OF WATER AFFAIRS' PERSONNEL

Since the beginning of 1986, when the data base became operative and the various
facilities have become available, some of the personnel of the Directorate of
Geohydrology have been trained in the use of the data base. Since the middle of 1986,
the data base has been managed by the Department of Water Affairs. Training in the vse
of the processing programs has taken place during 1987, up to the beginning of 1988,

ON-GOING DEVELOPMENT

In the near future, it will also be possible to extract data from the data base via the newly
founded Computer Centre for Water Research in Pietermaritzburg.

Future aims include batch loading facilities (under way for water-level recorders and
geophysical borehole logs), the refinement and extension of the existing software and
possibly the addition of further software modules, e.g. extended CAD (computer-aided
design) facilities for preparation of maps.

With the suppoﬁ of the Water Research Commission, the Institute for Ground-water
Studies is presently developing G-Base, a PC-operated data base compatible with the
National Ground-water Data Base. G-Base facilitates further data processing and also
allows data capturing on a much wider basis.

CONCLUSION

The Ground-water Data Base is a national facility. It has now been completed and is
available for the use by geohydrologists, as well as various other professionals, working
in the field of ground-water development, -supply and -research, for the government as
well as the private sector.

All major objectives have been met (cf. page 3 of the agreement):

(i)  The data base is implemented on the mainframe computer and linked to the
chemical data base.

()  Existing ground-water data from the Orange Free State have been entered,
as far as possible.

(iif)  Software for the processing of data has been developed.

(iv)  Personnel of the Directorate of Geohydrology has been trained in the use of
the data base.

Additional objectives achieved were (cf. page 3 of the agreement):

12



(@) * Orange Free State data and additionally some Atlantis darg have been
evaluated.

(" Additional data have only been obtained from Dewetsdorp,

(c)) LANDSAT photos_and geological maps-have only been used in the
Dewetsdorp area. Aquifers have not been tentatively delineated.

(d)"  Field control of data occurred only at Deweisdorp."
(¢}  Orange Free State and Atlantis data have been entered and processed.

()7 Additional field investi gations, if and where necessary, have, with the excep-
tion of the Dewetsdorp area, not been done,

(8) A geohydrological report generated with the aid of the data base programs has
been compiled.

- The data base has been introduced to the community by means of a poster show at the
exhibition of the National Water Borehole Association in Johannesburg in November,
1986, A brochure was also prepared for this occasion. In response to a publication,
Development of a national ground-water data base, which was published in WATER SA,
numerous requests for reprints have been received from South Africa, America, Asia and
Europe.
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CHAPTER 1

INTRODUCTION

In Southern Africa it has been realized that refined quantitative. answers are needed for-- -

optimal utilization of the available water resources. Surface and subsurface resources are
developed at an ever-increasing pace to meet the needs of agricultural, industrial,
domestic, commercial, recreational users, mining activities and power generation,

Competition for the available resources has brought about an awareness that the
principal problem confronting the water suppliers is resource management. However,
before water resources can be managed effectively, they must be quantitatively assessed.
Thus, geohydrologists, hydrologists and engineers are increasingly called upon to
determine how much water is available for further development and to evalvate what the
consequences of such development will be.

The greater the development, the greater is the stress on available water and land
resources. Likewise, the smaller the resource, the greater the stress and the greater the
need for accurate and reliable knowledge to support its careful management and
development (Harvey, 1978).

In Southern Africa, the existing water resources have to be managed very carefully to
satisfy the future levels of demand. Accordingly, the demand for reliable hydrological
related data has increased over the past decade and has led to an npgrading of water
resounrces data collection.

To be of real value, the data must be reliably collected, stored, processed and readily
available for data assessment. Due to the large number of hydrological data involved,
they must be stored on computer to achieve fast access and comprehensive extraction.

The hydrological information system envisaged for South Africa will consist of eight
related data bases comprising the following information, i.e. precipitation, flow,
reservoirs, evaporation, sediment load, floods, chemical quality and ground water. In
order to expedite the process of computerization, the Water Research Commission has
funded the development of these data bases,

At the beginning of 1984, the Water Research Commission awarded a contract to the
Institute for Ground-water Studies at the University of the Orange Free State,



[ ]

comprising the development of a National Ground-water Data Base for Sonthern Africa.
The development of this data base was to be done in conjunction with the Directorate of
Geohydrology of the Department of Water Affairs. This data base had to make provision
for physical, geological and geohydrological information about any known ground-
water source in Southern Africa. User-friendly software for the gechydrological
processing of the data was to be created as part of the data base package...... .. - -.

According to the agreement concluded between the Water Research. Commission and.
the Institute for Ground-water Studies, the aim of the new data base was to improve:

(i) the results of geohydrological field work and
(i) the planning and management of South Africa’s ground-water resources
through better geohydrological information.

To this end, the following objectives were identified:

(i) To link the new ground-water data base with the other data bases in the
hydrological information system and to implement it therefore on the
central mainframe computer

(ii) To develop a structure for the data base in consultation with the
Department of Water Affairs after an analysis comprising the following:

(a) Evaluation of existing data to determine requirements for the new
data base.

(b} Reporting on the suitability of existing data and the kind and
format of data to be entered in future.

(ii1) To develop software for data entry, retrieval, processing and output,

(iv) To enter all Orange Free State data available in reports and records for
testing of the data base and the processing programs,

(v) To outline the hardware requirements for the ground-water data base.

(vi) To train Water Affairs personnel in the use of the new data base and the
application package,

In a system analysis, the potential users have to be borne in mind, in order to satisfy
their requirements. Users which may benefit from the ground-water data base are:

(i)-  Geohydrologists and geohydrological technicians.



(ii) Engineers.

(i)  Drilling contractors and suppliers of pumping equipment.
(iv) Water supply organizations.

{v) Researchers.

The objective of this report'is to-discuss the scientific'development of the ground-water
data base, with special reference to its application in data processing. It is supplemented

by a Users' Guide which contains detailed instructions for entering data into the data

base, as well as extraction and data processing. This Users' Guide is available as a

separate volume, WRC Report No. 150/2/89.

The existence of four basic data base structures, as well as other basic data base concepts,
serves as a natural starting point for a discussion. Three of the structures are of particular
importance and are discussed in chapter 2. They are:

(i) Relational data base model (section 2.2.3).
(ii) Hierarchical data base model (section 2.2.4).
Gii) Network data base model (section 2.2.5).

Furthermore, 3 number of existing ground-water data bases are discussed in this chapter,

Chapter 3 discusses the new ground-water data base. After an introduction, the software
available on the mainframe for the creation of a data base is described in section 3.2 and
the structure of the new data base in section 3.3. All the parameters accommodated in the
data base are discussed in section 3.4, A data base would be of little value, if it cannot
easily be accessed. Facilities created for input and output are described in sections 3.5 and
3.6, Hardware requirements and communication network are dealt with in sections 3.7
and 3.8.

An essential facet of the ground-water data base is its ability to perform data processing.
Three basic facilities are included in the data base, namely extraction of data and output in
the form of:

@) Tables.
(i) Graphical displays.
(i) Statistical analyses.

These data processing techniques are discussed in chapter 4.



After discussion of the basic concepts, the development of the data base and its data
processing facilities, the actual appl ications and the advantages of assessing site speeific
data are discussed in the following two chapters.

Chapter 5 describes the evaluation of geohydrological data from the Orange Free State and

- Atlantis region, already accommodated in the data base. Special reference is made to the

scale of the evaluation, namely either:

(i) Regional or
(i) Local.

Some of the results and difficulties experienced, while using the data base, are discussed
in chapter 6. Furthermore, special attention is focussed on the utilization, with respect (o

aquifer management, planning, manpower, research and cost aspects of aquifer
development.



CHAPTER 2

DATA BASES - STATE OF THE ART

2.1  BASIC CONCEPTS

In order to understand the terminology used for describing files and data bases, it is
necessary to define certain basic terms. Data terminology, i.e. the description of data and
of data relationships, can be divided into two groups, namely logical and physical.
Physical data descriptions refer to the physical recording of data on the hardware,
whereas logical data descriptions refer to the representation of data to the application

programmer or user (Martin, 1975). Only the logical data description is contemplated
hereunder.

2.11 General definifions
Enterprise:

Any large-scale commercial, scientific or technical organization. An enterprise must
necessarily maintain numerous operational data.

Entity (logical record):

Information regarding any person, place or concept about which data are recorded: not
necessarily the same as the stored data record (e.g. all information for one site).

Data base:

A data base is a collection of data, containing the relationships between data records,
data groups and data items which are used by a particular enterprise. Figure 2.1 shows a
simplified, diagrammatic view of a data base.
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Figure 2.1.Simplified, schematic representation of a data base system (after Date, 1
1975}.

Data record:

It represents a collection of related attributes, stored on some medium; in this case the
storage device of a mainframe computer (e.g. all information for one site, same as
Entity, if information for all data sets is available).

Data set (data group, data file):

1t consists of a collection of attributes within a record and is referred to as a whole. Two
types of data groups exist, i.e.:

(i) Vectors (arrays).
(i) Repeating groups.

A vector is a one-dimensional, ordered selection of data items, whereas a repeating
group is a collection of data which occurs multiple times within a specific record (e.g.
the water-level record of one site). Another expression describing a data group is a data
file.



Data item (attribute, data elemeni):

As the smallest unit of named data, it forms part of various basic characteristics of a
specific entity (e.g.all water levels of one site).

Domain:

The smallest unit in a relational model is an individual data item:- A domain is a set of -
such values, all of the same type, e.g. the domain of aquifer codes.

Relation:
Is a subset of the Cariesian product of a list of domains.

Tuple:

The grouping of data generally represents a relationship between the respective data
items. Such a related set of values is referred to as a tuple (see figure 2.11).

Schema:

The logical data base description is referred to as schema. It gives the names of the
entities and attributes and specifies the relations between them (e.g. a complete tree
diagram of a data base).

List:
A simple list structure is a sequence of data items or records linked by pointers.
Flat arrangement;

The simple two-dimensional lay-out of data items is referred to as a flat arrangement
(e.g. the SWA data base), .

Daia base management system:

Is a software system capable of supporting and managing an integrated data base.

2.1.2 Extended data base definiiions

A data base is not just a collection of related data records, however. The data must also
be organized in such a way that efficient location of any data item or combination of



items is possible. The persons responsible for the systematical arrangement of data in
the data base are the system analyst, programmer and data base administrator,

In general, data bases provide any enterprise with a centralized control of its operational
data. This has the following advantages (Date, 1975):

(i) The amount of redundancy in stored data can be reduced.
(i) Inconsistency of stored data can be avoided.

(ili)  Stored data can be shared.

(iv)  Standards can be enforced.

V) Security restrictions can be applied.

(vi)  Data integrity can be maintained.

(vii)  Conflicting requirements can be balanced.

These advantages are fairly obvious. However, implied by several other points men-
tioned, data independence must be added to the list.

Daia redundancy:

It is unavoidable that some data elements are used in a2 number of different applications.
Since the data are required by multiple applications, they are often recorded in multiple
data files and stored repeatedly. This leads to data redundancy.

Generally, a data base is defined as a non-redundant collection of data items. In reality,
however, a certain measure of controlled data redundancy should always exist in a data
base. This improves the access times and provides simpler addressing techniques. On
the other hand, uncontrolled data redundancy has the following disadvantages (Martin,
1975):

() Additional cost storing multiple copies.

(b} Multiple updating of redundant copies.

(c) Inconsistent information caused by different copies of data which may be
in different stages of updating.

Data independence:

Data independence is one of the main requirements of a data base. It can be defined as
the immunity of applications to changes in storage structure and access strategy. This
means that the data and the application programs which use the data are independent
from each other. Thus, if either one is changed, the other need not be altered. In practice,
however, complete data independence rarely exists.



Due to two major reasons, a data base System is extremely undesirable which allows
applications to be data dependent because:

) Different applications would need different views of the same data,

(@D The data base administrator should have the freedom to change the
storage structure or access strategy or both, in résponse to changing
requirements, without the necessity of modifying existing applications, -

Two levels of data independence exist, i.e.:

(i) Physical data independence.
(ii) Logical data independence,

Both levels will subsequently be described in more detail and are dia

grammatically
illustrated in figure 2.2. '

Application 1 Application 2 Application 3 Application 4

Extarnal External External External
mode) rmodel moda] model
Application 1
Concepiual
requirements

Application 2 C——’@
Concaplual
| requirements
Conceplual Logical _ Internal
Application 3 model - mode) - mode]
Conceptual
reduirements| [~
e
Applicalion 4
Concepiual One stage One stage
(requirements of data of data
independence independence
(Legical Independence) {Physical Independenca)
Figure 2.2. Two stages of dara independence (after Atre, 1980).

(a)  Physical data independence

The physical lay-out and organization of the data can be changed without changing
either the logical structure of the data or the application programs. Any changes applied
to the physical data base organization may, however, affect the efficiency of the
application programs.
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(b)  Logical data independence

The overall logical structure of the data may also be altered without changing the appli-
cation programs as long as no data are removed which are used by the applications.

The degree of data independence provided, depends on the thoroughness of the data
base design. A thorough-analysis of an enterprise's entities-and their interdependence
will minimize the impact of changing data requirements in one program on the
requirements of others.

2.2 DATA BASE MODELS

Before discussing some of the existing data base models, the concept of data base design
will be dealt with.

The task of data base design is to take the conceptual data model, which is the end user's
views of the organization, and map these onto appropriate structures at the logical and
physical level. The early design phase should produce a flexible data base structure,
adaptable to a changing user environment, whereas the later design phaéc may
emphasize optimization of performance,

Specific objectives and data base requirements should be obtained at the highest
competent level in the enterprise. Among the requirements collected and documented,
certain design objectives must be met:

(i) Efficiency.

(i1} Security.

(i)  Accuracy.

(iv) Compatibility.
) Implementability.
(vi) Maintainability.
{vil)  TFlexibility.

(viii} Portability.

Depending on the actual enterprise and its circumstances, a variety of these objectives
will figure as being significant for any given logical data base model design.

Considering the above-mentioned objectives, figure 2.3 shows the steps to be taken
when designing a data base. o



The entities of an enterprise and the relationships between them can be represented by a
data model. Data base management systems are based on either a specific data model or

11
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Figure2.3. .
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Data base design steps (after Atre, 1980)
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a combination of data models, The main difference among the various models lies in the
representation of the relationships between the entities.

2.2.1 Relationships within data models

Associations. between occurrences of data items or data sets are called relationships and . ...

can either be of a one-to-one, one-to-many or a many-to-many relationship.

One-to-One Relationship (between two data items): ‘

Site 1D Latitude

A borehole has been drilled. It has a specific latitude. This represents a one-to-one
relationghip between the site identification and the latitude.

One-to-Many Relationship (between two data items):

T

Sile ID Waler level

One or many different water levels may have been measured at a site as time increases.
This constitutes a one-to-many relationship between the site identification and the water
levels.



13

Many-to-Many Relationship (between data items):

SiteiD Type of Installation

‘\\_/

During the course of time, one or more pumps may have been installed in a borehole ar
a pump might have been used in various boreholes. This is called a many-to-many
relationship between the site identification and the type of instaliation,

The relationships between data items are part of the conceptual model, and they have to
be represented in a data base. Any number of data items can participate in a relationship.
On the other hand, the same data sets can participate in a number of relationships.

QOne-to-one Relationship (between two data sets):

T~

Aquifer Gedlegy

\/

A specific aquifer is characterized by specific geology, while a combination of specific
geological features leads to a specific aquifer type. This results in a one-to-one
relationship between the Aquifer and Geology data sets.
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One-to-Many Relationship (between rwo data sets):

T

 Aquifer Discharge Rale

Different discharge rates may have been measured in an aquifer at different depths or at
different times. This constitutes a one-to-many relationship between the Aquifer and
Discharge rate data sets.

Mary-to-many Relationship (between two data sets):

Aquifer Installation

‘\\—,/

Many installations can be made in an aquifer, while a specific installation may have
been done in various aquifers. This i a many-to-many relationship between Aquifer and
Installation data sets.

After the explanation of the various relationships, existing data models will be
described. These are:

(i) Flat file model.

(i1) Relational model.
(iii)  Hierarchical model.
(iv)  Network model.



222 Tat file model

The most common way of associating a value with a data item and associating one data
item with other data items of the respective entities, is to store the data items together in
a fixed order, as illustrated in table 2.1.

The simple two-dimensional lziy-out of data elements in this table is referred to as a flat
arrangement or better known as a flat file. The table must be set up in such a way that no - .
information about the relations between data items is lost. Tables or flat files have the
following properties (Martin, 1975):

@ Each entry in a table represents one data item; there are no repeating
groups.
(ii) Flat files are column homogeneous; that is in any column all items are of

the same kind.
(iii)  Each column is assigned a distinct name,
(iv)  Allrows are distinct; duplicate rows are not allowed.

(v) Both rows and columns can be viewed in any sequence at any time
without affecting either the information content or the semantics of any
function vsing the table.

TABLE 2.1 TWO-DIMENSIONAL DATA LAY-QUT (FLAT FILE).

Borehole Farm Lntégsldc Lonﬁj}mde Altitude Water  Yield Equip-

number name {mamsl) L(ew):l (¥s) ment
m
1 Rietvlet 25,1234 25,1000 1451,00 10,12 1,5 Mono
1 Spitskop 25,5900 25,1900 1456,00 15,00 2,6 Mono
1 Graslaagte 26,1000 25,5000 1396,00 9,50 10,5 Turbine
2 Graslaggte 25,9000 25,6000 1421,00 20,60 0,5 W.p,
1 Mooifontein 25,8000 25,7500 1501,00 34,10 1,0 WP
2,23 Relational data model

Relational data models are constructed from a flat file arrangement of data items.

The mathematical concept underlying the relational model is the set theoretic relation,
which is a subset of the Cartesian product of a list of domains. A domain, however, is
simply a set of values. For example, the set of integers is a domain. The Cartesian
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product of domains Dy, D3, ..., Di written as Dy x Dy x ... X Dy is a set of all k-tuples
(V1, V2, ..., Vi) such that vy isin Dy, voisin Dz andsoon, If k=2,D; = {0,1} and D3 =
{a,b,c}, then Dy x Dy is {(0,2), (O,b), (0,c), (1,a), (1,b), (1,¢)}. Thus, a relation is any
subset of the Cartesian product of one or more domains. For instance, {(0,a), (0,b),
(0,c)} is a relation, a subset of D x D7 defined above. The members of a relation are

called tuples. Each relation that-is-a-subset of Dy X-Dg X ... % Dy is said to have arity.. -

(degree) k. A tuple (vi, V2, -.., Vi) has k components, the i-th component being v;. Often
one can’ ‘view a relation as a table where each row is a tuple and each column - -
corresponds to one component, generally known as attributes (Ullman, 1980). For a
graphical representation of a relational data model, see figure 2.11(b).

In table 2.2, a simple relation is defined, whose attributes are District, Drainage region
and Number of boreholes,

TABLE 2.2. EXAMPLE OF A SIMPLE RELATION.

District Drainage region Number of
Boreholes
Bloemfontein 352 1200
Pretoria 123 10000
Cape Town ' 720 5000

Durban 1960 12000
The arity (degree) of this relation is three.

If attribute names are attached to the columns of a relation, then the order of the
columns becomes irrelevant. In mathematical terms, tuples are viewed as mappings
from attribute names to values in the domains of the attributes, making certain relations
equal which were not equal under the traditional definition of a relation (Uilman, 1980).

To summarize, the following important properties of relations have been observed
(Date, 1975):

L%

@) All values within the relation are atomic data items; i:e.-they cannot-be - -
split further without any loss of information,

(i) Each column has a unique name.

(iiiy  No duplicate rows are allowed. The relation is a set with tuples as

elements and by definition a set is not supposed to have any duplicate
elements.
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.+~ ({v)  Row and column order become insignificant.

A relation, satisfying property (i), is normalized, i.e. any non-flat data structure is frans-

formed by the data base designer into a set of flat relations that have no repeating
groups. This is one of the main features of a relational data base. However, the tuples in
the relation must have keys which uniquely identify them, i.e. certain data items may be: -
repeated while serving as an identifier. This might increase redundancy to a certain
extent, but it implies not necessarily increased storage requirements; because hormal- -
ization is concerned with the logical structures and not with the physical implementation
of the data storage.

Normalized data have certain advantages, namely:

) Simplicity - end users are confronted with a simplistic representation of
data in the form of two-dimensional tables.

(ii) Flexibility - editing relations in such a way that the different logical files
wanted, are given in the form requesied.

(fii)  Precision - relations are based on a well-developed and precise theory of
relations.

(iv)  Security - security controls are easily implemented.
(v) Relatability - attributes from different sets or flat structures can be related.

(vi} Ease of implementation - storing of flat structures can be less complex
than storing tree or network structures.

{(vil)  Data independence - if in a normalized form, any changes to the data base
relations can generally reduce major changes of application programs.
This means that good data independence is more easily achieved.

(viil) Data manipulation Janguage: - the precise mathematical foundations-of - -

relations form a sound base for a data manipulation language.

As the data bases of an enterprise grow, the number of interrelationships also increase
and make it difficult to efficiently represent these relationships with directed links
(pointers), The constant requirement for growth and change makes it desirable to use
normalized data structures, i.e. relational data bases.
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Operating any relational data base include certain basic operations by which the data
base is modified. They are the INSERT, DELETE and MODIFY instructions.

The implementation of these three operations will be described under the assumption
that the relations are represented by files in which tuples and data records are in a one-

to-one correspondence, which make these operations straightforward.. To insert or delete - .-

a tuple, a relation is needed in which to ingert, and the values of those attributes that

form the key for the underlying file.-The tuple is converted to-a logical record, after.. -

which it is inserted or deleted in the file by the appropriate file organization. Many
systems allow deletion without a key. This, however, necessitates a scan of the entire
file, irrespective of the file organizations used. In the case of the modification of data,
the relation, the values for the key attributes and new values are required. The attribute
values are translated to field values, whereafter they are modified by the appropriate
procedure. If no values for the key attributes are given, then the entire file is once again
scanned.

2.24 Hierarchical model

This particular model has been, and is still quite frequently, used in many systems. It has
its origin in storage structures, which were used when most data processing was
performed with sequential media, e.g. magnetic tape or punched cards. The distinction
between the data model and the storage structure is almost non-existent.

A hierarchy is a tree in which all links point in the direction from child to parent. Trees
are generally used in both logical and physical data descriptions. A tree consists of a
number of nodes (data elements) arranged in a hierarchy, where each node is linked to a
node at a higher level, The latter is called the parent node and may have one or more
nodes (elements) at the next lower level, which are the children. A child node cannot
have more than one parent.

Nodes are interconnected by branches. The highest node in a particular tree structure is
called the root node, while the nodes at the lowest level have no children.and are.called
leaves. The height of the tree is dependent on the number of hierarchic levels involved.
Figure 2.4 is an example of a hierarchical tree structure.

Each occurrence of a root node is the beginning of a new logical data record, forming a
hierarchical daia base.

The following conditions have to be satisfied when designing a hierarchical data base
(Atre, 1980):
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@ The data base always has to start with a root node.

| (i) Nodes (data elements) consist of one or more attributes, describing the
entity of the particular node.

(i)  Dependent nodes (children) can follow on succeeding levels. The node on
the p'receed'ihg level becomes the parent node of the new child node.
Dependent nodes can be added horizontally, as well as vertically, with no - -
limitations. Level 1, however, can only have one node (root).

Level 9

Level 2

Figure 2.4, Hierarchical tree structure.

(iv)  Nodes at level 2 are connected with one and only one node at level 1,
Further, each node at level 3 is connected to one and only one node at
level 2 and so forth. Due to the fact that there can only be one connection
between any two nodes, the connections do not need labels. .

) Parent nodes can have one or more dependent child nodes. I, however, it
does not have any dependent nodes, it ig not a parent node.

(vi) Any node can only be accessed through it's parent node. This results in a
true hierarchy. Thus, a hierarchical data model consists only of linear

paths (see figure 2.5), making the access path to each node within the
structure, unique,
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(vi) A node can occur & number of times at a certain level. However, each
occurrence has to be connected with a parent node occurrence. Every
node occurrence starts a logical record.

The choice of a hierarchical data model should be made with its performance in mind,
One-to-one and one-to-many relationships are. especially suitable for-hierarchical data.
structures. To 2 certain extent, many-to-many relationships can also be implemented in
this data model, This may, however, lead to unnecessary redundancy-in the stored data.
A certain measure of redundancy at a logical level does promote simplicity to the
structure. Redundancy at the physical level, however, is totally undesirable.

Figure 2.5, Access paths of a hierarchical data model.

Information in a hierarchical data model can be represented in various ways, one of
which is shown in figure 2.6.



Leve! 1 (Root/Parent)| Aquifer code | Depth io fop| Depth to bottom
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Figure 2.6. Representation of an aquifer data hase.

Aquifer is the root node in the structure, shown in figure 2.6 This structure enables us (o
store information on many borehole sites for a specific aquifer, i.e.:

Many

Borehole
site

\

One

In another structure, the entity borehole site is the root or parent node and aquifer.is the
dependent node, i.e. a number of aquifers may occur at a specific site. Figure 2.7 is a
diagrammatic representation of this particular structure.
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Figure 2.7. Representation of a site data base.
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Fignre28. Representation of a site data base with different depths o top and (all)

the respective aguifers for a specific depth.

A third way of organizing the same data is shown in figure 2.8.-This structure allows
many depths to top for a specific site and many (different) aquifers for the respective
depths to top to be entered.

Insertion or addition of new data must occur through the relevant parent node, i.e. a
child node cannot exist without a parent node occurrence. Deleting certain data may
cause a loss of existing data, i.e. if a parent node is deleted, the depending nodes
(children) are also deleted.

The reason for anomalies arising from some storage operations must be aseribed to the
fact that a many-to-many relationship cannot be efficiently represented within a
hierarchical structure. Such anomalies can be partially resolved by introducing two tree
structures with an established relation. This may, however, lead to redundancy at a
physical level,

2.2.5 Network model

The network data model is a more general structure than the hierarchical model; due to :

the fact that any child node may have more than one immediate superiors, This enables
the structure to accommodate many-to-many relationships. In figure 2.9 four different
network structures are shown.In all four diagrams it is illustrated that the child node has
more than one parent node. This means that any item in a network structure can be
linked to any other item. Many network structures show that the mapping between the
parent and child node is similar to a hierarchical structure. The parent to child mapping
is often complex, whereas the child to parent mapping is generally simple. An important
distinction between a simple and complex network structure is that the complex



structure needs more elaborate methods to link the data physically. This is not
necessarily a disadvantage, because a complex structure can always be represented by
simple structures, e.g. a tree structure or a set of tree structures, with redundant elements
(see figure 2.10).

In all four diagrams it is-illustrated that the child node has.more.than one parent node. -
This means that any item in a nefwork structure can be linked to any other item. Many
network structures show that the mapping between the parent and child node is similar -
to a hierarchical structure. The parent to child mapping is often complex, whereas the
child to parent mapping is generally simple. An important distinction between a simple
and complex network structure is that the complex structure needs more elaborate
methods to link the data physically. This is not necessarily a disadvantage, because a
complex structure can always be represented by simple structures, e.g. a tree structure or
a set of tree structures, with redundant elements (see figure 2.10).

T]iis-redﬁndnncy does not mean pﬁysicai redundancy. Physical data lay-outs that work
well with tree structures do not necessarily perform likewise with network structures

(Martin, 1975), They may require a rather complex structure. Such complexity demands
a thorough knowledge of the logical structure.

As in the previous models, the basic commands to change data in network data base are
INSERT, DELETE and MODIFY. According to Ullman (1980), any of the above
operations performed on the data model must consider both logical record types and

links. The principles for all three operations are the same, therefore only one command
will be discussed.

Tn order to insert a logical record {entity) into the data base, a physical record has to be
created from the logical record. The record is then inserted into a file representing the
logical record type. An advantage when deleting an occurrence is that not all the
dependent nodes are necessarily deleted, but that some are left intact.

226 Model comparison

For the evaluation of the three relevant data models, namely the relational, hierarchical
and network models, the following criteria bave to be compared by which their
performance can be judged. They are:

(i) Ease of use.

(i) Efficiency of implementation.



Figure 2.9.  Representation of four different network data modes (after Martin, 1975).
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Figure 2.10. Simplification of complex network structures.



(iii)  Efficient utilization,

Considering the first criterium, the relational model has the simpler structure of the three
models. Furthermore, numerous high-level computer languages support the relational
model, making systems based on it, available to persons with a low programming level.

The network model, on the other hand, requires an extensive knowledge of both record
types and links and their relationships. Although networks are able to handle many-to-
many relationships, the implementation thereof is not always straightforward. This also
applies to hierarchical models which require extensive knowledge of the use of pointers.

Efficient implementation, on the other hand, suits the latter two models more, because
data structures as the multi-list and the pointer-based implementation of variable length
records, do not generally map to many-to-many relations. Since a relational model often
represents many-to-many relations, efficient implementation of the data model can
become difficult without specialized data structures.

(a) T ()

{b) AlB AlC
a, | b, 8,1 %4
a,ib, a,;| ¢,
Figure2.11. Data base represented by a hicrarchical and relational model (after

Ullman, 1980).

Efficient storage utilization depends, to a certain extent, on the amount of data
redundancy. Hierarchical models, if properly designed, tend to minimize data
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redundancy. For instance, figure 2.11 shows an example data base represented by a
hierarchical model (2.11 (a)) and a relational model (2.11(b})). On the left side of figure
2.11(a), a basic tree structure is shown, which can be expanded to a more detailed
structure, as depicted on the right side of this figure, If the tree structure in figure 2.11(a)
is converted to a relational data structure, the basic data structure is represented by the

capital Jetters, while the detail, resembling the second part of figure 2.11(a), is shown in

small letters.

It is evident how many times aj, c; and c3 are repeated in the relational model,
illustrating its data redundancy.

In the past, most data bases have been based on either the hierarchical or the network
model. Relational models, however, have been receiving more attention lately, for two
reasons. Firstly, design concepts originally applying to large data bases, are now used
for medium and small data bases. Secondly, many of the existing apparent inefficiencies
* of the model cin b eliminated by numerous optimization techniques (Ullman, 1980).

2.3 EXISTING GROUND-WATER DATA BASES

Before applying any of the previously mentioned principles for the design of the new
ground-water data base, a closer study of some existing data bases has be made to avoid
unnecessary design mistakes. Four data bases were studied in more detail and are
subsequently discussed:

(i) Data base by the British Geological Survey (U.K.).
(ii) Data base by the Public Works Department (Western Australia).

(iii))  Borehole data base - S.W.A. (Namibia).
(ivy  WATSTORE-U.S.G.S.

2.3.1 Data base by the British Geological Survey (U.K.):. =

As early as 1835, well records have been collected on a voluntary basis by the
Geological Survey of Great Britain. Since 1945, however, it has become mandatory to
submit hydrological related data to the Geological Survey about all newly drilled wells.
Up to 1973, a total of some 90 000 records of wells, springs and exploratory boreholes
were in the possession of the Institute of Geological Sciences (former Geological
Survey). A storage retrieval system was developed to ease problems arising with the
processing of these data.
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The main objective was to provide a method whereby a preliminary search of those
wells or hydrological stations can be done by computer, which may need closer scrutiny
of detailed observations and of data recorded in their original form (Harvey, 1973).

Recorded data may be extremely variable in both quantity and quality. They can be
subdivided into five primary groups:... . -

(i) Record identity. .

(ii) Well construction.

(iii)  Geohydrological details.
(iv) Stratigraphical information.
(v) Hydrochemical information.

Certain restrictions were applied, allowing limited storage and retrieval of only the most
basic data. Parameters, such as lithological information or continuous measurements of
water levels and yields during a pumping test, were not included in the system. Instead,
the stored data include the geological classification and thickness of the strata and yield

and pumping water levels at equilibrium. Similarly, only selected chemical data have
been included in the data base.

The data arrangement for each well or spring has been grouped into nine subject
categories or data lists. Within each subject, the items are entered chronologically,
where applicable. The input data are similar in content to those published in the Well

Catalogue of the Water Supply Papers of the Geological Survey of Great Britain
(Harvey, 1973).

Each well comprises the following data categories:

(1) Well identity.

(it} Stratigraphical succession and thickness.
(it}  Lining type and aquifer.

(iv)  Well dimensions.

(v) Rest water level and date,

(vi)  Pumping water level and date,

(vii)  Yield and date.

(viii) Hardness, chloride and date.

(ix) Chemical data, mineral analysis and date.



Dain storage struciure:

Well identity is regarded as the basic common link among wells. For each well, on the
other hand, the lining type and aquifer are vsed as common-links to all lists, with the
exception of the stratigraphical succession and thickness.

Development stages of a well are stored in separate units, linked by pointers at the
succeeding stage. All data lists, with the exception of the well identity, can be extended
to accommodate additional information. Figure 2,12 is a diagrammatic representation of
the data structure,

Storage of data conceming groups of wells differs, in that no information on stratigraphy
and thickness are included.

Data inpui:

Data for each site are entered in ten logical records (see figure 2.13). The first record
indicates whether it is a single site or a group of sites. The remaining records are nsed to
enter the data of each of the nine data Iists. The input format for the data is defined by a
series of input programs.

Logical records may consist of a number of 80-character cards, depending on the
number of data sets recorded for each data list, However, the number of locations per
well allocated in the well identity and well dimension list are fixed, Figure 2.13 shows
the data input coding form,

Storage on magnetic tape:

Sorted geographically, according to the coordinates of the National Grid System, the
data are stored on tapes. The grid system consists of a network of 10 km squares, which
are taken as storage units respectively. Thus, all information about hydrological related
sites within such a square is stored together in svites of blocks on tape (Flarvey, 1973).
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Figure 2,12, Data base structure (after Harvey, 1973).

Data retrieval:

Data retrieval is initiated by allowing a questioner to present questions in a coded form.
It is very important that correct words and punctuation are used. The questions can be
divided into two parts, i.e. one part defining what the user wants printed and, secondly, a

part laying down various criteria by which the user selects the relevant data (Flarvey,
1973).
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Figure 2.13. Fixed format inpur coding sheet (after Harvey, 1973), -




Discussion:

The storage and retrieval programs of the data base were written in FORTRAN V, so
that the basic machine code could be used to manipulate the magnetic tape and to
evaluate the input. FORTRAN V is ideally suited for scientific calculations (numerical
calculations), However,-if used to-manipulate various.types of data, as well as big data -
files, it becomes less efficient.

The data base was implemented on an IBM 1130 mainframe computer. The data are
stored on magnetic tape, which can only store and access data sequentially. Therefore,
records have to be accessed from the beginning of the magnetic tape, when searching for
any specific data. This makes data retrieval rather inefficient, The situation may have
changed, however, as computer technology has vastly improved over the past years.

The data base structure resembles a hierarchical model and was created in such a way
that additional information can be accommodated. Although the data accommodated in
the data base include some of the more important borehole parameters, not enough basic
data (e.g. use, potability or borehole installation) are accommodated in the data base.
Codes have been used to some degree to allow for uniformity and to save storage space.

Extraction programs allow for the search and selection of data according to a wide range
of options. These require a measure of programming skills and the knowledge of
acceptable codes. Data output is provided in the form of line printer print-outs. Further
data processing facilities are not provided.

Difficulties encountered during dcve];)pment and operation of the data base include the
following:
Accommodation of both borehole and spring information in the same record.
Storage of data from single boreholes and group of boreholes.
Variable number of items and quantity for individual sites.
Missing data.
Recording of data from different stages of development of a particular well.

Facilities for later adding and updating of data.
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2.3.2 Data base of the Water Resources Section of the Public Works
Department of Western Australia

Water resources in Western Australia have to be managed carefully to satisfy the likely
levels of demand. This has resulted in an increase of water resources data collection and
has led to the development of a water resources management system, . - . .

The primary data accommodated in this information system are streamflow, pluviograph
and water quality data.

Paramelters:

The majority of the relevant data are recorded on a continuous basis, comprising the
following parameters:

(i) Stream-level data.

(i)  Rainfall data.

(iii)  Reservoir level data.

(iv)  Borehole water levels.

W) Conductivity measurements.

(vi)  Temperature, evaporation, humidity and radiation data.

Data from a number of sites are only recorded intermittently by field personnel, due to
their lack of fluctuation.

Data base structure:

Flexible data file structures have been designed which provide the links between the
data of different data sets. They also cater for many different forms of data to be held.
The data base system consists of four major storage files (i to iv), namely:

(i) Station establishment and registration file.
(ii) Edit data base. .

(iif)  Water quality and non-continuous data base.
(iv)  Rating curve data base.

Two other file structures are also important;

(i) Working file.
(@) - - Daily data file,
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A flow diagram for the different components is displayed in figure 2.14.

Figures 2.15(a), (b), (c) and (d) show flow diagrams for the Edit- and Rating curve data
base. -

-

Data emty:.

Data entry is restricted to measuring stations registered on the computer. Whenever a
station is registered, it is assigned a number, based on the type of information collected
at that specific site. Four station types exist, i.e.:

i Stream stations - Gauging stations where flow and water quality are
continuously measured.

(ii) Sampling stations - Sampling of intermittent data.

(i)  Ground-water stations - Where water levels, water quality and borehole
yields are measured continuously or non-continuously.

(iv)  Metereological stations - Measurement of meteorological parameters.

Station establishment and registration file - All information comprising the
station registration details is kept here. This file is constantly in use during any kind of
data operation, It writes the station name in the header of the data listings, enables
programs to produce map overlays and gives the station location (Harvey, 1978).

Edit data base - All continuously recorded data are accommodated in this specific
file. However, not all the continuous data can be held resident on the file. Therefore,
older and little accessed data are archived. Collected data, when initially entered, are
first processed by a program EVCON, which produces a file in the PREEDIT format.
These data are then processed by the program EDIT which enters data into the data base
and retrieves it from the data base.- - -

Data can be accessed in two ways, i.e. either by specifying the station and variable
number and the range and time for which the data are required. Secondly, data can be
retrieved by entering the number of the chart wanted (Harvey, 1978).

Water guality and non-continuous data base - Only the non-continuous data are
stored here. Due to the many different data types stored in this file, it is very flexible,
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storing the value and an identifying parameter. Sediment load data are also
accommodated in this specific file structure (Harvey, 1978).

Raiing curve data base - This file contains all the XY-coordinates of the stage, flow
relationships for all gauging stations, in the information system. The file structure is in
the form of an indexed sequentiali file. Data -are entered by-a program RATAPAK and.
data retrieval is done by a program RATREQM.

Each of the nearly 200 parameters that may be measured and processed by the data base
system is defined in the data base dictionary. Codes used in this data base were based on
the Australian standard (Harvey, 1978).

Two other file structures remain, namely:

Working format file - It forms an important link between the data from the different
data sets. Similar to the non-continuous data file structure, it is very flexible, allowing

the accommodation of many different types of data for further processing (Harvey,
1978).

Daily data format file - This file contains daily data in a very simple format,
allowing easy data manipulation and archiving. It has a flexible structure, allowing the
processing of any variable accommodated in the parameter dictionary. It also forms an
important part of the data access for the users (Harvey, 1978).

All the above-mentioned data are stored on disc pack. Monthly back-up copies of the
data on disc pack are made on magnetic tape,

Due to the ever-increasing demands on the water resources in this region, new
parameters can be added to the water resources data bank, making this data base a
constantly evolving data base.

Discussion

The Western Australian data base was implemented on a Cyber 172 mainframe
computer. Adequate disk storage was provided in the form of two 216 Mb disk packs.

From the published information, it cannot be determined which data structure was used
for the development of the data base,-although a schematic representation of the file
structures is given.
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The primary data accommodated in this data base are hydrological data. The only
parameters accommodated in the data base which refer to ground water, are water
levels, vields and chemo-physical properties of the water. This data base is therefore not
really suited for the storage of ground-water data.

Similar to the previous data base,: this. data.base provides a. facility to add.new
parameters, when needed. A wide range of data is stored in the form of codes.

Apart from the standard print-out facilities, this data base also provides a limited data
processing facility in the form of tabular outputs, as well as several plofting routines, A
further positive aspect of the data base is the built-in data quality control which ensures
the use of reliable data.

Thus, although the data base accommodates very little ground-water data, it still serves
as a good example, especially the water quality section thereof.

233 Borehole data base - S.W.A./Namibia

The Department of Water Affairs in South West Africa developed a simple borehole
data base during the past decade. This data base was developed on a Hewlett Packard
micro computer.

The data are stored on disk according to the 1:50 000 topographical maps, on which the
sites occur, The data files in which these data are stored carry the name of the respective
map. Data from ten boreholes are stored in four records on the data base disk. To avoid
the loss of any data, back-up copies of the data base disk are made monthly. Data
records are stored in three string arrays (A, B and C), a real array (S) and an integer
array (I), i.e.:

Farm No. A D Main water . I, 7

Year 1K, 1) Original water level I(X,8)

Borehole No. AL Latest water level IX,9)

Equipment (code) . . I(X,2) Original yield . I(X,10)
Longitude S(X,1) Latest yield I(X,11)
Latitude S(X,2) Geological information  B(X,1)
Collar height S(X.3) Analysis No. C(X,1)
Depth of hole SX.4) TDS I(X,12)
Diameter I(X,3) Sulphate I(X,13)
Total casing I{X,4) Nitrate I(X,14)
Perforated casing I(X,5) Fluoride I(X,15)

“Water struck I(X.6)



. 'X'is a number between 0 and 9, denoting the borehole number in the respective record.

These arrays are thus also the basic structure of this data base, Such a structure was
discussed in detail in section 2.2.1, and is generally known as a flat file structure,
Special programs have been developed, allowing the user to enter, change or extract
data accommodated in the data base. .-

Data processing programs have-also been included in the data base, providing the user
with various print-outs and data evaluation techniques such as map plots, pumping test
analyses and hydrochemical analyses.

Discussion

This particular data base was developed in BASIC on a Hewlett Packard micro
computer HP 30. The structure of the data base resembles the flat file model.

As in the case of the previous two examples, this data base accommodates only selected
ground-water data. However, the parameters included, comprise a wider spectrum of
important items than the previous two data bases.

Disadvantages encountered with this data base were:

Fixed space was allocated for each site, Changes in e.g. water level or yield could
only be stored to a very limited degree (original and latest), otherwise older data
were lost with each update.

It was developed on a micro computer with insufficient disk space, i.e. the data
and programs were stored on exchangeable disks with rather limited capacity. This
implied that data retrieval became less efficient as the amount of stored data
increased, for instance, when data from different disks have to be extracted.

A worthwhile aspect of the data base is its data processing facility. It contains various
data evaluation techniques and representation programs. These facilities served as a
guide-line for the creation of the data processing programs for the National Ground-
water Data Base.

2.34 Data base by the U.S.G.S, (WATSTORE)

The National Water Data Storage and Retrieval System forms part of four major
information management programs of the United States Geological Survey (U.S.G.S.):

National Water Data and Retrieval System (WATSTORE).
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- National Water-use Information Program.
National Water Data Exchange (NAWDEX).
Water Resources Scientific Information Centre (WRSIC).

The data systems supporting these programs are maintained on a large mainframe
computer (Amdahl) and are mainly batch-orientated (M.D. Edwards, undated). The
systemn is presently replaced by.a new National Water Information System (NWIS),
which is designed as an interactive distributed data system and which will eventually
run on 75 mini computers, linked by a telecommunication system, compatible with the
"X.25" protocol.

WATSTORE was developed in the early 1970's to provide an efficient water resources
information system. It comprises the processing, storage and extraction of surface and
subsurface water resource data. The information system consists of a number of data
bases, called files, in which related data are grouped and stored. Due to the systems
flexible file structure, additional data files can easily be included, if necessary. The file
structure is diagrammatically represented in figure 2.16.

Current data are stored on magnetic disk, while historical data are stored on magnetic
tape. A brief description of the WATSTORE files is given below.

Station header file:

This file contains information about the identification, location and physical description
of any site accommodated in the WATSTORE files. Tt also serves as an avtomated
index, simplifying the retrieval of any of the stored data, without searching the large
existing data files. Some of the information stored in this file is mandatory. This means
that no data regarding this station can be entered into the data base, if any one of the
mandatory items is missing,

Peak flow file:

All the streamflow and gauge height measurements are stored in this file,
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Daily values file:

This file contains all the hydrological related data measured on a continuous basis. All
the continuous data not in daily format are reduced to daily format before they are stored
in this file. The flexible. structure-of the file allows many different types of data to be.
stored, such as streamflow, river stages, reservoir contents, water temperatiure, electrical
conductivity, sediment concentrations, sediment discharges and ground-water levels., ...

[ NATIONAL WATER-DATA STORAGE AND RETRIEVAL SYSTEM |

STATION-HEADER
FILE
[ I I I
PEAK-FLOW DAILY-VALUES WATER-QUALITY| {GROUND-WATERSITE
FILE FILE FILE INVENTORY FILE

00 0C

Figure 2.16. Schematic representation of the WATSTORE information system
{after Showen, 1976).

Walter quality file;

Chemical, physical, biological and radiochemical information about surface and
subsurface water resources are stored in this file. Most of the data stored in the file are
obtained through analytical techniques, performed in water quality laboratories.



Ground-water site inventory file:

The structure of this particular file will be discussed in more detail, because data

contained in it, originate from wells, springs and other ground-water sources. Data items

included are . site location .and: identification, . geohydrological. and geological .. .

characteristics, well construction history and various field measurements, such as yield,
water level and water temperature (Showen,.1976). .. - .

The Ground-water Site Inventory File (GWSI} is developed, using a data base
management system known as SYSTEM 2000.

File structure

SYSTEM 2000 supports a hierarchical data base structure; the structure of the GWSI is
therefore hierarchical. Figure 2.17 is a diagrammatic representation of this structure and
shows all the data items accommodated by the data base. The root node contains 2
unique identification number and location information for each site. The SYSTEM 2000
uses various indexing techniques to keep. track of the locations of data items stored
randomly on a disk file. This featore simplifies the addition and retrieval of data from
the GWSI (Mercer and Morgan, 1982).

In this structure, every schema record item belongs to a schema record on a higher level.
Furthermore, a fundamental aspect of the schema record is that it can occur once, many
times or not at all. Each schema record contains a number of mandatory items.

Uniquely identifying schema items, generally known as control fields, are normally
mandatory {(WATSTORE, User’s Guide, Volume 2). Table 2.3, at the end of this
chapter, lists a description of the GWSI schema records.

Data that have been coded must be checked for reliability, after which they can be
entered into the data base. A specially developed program checks the entered data to see
whether they satisfy required-edit criteria. Three basic checks are done on the newly
entered data, namely:

(1) Syntax checking.
(it) Compatibility checking.
(ifi)  Out-of-range checking.
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Figure 2.17. Data base structure (after Mercer & Morgan, 1982).
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The update process is under complete control of the data base administrator
(WATSTORE, User's Guide).

Datia storage and reirieval

The data base management system-offers a wide variety of capabilities for creating data - -

bases, updating data (add, change, delete), data retrieval, data reporting and interfacing
with other computer programs.’ Important attributes of computer systems are to.
accommodate large quantities of data, to rapidly search through these data and, when
required, process it.

The data base management system is designed quite flexible, offering the user effective
data retrieval and reporting capabilities (WATSTORE, User's Guide).

Data storage in the daia base

Each component within the data base has a unique identification code which
distinguishes it from the other components in the data base and identifies all the
componenis present in the system. The amount of data stored in the GWSI is
independent of the data base definition, meaning that the number of boreholes stored in
the data structure are independent of the data base definition. Data items for a specific
site are related and are kept from the data from another well, forming separate data sets
(WATSTORE, User's Guide).

Daia retrieval from the data base

The system supports a great variety of data retrieval commands and depends for
efficiency almost entirely on the initial data base set up. Due to the existence of inverted
files or indexes in GWSI structure, extraction of specific sites is very efficient. Not all
the data items are indexed, thus subdividing data retrieval into two components, i.e. key
and non-key components. When a data item is designated as a key, an index is created

for that dataitem and it can be used to retrieve data fast.-If a data item is designed asa - -

non-key, no index is created and using it to retrieve data will probably be much slower.
The designation of keys to data items is done by the data base manager (WATSTORE,
User's Guide).

Data can be retrieved selectively by the retrieval language which forms a part of the data
base management system. Programs, extracting selected data and prepare them for
publication, plotting or statistical evaluation, have been written.



Discussion

The GWSI was designed and implemented in 1974, on a mainframe computer, using the
SYSTEM 2000 data base management system. The main objectives were (i) to meet the
need for storage of standardized ground-water data and (ii) to provide nation-wide
computer access to the data.- . -+ ' ' '

The strocture of a SYSTEM 2000 data base is usually hierarchical,. while - various:

indexing techniques are used to keep track of the locations of data, randomly stored on
disk files. The indexing feature used in the data base management system simplifies the
addition of new data and makes data retrievals more efficient. This advantage must be
seen against the disadvantage of redundancy and increased time requirement for the
ADD, CHANGE AND DELETE operations which must update the respective key lists.

A wide variety of geohydrological related data is accommodated in this data base (see
fipure 2.17). Most data in the GWSI are raw ground-water data and are collected and
prepared for submission to the data base by the participating organizations. These data
are then forwarded to the GWSI data base administrator, who controls the final update.

An Important aspect of the data base is the inclusion of mandatory data items. This
ensures that the data entered, comply with a certain minimum standard. In addition to
that, a further quality control is implemented, which checks the reliability of the data.
Special computer programs were developed for checking the syntax, compatibility and
whether the data are out-of-range.

Due to the fact that the developers used an established data base management system,
data retrieval is relatively simple. A great variety of data retrieval commands exist,
which can be enhanced by an additional programming language extension, Due to he
use of indexing, the data retrieval becomes very fast.

The GWSI includes a number of processing facilities in the form of tabular reports, X-Y
plots and map plots for many of the data. However, the most important feature of the
GWSI is the fact that data input is standardized and the techniques of manipulating the
ground-water data are the same throughout the United States of America.

Problems inherent in batch-orientated and centralized mainframe computers on the one
hand and improved computer fechnology on the other, led to the decision to switch to an
interactive, decentralized minicomputer system (the file management system MIDAS
will be used on the new Prime computers). A significant amount of commercially
available software will be incorporated in the new system and attention will be given to
"menus” and "HELP" functions for less experienced users.
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Due to the GWSI's comprehensiveness, it was used as a basis to develop the National
Ground-water Data Base for Southern Africa. The development of this data base will be
discussed in the next chapter.

TABLE 2.3.  DESCRIPTION OF GWSI SCHEMA RECORDS (AFTER MERCER
AND MORGAN, 1982). . .

ENTRY Site identifiers such as latitude and longitude,altitude, State, county and so forth,
LT Type, such as pump or bucket; includes horsepower, intake setting
and so forth,
MAJOR PUMP Manufacturer, seria) number, energy consumption, capacity and so
forth.
STANDBY Alternative power types.
CONSTRUCTION
CONSTRUCTION Date of completion, contractor, seal type, finish and seal bottom.
HOLES Type of well and dimensions, including diameter of top and boliom
: of hole. . I
OPENINGS Depth intervals of perforated zones, size and shape and screen
material,
CASINGS Type and material, top in reference to land surface, depth to bottom
and diameter of each string.
MINOR REPAIRS Repair information.
GEOLCGY .
GEOHYDROLOGIC UNITS Name of formation, including unit identifier and its depth.
AQUIFERS Includes static water level in aquifer.
HYDRAULIC Includes the ynit identifier.
COEFFICIENTS Includes conductivity, diffusivity and leakance.
NETWORKS

QUALITY NETWORK  Water-quality network, including name of agency that gatbers
samples at site.

LEVEL NETWORK Water-level network, including name of agency that collects water-
level measurements at site.

PUMPAGE NETWORK Pumpage network, including name of agency that monitors water
withdrawal ot site.

PRODUCTION
FLOW DATA Information about springs, including flow period and discharge.
PUMP PRODUCTION  Production of the well, including production date and method.
DWNERS The site's owner, name and ownership date,
SPRINGS Spring data; for example, name and number of apenings.
ADDITIONAL INFORMATION

REMARKS Additional remarks about the site.



MISCELLANEOUS DATA
SITE VISITS
OTHER DATA
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Other references and sources of datz.
Visits to the site, such as the inventory person and date of visit.
Location and formats of other data available about the site.

OTHER IDENTIFICATION Cther site identifiers.

WATER QUALITY

FIELD WATER QUALITYField water-quality data, such as the sample date, the canstituent, it . -

LOG
LOGS

SPECIAL CASES
WELL GRQUP

measurement and source (aquifer name),

Type of geophysical or other logs available for the well, including
type and source,

Multiple wells that are manifolded to a single discharge pipe,
including the number of wells and the deepest and shallowest wells in
the group,

POND, TUNNEL, DRAIN The length, width and depth of a pond, tunnel or drain.

COOPERATOR DATA
LATERALS

MISC.VALUES
STATE WATER USE

OBSERVATION WELLS
HEADING
YEAR
WATER LEVELS
MEASURING POINT

Data that cooperating local apencies need, such as cooperator's site
identifier, registration number and so forth.

Information about Ranney wells, including the depth, length and
diameter of the laterals that drain to the central well.

Data for which no other schema record has been estublished.

The State's use of water, including water type and the amount of
waler,

Textual information about the site.

Specilic year for data in the lawer level schemn recard(s),

Includes water-level measurements and regpective dates,

Includes the measuring point height and the date when the
measurement was mide,
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CHAPTER 3

NATIONAL GROUND-WATER DATA BASE FOR
SOUTHERN AFRICA - . '

3.1 INTRODUCTION

Rainfall over Southern Africa varies from more than 1 000 mm/a in the eastern parts of
the couniry to less than 200 mm in the west (Management of the Water Resources of
South Africa, Department of Water Affairs), while the potential evaporation varies from
a minimum of less than 1 400 mm along the Natal South Coast to over 2 400 mm in
Gordonia and parts of Bushmanland. The South African subcontinent is therefore
characterized by predominantly semi-arid climatic conditions with periodical droughts
and has limited water resources. Accordingly, it is highly important that the existing
surface and subsurface water resources are managed in the best possible manner. This
task can considerably be facilitated if all hydrological related data are stored (in various
data bases) on computer, In order to expedite the process of data computerization, the
Water Research Commission has funded the development of such data bases which,
when completed, will form a central hydrological information system (HIS).

HIS will consist of eight data bases which will contain data on the following topics, i.e.
precipitation, flow, reservoirs, evaporation, sediment load, floods, chemical quality and
ground water. The purpose of this chapter is to discuss the development of the ground-
water data base for Southern Africa.

During the latter part of 1983, the Institute for Ground-water Studies (I.G.S.) of the
University of the Orange Free State compiled a draft plan for the development of such a
ground-water data base and submitted it to the Water Research Commission. After

discussion of the draft version with-the Birectorate of Geohydrology of the Department - -

of Water Affairs, the Water Research Commission awarded a four-year research
contract to the Institute for Ground-water Studies, The contract comprised the
development of a National Ground-water Data Base for Southern Africa and started in
January 1984.

The objectives of the contract were:

(i) A detailed analysis of the data base requirements.
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(i) The design of an appropriate and effective data base structure.

(ii)  The implementation of the structure on a mainframe computer, including
data update and extraction facilities.

(iv) The development of an efficient data processing package and software . ..

enabling communication with the chemical data base,

vy Assisting the Directorate of Geohydrology in the selection of appropriate
computer hardware.

(vi)  Training personnel of the Department of Water Affairs in the effective
utilization of the data base.

The ultimate aim of the data base is to provide information on physical, geological and
geohydrological aspects of any known ground-water source in Southern Africa.

32 SOFTWARE FOR MAINFRAME DATA BASE
DEVELOPMENT

Development of a data base is a complex and comprehensive task. Various aspects have
to be taken into account, like the data to be stored, the users' needs, the available
hardware and programming software.

As the data base was to be developed on a mainframe computer, for which a special data
base management system (DMSII) was available, it was important to ensure
compatibility between the different data bases of the hydrological information system.
Generally, all data base management systems consist of a set of integrated data
structures or files which reside on some mass storage medium and are manipulated and
managed by various specialized programs. There are therefore a number of advantages
when using a data base management system instead of a.set of discreet files. DMSII-
offers the following advantages:

(i) Data and program independence.
(ii) Ease of programming.

(ili)  Wide choice of host languages.
(iv) Data consistency.

(v) Concurrent updating.

(vi)  Data protection.



(vii) - Data base development and evolution,
(viii) Economic system resources.
(ix)  Ease of system design.

Another advantage of DMSII is that it supports LINC (Logic and Information Network

Compiler). LINC is used to design.and develop.data bases. It consists of a definition. .. -

language and a generator which produce programs for the data base. Such compilers are

generally known as-fourth generation system development compilers-and are used.to .

generate third generation computer codes, such as COBOL, automatically.

Three basic parts, i.e. components, events and profiles, form the LINC compiler system.
Components are used to define fixed data elements. Events are the fransactions that
occur with the data and profiles are used to specify ways in which components and
events of any system are to be combined and viewed.

The LINC compiler system i3 structured around components, evenis and profiles. The
purpose of the LINC specification is to describe the various elements of the specific
information system to the LINC compiler, The LINC specification is divided into
various logical groups. The following list indicates the functions included in the LINC
specifications and the steps to be taken when developing a data base with its aid.

1. Option specification

(i) Create a DMSII data base and a new system.
(i) Reorganizefrebuild a DMSI data base originally created by LINC,
(iii) Create a test-version data base allowing an enhanced system to be
developed separately from a production system.
(iv)y  Specify decimal entry on numeric fields.
\D) Specify log of transactions.
(vi)  Generate listing of the specification.
(vii)  Establish or rebuild a network.
- (viii)- - Facilitate off-line input:-
(ix) Specily Message Control System (MCS).

(x) Allow Generalize LINC Interface facility - allow LINC to be updated,

when necessary.
(xi) Allow American date formats to be used.

2. User specification.

(i) Specify user identifier, data base name, system name.
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(i) Declare number of accounting periods.
(iii)  Define data base distribution over the disk packs.

Network specification.
) Declare network configuration (line, channel, terminal, address, stations
etc.).

(i1) Define security privilege level.:. -
(ili)  Specify executable programs.

Logical data base specification.

i) Declare logical data base for DMSII Inquiry.
Profile specification.

(i) Declare access paths to the data base:

Global specification.

(1) Define global logic.
(i) Define global set-up data items.
(ii)  Define keywords. -

Interface specification.

6y Specify screen format identification.

(i) Specify automatic return of screen format after processing screen input.
(iti)  Define help/teach functions.

(iv)  Assign file security privileges.

(v) Specify repeat lines.

{vi)  Ideniify source of data.

(vil) - Define system volumes. -

Data specification.

1) Define screen formatting,

(1) Describe data.

(iii)  Define field definitions (type, size, decimals, data, justification
highlighting, required, etc,).

(iv)  Define field usage (input only, input-output, output only).
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(v) Define automatic data base access on ordinates.
(vi) Specify pre-screen logic.
(vii) Insert global logic,

9. Logic specificaiion.

(i) - Specify arithmetic functions.

(it} Define user-controlled access and update of data base.- ..
(i)  Specify logic commands.

(iv) Insert global logic.

(v) Define error and message handling.

(vi)  Specify data editing and verification.

Afier selection of the data base management system to be used for the development of
the ground-water data base, the information included in section 2.2 can be used to
design an efficient data base structure.

3.3 STRUCTURE OF THE NATIONAL GROUND-WATER
DATA BASE

With DMSTI, it is possible to use any of the three basic data structures, namely the
hierarchical model, the network model and the relational model. All these data structures
have the advantage that related data are grouped together, which makes data
manipulation simple and straightforward.

Certain data suit certain data structures better than others. In order to select the most
appropriate data structure for the data base, a number of aspects listed below, had to be
considered.

@) Who will be using the data base and what type of enquiries must the data
base be able to handle?

{ii) The approxifnate number of possible data sites, in order to allocate
enough storage capacity for the data base.

@iii)  The data base should be point-orientated and include data originating
from boreholes, fountains and/or the other ground-water observation
points.
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The data base must primarily suit the geohydrologists, i.e. the Directorate
of Geohydrology's requirements and, to a certain extent, the remaining
sections of the Department of Water Affairs.

The majority of sites contain only a few basic data items. Therefore, the
structure of the data base must be such, that it can incorporate sparse, as -
well as detailed data, in such a way that data redundancy, storage
requirements and search time are- mirimized.: - . -

Complying with the above-mentioned requirements, the relevant data were divided into
twoO major groups:

(i)
(i)

Basic data of a site.

Detailed additional data of a site.

All data were grouped into 11 data groups, comprising the following items:

(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)
(xi)

ENTRY - The basic information about a site.

LOGS - Data collected during making of a site.

CONSTRUCTION - The data related to the civil and mechanical
construction of a site,

INSTALLATION - The data related to mechaniéal installations made on a
site,

DISCHARGE RATE - The data related to the yield of a site.

WATER LEVEL - The data related to the water level of a site.

WATER SAMPLE - Analysis number (H-number) referring to the
analysis in the chemical data base.

FIELD MEASUREMENT - The data related to various parameters
measured in the field at a site. . - -

METER READING - The data originating from any kind of meter
installed at a site.

PUMPING TEST - The data derived from a pumping test on a site.
MISCELLLANEQUS - The data related to miscellaneous aspects of the

site.
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Of these groups, ENTRY, INSTALLATION and PUMPING TEST are not subdivided
into subgroups. The remaining eight groups, however, are subdivided into header and
repeating groups, with the repeating groups resorting under their respective headers.

Figure 3.1 is the schematic representation of this structure. The remaining eight groups,

divided into their headers and respective i‘epeating groups, are listed below:

HEADER
REPEATING GROUFP
REPEATING GROUP
REPEATING GROUP
- REPEATING GROUP
Figure 3.1, Data set structure.
(>  Logs
(2) Penetration rate
(b) Aquifer
(c) Unconsolidated geology (especially for detailed soft rock
description)

(sh] Consolidated geology

(i) . Construction

{2) Hole

(b) Casing
(c) Openings
(d) Fill

(iii)  Discharge rate
{a) Discharge rate

(iv)  Water level
(2) Water level
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(") ‘Water sample
' (a) Water sample

{vi)  TField measurement
{(a) Field measurement

(vii)  Meter reading
(a) Meter reading

(viii) Miscellaneous
(a) Site selection
(b) Name of owner
(c) Other identifier
(s)) Other data
(€) Site visits
() Special cases
(g) References
(h) Search status
i) Comments

Thus, taking all the data groups into account, the data are now grouped into 32 data sets.

An important aspect of the data groups is that all the basic information of a specific site
is contained in the ENTRY data set. Only one ENTRY data set is allowed for each site
to avoid duplication. This s, of course, logical, as one site can e.g. only have one pair of
coordinates with a specific altitude. Both headers and repeating groups may be repeated,
Headers contain general information which applies to all of the up to 999 repeating
groups, which can be stored under each of them.

Although the INSTALLATION and PUMPING TEST data sets are not subdivided into
header and repeating groups, they may be repeated, e.g. more than one pumping test can
be performed on a specific borehole site over a number of years and more than one
pump be installed.

After evaluation of all the gbove-mentioned information, the data base structure was
defined, as shown in figure 3.2(a). This data structure has three levels, namely basic
infbnnation, header and respective repeating groups. It can be easily converted into a
simple tree structure (see figure 3.2(b), because the relationships among the data sets are
gcnejgebl}ly Hp}itcd to a one-to-many relationship.

P
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The data could also easily have been accommodated in a relational data model, which is
the simpler model of the three existing models and thus the preferable choice. However,
due to the relational model's positional independence, as well as its non-procedural
access path, some of the data items, under consideration, would have to be stored
repeatedly. This would have led to unnecessary data redundancy, even though the
redundancy would have been controlled. .

Basic Data @ - Level 1 (root node}
Converted
Additional Data —""‘
_ Header to a simple (ED - Level .2
tree structure

Additional Data
Repeating Group @ - level 3

Figure 32(a). Basic data structure and (b) basic data structure converted into a
simple tree structure.

The network data model is unsuitable for the type of data considered here, because of its
complex structure. The complexities in the structure are caused by the network model's
capability to handle many-to-many relationships, in addition to the simpler relationships
(see section 2.2.4 ). This, again, leads to unnecessary data redundancy. However, due to
the models' ability to handle many-to-many relationships, data access may, in some
cases, be more efficient.

Thus, the logical choice of a data structure to be used for the data base, was the tree
(hierarchical) data structure, Expanding the basic tree structure of figure 3.2(b) to the
tree structure containing all the (32) data sets, figure 3.3 displays the structure with all
the data sets contained in the new data base.

An apparent disadvantage of the tree structure is that every node, except the root node,
has to be accessed through its parent node, This makes the access path to a specific node
unique. However, DMSII allows to combine certain network features with features of
the tree structure. Data access in the ground-water data base could therefore be made
more efficient. A direct implication of this combination is that the user can access all the



Level 1

Level 2

—Levael 3

Figure3.3(a).  Basic tree structure of the ground-water data base.

)

21 Penotration role
_ E 22 Adqilor
(_BEam_) 0 1068 _ 23 Unconsolidated
24 Consofidated

31 Hole
L 4 32 GCasing
E@—‘ —— 30 CONSTRUCTION —E 33 Opening
34 RN

| 40 INSTALLATION 4

— 50 DISCHARGE RATE ——— 51 Dischargo rala
y | 60 WATERLEVEL ———— 61 Waler-lovol
(1o ENTAY Jo— ¥ 70 WATER SAMPLE 71 Walar sampla

—- 00 FIELD MEASUREMENT — 61 Fisld moasurement
. 10 WETEA READING 1 Melor reading

|—100 PUMPING TEST

111 Sile selaciion
112 Hame ol owner
113 Oihor dentifier
114 Oiherdata
o110 MISCELLANEQUS 115 Sia viglis
W18 Spoclal cases
417 Relorences
118 Search slals
19 Commenis

Figure 3.3 (b). Ground-water data base structure, indicating the respective positions of

each data set in the tree structure.
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data sets on the same level by entering the respective data set code. In the case of the

~ground-water data base, the network aspects cause a certain data redundancy. This
becomes negligible if one considers the amount of physical storage capacity saved by
the tree structure's low level of data redundancy.

34 DATA BASE PARAMETERS

Once the data base has been designed and created, complying with the predefined
requirements, specific parameters (values/data items) may be entered into the data base.
All the parameters accommodated in the data base are listed in figure 3.4,

A data base depends entirely on the type and quality of data added to it. In order to
- promote good quality of the data in the data base, certain parameters in each data set
were declared mandatory. The mandatory items of the data set ENTRY are:

@ Site ID Code

(ii) Map Code

(iii)  Latitude

(iv) Longitude

v) Coordinate Accuracy
(vi)  Drainage Region
(vii)  Site Type

(viii) Reporting Institution

The mandatory items about a site are the absolute minimum data that can be entered for
any site. Mandatory items in the other data sets are printed bold in figure 3.4,

Much consideration was given to the parameters proposed for inclusion in the data base
as well as their format. This was followed by a thorough discussion with the Department
of Water Affairs to ensure that the selected parameters complied with the requirements
as seen by the Directorate of Geohydrology For a detailed description of each parameter
included in the data base, chapter 3 of the User's Guide can be consulted.

A considerable number of the parameters accommodated in the data base, are
represented by standardized codes, of which the majority are one- or two letter codes as
can be seen in figure 3.4. The remaining codes, namely:

(1) district codes,



10 ENTRY

* 1.0,1 Site [dentificalion code
1,0,2 Map code

1.0.3. Mumber on 1 : 50 000 map

1.0.4 Province, distrct and farm number
1.0.5 Silo nama

1.06 Txpugmphic sotling

Mluvial lan
D Dunes
F Flat surfaca, plain
H In or along sinkhole P
L Alonp dam, lake oc svaomp - .
M On mountaln or hill
P In or along pan
R tn ar nlong river
S Hillsida (gupce}
T Tomico - :
\ Valley
* 1.0.7 Latlude
“ 1.0,0 longiludno
1.0.2 Coordinate accuracy
* 1.0.10 Dralnage reglon
10,11 Alijude
1.0.12 Method of measurement
A Miimator
L Levelled or survayed
M intorpolated from map
1.0,13 _Sile 1ype
B vrehale
D Dug woll
F Fountain
H Sinkhole
) Intarcannecied or drainapge well
M Mulipla boroholes
S Seopage pond
T . Tunnel, shafl or drain
w Well polnt
Z Other
1.0.14 g_l{u snlgclqr |
oring Inspector
DIV Waler diviner
DAL  Drller
DA GcohyqrolngE. DWA
GEQ Genlogist ar Geophysicist {Consultant etc.)
GSO Geolopltal Survey
OWN  Dwnor
1.0.15 Nominal diamaier
1.0.16 Dopth complated
1.0.17 Complotian dala
1.0.18 Depth infarmation source
[ Canstnrction dala
D Drillor's logs
F Fird checked by Raparfing Instlullon
E‘ ﬁmlnuis{&zchrﬁ%aflll. opg;ﬂnris I'r]:al:l:mi
ematy (Owner, Drller, Operala
o Owner's record
IF" Repod or file

Pump operators record
1.0.19 Status of sile

D Daostroyed

G Inuso

U Unused
1.0.20 Purpose of site

E Exploration or siratigraphlc 1es! halo
M Mina drainaga
Q Ohservation
P Producion {walar supply)
R Aacharge
5 Standbg
w Wasie disposal
Z Other
1.0.21 Waler use: consumar
U Urhan
N Noa-urban

1.0,22 Whler use: applicalion .
AD" Agriculiural and domestic use
A Agelealiural - Irfgalion only
AS  Agdeultural - slock watoring anly
DA Domosiic - all purposes
OG  Domeslic gardononly -
E Nalure conservation
Publie

P

TC  Indusitial - commercial

T [ndusirial - industral

M Industda) - mining

TP industinl - power genecralion
1.0.23 Hﬁror‘tlng Instlitutlon

DaM  Dames & Moore

GSP  Geclogleal Survey, Pretoria

IGS  Insliluta for Ground-water Studies

NPAL, NPRL of CSIR

SR Stellen, Robertson & Kirston

WA-D Boring, Waler Allakrs

WA.G Geohydmology, Waler Allalrs
WAGC Geohydrolony, Waler Affalrs, Cape Town
WA Permil Sectian, Waler Aflairs

10,234 Equipmerln 1

A Idift
c Centifugal permp
H Hand pump
J Jet
M Mono-type pump
N No eguipment
p Piston pump
Q Powerhead
n. Recordar :
S Suhmersible pump .
"I;r wrbt}no
indpump
X Windpump with powarhaad
P4 Olher.
1.0.25 Patability
y Vory good

G Good [or human consumplion

M Marglinal for human consumplion

A For anlmals only

U Lnsuitabio for human ar animal consumplicn
F Fresh

i frack

5 Sal

1.0.26 Dale record entered

1.0.27 Date record updated

1.0.28 Comment

20 LOGS

2.0.1 Site ldentllicallan ecade
2.0.2 Header sequence number
203 Reporting Instiiutlon
2.0.4 Date record enterod

2.1 AEPEATING GROUP; PENETRATION RATE
211 She identlflcation cede

2.1.2 Header sequence niwmber

213 Pepeating growp number

2,34 Deplh io top of interval

2.1.5 Deplh le botlom of Intarval

21,6 Diameler ol interval

2.1.7 Penelratian rale

2,18 Comment

2.2 REPEATING GROUP: ACQLIFER
2.21 Site |dontiication code
2.2.2 Heador soquenca numbar
2.2.3 fesprating group number
2,24 Depth to lop of agulfer
22,5 Depth o bottom of aquiler
2.2.6 Aquifer codo

2.2.7 Comment

2.3 REPEATING GROUP; UNCONSOLIDATED
231 Sito identlfication code

2.3.2 Header sequence numbor

2.2 Repealing growp numbar

2,34 Dnnlh o top of interval

%gé I,I.,Il uloé code
6 Pnm o
87 Glack
8 Blua
c Brown
ﬁ gmen
ey
M Purple
Q Orange
p Pink
R Red
w Whiter
237 Sheandagy con
A colour .
B al%lsh
C Orownlsh
D Dark
G Grayish
L Llpht
M Purplo
o} Dranga
P Pinkish
R Reddish
v Oiivo
hi Yellowlsh
2.0 Toxhye
00 Cryplo Medium
1) Vory fine Medium io coarsa

2RER

12 Very fina 1o fna Medium to very coarse
13 Vory fine to madium Coarse and very fina
14 Vary fine lo coarse 42 Coarsa and fling

i5 Very fine to vory coarso 43 Coarse and medium

Figure 34. Parameters of the ground-water data base.



60

2 Fina and vory fine 44 Coarse
2 - Fino 45 Coarse o vory coarss
23 Fing lo modium 51 Very coacse and very fing
24 Fine lo coarsa 52 Very coarse and ling
25 Fina lo very coarsg 53 Very coarso and mediom
a1 Medium and very ine 54  Very coarse and coarse
22 Modium and fine 55 Vary coarse
2349 Primary foahure
MG  Argillaceous JT  Jointed
AR Arcnacoous MC  Micacoaus
BX  Baked MS  Masslve
CA  Calcarcous - 00 Oolilic -
CB  Carbenacoous PO Phosphorite bearing
CE  Comonled PT  Ppaly
€S8  Consolidalod SF Sali
FC  Fmctured SH Sheﬂx
FE  Forrugencus - 5! . Siliclfied -
FS  Feldspalle 5L Sily
GV Gravelbearing UC Unconsolidaled
HD  Hand WT Waatherad

HM  Heavy minorals boaring
2.4.10 Secondary foalure
2.3.41 Fealturo aliribula

- Slightly
+ Vory

23,12 Soding
1 Unsorted
22 Poory saried
21 Poory lo moderalely soded
32 Modaralely o pooily soried
Rk] Moderately sortad
34 Modermloly tawell sarled
43 Well io moderatoly sorled
44 Wall sorted

2.3.13 Roundness
11 Angular

12 Anguiar 1o subangular
13 Angular to subrounda
14 Angular 1 rounded
22 Subangular
2 Subangulat Io subrounded
24 Subangular lo roundad
a3 Subroundod
34 Subraundod to reunded
44 Rounded

2.,14, - 20 Slove analysis

2.13.21 Commenl

24 REPEATING GROUP: CONSOLIDATED
24,1 Slhe ldentiticatlon code
2.4.2 Hoadar sequence number
2.4.3 Repeating graup number
2.4.4 Depth to lop of Interyal
2.4.5 Litholagy cade

24.6 Primary colour

2.4.7 Socondary colour

248 Toxhwa

248 Faalwe

2.4.10 Commant

30 CONSTRUCTION

3.0.1 Site Identiflcalion code
3.0.2 Header sequance number

3.0.3 Piezornaler number
3.0.4 Reparting instilullan
3.0.5 Datn racard entarnd
20,5 Dale of constroclion
4.0.7 Name ol contraclor
3.0.8 Construction data soucce
3.0.9 Method of consinection
A Alr-rotary
g Cable-toal
H H;Hmu!ic mlary -
J Jolted
P Alr porcussion
R Reverso rolary
3.0.10 zljfpu I%ea
0. ol iinis|
8 Brickworit
G Parous cancrete
F Filter {graval pack wilh peeforations)
G Gravel pack with screen
H Horizontal gallery
0 Opon boltom (parinlly cased)
P Perioraied or slatted
5 Secreen
w Woll polnt
X OCpan hole
F 4 Cther

Figure 3 4. Continued.

4.0.11 Mathed of dovelopment
A Ewﬁ:ﬁad with air it {no induclar}

Compreased air
Aritied with Inducior
Jotted or washod
gompod

um
Surged
urallon of developmont
pacial davolopmant troaiment

Brushing . :
Chemical [acid alg.) -
Dy les
Explostvos
Hydrolraciurlng
Oler
,0.14 Costof constsction
10,15 Comment

AEPEATING GROUP: HOLE

w3t

=]
wal m
[=Ix]

NIMOOQUGprgIZ==0n

o

i
1.1. Site tdentlficallon coda
1.2, Header sequonco number
1.3 Repeating group number
}g Deplh to top of interval
1

1

,1.5 Depth o bollom of Interval

1.6 Hametar of hela
1,7 Comment

3.2 REPEATING GROUP: CASING
221 Site identilicailon code
3.2.2 Header sequance numbar
323 Rapeating group numbar
3.24 Depth (o lop of casing Interva)
3,25 Depth lo bottom al ezsing interval
A.2.6 Diameter of easing Interval
3.2,7 Caslng matorial
B 55
Concrate
Coppor
PVC or other plastic
Stool
Stainless sleel
d Olhor matosial
3.2.8 Wall thicknass of casing
3.2.9 Comment

33 REPCATING GROUP: OPENINGS
3.2.1 She Idonmilicalion code
3.3.2 Header sequence numbaer

3.2 Repeating graug numbor

J
a
3
3
3
d
3
3
3
3

=ooO

3.3.4 Depih to lop ol apen Interval
3,45 Deplh 1o boltom of interval
3,3.6 Diameter ol open interval
33,7 Material in 1his Inlerval
3.3.8 Type of rﬂmnln s In inferval

F Poripraled or slotted with fibre mesh

L Parloraled or slatted

M Miesh screen

p Parloeatod or slotted

S Screen

w Wellpolnt

X QOpen hola

Z Othor
3.2.9 Length of openings
3.3.10 Width of ppeninps
3.3.11 Horxontal distance batween openings
3.3.12 Vorlical distance betwean openings
3.4.13 Melhad of openings made

Sawn

D Drilled

M Machine cut

P Punched

N

o]
X Wira wound
zZ Oter

3.4.14 Camment

84 AEPEATING GROUP: FILL
3.41 Site ldent(lfcatlon code
3.4.2 Hoader sequence number
3.4.9 Repoating group numbar
3.4,4 Dapth 1o top of Intenral
ggg gepth I'a ’Ratlom of interval
4. 2 o

g'" Hentonite or clay

c Cement
G Gravel (»2mm)
S Sand

ol
X Bollom close
4.7 Comment
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40 INSTALLATION

4,0.1 Site |dentification codo
4.0.2 Header sequence number
4.0.3 Reparling nstliution
404 Date roeand entered

0.5 Dale of Installation

4,0,

4.0.6 Type of installation
4,07 Dapih to purnp intake
4408 )

T {
E‘Pﬂ @ pDiesE:l angino

E Eleclie molos

H Hard

W Windpump
Crhor

4
4.0.1
4.0.11 Seral numbor
4.0.12- Power meler number "=~ - -
4013 Munlluﬁn%nc'.ﬁ!y

A Airtino i

; Pioxomater Inside casln

a Plozomeler Oulside casing

Pressure Transducer

4.0.14 Insialiatien data source
4.0.15 Comment

5.0 DISCHARGE RATE

5.01 Site [deniliication code
5.0,2 Header sequenca number
5.0,3 Reporling Insltullon
5.0.4 Date record entored
5.0.5 Type of discharge

E Flow

P Pump
5.06 Melhod discharge measured
Curreni moler
Estimated
Flums
Tolalling meler
Naich {V- or U-nolch)
Submearged orllica
Volumairic mensuroment {(contalner + stop-waich mothod
\v{’m;rturl melor

o

. Ciiher
£0.7 Dicchargo Informalion sourco

5.1 REPGATING GROUP: DISCHARGE AATE
5.1.1 Sile kienllflcalion codo

5.1.2 Header sequence number

4.3 nepoalln? Oroup number

A4 Date of measvrement

.1.5 Time ol maasuremont

1.6 Discharge rate

1.7 Commont

NEC<OZZTTMO

tinning

6.0 WATER-LEVEL

6,01 Ske idenliffeation code
6,0.2 Header sequence numbor
6,09 Piozomeler number

6.0.4 Heporting Instliution
6.0.5 Dalo record entered

6.0.6 Method of measuremenl

A Alrline
E Eleclrical contact malor
P Prassure gauge measuramaont
1] Rocorder
g Slea! lapa
u Roported, unlaiown
X Eslimate
6.0.7 Waler-leye| stalus
Ce g - Water-tavet affected by nearby pumped hale or drlingi= <+~ == >+ -
F Flowing
O Obstruction, no water-level measured
# Purnped waler-lovel
R Recovering water-laval
5 Static waler-lavef
6.0.5 Collar elevalion
6.1 REPEATING GROUR; WATER.LEVEL
6.1.1 Sitc Identllicallon code
6.1.2 Hoader sequenca number
6,13 Hepealln? group number
6.1.4 Dale of measurement
6.1.5 Tima of measuremant
6,1.6 Walcr-level
6.4.7 Comment

Figure 3 4. Continued.

70 WATER SAMPLE

7.0.1 Slie Idepicalion code
70,2 Header soquonca number
7.0 Reperilng Institutlon
7.0.4 Daio record enferad

7.1 AEPEATING GROUP: WATER SAMPLE
744 She Identification code

7.1,2 Hoader sequence numbar

7.1.3 Bopeating group numbor

7.1.4 Datn ol sampling -

7:1.5 Timw of sampling

7.1.6 Samplo numbor

7.1.7 Comment

80 FIELD MEASUREMENT

8.0.1 Site idenificatlan cade
8,02 Haader soquence number
8.0.3 Reporing Institutlon
08.0.4 Dala record eniesed

8.1 REPEATING GROUP: FIELD MEASUREMENT
8.1.1 Site tdentilicatfon code
8.1.2 Hoador soquonce number
81.3 Bupunﬁni; groug numbar
8.1.4 Date al measurement
8.1.5 Time of measwoment
BA.E Parameter measured
Conductivity {mS#m}

g
T emperalure ("C)
- X . Tracar
Z Other
8.1.7 Reading
8.1.8 Comment

9.0 METER READING

90,1 Site Idontilieatlon code
8.0,2 Hoador sequence number
0.0.3 Reporing instlivtlan
9.0.4 Date record ontered
9.0.5 Type of meler read
A Abgtraction recorded
H Hour moter
P Power meler
w Water meter
Z Othor
.06 Comment

REPEATING GROUP: METER READING
,1.1 Sle Idonlifcallon code

.1.2 Hoader sequenca number

.2 Repualing group number

4 Dale of reading

1.5 Tima of reading

,1.5 _Reading

1.7 Commont

m o

ek ko ke

[~} X =R R TR L]

©

100 PUMPING TEST

10.01 She ldentificallon cada
10.0.2 Heador sequence number
10.0.3 Reporting instliution
10.04 Date racord entosed
10.0.% Dale pumplng tesl staried
10.0.6 Melhod lesled

fost
Balor fesl
Froa flow [ps1 - -
Owney last
Conirolied pumgping lest (siop or mainy
Conbralled recovery tast (step or main)

Slug 1est
10.0.7 Deplh la puma inlake

smsonos

10.0.8 Recommended abstraction ralp
10.0.8 Transmissivily

10.0.10 Slorativity

10.0.11 Conwmient

0 MISCELLANECUS

1

11.0.1 Ste Idenitficatlon code
11.0.2 Header sequence number
11.0.3 Reporting institutlon
11.0.4 Date record antered
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1.3 REPRATING GROUP: SITE SELECTION
1.1.1 Site identiticatlon code .
1.1.2 Header sequence number

1.1.3 Repoating group number

1.1.4 Descriptlon and recommendation
1
1
1

2 REPEATING GROUP: OWNER
1.2.1 Site Idenlllicatlon code
2.2 Headar sequence numbar
23 Rapnalinig proup numbey
1.24 Ownorship data

.2.5. Name ol owner . .

1
%
1
q
1
1
1
1
1

3 REPEATING GROUP: OTHER IDENTIFIER
.31 Slte identllicetlon code
3.2 Headper sequence number
.3 Repealing group number
3.4 Other Jdentitier
3.5 Assignos

A AEPEATING GROUP; OTHER DATA
4.1 Site identitlcallon code
4.2 Heador sequancs numbor

A3 Repoating proup number

A4 Dala type

Conductivity

Gamma, Gammay/gamma
Caliper

Noulron

Soli-potentiol

Reslstvity

Sieve analysis
Tempemalure

]
1
1
11
1
)
1
1}
1"
th!
"
1"
11

N-AATZARO0

1145 Typa ol?tlxhggjl;:r
11.4.6 Koc'allnn
11.47 Formal
F Fifes
M Machine rgadihio
P Puhlishad
Z Cither format

5 REPEATING GRCUP: SITE VISITS
1.5.1 Site ldentiflcation coda
5.2 Header sequonce number

.53 Repealing group number

54 Dale of visit

B5.5 Visltar

1
1
1
1.5.5
1.6 FEPEATING GROUP: SPECIAL CASES
1.6.1 Site [dentilicalion code
6.2 Header sequence number
1,63 Repealing group number
1.6.4 Number of hole elc. [n group
165 Depth of tha deapest hole
1.66 Depth af lhe shallowasl hole
1.6.7 Methad ol holes consiructed
B Diometar of grovip
6.9 Longth of pondinnel/drain
6,10 Stike of pond/lunnalidrain
11 Dip of nnol ar drain
.E.I‘IZ Dopth of laloral eallector
1

=

3 Lenglhollateral

1.7 REPEATING GROUP; REFERENCES
1,71 Slie identiflcation cade

1.72 Header sequance numbor

1.7.3 Rapealing proup number

11.7.4 Relerence {map/sccilonfreport)

118 REPEATING GROUP: SEARCH STATUS
11.8.1 Sila ldentlfication code

11.8.2 Hender sequence number

11.03 Repeallng group number.. . . . . .
11.0.4 Record lype & perlod searched

110 REPEATING GRCUP; COMNENTS
11.9.1 Sie Identilication code
11.9.2. Haadar sequence number

11,93 Hepoaling group numbar

11.9.4 Commenl

1
1
1
1

Figure 3 4. Continued.
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(ii) aquifer codes and
(iit)  lithology codes

are listed in tables 1, 2 and 3 in the appendix of chapter 3 of volume 1 of the User's
Guide.

Codes were defined by using the U.S.G.S. method. Table 3.1 lists the order of letter
elimination .used to derive at the appropriate codes. Deviations from this methed,
however, occurred in order to accommodate similar names.

TABLE 3.1. ORDER OF LETTER ELIMINATION (AFTER WATSTORE, USER'S

GUIDE).
1. A 10. T 19. G
2.E 1. N 20. P
3.1 . 12, S 21, K
4. O 13. R 22. B
5.0 14. L 23. V
6. W 15. D 24, X
7. H 16. C 25. 1
8. Y 17. M 26. Q
9. Double letters 18. F 27. Z
(Delete one)

District and lithology codes were solely derived from the respective names, whereas the
aquifer codes consist of a numeric as well a5 a character portion.

Province anad district codes

Relevant codes are derived from the names of the administrative districts. The
administrative districts were chosen, because their boundaries do not change as opposed
to the frequently changing demarcations of the magisterial districtss~ =~ o

In Transvaal, 2 coding systemn is used to idcritify the different districts. The whole
province of Transvaal is subdivided into a network of square degrees. Each square
degree is identified by a two-character code (e.g. KO), representing a specific district.
This system is known as the Degree Square Index System. This system has been
adopted in the data base. The province and district codes for the Transvaal are therefore
based on codes used in the square index reference system. Figure 3.5 depicts the
subdivision of administrative districts in the Transvaal.
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Aquifer codes

The codes used are based on formations occurring in South Africa and neighbouring
countries (Stratigraphy of South Africa, Handbook 8, 1980). The first two characters of
each code are numeric, indicatihg the relative age of the different geological groups,
complexes, formations or units. The oldest stratigraphical group is represented by the
digits 01 and the youngest group by digits 46. The last four characters of the code are
derived from the formation name,

Lithology codes

These codes are based on the different rock types normally found in South Africa.

‘The aquifer and lithology code lists contain codes for all major formations and the
commonly occurring rock types. New codes can be added to the lists by the Data Base
Administrator, if the need arises.

After review of the parameters accommodated in the data base and the codes used, data
entry of site specific data is dealt with in the following section.

3.5 DATAINPUT

Having created the structured environment of 2 data base for storage of geohydrological
data and defined all the relevant data items accommodated in the data base, data can be
entered into this structure.

It is the responsibility of the user to decide which data he enters. Data entered should be
feasible, reliable and site specific. Field data, contained in reports or in a raw format,
must be thoroughly checked and edited-before they are stored;-~~ = -

Geohydrological data can be subdivided into five groups. Coding forms and screen
outlays for data entry (on the terminals) have been designed and created accordingly.
The subdivision of groups is as follows:

@) Ceneral information pertaining to the site.
(i) Information gathered during the making of the site.
(ili)  Data regarding the construction and installation of the site.
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@(v) Observations made during testing and operation of the site.
) Information which does not fall under one of the above categories,

Data may consist of either text, code, integer, number, date or time. Chapter 4 of volume
1 of the User's Guide contains the rules and guide-lines for the completion of the coding
forms.. '

Six different data coding forms are provided for the entry of the 32 data sets (see chapter
3 of the 'User's Guide, Volume 1). Mandatory items are marked on the coding forms, i.e.
the name of the specific data item is boxed. Figure 3.6 shows as an example the ENTRY
data coding form currently in use.

After completion of the coding form, data are ready to be entered into the computer by
the user. Numerous tests have been implemented in the programs for syntax-,
compatibility- and out-of-range checks of the incoming data. This does, however, not
-relieve the data collector from providing accurate data. Deductions or estimates should
not be included, if they may be regarded as measured data (they may be placed in the
Comments).

The basic information (ENTRY) regarding any specific site, must always be entered
before any other information for the site can be accommodated.

Establishing contact with the mainframe computer is comprehensively described in
chapter 5 of the User's Guide. Once contact has been made, a number of pages or
screens can be paged through (depending on the terminal up to 10 screens). The LINC
system, however, uses only the first two pages of the terminal. Page one is the most
important and accommodates all data screens. Page 2 is used for error messages,
warnings, help menus and direct communication with LINC.

After logging onto the data base, the first operational screen is used to enter the site
identification code, the default reporting institution, current date and instructions. A next
screen number field which appears on most of the screens provides the facility to select
the screen to be added, changed, deleted or wanted for inquiry: The screen- numbers- -
coincide with the data set numbers (see figure 3.3).

Four possible transactions exist:

() ADD - to add new data (default)
(11) CHG - to change existing data

(ili)  DEL - to delete data

(iv)  INQ - to inquire about specific data
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(v) ESC - return to first operational screen

The ESC option can be used to abort a screen and to return to the first operational data
base screen. Having chosen the relevant screen, one of the above-listed commands has
to be selected before any data can be handled. If a record is added to a data set that
contains a header, then the header will always be displayed first and the header has to be -
completed before the relevant repeating group screen is displayed. The system
automatically proceeds from the header to the requested repeating groups: Headers with - -
the repeating groups under them have therefore no next screen field (see chapter 5 of the
User's Guide for further detail).

The data fields on the screens are arranged in the same order as on the corresponding
data coding forms. Until the transmit key is pressed, it is possible for the user to revise
the contents of any of the unprotected fields and correct them where required.

The deletion of records from the data base consists of two phases. The first being the
marking of the faulty records which is done under LINC, whereas the second phase
comprises the actual deletion of the records, being done under the Command and Edit
Language (CANDE). This task can only be carried out by the data base administrator.

To delete a specific record, it must be retrieved from the data base by the INQ
transaction. Once the record appears on the screen, the transaction code is changed to
DEL and the record is transmitted. The record remains in the data base, but is no longer
visible to the user.

If an ENTRY data set is marked for deletion, the ENTRY data set as well as all the other
data sets resorting under that specific ENTRY, are deleted. This ensures that no
repeating group exists without a header and no header exists without an ENTRY.

Once data entry is completed, the session can be terminated by following the proper
prescribed log-off procedures (see chapter 5 of the User's Guide).

3.6 DATA OUTPUT

Storage of geohydrological related data is the primary task of a data base. Just as
important, however, is the retrieval of the data for further evaluation purposes,

Data can be extracted from the data base in four ways:

(1) Screen output.
(ii) Data exiraction via printer file.
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(i) Statistics of data.
(iv) Data extraction via transmission file,

The extraction occurs by means of the software provided in the data base. Similar to the
deletion procedure, inquiries followed by extraction of data can be subdivided into two

distinct stages. At first, the inquiry is specified under LINC, after which a print-ontora’ - ... .

trangmission file is generated by means of the Logic and Information Report Compiler
(LIRC) run under CANDE.:: -

Both the above-mentioned stages will be discussed subsequently in more detail.

LINC stage

A great advantage for the user of a data base is to select data sets for extraction to satisly
- his specific requirements. A special inquiry screen was developed to assist the user in
selecting the data wanted. Figure 3.7 shows the inquiry screen.

/(73¢1901¢R1HQUICDOIPSICIDSEPBE ) ~Ba2D] N
HATIONAL 6GROUKD-YRATEA DATA BASE
I HQU!BRY SCREEH

Title of requeal [ ]
Regueated by [ Dote <198609301
Single altes frem [ 1 to ]

OR
Grid = Lolitude: nintmen ~ 0] * 1 moxipuem "~ 0] - 1
Grid = Longitude: ninfaum ~ 0] * ] moxiaum < D) " 1

0/
Frovince [ 1 Distpict [ ] Feorm [ 1 DA Orainage reglon [ 1
Site type £ J Completion/Digitizing date from ° ] to ~19860920]
Choae oplion: mork with *%¥' or nusber [ 1 DATR [ 1 STRATISTICS
[ 1 EHTRY [ 1 LOGS [ 1 CONSTRUETIDN [ 1 IHSTALLATIOH
[ 7 DISCHARGE { 1 LEUEL [ ] SRAHPLE [ 1 FIELD HEASURERENT
[ 1 HETER RERDING [ 1 PUHPING TEST [ ] HISCELLANEQUS { 1 aLL DATA
at_n?put :0—= [ 1] Pr‘i;\Ler- file ¢<P> or Transmission [ile <T> Ga n;;.' L1 «vri>
é;:Jr_n_—:;-EEEI-H ¢laoue blank for mnolher lnguinry, else ¥ L 1 [e)

Figure 3.7. Inquiry screen.

This screen can be called up by entering 850 as the next screen number. The inquiry
screen can be divided into five parts:
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(i) Heading

(ii) Site selection

(iify  Site type

(iv)  Data set selection

(v) - . Outputoptions ...~ . .

Data can be extracted according tot the options provided under (ii) to (iv).

Heading - consists of title under which the inquiry can be recognized at a later stage, as
well as the name of the requestor,

Site Selection - comprises the selection of sites by either one of the following
parameters:

$)) Single site(s)

(Giy Grid

(ii)  Province, district and/or farm number
(iv) Drainage region

Site Type - selects a specific site by entering the relevant code in the appropriate field,
If, however, the site type field is left blank, data for all types will be provided.

Data Selection - A further two options are provided, i.e. either the raw data or the
statistical information (4 different output options) about the data sets in the data base are
extracted. If raw data are chosen, the opportunity exists to extract any one of the major
data sets, shown in figure 3.7, or all the data. Detail regarding any of the chosen data
sets can be selected, by using one of the following codes:

X - All the data of the selected data sets are extracted.
H - Only the headers of the selected data are extracted.
R - Only the repeating groups of the selected data sets are selected

(use  numbers 1 to 6 in cases where only one repeating group, resorting
under one header, is required).

Ouiput Options - consist of two data output selections, either as printer file or as
transmission file. Printer files are chosen for print-out of data in lists, while transmission
files are used to extract data for transfer and further processing on microcomputer. The
main difference between the two file types is summarized in table 3.2.

Figures 3.8(a) and (b) are examples of the printer file output, whereas an example of the
transmission file can be seen in figure 3.9.



(a)

Figure 3.8 (a).

{b)

Figure 3.8 (b).

LAGS HEADER

SOZ50800107
0230800352
SO2SPRVA3SS
TOISPROOGISS

ABUIFER

ZO2E0E001 09
SO25BROOIN:
J02SBROOIZIS
SOZSEBOOISTA

DISCHARBE HEADER

LEVEL

=O250B00 109
J025PB00324
JO2SOBOOIES

HEADER

30258500070
S0Z5BROOO7d
S025BBOC107
S025BB001 30
3025BBO0131
SO25BBOO132
J02EBROVLES
SOZSBEOEIRS

WATER-LEVEL

3025800070
J025BB000FH
wU25BB0010%
INRTBROCLI0
3025BBO013)
J025BBOO1 R1
JU25SRRO01 52
3O2SERO0O13T
J02SBBOO3ES

71

Printer file output of site specific data.

HBR REP I DATE €
1 IBS 17051021 A
1 IBS 19B&0tls A
1 IGS 1984601146 A
1 IBS 19840116 A
HDR REP TOF ZOTTOM  CODE COMMEMT
1 1 L3.70. .00 40KRDL SFRT/DOL- . - A
! 1 2&.40 0,00 40KADL BFRT/DOLSILL A
] !t 7.60 (.00 40KRDL BFRT/DOLDYEE A
1 Y 7,40 0.00 4OKROL BFRT/DOLDYKE A
HOR REP I DATE E METH
TYPE SRCE
1 IBS 19851021 P A
1 IGS 19840114 P A
1 IGS 19B&OL1S F A
HOR REP ! DATE E ME CDLLR
PI STAT SRCE
1 0 IGS 19851014 92.99 A
1 0 IG5 19851014 9%.99 A
1 0 IGS 19851021 99.9% C
1 0 IG5 17851212 92.99 A
1 0 IBS 19AS121% 2.4 A
1 0 1BS 19860103 99.9% A
1 O IGS 19040103 99.9% A
1 0 1685 19860118 99.99 A
HDR REP DATE M TIME LEVEL CCMMENT
i 1 19770321 2400 0.50 A
1 1 19770323 2400 11,00 A
1 1 19770321 2300 7.50 A
1 1 19770321 2400 11,90 C
1 1 19770321 2400 12.00 CHECK DATE C
1 2 19770321 2400 9.00 C
1 1 19770321 2400 3.50 A
1 1 19770321 2400 1.00 a
1 1 19570000 2400 0.50 A
19860722

NﬁTIDNﬁL GROUND-WATER DATA BASE

REDUEST: STATS 1
Bys w1
TYPE: PROV. 4 BIST,

4 FA

DATE AEQUESTED:

RM MD. O F 5

QAOOOOG TO 19840722
19950722 SITE TYPE:

R 157

LATITUDE 00,00000 =~ 00,00000 LOMGITURE (0.00090 — ¢Q,00000

THERE

RACCURACY

ARE

o
0

i}

17

17 ENTRIES WITH THE FOLLOWING COORCIMATE ACCURAGCIES:

3 3
o o

TOTAL
17

Printer file omput of site data statistics.
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Fignre3.9. Transmission file owtput example,
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TABLE3.2.  OUTPUT OPTION DIFFERENCES.
PRINTER FILE TRANSMISSION FILE
132-character records 78-character records
5-character names 3-digit record id. codes.
one space between each data field  no spaces between data fields
expanded inquiry header no inquiry header -
CANDE stage

Printer and transmission files are initially output to printer back-up files under LINC.
The printer back-up files are temporary files. Print-outs of the back-up files are possible.
To secure the data in a more permanent fashion, the respective printer back-up files may
be stored in a permanent file on a back-up disk pack. The transmission files must always
be converted Yo ordinary data files before they can be fransmitted to the micro computer.
This file conversion is also done under CANDE. Once the data have been transmifted to
a micro computer for further processing or are no longer needed, they should be
removed from the back-up disk pack.

A detailed description of the data extraction procedure is given in the User's Guide,
chapter 6. More detail information about completing the inquiry screen, including the
selection of the relevant data items, is provided in chapter 6 of the User's Guide.

3.7 HARDWARE REQUIREMENTS

The data base is implemented on a mainframe computer with the usual peripherals.
Terminals, printers and microcomputers are linked either directly or via the Govnet
Transparent Protocol Network (GTPN) to the mainframe. . - = - -

Due to the dual purpose of the data base package, i.e. data storage as well as data
processing at a later stage, the required hardware can be subdivided into two parts. The
first being for the access of the National Ground-water Data Base (NGDB) on the
mainframe computer, whereas the second part includes all the peripherals necessary for
the processing on (IBM compatible) micro computer.

Access to the mainframe computer is normally gained by means of Govnet certified
terminals through GTPN, using the Post Office’s SAPONET-P network as the main
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carrier, A wide variety of micro computers, especially IBM compatibles, may also be
connected to the network, provided they have been certified by the Govnet
Organization. Govnet only provides the necessary emulation software for genuine IBM
compatible personal computers of the XT and AT varieties. These have the distinct
advantage of either emulating 4 mainframe terminal or operating as a micro computer.
TFor file transfer, the PC/XT must also be linked to the Govnet-Standard Protocol
Network (GSPN). The GSPN is a host independent network, providing file transfer
facilities between a large variety of mini- and mainframe computers used by the Central
Government.

In order to obtain any printer file output, a wide variety of printers is supported by both
networks. The printers must also be certified by Govnet if connected in an addressable
mode from the mainframe computer.

The minimum hardware requirements for a data base work station are an IBM
compatible microcomputer, a printer, a terminal emulator and GTPN network
equipment.

Data processing is mainly done by micro computer. The type of micro computer
currently in use is an IBM compatible (MS.DOS) personal computer. In order to ensure
efficient use of such a machine during data processing routines, certain minimum
hardware requirements are mandatory:

(i) 640 Kb RAM (minimum).

(ii) 8087 Math co-processor.

(ii) 1 x 360 Kb Floppy disk drive.

(iv) 1x20Mb Hard disk.

(v) 1 x Serial interface.

(vi) 1 x Parallel interface,

(vii) Intercom 1000 communications card (mainframe terminal emulator).
(viii) 80-Character per line dot matrix printer,

(ix)  External plotting-device (minimum paper size A3). -~

{x)  Appropriate digitizer (optional, minimum size A1),

The GTPN network is specially designed to provide interactive processing with Tull
screen emulation capability for a variety of terminals of various dissimilar types of
hosts. The network equipment and software controlling the network are locally designed
and manufactured and are based on a host independent network.
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Due to model and vendor changes, it is not possible to supply brand names or suppliers,
but a diagrammatic representation of a basic network is provided in Figure 3.10,

The Govnet organization is a bureau of the Commission for Administration that
provides a data communication service for Central Government Departments.

3.8 COMMUNICATIONS™

Due to the distribution of work stations in South Africa, a transparent network was
developed. This network is connected to the mainframe computer and other host
computcrs’ under SAPONET-P protocols and supports remote devices by means of data
concentrators and distributors.

There are two ways of interconnecting the varions remote elements. The first way is to
“interconnect elements using a high performance bus compatible area networking system,
while the second way makes use of leased or public data networks such as SAPONET-
P. These two interconnection schemes can be used simultaneously in different
configurations. Attention will be focussed on the latter option. Such a network
configuration is generally also known as a wide area network.

In such a network, the host controller and site controliers form the basis of the system.
When messages are received from either a host computer or any remote device, the
master node assembles the individual characters into one or more packets of data,
generally 256 characters in length. Before they are transmitted, the packets are placed
into frames, which respectively contain addressing, control and sequence numbering
fields to check on the destination of the packets and to verify their correct sequencing,
To ensure the transfer of data between communication devices, using a shared data
network, the packet switching technique is used. The master node collects data packets
from different types of hosts and deliver these packets through the available links.

Network links connecting the nodes in the network system may be confifured to ise
public data networks or dialled connections. The network under discussion uses
SAPONET circuits via X.25 protocols. When using the X.25 network, SAPONET takes
care of the data routing. Thus, should any port fail, the transmission of data cannot take
place. Figure 3.11 shows a diagrammatic representation of a network.

The GTPN communications network ensures data integrity at all times by the high level
end-to-end protocol within the system, such that all data transported through the
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Figure 3.10. Elements of a Govnet Transparent Protocol Network.
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GOVNET CERTIFIED TERMINALS

Figure 3.11. Networking via SAPONET-P.

PRINTER

network are handled in the same way, whether it is asynchronous or synchronous,

individual or packets of information.

This concludes the communications between the host computer and remote terminals.
However, at this stage a micro computer is still unable to form part of the network
system. This is only possible if the computer can effectively emulate a specific computer

terminal. The INTERCOM 1000 communications card and

software- provide such a

facility. After installing the communications card and software on the micro compter, it
can operate when activated as a TD830 computer terminal. Simultaneously, software is
provided to perform complete CANDE file transfer, creating the facility to export data

files from the mainframe computer to the micro computer,
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CHAPTER 4

DATA PROCESSING

41  INTRODUCTION

Ground water and the geological formations through which it flows constitute a
complex dynamic system in which any change of one part of the system is reflected in
the others. Therefore, when such a dynamic system is evaluated, attention must be
focussed on the interaction which the various components have on each other. One must
therefore understand the interactions well to develop, exploit and manage the available
ground-water resources to the best advantage of the country.

To develop the ground-water potential fully, the resources must be evaluated
quantitatively. A major part of the data base project was to provide various computer
programs, which assist the user in a wide variety of data processing techniques.

Apart from certain statistical inquiries, all further data processing is done on IBM
compatible computers. Before any data in the National Ground-water Data Base can be
evaluated by any of the techniques provided in the data processing package, they have
to be transferred from the mainframe computer to the microcomputer (see chapter 6.3 of
the User's Guide).

All data required for a certain investigation are transferred once and in one file. This is
not only done becavse it is difficult to provide transmission files for each of the various
data files rcquiréd by the processing programs, but mainly to save on the time and cost
of data transmission. The transmission file is unravelled by a special program and the
various selected data sets are then stored in binary files on the hard disk-of the mini
compuier.

A second program allows the user to select data items from these binary files and to
combine them in ASCII data files required by the various processing programs. Thus,
the whole process which creates the data files is automated to a large extent. This
enables the user to use the programs without detailed knowledge of data manipulation
on a computer. Information about the data selection is contained in chapter 6 of the
User's Guide.
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Figure 4.1 shows the available data processing possibilities in the form of a diagram.
They comprise three basic options :

(i) Data tabulation.
(ii) Graphical presentation.
(i1i)  Statistical analyses.

42 DATA TABULATION

Certain data or combinations of data cannot adequately be represented by graphical
display nor can they be statistically analysed, but they can be presented in tables.
Tabular data output is subdivided into two groups, namely: (a) the data output facility
of the mainframe computer and (b) data output of processed data by micro computer.

The first option has been discussed in some detail in section 3.5 and is also dealt with in
chapter 6 of the User's Guide. Here attention will be focussed on tables created by micro
computer routines.

General tabies

Depending on the requirements of the user, the number of tables are virtnally unlimited.
A selection had therefore to be made. At present, selected data from all 24 data sets can
be printed in tables. These data sets are:

() Entry. (xiii) Field Measurement,
(iiy  Penetration rate. (xiv) Meter Reading.
(iii}  Aquifer. (xv)  Pumping Tests.
(iv) Geology. (xvi) Site Selection,
(v) Hole. (xvii) Name of Owner.
(vi) Casing, {xvili}) Other Identifier.
(vii) Openings. {xix) Other Data.
(viii) Fill. (xx)  Site Visits.

(ix) Installation. (xxi)  Special Cases.
(x)  Discharge Rate. {xxii) References.

(xi} Water Level. (xxiii) Search Status,

(xii) Water Sample. (xxiv) Comments,
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Site 1. Topo. latitude Longitude Altitude Site Site MWominal Depth Site  Site Waler Water Fquip~ Pota- Reporling

Setiing Type Sriecior Diseeter Comp. Stalus Purpose Use fppl. aent bility  Inst.
{n) (na} im)
J3BADOD0OY D 3337834 10.256%4 0.00 1 DRA 185 5800 6 £ 1 WAGC
J3104000007 D 35.40222 10.27000 ¢.00 8 PHA 5 g0 G E Il UAGC
J3ipap0o0010 B 33.4583F 10.30472 _0.00 & DA 165 6860 G E [t HAGL
I131o40000f1 . D - 33.42834 10.20056. 0,00 . .B A 65 . 5200 G E u HAGE
331sh000012 D 33.44503 19.29360 . 0.00 A biA 45 4800 ¢ - £ 0 KAGE
J3loh000866 D 33.4506F 1037473 109.46 O DHA 0 200 G E u UAGC
J31gA000067 0 35.40L67 1028111 &3 B DRA ¢t M3 & £ | YAGC
3310ADD00GE - & 33.46%M5 1831596 ¢ 36.00 B DWA o 2.0 &- FE ] BAEC
JIMADOCDAY A 33.44016 10.32000 7189 B nitA 0 S§1.50 & 0 ] HAGC
JT10AD00073 A 13.400147 10.281M0  44.1B B 11 0 .3 ¢ 3 ] HASC
JIGADDOOZA D F3.45137 18.32723 §7.67 B DiA D 4900 6 E U WAGC
33184000077 A 13.46250 18.35003 75,50 & DA 165 12.00 G E [} HAGC
3318AD00O7E A 3346037 18.33t47 4081 B BHA 0 d0.00 & E ] UAGC
J3oAMDOD7Y A JI.ABAIV 1029416 43.9 B (7 P 6650 & E U HAGC
J310AD0003| 0.00000  0.0000D 0.00 ] 0.00
J3lApoooO? D 33.A6556 EO.3J0563 p.o0 8 WA 0 5000 6 L U HAGC
J31gAn000G? 0.00000 0.00000 0.00 0 r00
3316AD0O00AR 0.J0000  ©.00ORD 0.00 [ 0.00
3310ADOGO%4 D J3.J9444 1D.28278 0,00 B DRA 165 39,00 G E U HAGC
33184000095 0.00600  0.00000 0.00 { 0,00
J310ADOOKIT 0 J3.04416 1832000 7193 B DUA B 51.58 & P A KAGE
Jjgap00l20 D 3334009 10.36809  62.75 B DA J80 5600 G t ] YAGE
J316ADOOIZ1 D 35.44416 1e.32oD  M1L93 B INA 0 5150 6 4 ] HAGC
33180300001 b 3362699 1044198 5467 3B DHA 203 B0 G P || I 8 HAGC
J316C000002 D 31.43438 10.44074 5217 B DHA 201 42,00 & r U P 5 HAGC
33180800003 D 33.62204 16.A3M7 5311 B DitA 03 4500 G T r r s NAGE
33180800004 D 3359004 [0.37804 3873 O DHA 152 26.00 G [} [ I 5 HAGE
J3leco00oos 0 3557910 1037285 3339 B BHA 152 28,00 & 0 u P § WAGE
JJIBCA00006 B 33.62%3% LR39RI0 5344 B BRA 0 S0.00 @ E r P S JAGC
33etooneny b 3A.57352 18,376 Jo.d2 8 A 152 200 & { i P 5 AGC
J3isce000a8 b 33.30167 10376 3774 OB DiA 175 45,00 G P r e H UAGE
I1316C00N00T D FASTMI 1.3 XS D WA 152 15,00 G 0 [ S WAGC
J3iaceoe010 b 33.5730%F 10.46603  163.73 B DitA 152 006 @G 0 v P § UAGC
I30C000010 D 334343 1044007 5302 D piiA 200 300 G P P T 5 HAGC
JI1BCEGOOY? D 3161210 1842040  J9.4D B DirA M 3800 & P u ¢ § NAGC
ITlgcopools b 33,5455 18.391L) 7.2 1 DuA 152 .08 4 4 r r 5 WAGC
Jiipcaoaold b J3.50995 1049992 41.89 B WA 152 3600 & 0 b P § HAGC
3taceo00ls D 33.80870 U5.43E8T  de.d2 R Dt 152 M.00 ¢ 0 r r b WAGC
3348C000006 D 32.50187 10.37695  17.v4 B DHA 00 .00 U ] v R 5 WAt
J3IGCRO00I7 D 3358156 (R.ASTLT L40.76 B DHA 152 300 & 0 v op 5 ¥ HAGC
J318C00001C D 33.39447 10.45505 [12.10 B A 152 3000 G 0 B 5 HAGC
J3I6CHO00I9 D J3.61M45 18.42445 5130 B DA 00 3600 & 0 r r § [ WAGC
3ZIeCA0A020 D 33.644D2 10.43999 5676 D WA 152 30,00 & ] [ I $ PAGG
13100000021 D 33.03472 MO.44055 5229 B WA 200 Jo4 6 0 v P S § WAGC
JI8C000022 D 3360945 18.4244F S04 B DYA 3 A0D0 B p v v 5 ¥ WAGC

Figure 4.2. Tabular output of the Entry dara set,



Site Id. ethod Water Level Collar Date Tine  Water Reporting
Heasured  Status  Heioht Measured Heasured Level  Inst.
{a) (x)

4 Il 3 'l i Fl '] ']
1 t . t

J315A000067 .00 12050610 2400 10,37 WAGE

£ 5 b

33104000067 € g 0.00 19850700 2400  10.32  WAGC
3300000067 £ S 0.00 19050007 2400 10,37 - WAGC:
A7 € $ 0.00 19650904 2400 10,22 WAGE
33100000067 € 5 0.00 19851004 2400  10.19  AGL
SRB0I067 € 5 0.00 19851126 2400  10.20  WAGE
JIeA000067 € 5 0.00 19851212 2400  19.33  WAGC
3NBA000067 £ 5 1,00 19060122 2400 1044 MAGE
33104000067 € 5 0.00 19360213 2400  10.49  WAGC
3310000067 E 5 B.00 19660318 2400 1056  WAGE
33194006067 € 5 0.00 19960414 2400  [D.56  WAGC
3ioA000067 L § 0.00 19960505 2400  10.57  WAGE
313194000067 € § 0.00 19860614 2400 10.54  WAGC
JI16ADODOS? € § 0.00 19960711 2400 104 WAGE
1319000067  E 5 0.00 (360003 2400 10,25  WAGC
1310A000067 § 0.00 19961120 2400 1030  WAGS
BeAm0006 £ 5 0,00 (9050500 2400 4,29 AGC
J316ADODBS € 5 0.00 19950610 2400 395 WAGE
33IgA000060  E 5 0,00 [9950710 2400 3.86  WAGC
3316A00068  E 5 0,00°19850007 2400  3.68  WAGD
33ighoo00se £ § 0.0 19850904 2400  3.62  WAGC
TI0AO006D 5 0.00 19651001 2400 .66 WAGE
33I8A000068 £ 5 0.00 19850626 2400 3,70 WAGC
33104000060 € 5 0.00 19951212 2000 3.01  WAGC
33104000068 E 5 0.00 19360022 2460  3.06  BAGC
3316ADIGDSE € 5 0.00 19060213 2400 .91 WAGE
T0ADDOOGE  E § 0.00 19050318 2400  3.95  MAGC
3310AD0G0ES £ $ 0.00 19060414 2400 397 RAGC
IB0ADOCOGD  E 5 0.00 19060505 2400 3.9 WALC
J3l04D00068  E 5 0.00 17060614 2400 3.90  WAGT
JBN0ADOODGS  E § 0.00 19060711 2400 3.64  MALC
IB0AD0006E  E 5 0.00 19061003 2400 .60 WAGE
331000069 $ 0.00 19950119 2400  3.69  WAGC
33ABADOODE € 5 0.00 19850413 2400 2,59  WAGC
33108000073 € $ 0.00 19850S08 2400  2.62 WAL
eADOGO7E € s 0.00 19050600 2400  2.54  WAGC
[0A00078  E 5 6.00 19850904 2400 2,42 WAGC
33190000078 € 5 0,00 19851001 2400 243 WAGC
3eAMOD7e € s D.00 9051126 2400 250  MAGC
318000078 £ 5 0.00 19851202 2400  2.54  WAGC
336000020 € 5 0.00 19060422 2400 2,60  WAGC
3310A000078 € 5 §.00 1906023 2400 263 WAGC
jileAb00078 € $ 0.00 19960318 2400 2.67  WAGE
3T10ADDOO78  E § D.00 19660414 2400 2,69  WAGC
33(oADO0OO7S  E 5 0.00 19860506 2400 271 WAGE

Figure 4.3. Tabular output of the Water-level data set.
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Site 1d,  Depth to Top Depth to Botlos Aquifer
of Aquifer of Aquifer Code

{s) {a}

J310CRG0Rm] 0.0 30,00 4308D¢
30.00 35.00 ASMASR

35,00 42.00 327606
J3l0cepoaoz  ~  D0.02 30.50 158a8pP
Y 18,50 42.00 J2iGBG
Jilocacoo03 0.01 36.00 45BRDP
36,00 45,00 321656
33166000004 0.04 26,80 4SBADP
J313cat0005 .01 26.00 450RDF
33180300007 0.0t 24.00 150 A0F
3319C806000 0.01 Jo.c0 43BROF
36.00 45,00 J2T606
3318c800009 0.0 3.00 Asanpd
.00 13.50 15YRSR
13,50 15.00 321606
3318c000011 0.0l 3 450R0P
3316000012 0.6L 27.00 458RDP
27.00 36.00 45¢R5R
Ji.00 3B.00 hyd 114
© 33100800043 0.01 29.00 4SARDP
29.00 J0.a0 J2TGRG
33166800014 0.0{ 14.00 438R0P
14.00 JL.00 45YASR
31.60 36.00 327606
I319C0000LS 0.01 24,00 43BROP
24.00 30.40 J21GRE
J3196noe014 0.01 22.00 458R0P
25.00 30.00 32166
33120000018 0,01 22.00 458R0P
22.60 30,00 J21GEG
I31gcaonoty 0.0l 36.00 4S0RDF
J3peeone2q 0.1 23.00 {3bRIP
29.00 30,00 J2TCAG
J310cRODN2] 0.0§ 30,00 15BRDP
0.0 30.40 J2T6RG
331eCeR0022 BOI - 3600 150RDP
36.00¢ 11,00 J2TGBE
J315Ca00023 0.01 28,00 4SDRDP
28.00 37.00 §5YR5A
37.00 38.00 321086
3319ceR0024 g.01 300 45BRDF
31.00 7.0 ASYASR
37.00 33.00 21606
3310C200025 0.0 41.00 45ARDP
41.00 47,00 127686

Fignre 4.4. Tabular outpur of the Aquifer data set.
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In these tables, specific data of either a single site or of a number of sites can be printed.
Figures 4.2, 4.3 and 4.4 are examples of some of these tables. More details about the
remaining tables are shown in chapter 6.3 of the User's Guide,

Hydrochemical tables

All ground waters contain a number of solubles. Depending on their electric charge,
these solubles can be divided into anions and cations.- Various options are offered for the
tabulation of chemical data. They can either be tabulated in mg/l or in mval/l. An
important feature is the print-out of the ionic balance. Thus, before a hydrochemicat
evaluation is done, the ionic balance of the respective chemical analyses may be printed,
if there is doubt about their reliability. Unreliable chemical analyses are depicted in the
print-out by the percentage error in the ionic balance. A cut-off percentage error of 5%
is used {o distinguish between reliable and unreliable chemical analyses of water
samples. Based on the ionic balance table, all the unreliable chemical analyses should be
omitted; when any of the hydrochemical evaluation techniques are used.

In addition to the chemical tables, a special routine was developed to calculate specific
chemical ionic ratios and also print them in tabulated form.

Tonic ratios are useful in determining certain characteristics of ground water. When
evaluating ionic ratios, one must not attach too much significance to the order of
magnitude of the values of the respective ratios, but rather compare the values of the
respective ratios of different analyses with each other, in order to identify possible
anomalies. Furthermore, dependent on the chemical composition of the ground water in
a specific region, only certain ratios of a group of water samples may be significant.

Calculation of the following ratios is included in the data processing package:

§)) CI/HCO3

(ii) SO4/C1

(iii)  (Cl-Na)Cl

{iv).  (Na+ Cl+S04/(Ca + Mg + HCO3)
() Ca/Mg

(vi) (Na - CI)/SO4

(vii) (CI-Na)yMg

(viii) (Cl- Nay (S04 + HCO3 + NO3)

Their application to gechydrological evaluations, as proposed by Dundon (1977), will
be discussed in some detail hereunder.



CIYHCO3-ratio

This ratio generally indicates the relative distance from the source of recharge, i.c. the
relative age of the water. The higher values are found in regions with a higher TDS
further away from the recharge area, whereas low ratios are usually associated with
recharge areas.

SQ4/Cl-ratio

Low ratios are often indicative of a reducing environment, i.e. infiltrating water passes
through a bed, containing organic matter, Further away from the recharge area, the
504/Cl-ratio generally becomes smaller. However, high values may also occur as a
result of gypsum dissolution. A SO4/Cl-ratio > 1 is seen as a left-sloping line between
Cl and SO4 on the Schoeller diagram.

(CI - Na)/CL-ratio

This ratio is generally known as the base exchange index. It means that the bivalent
Ca*+ and Mg*+ ions are adsorbed onto clay minerals, in exchange for Nat ions.
Negative ratios usually indicate base exchange. The (Cl - Na)/Cl ratio can also be
deduced from the Schoeller diagram. A negalive ratio represents a right-sloping line
between Na and Cl. A negative base exchange index value also indicates a dominance
of Na over Ca, and gives an indication of the proximity to the recharge source.

(Na + C1+ 804)/(Ca + Mg + HCO3)-ratio

This ratio distinguishes between hydrochemical samples of various compositions and
can be used to indicate different groups of water.

Ca/Mg-ratio

This ratio is almost always less than one, except in dolomitic or basic igneous rock
environments. A ratio > 1 indicates therefore probable recharge areas where these rock
types occur.
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(Na - C1)/SO4-ratio
For positive ratios, there is a sodivm excess and for negative ratios, chloride prevails

over sodium, Likewise, for absolute ratio values < 1 sulphate predominates or else there
is a sodium or ¢hloride surplus.

(Na-ChH>0 (Na-C1) <0
() NPT I —— —
<0, <N a(HICO3)SO4 (or NaCl) water | e.g.Ca(Mg)CO3 water
& g‘_—éfl) > 1] Na-HCO3 water e.2.Na(Ca,Mg)Cl water

When the ratio is less than one, the water is a NaSQ4 (or NaCl)-water. At large negative
ratios, the water will predominantly characterize a NaCl-water. Such a ratio indicates
relatively old water. If the ratio is greater than one, the water is classified as a NaHCOs-
water. This is characteristic for dynamic water. The waters can be further subdivided
into groups, such as:

1) water with a dominant primary alkalinity,
(D) water with a dominant secondary alkalinity, and
(i)  water with a dominant secondary salimty.

(CI - Na)/Mg-ratio

In order to avoid misleading interpretations, this ratio should be used in conjunction

with the C//HCO3 and the (égi‘igjﬁggﬂ -ratios. If the ratio (CI - Na) / Mg i

less than one, the analysed water is classified as a Mg - Cl-water. Such waters are
mostly unsuitable for any type of consumption and are often stagnant. If the ratio is
greater than one, the water is classified as a Ca - Cl-water, which also resorts under the
stagnant waters. Both types of water can be subdivided into further groups, portraying
the following characteristics:

(i) water with a dominant primary alkalinity, and
(1) water with a dominant secondary alkalinity.

(Na + CI + SO4) d
(Ca+Mg+HCoy ¢

Tt should be noted that these waters are only stagnant if the

the CI/HHCO3-ratios are considerably greater than one.
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(Cl - Na)/(SO4 + HCO3 + NO3)-ratio

Like the (Na + Cl + SO4) / (Ca + Mg + HCO4j)-ratio, this ratio varies for different
groups of waters and should only be used in eonjunction with other ionic ratios.

43  GRAPHICAL REPRESENTATION *

A frequently used and informative manner of presenting data is through graphical

displays. The graphics provided by the data base processing software can be subdivided
into five different categories:

(i) Hydrochemical analysis.

(i) Pumping test analysis.

(iii)  Geological analysis.

(iv)  Map and contouring facilities.
(v) General graphics.

Each of these groups can be further subdivided into various graphical evaluation
techniques. All graphical techniques included in the data processing package are
discussed subsequently. Numerous examples of the application of these techniques,
using data extracted from the data base, can be found in chapter 6.3 of the User's Guide.

Two graphical packages were acquired to support the limited micro computer graphics
facilities:

()  PROCAD.
Giy  PLOTSS.

PROCAD is a computer-aided design (CAD) package, which is used to generate the
different graphical displays. PLOTS8S, on the other hand, provides the contouring
facilities for the construction of two- and three-dimensional plots.

4,3.1 Hydrochemical data analysis

A number of valuable techiniques uses graphical methods to simplify the evaluation of
hydrochemical data and their trends. To represent data for interpretation purposes, two
types of displays exist, namely maps showing the geographical distribution of suitable
parameters and secondly, parameter relationship diagrams. Both types of graphical



88

representations should be used concurrently. In this section, attention will be focussed
on the relationship diagrams. Maps will be discussed in section 4.3.4.

The results of analyses can either be expressed in absolute values or as percentages,
depending on the type of diagram used. Of the many techniques available, some of the
more popular techniques were computerized. They-are: - - .-

@ Piper diagram.

(ii) Durov diagram.
(iii)  Schoeller diagram.
(iv) SAR diagram.

Except for the SAR diagram, all these diagrams are multivariate diagrams. Graphical
display of various constituents from different ground-water samples permits direct
comparison of various ground-water types. By using different symbols, it is possible to
distinguish between waters from stratigraphically different aquifers, from different
depths or of different evolutionary status (Matthess, 1982).

Piper diagrams

In the early 1940's, Hill (1940) and Piper (1944) represented hydrochemical ground-
water analyses on trilinear diagrams. In these diagrams, the major cations and anions of
the analyses are plotted in the two base triangles as cation and anion percentages of
milli-equivalents/litre. The respective cation and anion positions of each analysis are
projected onto 2 diamond field which represents the total ion relationship. Figure 4.5
shows the Piper trilinear diagram. An important parameter, the actual ion concentration,
is (normally) not depicted in the Piper diagram. This is a major shortcoming.

Durov diagram

This is also a trilinear diagram and has been developed by Durov in the late 1940'.
Similarly to the Piper diagram, it is based on percentage milli-equivalent values.
However, additional features like TDS, conductivity and pH are also incorporated into
this diagram. Again the respective ions are plotted in the appropriate triangles. These
positions are now projected into the adjoining square field. They can be further
projected into TDS-, conductivity- and pH fields. Figure 4.6 represents such a diagram.

Generally, trilinear relationship diagrams, such as Piper and Durov diagrams, not only
permit comparison between numerous types of ground waters, but also reflect the effect
of certain geochemical processes, e.g. mixing of different waters. If no precipitation
takes place, mixtures of two different waters usually lie on a straight line (Matthess,
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Cl + NO3

Figure 4.5. Piper diagram.,
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1982). Three-component mixtures take place within a triangle of which the corners
represent the plot positions of the respective components.

Schoeller diagram

The Schoeller diagram is a widely.used: vertical scale diagram. which assists in -
identifying different types of ground water. Jon concentrations of a number of different
analyses can be:displayed-on one:diagram. The' concentrations: are plotted either in-
mval/l (or in mg/l with off-set logarithmic scales) in the sequence Catt, Mgt+, Na+,
Cl, SO4~ and HCO3". Points on the respective vertical scales which belong to the same
analysis, are connected by straight lines. Parallel lines between two axes indicate the
same ionic ratios at different concentrations (Matthess, 1982). Figure 4.7 is an example
of such a diagram.

Only a limited number of analyses may be plotted on a diagram, to be able to distinguish
between the respective analyses. It has, on the other hand, the advantage over trilinear
diagrams that actual concentrations are shown. Furthermore, Schoeller diagrams can
easily be adopted to accommodate other combinations of parameters, for example pH or
some of the heavy metals.

SAR diagram

The sodium adsorption ratio diagram is used to assess the suitability of water for
irrigation purposes. Irrigation water with a high sodium content can replace the
exchangeable cations, Cat+ and Mg+, of clay minerals in the soil. Soils which become
saturated with sodium tend to lose their fertility and their permeability. The ability of
water to exchange Cat+ and Mgt with Nat is expressed by the sodium adsorption
ration (Richards, 1954):

The ion concentrations in the equation are expressed in mval/l. A SAR diagram is
shown in Figure 4.8. In the diagram, which is subdivided into 16 different fields, the
electrical conductivity is plotted against the sodium adsorption ratio. Each field
indicates different salinity and sodium exchange hazards.

Depending on soil types and irrigation practices, the diagram gives an indication which
crops can be grown under the circumstances. In irrigation areas where ground-water
levels are shallow, evaporation of the irrigated water can lead to an increase in the salt
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concentration of the ground water. If irrigation water is obtained from the aquifer itself,
recirculation of the water takes place and the salt concentration in the water may become
too high for further irrigational use.

Apart from the hydrochemical relationship diagrams discussed, hydrochemistry can also
be represented by other graphical techniques, such'as X-Y plots, hydrochemical maps -
and cross-sections. These techniques will be discussed later in this chapter.

4.3.2 Pumping test analysis

For the correct assessment of the available ground-water resources, the knowledge of
the hydraulic properties of the aquifer is essential. Pumping tests are the most commonly
used means to determine the hydraulic characteristics of aquifers. A number of existing
pumnping test evaluation techniques have been computerized. They are listed below:

6] Theis analysis.

(i) Cooper-Jacob analysis,

(iti)y  Theis Recovery analysis.

(iv)  Jacob Step Drawdown test analysis.
(v) Multirate analysis.

These techniques can be divided into two major groups, namely constant yield test
evaluation techniques (i - iii) and variable yield test evaluation techniques (iv - v).

Theis analysis

The Theis analysis is used to evalnate constant yield pumping tests subject to specific
conditions of the aquifer, which are listed in the relevant literature (Kruseman and De
Ridder, 1979).

The radius of influence of a borehole, pumped at a constant rate, extends laterally with
time. Due to the fact that the water is released from storage within the aquifer, the water
level declines. Therefore, the decrease in water level, multiplied by the storage
coefficient and summed over the area of influence, equals the discharge. The rate of
decline decreases as the area of influence increases, eventually becoming negligible
(Kruseman and De Ridder, 1979). This whole relation is contained in the following
equation by Theis:

§= Q fe".‘r’%y-—- Q W(n)



where

r2S

4 = 4Dt

8 = the drawdown (m) in an observation well a distance r (m) from the
pumped well

Q = the discharge rate of the pumped well (m3/day) =

S storage coefficient

kKD = transmissivity of the aquifér (m%/day)
t = fthe time since the pumping test has started (days)
oo

W) = fC‘Yd%(Theis' well function)

u

approximated by 0,5772 - In(u) + u - u2/2.2! + u3/3.31 - u4/4.41 + ..,

Using the above equation, Theis devised a type curve graphical method to evaluate a
constant yield pumping test. A master curve is constructed by plotting values of W{u)
against values of 1/u on logarithmic paper. Valves of drawdown (8) are plotted against
time-distance (t/r2) values on the same scale logarithmic paper. The time-drawdown
curve i3 superposed on the master curve and the W(un) and 1/u values of a chosen match
point are noted (see figure 4.9). These values are inserted in the Theis equation for
calculation of the hydraulic parameters S and kD,

Cooper-Jacob analysis

This method is based on the Theis equation and thus automatically subjected to the same
conditions, plus additional restrictions as listed in Kruseman and De Ridder (1979). It
differs from the Theis formula in that the exponential integral is expanded as a
convergent series, resniting in the foliowing relation:

5=Q/ kD (- 0,5772 - In v +u - vZ/2.2! + w3331 L)

For small values of u {u < 0,01), the drawdown. can be-expressed by :the-asymptote - -

(Kruseman and De Ridder, 1979), reducing the above equation to a linear relation,
expressed as:

_230Q ,  2.25kDt
S=%mED 95 TS

Symbols used in both expressions are the same ones as those used in the Theis equation.
Thus, the drawdown (8) can be plotted against the logarithm of time. A straight line is



171}

na

Pol.l1]1

[
EREIT:

W (U}
A
ERTII

L1l II"II

|
w
L taounl

!
I
[WRRETIN

THEIS

ANALYSIS

Slke Id.

Locatian
Inatitutlan

Tezt Data

Teat Qurskien (ain]
Pusp Rske fu*3/g)

Diatance [a}

- 282BRADDODY

- f8lpaufgntein

- IS
- 19660G25
- 7680
~ 788
= 215

fronszisstvity {m"2/d) - 633

Storativity

- 7E-d

Figure4.9.

L

illll'lll T lllll.!l

-1

Theis analysis.

0

1

*

LI IIJiIt

2

LR

1/U

3

rritih

4

1] Dil!lill

5

T llilllll L B LLL

6

7

96




97

fitted through the data points and the transmissivity kD is calculated by using the
equation

where As = the drawdown per log cycle, -

Extending this-line to intercept the time axis (shown'in figure 4.10); where s = 0, the (tg)- -
value is substituted in the deduced relation

] -
S=_..25;%Dro

to obtain the storage coefficient (S).
Theis recovery analysis

After completion of a constant yield test, it is equally important to observe the water-
level recovery of the pumped well itself and of observation wells in the vicinity thereof.
The analysis, according to this method, is subjected to the same conditions as the
Cooper-Jacob method. A residual drawdown s” is measured during the recovery period
and can be expressed as (Kruseman and De Ridder, 1979):

. 0 4kDt _ 4KDt"
$* =i (1 - In )

r<S r<S*

where

5" = residual drawdown (m)

¥ = distance (m) from the pumped well

S" = storage coefficient during the recovery period

8 = storage coefTicient during the pumping test

t = time since pumping started (d)

t" = time since pumping stopped (d)~

Q = discharge rate (m3/d)

Assuming S and S" are constant and equal and u is very small, the above expression
reduces to

o 2300 t
' =7nkD 8
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Similar to the Cooper-Jacob analysis, the data are plotted on semi-log paper, i.e. the
residual drawdown (s") is plotted against the logarithm of the time ratio (1"} (see figure
4.11). The slope per log cycle is determined and inserted in the followin g mathematical
expression to calculate the transmissivity:

2.30Q
T=Tnas

All the methods discussed. are part of the-constant yield evaluation techniques and ar¢ ~ -
widely applied to observation boreholes.

Jacob Step Drawdown analysis

The step drawdown analysis resorts under the second group, which comprises variable
yield pumping tests. These tests offer the possibility to establish the efficiency of a
specific production well for various discharge rates and to determine the optimal
discharge rate for that well,

Drawdown in a production well can be divided into two conmponents, namely:

(i) Aquifer loss.
(i) Well loss.

The resistance to laminar flow within the aquifer, caused by matrix properties of the
geological formations, is called aquifer loss. Well loss, on the other hand, results from
the resistance due to turbulent flow around the well and is mainly caused by the
construction of the hole.

In 1947, Jacob postulated that the well loss in a production well is proportional to the
square of the discharge rate and the relationship between the two components of

drawdown is:
sw = BQ + CQ2
where
Sy = drawdown in the pumped well (m3/d)
BQ = aquiferloss
CQ%Z = wellloss

He devised a pumping test method determining the well loss, as well as the effective
radius of the pumped well. In such a test, the drawdown in the production well is
observed, while the discharge rate is increased in steps. The basic assumption in this
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method is that the increase in discharge rate for each step is equivalent to an additional
pump, starting to pump in the specific well (Clark, 1977). The drawdown (sy) is plotted
against the logarithm of the time, as shown in figure 4.12.

The analysis of step tests provides the discharge rate vs. drawdown relationship of the
pumped well over the range. ofiyields tested,-Once the aquifer- and well losses have
been calculated, the values can be used to determine the well efficiency for a specific
discharge rate.-The well efficiency is a-measure of the effectiveness of the well screen or- -
the wall of the borehole as a transmitting medinum between the aquifer and the hole. The
well efficiency (E) and/or the development of the hole are quantitatively expressed as:

_ 100 BQ . 100
E—B—m-z or E= —"'-'-—1 +§,
B

As can be seen in the above equation, the well efficiency is not a constant, but varies
-~ inversely with discharge, i.e. efficiency is maximum for low discharges and minimum’
for high discharges (Roscoe Moss Company, 1982).

Well efficiency calculations are useful for comparisons between wells of similar depths
in the same well field (Clark, 1977). They must not be used to compare boreholes under
different geological conditions.

Multirate pumping test analysis

Multirate pumping tests differ from the step drawdown tests in that the water level is left
to recover after each step. The basic evalvation technique is similar to the Jacob Step
Drawdown analysis. Figure 4.13 is a graphical representation of such a test and the
parameters calculated.

The multirate pumping tests conclude the explanation of the most often used pumping
test evaluation techniques that have been computerized. When the determined aquifer
parameters are used to calculate ground-water reserves or the ground-water balance for a
certain area, it must be realized that the geohydrological conditions in the area will, to a
larger or lesser degree, deviate from the conditions on which the evaluation techniques
are based on. The behaviour of fractured aquifers, common in South Africa, differs from
that of porous aquifers on which the evaluation techniques are based. Double porosity
and delayed yield are other factors which may cause even further deviations of the
calculated parameters from the actual or representative values. The programs developed,
free the gechydrologist from the burden of standard plots and calculations. His skills in
the interpretation of the results are still essential,
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4.3.3 Geological analysis

The geological information about aguifers, as well as the non-water-bearing formations,
forms an important part of the borehole information, accommodated in the National
Ground-water Data Base, because the aquifer characteristics are mainly dependent on

the geological properties- of-the respective-formations.. Geological-data are stored in = -

either of two data sets:

(i) Unconsolidated geology.
(ii) Consolidated geology.

Unconsolidated geology makes provision for a more detailed description of the strata.
Both sets, and the graphical techniques resorting under them, will be discussed
hereunder,

Consolidated. geology accommodates the basic geological data and allows a short
description of especially hard-rock formations.

Additional parameters provided for unconsolidated geology relate especially to uncon-
solidated formations. The list below contains the parameters provided for the entry of
geological data, Ttems (v) - (viii) refer to the unconsolidated geology only:

(i) Depth to top of formation.

(i1) Lithology.

(i)  Primary and secondary colour.

(iv)  Texture.

(v) Primary and secondary features, as well as a feature attribute.
(vi) Sorting.

(vii) Roundness.

(viii)  Sieve analysis.

With the exception of sieve analyses, the same basic graphical evaluation techniques are

used to display the geological characteristics for both consolidated and unconsolidated - -

geology.
A number of graphical evaluation methods are provided in the processing package:

) Borehole logs.
(1) Borehole chart.
(ili)  Borehole profile.
(iv)  Sieve analysis.
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The following symbols, ¥ and <1, are encountered in the borehole logs and charts.

Respectively, they indicate the water level and depth at which water was struck in the
borehole.

Borehole logs

This praph displays a strati graphical column of the strata encountered, together with the
unceded description thereof. The diagram is shown in figure 4.14.

The water level and the depths at which water has been struck are also shown, so that
the hydrogeologist obtains a visual impression of the prevailing gechydrological condi-
tions and allows him to identify the water-bearing formations (aquifers).

Borehole chart

This display is based on the previous diagram. However, it contains additional features,
such as information on the penetration rate, diameter drilled and diameter of casing in
the hole. Figure 4.15 is a graphical representation of the diagram.

The second diagram is especially useful for the hydrogeologist, engineer, operator or
driller, because they summarize and display the more important geological, geohy-
drological and technical features of the borehole.

Borehole profile

It is often important to obtain a geological cross-section of the investigated area. Such a
cross-section is provided in the borehole profile diagram. A maximum of 15 boreholes
may be used to construct the diagram. If the respective boreholes have been logged in
sufficient detail, it is possible to correlate various lithological units with one another by
interconnecting the boundaries between them. Figure 4.16 depicts such a diagram.

The boreholes used in the profile have only a vertical scale. They are equally spaced
along the horizontal axis. It is necessary that the boreholes selected for the diagram lie
more or less along a straight line.

Sieve analysis

When a well is designed in unconsolidated formations, a sieve analysis is important,
because grain size and its distribution are needed for the design of an efficient
production well, In these formations, screens or perforated casings are used to retain the
surrounding sediments and to ensure optimal flow into the borehole. The size of the
screen openings or the perforations in the casing are selected according to the grain-size



Borehole Depth {m)

106

Site IA..

RE820AA0001. -7 - | Locatlon: Bloemfontein - - Aep. Tnstitutlon: TGS -

Lotitude: &5.12345 ., Lonpitude: 28,12345 Mothod Drilled: A - ¥ield (1/cl: 595.5

Altttude: 1234.56 Collar Elev.. 0,15 Hater Lev.. [0.i0 Compr.Date: 19810510

Litholagy L_it!loluulcnl Description
0 b I T Tk e il T YA T
F el SR A A SR M yellowish brown coarse cemented alluvium

AR T TP A W

M

40

50

60

701

<]

80

90 -

EOoH

N7 light brown fine to medium arenaceous sandstone

brownish green fine fractured claystone

purple brown very fipe jointed mudstone

greyish brown very fine to fine baked shale

dark grey fine dolerite

100

Figured4.14.

 Graphical representation of a geological borehole log.
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Figure 4.15.

Graphical representation of a borehole chart.
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distribution of the surrounding unconsolidated medium. The depth(s) at which the
screens are placed also depends on the grain-size analysis. Good, economic well design
is needed for low-friction, undisturbed entrance of ground water into the borehole
without excessive head loss.

According to Johnson.(1975), for.a homogeneous formation that consists of fine sand, - -

the screen opening size is selected to retain from 40 to 50% of the sand matrix.

Generally, the 40%.size is chosen when the ground water-ismot particularly corrosive .-=. .

and when there is little doubt as to the reliability of the sieve analysis of the sample.

During the drilling process of a borehole in loose formations, drilling samples must be
taken frequently. The samples are dried and sifted through a series of sieves. The
retained fraction for a each sieve is weighed and expressed as a percentage of the total
sample weight. A grain-size distribution graph is constructed by plotting the cumulative
percentages of each retained fraction against the logarithm of the sieve openings (see

- figure 4.17).

The sieve openings used_in the National Ground-water Data Base are given in
millimeters. To express these sizes logarithmically, the following relation is used:

¢ =-logad
where
) = the logarithmic value of the sieve opening or particle size
d = the sieve opening or particle diameter in millimeters.

Various cocfficients can be deduced from the graph (Friedman, 1978) such as:

(i) Graphic mean = (@16 + 50 + $gq) / 3

(b4 - d16) N (995 - 9s5)

(ii) Inclusive graphic standard deviation = 7 X

(iii)  Simple sorting measure = 0,5 (o5 - §5)
(v)  Inclusive graphic skewness.
_ @84+ ¢16+2 ¢so)+ (995 + ¢5 - 2 dsp)

| 2 (g4 - d16) 2 (%95 - ¢5)
(v) Simple skewness measure = (¢g5 + 5) - 250
(o5 - §3)

{vi) Graphic kurtosis =
2.44 (75 - ¢2s)

where §p denotes the n-th percentile of the fraction.
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Recommended screen size opening :
after Johnsonn (1875).
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Figure4.17. Grain-size distribution graph.
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4.34 Map and contouring facilities

One of the main advantages of geohydrological and contour maps is the fact that they
portray geohydrological conditions, which are not necessarily apparent from any other
graphical technique nor from a data print-out. They are, therefore, especially useful to
the hydrogeologist. This group contains two sections: ==~~~ ~

(1) Map facilities.
(ii) Contour facilities.

Map facilities

Maps are generally used to depict features, such as topography, boundaries of geological
formations, borehole positions, farms and drainage regions of a specific area.

Before any map of a specific area can be consiructed, coordinates of all the features to
be shown on the map must be known. If not, these features must first be digitized. This
can be done with a specific computer program, supported by PROCAD. Once they have
been obtained, a map can be constructed at the desired scale (see figure 4.18(a)).

Contour facilities

Contours can be subdivided into two groups:

(i) Two-dimensional contours.

(ii) Three-dimensional display.

The latter serves a more illustrative purpose, which cannot be used for quantitative
interpretation purposes.

Two-dimensional contouring

These contours show the areal distribution of any numerical parameter in a two-
dimensional plane. They can then be used for both quantitative and qualitative
interpretations. A special contouring package (PLOT 88) is included in the processing
package.

The contouring program is based on a two-dimensional Cartesian coordinate system,
meaning that the x- and y-coordinates which are real numbers in a world coordinate
system, are transformed to device coordinates, based on a selected scale factor.
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When constructing a two-dimensional contour map of a specific area, certain constraints
have to be met to ensure proper results, Firstly, a variable grid matrix is constructed over
the surface. The size of the grid depends on the distribution and number of observation
points, spread over the area. At each node of the grid, a z-coordinate is calculated by
using either Laplace- or cubical spline interpolation or a combination of the two, which
is represented by the following equation; - -

(VZx(z) + V2y(2)) - {cay (V'x(z) + V'y(z)) = 0

The first part of the equation comprises the Laplace interpolation and the second part the
cubical spline interpolation. Depending on the value of cay (see PLOT 88 manual),
which may vary between 0,0 and 106, either one of the interpolation schemes, or a
combination of them, is used. Laplace interpolation tends to produce a rather spiky
surface, with sharp peaks and dips. Cubical §pline interpolation, on the other hand,
praduces a smoother surface.

Having completed the interpolation of values for the grid control points, the gridded
control points can be further smoothed by applying Laplacian smoothing, Too much
smoothing, however, can filter out important relevant features, and leave the user with a
trend surface only,

Figure 4.18(b) displays a two-dimensional contour map of chloride concentration, found
in ground-water samples from the southern Orange Free State.

The processing package contains a second contouring program, which is used mainly in
conjunction with the statistical data processing package. This program produces contour
maps on a line printer, The contour intervals are represented by different characters (see
figure 4.18(c)). Although the finished maps are crude in appearance, compared to those
drawn by plotters, they are inexpensive and adequate for many purposes.

Three-dimensional display

This facility'is mainly used for qualitative illustration. The procedure to be followed for
the construction of a three-dimensional display is similar to the one used in two-
dimensional contouring. The main difference lies in the last part of the procedure, where
the grid control points are transformed into a three-dimensional surface, shown in figure
4.18(d).
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CONTOUR PROGRAM

MATRIX OF GRID VALUES

1111 1 3 33333333334333331313 33333
33333333333333 33 3333 33333
3 333333333333 333333333333
3333333323 5 333333333333333233
3333333 555b5b6585 H55 33333333333333333
333333 B5555555655585665 333333 33333333
333333 bbHh55HHH 55 55555 3333333133
33333333333333 5565658 717 T77 85565 33333333
333 333 55 TIITTI0I777 656565 33333333
33333 333 85 TTTI7T T OTITITNTT Hh565565 333 333333
3333333333333 bH5 77797 77 7T 555 3333333
3333333333 555 797777 9 777 5 333333
33333333 56 777 9999999999999 77 5 3333
333333333 5 7 7777  999999999499999 97 § 333 1
33 BB5 TFTTIT 9999999953999999 7 &5 3333
3333 5555657 TTTTTT 999999999999999999 77 5555 33
3 5555 Ty 999999599999999999 777 555 33333
33 65 7777 9999999999999999999 77 565 333333
33 565 79977 99 99499949999 77777 555 33333
33 55585 TTTTTT7 77777 65655 33333
333 5556655 T7TTTITT 777 TT7 77777 655556 3333
333 555655 TTrITTIT7TTINTI979777 555 3333
33 55655 T OTTTOO7T TTT A7 55585 3333
33333 5555555 5 5565555 333333
33333333 3 EB555505b0565556656508E65 3333333333
333333333333 6556555555555 333333333333
3333333 33333333 3 5 5 33 333 333333

LEGEND OF SYMBOLS

SYMBOL - 1 = .4 TO 2.7
SYMBOIL - = 2.7 TO 1.9
SYMBOL - 3 = 4.9 TO 7.2
SYMBOL - = 7.2 70 9.4
SYMBOL ~ & = 9.4 TO - 11.7
SYMBOL - = 11.% TO 14.0
SYMBOL - 7 = 14.0 TO 16.2
SYMBOL - = 16.2 TO 18.5
SYMBOL - 9 = 18.5 TO 20.7

Figure4.18(c}). Two-dimensional contonr map, produced by a printer.
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Figure 4.18(d). Three-dimensional contonr map of chloride concentrations.
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- 4.3.5 General graphics

Of all the graphical techniques, general graphics are used frequently to represent
relationships between various parameters, e.g. water-level graphs, and need no further
explanation. The different techniques supported are listed below:

(1) XY linear graphs.

(ii). XY log-linear graphs... ..
(iii) XY log-log graphs.

(iv) Bar charts.

) Stacked bar charts.

(vi}  Pie charts.

{vii)  Histograms.

Figure 4,19 shows examples of some of the above-mentioned diagrams.

44  STATISTICS

Due to the fact that geohydrologists depend generally on relatively few observations,
which are made at different times and/or places and are subject to a varying measure of
uncertainty, numerous statistical analysis techniques have been developed to process
these data.

Statistical data processing comprises a number of disciplines, such as;

(i) General statistics.

(if) Sequence analysis,
(iii)  Map analysis.

@iv) Multivariate analysis.

All four groups will be-discussed below; -+~ -

4.4.1 General statistics

Each population has a specific distribution. The characteristics of each sample in the
population indicate a certain spread and symmetry of the distribution. Such
characteristics are known as parameters, if they describe populations, or as statistics, if
they describe samples. Thus, statistics can be used to estimate parameters of populations
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and to test hypotheses about populations. The statistics under discussion in this section
are listed:

8 Mean calculation.

(ii) Variance and standard deviation calculation,
(iii) Covariance and correlation calculation. ~ .
iv) Analysis of variance, -

Mean calculation

This are the most basic and frequently used measure describing the tendency of the
sample population. The arithmetic mean of a distribution is expressed as:

n
- N X
- n
=l
where
X = mean value
Xi = sample value
n = number of samples

The median represents the mid-point of the distribution, while the mode represents the
value in the distribution with the greatest frequency.

Variance and standard deviation ealeulation

Although it is easy to determine the mean of any number of observations, the obtained
value may have little significance on its own. The spread or dispersion of observation
values about the mean is expressed by two measures, namely the variance and the
standard deviation. The variance (S2) is the average squared deviation of all sample
values from the population mean and is expressed by: ... ..

n

N\ &i-%)?2

82~ "2_11_
i=l

However, to provide a statistic, describing the spread of data around the mean and in the
same units as the sampled data, the standard deviation is calculated which is the square
root of the variance. A small standard deviation is indicative of a tightly clustered
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population around the population mean (Van Tonder, 1981}, Again, it is important not to
attach too much significance to the numerical value of the variance or the standard
deviation. The variance or standard deviations of different samples should be compared.

Covariance and correlaiton calculations

Different variables are often measured simultaneously. This results in a measure of mutual
interaction. Such an interaction is described by the covariance, which is the joint variation . .
of two variables about their common mean and is expressed as:

1 n n n
COVik =ty (.2 Xij Xik - T xj _leik)

where COVjk = covariance between variable j and k.

Only if the units of the populations or samples considered are identical, then the
covariance of different data sets may be compared. The correlation coefficient, on the
other hand, is used to determine the degree of interrelation between variables of
populations or samples measured in different units. The correlation is defined as the ratio
of the covariance of the two variables and the product of their standard deviations, It can
be expressed as:
i~ 5
-]

Analysis of variance

The previous techniques can only be used to compare two samples with each other.
However, many tasks involve numerous groups of observations, for example, ten water
samples with different chemical compositions. To determine whether their bicarbonate
content is similar, a comparison can be done by the analysis of variance, i.e. separating
the total variance in a collection of measurements into various components or sources.
The tests of equality operate by simultaneously considering both differences in means and
in variances (Davis, 1973).

The equivalence of a number of samples can be determined by one-way analysis of
variance through testing the hypothesis and its alternative

Hp: 1= 2 =...=tn
H; : at least one mean is different

The method is subject to a number of assumptions: -
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Aa) Each group of observations represents -a random sample from the
respective population(s), e.g. conductivity measurements of a borehole,
= (b) Each parent population is normally distributed.
(c) Each population has the same variance.

A formulation was developed for.one-way analysis of variance which is listed below: .

Source of Sum of Degrees of Mean T-test
- variation: - squares: freedom - squares -
Among groups SSa m-1 MSa MS A A/MSw
Within groups SSw N-m MSw
Total variation S8t N-1
where
N = number of groups
m = number of samples to be compared

If the value calculated for the F-test lies within a certain distance from the value
assumed by the hypothesis, it is accepted. The width of the interval within which the
hypothesis is accepted, depends on the significance level and the degrees of freedom.

Thus one-way analysis of variance is suitable to test the hypothesis that various
populations, represented by random samples, are identical. However, a one-way model
cannot assess the magnitude of the introduced variance, because it is mixed with other
sources of variance in the sum of the squares (Davis, 1973). Two-way analysis of
variance, on the other hand, enables assessment of the variation and its magnitude. As in
the case of one-way analysis of variance, a formulation was developed for the specific
technique. It is listed below:

Source of Sum of Degrees of Mean T-test
variation’ squares frecdom squares
Among groups SSa m-1 MSa MSA/MST}
Within groups SSp n-1 MSp MSg/MSe2/
Error SSe {(m-1){n-1) MSea
Total variation SSt N-1
1) test of significance of difference between groups

2) test of significance of difference within groups
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In the two-way analysis of variance, two hypotheses and their alternatives are
considered, while four assumptions about the respective parent populations are made
(Till, 1974):

(a).  Each group is a random sample, drawn from different populations. ...

(b} Each parent population is normal distributed.

(c) Each parent population has the same variance.

(d) There is no interaction between different treatments and different samples.
4.4.2 Sequence analysis

The purpose of this section is to demonstrate different ways of evaluating data, which
are characterized by their position along a line and thus form a sequence. The following
techniques will be described:

(i) Equal spacing and interpolation.

(if) Linear and curvilinear polynomial regression analysis,
(iii)  Moving average smoothing,.

(iv)  Auto- and cross-correlation.

(V) Fourier series analysis.

Equal spacing and interpolation

Often field measurements are arbitrarily distributed in space and time. Various sequence
analysis techniques require equally spaced data. Two interpolation techniques, which

perform equal spacing interpolation on arbitrary spaced measurements, have been
included in the package, namely:

(i) Linear interpolation of data.
(ii) Rectangular integration.

Linear interpolation--- -

The method is demonstrated in the following illustration (see figure 4.20).

Assuming that there exists a linear relationship between the values yp and yz, an
intermediate value y' can be calculated by the following expression:

y-=(zz-zt)(xl-x1)

(x2 - X1) Y1
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The closer any interpolated point is to an observed point, the closer is its value to that of
the observation.

Rectangular integration

While linear interpolation considers only the two points on either side of the interpolated -
point, rectangular integration considers all observations between successive points of

interpolation. The original data are regarded as a step function in which the observation- - -

interval is constant (see figure 4.21(a)).

To obtain an equally spaced data sequence, a new step function of rectangles is
generated which is equal in total area and equally spaced (see figure 4.21(b)).

Linear and curvilinear regression analysis

The most frequently used statistical method. in geohydrological investigations is- the
simple linear regression analysis. This method is based on the assumption of a linear
relationship between two variables and provides a means of predicting or estimating one
dependent vanable from the knowledge of a second independent variable (Haan, 1977).
Such a relationship is described by the following expression:

yi = bo + bix;
where
?i = dependent variable
Xj = independent variable (regressor)
bg = y-axis intercept
by = slope of the linear relationship (regression line)

If data cannot be fitted by a first degree relation according to the correlation coefficient,
it should be fitted by a regression curve of a higher order. This is generally done by
polynomial expansions of the following form; =+ -

yi=bg+ by Xi+ bz xi2 -+ b3 x3 + ... + by x;"
Moving average smoothing

This technique forms part of the generally known filter- or time trend analysis
techniques, Of all the techniques resorting under this group, it is the most basic and
generally used smoothing method. Irregularly spaced data can be smoothed by
successive linear or curvilinear fits. This can be rather time-consuming, By interpolating
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Figure 4.20. Diagrammatic representation of the linear interpolation technique.
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Figure 421(a). Data sequence as a step function.
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Figure 4.21(b). Equally spaced data after rectangular integration.
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arbitrarily spaced data to an equally spaced grid, data can be smoothed by applying a
simple moving average. Moving averages tend to reduce the variance of the original
séquence. This may result in a shift of peaks and troughs between the smoothed curve
and the original curve. However, the method proves to be valuable in many cases, e.g.
eliminating the short-term variance in the data, so that the data become easier to
evaluate. In its simplest form, the moving average method is mathematically expressed
as:

i+k
Yi = b %"
j=ik
where
m-1
k = 5
m = length of the smoothing interval

For proper functioning, m should be an odd number,

Auto- and cross-correlation

Data sequences, e.g. borehole hydrographs, sometimes tend to repeat a specific pattern.
The repetition may not be exact, but it might give a cyclic impression. These so-called
cycles can be compared with each other by calculating a measure of similarity between
the segments. The process of auto-correlation compares an entire data sequence with
itself at all possible positions. By doing this, not only is the degree of similarity
determined, but also the degree of dissimilarity in the data sequence. The comparison of
the sequence is done by computing the auto-correlation coefficient, rp, defined as the
linear correlation between a time series of the same series at a later interval of time
(Davis, 1973) and can be expressed as:

v N .
where

L = the time lag between the two series being compared.

When the auto-correlation has been calculated at every lag position, the auto-correlation
is complefe and a correlogram can be plotted, which represents the auto-correlation
versus the lag. At lags with a high coincidence of sample values, the correlogram will
show high auto-correlation.
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While the aunto-correlation function compares a sequence with itself, the cross-
correlation compares two different data sequences with one another. This technique
differs slightly from the previous method, in that the sequences compared may not be of
equal length. Furthermore, the one sequence is moved past the other, matching the data
with one another. The cross-correlation coefficient, rm, can be expressed in mathema-
tical terms as: ' '

COVy,2
™m="818;
where
COVy2= covariance of the overlapped positions of data sequences,

Similar to the auto-correlation method, match positions are numbered and a cross-
correlogram is constructed by plotting the mateh positions against the cross-correlation.
In some instances, data smoothing may emphasize underlying characteristics, aiding the
cross-correlation technique. However, data smoothing generally reduces data
independence (Davis, 1973).

FFourier series

Fourier analysis is the decomposition of a signal into its harmonic constituents. Fourier
analysis is applied to any type of equally spaced data sequence, e.g. water-level charis.
The technique divides any curve into three basic components, namely:

(i) Linear trend.
(it) Periodic components.
(iii)  Random component.

If a trend exists in the data, it should be detected and possibly be removed, The primary
purpose of this evaluation technique is to extract the dominant periodic components of a
specific curve, thus filtering the background, high frequency noise from the curve. -
Periodic functions are generally represented by sinusoidal wave-, or better known as
Fourier series, and can be expressed as (Spiegel, 1974):

n
a E : ap cos(nxx;)  ba sin{nmxj)
}’i='§q+ n ;E t)+ n ?E 1

i=1

where
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~ag, A, by = the cosine and sine phase angles (Fourier coefficients)
Fo A = the wave length

In basic terms, the amplitude y; at a point x; is determined by the sum of the amplitudes
of the component sine and cosine waves at a distance x; from the origin.

This method ig also frequently used to separate regional and residual anomalies from
each other, often encountered in geophysics.

4.4.3 Map analysis

Data sequences represent data on profile lines. However, the two-dimensional
representation of data in the form of a map is alse a good means to display data. Two
facilities have been included in the software package:

i) Contouring {on a line printer).
(i1) Trend surfaces.

For more detail about contouring, see section 4.3.4.

Trend surfaces

Trend surfaces are defined as linear functions of the geographic coordinates of
arbitrarily distributed data, such that the squared deviations from the trend are
minimized. Polynomial expansions are used for geohydrological or geological trend
surface analyses. Due to their extreme flexibility, they can be expanded to sufficiently
high orders that may fit complex surfaces. For example, the mathematical equation for a
second-degree trend surface (Krumbein et al., 19635) is:

z=bp+byx+bpy+b3x2+bgsy2+bsxy

This technique is used to separate various map components from one another, thus
dividing the data into a regional and local component. Generally, frend surfaces are used
to determine parameter distribution. A very useful aspect of trend analyses is that
differences between surfaces of different degrees can indicate areas of geohydrological
anomalies. A trend surface analysis can provide an initial guide for interpretation of
arbitrarily distributed data. In cases where the geohydrological data are not sufficiently
well-distributed, trend surface analyses tend to produce unrealistic pattefns (Lloyd and
Heathcote, 1985).

In order to get meaningful results, the number of data points must exceed the number of
coefficients in the polynomial expansion. In practice, only polynomials up to a fourth
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degree are used. Furthermore, if statistical tests are done on the data, the number of
points determines the degrees of freedom, which must be large to ensure a meaningful
F-test. The shape of the area also affects the form of the polynomial fit. That is, if the
data are not evenly distributed over the area, the trend surface tends to be elongated
parallel to the pattern of the data points. Thus, it is good practice to have data over a
larger area than the area to be mapped.

4.44 ~ Multivariate data analysis

All the previously discussed methods considered single variables. However, especially
in hydrochemistry, it is often required to lock at the changes of several properties
simultaneously, This is accomplished by multivariate data analysis, which is divided
into some of the following evaluation methods, namely:

1 Multiple linear regression analysis.
(i) Discriminant function analysis.
@iii)  Cluster analysis.

{iv)  Principal component analysis.

(v) Factor analysis.

Muliiple linear regression

When one dependent variable and various independent variables are available, multiple
regression is commonly used to find a linear model for predicting unobserved values for
the dependent variable. The model eventually used does not necessarily contain all the

independent variables. A general linear model was adopted in the processing package
and can be mathematically expressed as:

y=bp+b1xi+box2+..+bpXp+E
where

y = the dependent variable
X1,..,Xn = the independent variables
E = the random error

The first step in a multiple regression analysis i$ to compute the correlation matrix
between independent variables.

Retaining values in a regression equation that are highly correlated, complicates the
evaluation of the regression coefficients. A common practice in selecting a multiple
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linear regression model is to perform several regressions on a given data set, using
different combinations of the independent variables. The regression analysis with the
best data fit is then selected. The criterion generally used for this purpose is the
goodness of fit, yielding the largest value.

All the variables retained in a regression should make a significant contribution to the . -
regression, unless there is an overriding reason for retaining a non-significant variable.
All the variables retained should have a physical significance.

The ultimate test for the chosen model depends on its ability to predict the dependent
variable for observations of the independent variables that were not used in estimating
the regression coefficients (Haan, 1977).

When the multiple regression analysis of the software package is applied, the user is
provided with two sets of regression coefficients, namely:

) Partial regression coefficients.
(ii) Standardized partial regression coefficients.

The partial regression coefficients represent the rate of change (slope) in the dependent
variable for a unit change in the independent variable. The standardized partial
regression coefficients are the partial regression coefficients expressed in units of the
standard deviation. These coefficients provide a means of assessing the importance of
individual variables in the regression, which may not have the same units.

Discriminant function analysis

The main objective of the discriminant function analysis is to provide a numerical
criterion for classifying variables into statistically distinguishable groups. It is generally
applied for two different purposes. Firstly, to assess the statistical significance of the

stated hypothesis and, secondly, to classify variables into specific groups (Seyhan,
1981).

The discriminant function transforms sample measurements into a single discriminant
score, where the score represents the sample's position along a line defined by the
discriminant function. This transformation represents the minimum ratio of the
difference between the means of two data groups and the variance within the groups.

A correlation matrix of the relevant variables is formed and is then tested pair by pair to
establish which pairs show a correlation not significantly greater than zero. By pivotal
condensation, the matrix is reduced, resulting in a linear discriminant function, The.
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discriminant index is then used to compare the two groups of variables with each other,
but only after those variables are eliminated which do not contribute to the
discrimination.

When applying linear discriminant analysis to groups of data, it should be noted that the

populations must be different. To establish whether the populations differ, a T2-test can - -

be applied to the data sets. Thereafter, the discriminant function analysis can be carried
out to establish a useful index for asmgnment of new data to either one of the relevant- -
data populations.

Cluster analysis

Cluster analysis is ideally suited to subdivide a given population into a number of
groups, generally known as clusters. Cluster analysis selects sets of mutually similar
variables from a matrix of many such variables, as based on the 81m1]ar1ty cocffrment
matrix defining the interrelationships among the variables (Seyhan, 1981).

Raw data generally consist of a number of observations with one or more parameters or
characteristics measured during each observation. Thus, the data can be represen-
ted by a n x m matrix. The purpose of the technique is to establish whether a measure
of resemblance exists between the observed characteristics. In the processing package,
the similarity matrix is constructed by either one of two methods, namely:

(i) Correlation coefficient method.
(it) Distance coefficient method.

Similarities are determined between the variables (or observations) by arranging the
variables in such a way that the elements with the highest mutual similarity are placed
together. These groups or clusters of elements are now associated with other groups,
which they closely resemble, until all the groups have been classified. Such a
classification can be graphically represented by a dendrogram,

Cluster analysis is sometimes used as a prelude to factor analysis, although it has certain
advantages in that the identity of the original variables is maintained.

Principal component analysis

Often the user is confronted with the problem of having to simplify and describe the
relationships between complex variables of a large population. Principal component
analysis and factor analysis are ideally suitable to represent such relationships, by
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simpler relationships amongst fewer variables, making large complex relationships more
comprehensible.

The objective of the principal component analysis is to find a linear transformation of a
given set of variables, such that specific statistical properties are satisfied. The
transformed data will have the properiy of being uncorrelated and chosen in such a way
that each succeeding variable will have a smaller variance (Fenner et al., 1969).

The transformed variables are linear combinations of the original variables and are
known as the principal components. The number of principal components will be equal
to the number of variables used, Generally, the first few principal components form a
large part of the total variance. Furthermore, principal components represent the
coordinate axes of an ellipsoid, formed by the scatter of the field data. Once the ellipsoid
axes have been abtained, their magnitudes are measured.

Factor analysis-

Factor analysis is used to analyse relationships within a set of variables or observations,
by means of the analysis of all relevant data matrices, The analysis is done in order to
determine whether the observed data set can be simplified.

Two modes of factor analysis exist, namely:

(i) R-mode.
(ii) Q-mode.

The R-mode factor analysis investigates the relationships between variables, whereas
the Q-mode determines the relationships between the various observations. Both
methods can be performed on the same data set, however, with different resulis. No
matter what mode is used, four steps should be followed in order to ensure significant
analysis of the data, namely:

(). Preparation of input-data matrix. = - -~ -
{i1) Extraction of initiai factors,

(iii)  Factor matrix rotation.

(iv)  Factor score calculation.

R-maode factor analysis

Let the observed data set be contained in matrix, XN,n. The objective is to determine m
linear combinations of the original n variables that describe the geohydrological features
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without loss of information. The above-mentioned linear combinations are generally
known as factors. The technique deoes not use the original data matrix, Xy n, for
computational purposes, but rather a correlation coefficient or distance coefficient
matrix, derived from the original data matrix. The data are always standardized, in order
to ensure that all variables are in the same units. Once a correlation between the
variables has been established, the factor scores are calculated by the following
expression (McCammon, 1975):

zkj = ajj Tkl + 82§ fkz + .« + Amj femt 8 €k

where
2Kj = the j-th variable of variable k (standardized vaniables)
amj = the factor loadings of the j-th variable and m = 1,2,3,...
fim = the factor scores of the variables and m = 1,2,3,...
ey = " unique factor to variable zyj and is analogous to the error termin-a -

regression equation

Unlike the factor scores, the factor loadings do not change from variable to variable. The
factor loadings can be rotated by Kaiser's Varimax scheme, in order to obtain even
better results.

Q-mode factor analysis

Due to the fact that the relationship between samples is determined with this method, the
method differs slightly from the R-mode, in that the input data matrix is transposed, The
remaining computations are executed in the same way as previously discussed under the
R-mode analyses.

To discuss the multivariate statistical analyses techniques, as well as all the other
statistical techniques in detail in this report, would be a rather tedious exercise. The
following books were consulted during the compilation of this chapter and are
recommended for those readers who want more detail about the respective techniques:
Davis (1973), Haan (1977), Krumbein and Graybill (1965), Till (1974), Miller and Kahn
(1962), Seyhan {1981), McCammon (1975) and Joreskog, Klovan and Reyment (1976).

The data processing techniques discussed, are demonstrated by data processing exam-
ples of site specific data in Appendix L
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CHAPTER 5

EVALUATION OF THE PROCESSING FACILITIES OF THE
GROUND-WATER DATA BASE..

5.1 INTRODUCTION

As part of the project, borehole data from the Orange Free State and Atlantis were entered
into the National Ground-water Data Base, in order to test its functioning and that of the
processing package. Some of the data were entered by the Institute for Ground-water
Studies and others by the Directorate of Geohydrology of the Department of Water
Affairs,

Roughly, one-third of the Orange Free State data were extracted from internal reports of
the Institute for Ground-water Studies and the Directorate of Geohydrology. The data
available at this stage cover rather restricted areas of the Orange Free State and, with a few
exceptions, only basic data have been captured. To what extent the data variety is limited,
will be seen in the subsequent discussion of the various data sets from the Orange Free
State.

The remaining two-thirds of the data were extracted from borehole completion cards
which, in most cases, contained rarely enough site specific data to allow inclusion in the
ground-water data base. The main set-back was the uncertainty about the exact borehole
positions, when only the names of the farms were known on which the holes were
drilled. This uncertainty is illustrated in figure 5.1, where two-thirds of all borehole sites,
which were entered for the Orange Free State, have a coordinate accuracy of "4", This
means that the position of the holes 1s accurate within 10 km.

Borehole data from the Atlantis area were included to provide data for the test of those
data sets that were not sufficiently covered amongst the Orange Free State data.

Apart from testing the performance of the processing package, the purpose of this chapter
is to demonstrate the applicability of the processing programs in the evalvation of ground-
water resources. For this purpose, the data were divided into four topics:

(i) Geology.
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(it} Aquifer analysis.
(iii) Borehole construction and installation.

{iv) Ground-water quality.

5.2 GEOLOGY

Figure 5.2(a) shows a generalized map of the geology of the Orange Free State. Almost
the whole of the Orange Free State is underlain by sedimentary rocks of the Karoo
Sequence, which are intruded by dolerite sills and dykes. The only region where other
than Karoo sediments occur, lies in the northem part of the province. Here, the Vredefort
dome is found which consists of Ventersdorp lava, Witwatersrand sediments and granite.

‘But Tor a few exceptions, the whole Karoo Sequence is-present in the Orange Free State.

This can be seen when a section, from Kimberley in the west through Bloemfontein to
Maseru in the east, is considered.

Figure 5.2(b} is a simplified, geological map of the Atlantis area. On this map, it can be
seen that the greater part of the area is covered by unconsolidated Cenozoic deposits,
which in turn are underlain by sediments of the Malmesbury Group.

The geological data from these areas will be evaluated, both on a local scale and a
regional scale. The geology data set is divided into two groups:

(i) Unconsolidated geology.

(ii) Consolidated geology.
As discugsed in the previous chapter, the unconsolidated data set refers especially to the
unconsolidated formations. Examples of such formations are the alluvial, coiluvial and

aeolian deposits in the Orange Free State, ag well as the Cenozoic deposits of the Atlantis
area.

Consolidated geology refers to hard rock, namely the igneous, metamorphic and
consolidated sedimentary rocks.

5.2.1 Loeal analysis

Borehole data from the Orange Free State are vnevenly distributed. Because of their
present deficiencies regarding the geological logs, the geological data should rather be
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evaluated locally than regionally. It is, however, not the aim of this chapter to evaluate
the whole QOrange Free State on a local scale. Two areas, containing a fair amount of
data in the consolidated geology data set, were chosen as an example. Both the areas
comprise a square degree. They are:

(i) Square degree 3025.
(i1) Square degree 2825,

A third area, the Atlantis area, will be used to evaluate the unconsolidated geology data
set.

Square degree 3025

This square degree lies in the southern Orange Free State in the vicinity of Trompsburg,
Smithfield and Bethulie, It is predominantly underlain by the Beaufort Group of the
Karoo Sequence. Of the 1840 boreholes entered into the data base, 85 boreholes were
geologically logged. On its own, the geology data set can divide the region into the
various lithological units. If, however, the geology data set is combined with the aquifer
data, a rather complete lithological subdivision of the geology can be made, Figure 5.3
shows four typical borehole logs of this area. The symbols ¥ and <J indicate the water
level and depths at which water was struck in the boreholes. A good visval impression
of the geological strata encountered in the holes is obtained. Figure 5.4 shows the
borehole profile with the four boreholes displayed in figure 5.3. It should be noted that
the boreholes used in the profiles have only a vertical scale, while horizontally the
boreholes, which should lie more or less on a straight line, are equally spaced.

It is hardly possible to write general programs which depict successions of thin layers
and successive thick formations equally well. In figure 5.4, it can be seen that the
description of the lithology of the successive thin layers plotted, becomes indistinguish-
able. As it is undesirable to disregard all thin beds in the section, the problem can be
overcome if either the particular geological log is simplified by combining a number of
thin layers in one representative layer or by including them in the adjoining thicker
steata, If this is not acceptable, only those logs in which the minimum thickness of the
individual layers exceeds = 2,5 m, may be presented on borehole profiles.

While the geological description in the borehole logs is given in uncoded form and a
legend for the different formations is added to the borehole profiles, the tabulated
geological information in table 5.1 requires the use of the code lists (due to practical
reasons which are discussed in chapter 6.3.1.1 of the User's Guide). Because of the
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TABULATED GEOLOGICAL DETAIL OF SOME OF THE
BOREHOLES IN THE SOUTHERN ORANGE FREE STATE.

Site Id, Depth to Lithology Primary Secondary Terture Feature

Top Code  Coler  Color
to)
J0z3Ap0oo0l  10.60 SHDS B H
16,00 SHSL
17.50 §HBS ] ]
20,00 SHsL G Y
21.70 sL5H G Y
.00 sinS ] ]
25.60 bk L f
26.50 SHOS [ H
302540000032 0,00 SLSH L f
7.00 SHLE [
1000 5H0S Nr
15,00 DLAT Ll
23.00 PLRY 0T
26.00 oLnT
J025ADNCDR3 0.0o0 SLSN L Y
6.50 SHSL 5
15.50 SHDS B H
13.60 S5
19.50 SHDS
18.50 SHSL
20.00 shos H
20.20 SHSI,
24,90 SH0S
24.20 SlisL
24,30 DLAT I}
31.50 BLRI
10254000004 1.06 SESH [ Y
5,00 SisL 5
12.00 5L5H
12.20 SHLE b1
15,50 SL5H ]
19.50 SILE 5
21.50 SLSH H
22.50 SHLE W]}
24,00 SLSH
26.50 shal
Ja.on SLSH
J5.50 SHSL b
J2.80 . SLSH..
40.00 SHLE 3
47.00 BLART i
.00 OLAT
J025AP0000% 0.00 DLRT w1
13,50 DLRT 0T
15.00 BLRT
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restricted recorded geological detail in table 5.1, a subdivision of the Beaufort Group into
distinct lithological horizons is not possible.

Analysing the geological data from 85 boreholes, using either the borehole logs or the
data print-outs, a monotonous sequence of shale, siltstone and mudstone, with
interbedded sandstone, is found. The wide-spread intrusion of dolerite sills and/or dykes -
can also clearly be seen. In 65 boreholes, dolerite was encountered at some stage during
the drilling process. The sedimentary succession can be classified as argillaceous, because
of the predominant shaly deposits in the succession. The colours of the rocks vary from
black, greyish blue, yellowish brown to grey and white. Black carbonaceous shale was
also frequently found, confirming the rich organic (fossil) content of the Beaufort
succession in this area. The sandstone normally encountered, weathers to a yellowish
coloured rock and is often feldspathic. Colluvium, variable in thickness, is frequently
encountered in the region at and near the surface. By comparing the lithology code and
depth to top data sets with the topo setting, one finds that the colluvium is seldom thicker
than 11 m and that it occurs in the flat areas and the tower hill slopes of the region.

Square degree 2825

This area lies in the western Orange Free State, in the vicinity of Hertzogville. It is
underlain by sediments of the Ecca Group. Of the 367 boreholes in the area, 242
boreholes were logged geologically. As more than half of the logged borelioles have a
coordinate accuracy of "4", the data lend themselves better to an analysis on a smaller
scale, where the exact positions of boreholes are less important.

Figure 5.5 shows some logs of the formations encountered around Hertzogville.
According to the geological description of 120 boreholes in the district, the formations
consist of a sequence of bluish-black shale with interbedded sandstone. Similar to the
southern Orange Free State, the sediments are intruded by dolerite. Figure 5.6 shows the
same boreholes in a profile.

Combining the information on the geological-logs with the aquifer datarset, it is confirmed -

that the sequence forms part of the Ecca Group, as described by Nel (1977) and
Behounek (1980). Further subdivision of the Ecca into distinct horizons, based on
different physical properties, is not possible.

It is also observed that the top part of the succession frequently consists of various
unconsolidated sediments, such as sand, soil, clay, sand and gravel. According to
Behounek (1980) and Grobler et af (1987), most of the sand deposits in the region stem
from wind erosion of the surrounding region and are classified as acolian deposits.
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Artlantis area

As in the case of the Orange Free State, the geology and aquifer data sets from the Atlantis
aren have to be used in combination to subdivide the unconsolidated geological data into
the proper lithostratigraphical units. Four different units can then be recognized, i.e.:

(i) Varswater Formation.

(i) Rredasdorp Formation.

(1il) Darling granite.

(iv) Tygerberg Formation.

The Bredasdorp and Varswater Formations are of Cenozoic (Tertiary/Quaternary) age,
while the Tygerberg Formation forms part of the Late-Precambrian Malmesbury Group,

" Tygerberg Formation

The Tygerberg Formation underlies the Cenozoic deposits of the whole area. Outcrops of
the formation are frequently encountered, especially along the coast and in the south-
eastern parts of the Atlantis area. The formation consists of a predominantly pelitic and
semi-pelitic succession, interbedded with massive medium- to fine-grained, sometimes
phyllitic, greywacke and impure quartzite.

It is characteristic for this formation, that it is generally deeply weathered beneath ihe
younger sand deposits and can therefore easily be misinterpreted as Cenozoic sediments.

Darling Granite

QOutcrops of the Darling Granite, which intrudes into the Malmesbury Group, are found in
the northern parts of the Atlantis area, as shown in figure 5.2(b). Very little is known
regarding the water-bearing characteristics of the granite,

Varswater FFormation

The Varswater Formation is a marine deposit and is divided into two members:

")  "Duynefontein Member.

(ii) Silwerstroom Member.
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Duynefontein Member

The Duynefontein sand deposits usually overlie the Silwerstroom deposits. Where the
latter deposits are absent, the Duynefontein deposits rest on the Tygerberg Formation.
This member consists of fine well-sorted sand, with minor pelletal phosphorites.

Silwerstroom Member

According to Bredenkamp and Vandoolaeghe (1982) and Van der Merwe (1983), the
Silwerstroom Member is a poorly sorted deposit, consisting of a phosphate-bearing mud,
gravel and sand. It also contains large quantities of shell fragments. A further distinctive

property is the fact that the Silwerstroom Member always occurs beneath the sea level
(Rogers, 1980).

Bredasdorp Formation

In the Atlantis area, the Bredasdorp Formation is of aeolian origin. It can be subdivided
into three members:

(i) Witzand Member.
(i1) Mamre Member.

(iii) Springfontein Member.

Witzand Member

This member is a shelly, calcareous, aeolian sand deposit. According to Bredenkamp and
Vandoolaeghe (1982), it forms the top part of the Bredasdorp Formation and usually
occurs above the water table of the Atlantis area,

Mamre Member

The Mamre Member is a salty; peaty variant of the Springfontein-Member:-A- further~ - -

characteristic of the member is its high silt content. The silt in the formation does
adversely affect the hydraulic conductivity of the aquifer.

Springfontein Member

This member consists of well-sorted fine to coarse sand and is by far the most permeable
member (Van der Merwe, 1980). Shell fragments are found at the base of the member in
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the form of a basal gastropod bed, whereas in the remaining part of the deposit no shell
fragments are found.

Figure 5.7 shows a borehole log of formations typically encountered in the area. Where
data items such as Water level, Collar elevation, Yield or Method constructed are missing,
these particular data were not entered into the data base... .. .

5.2.2 Regional analysis

All geological and aquifer logs of the Orange Free State, accommodated in the data base,
were extracted to see how they compare with the regional geology of the Orange Free
State, which was illustrated in figure 5.2¢a), The data are relatively well-suited for
qualitative regional analysis and allow the user to form a good idea of the formations
expected in regions where geological data are recorded. Insufficient detail in both the
geology and aquifer data sets, however, prevents differentiation between regions with
similar geology. The information contained in the data base provides an overview of the
basic geology of an area, if the data are available,

A similar analysis of the available geological data can, of course, also be done without the
help of a computer. The major benefit derived from the computerized analysis is the fast
and comprehensive access to the relevant data, supported by the processing facilities,
providing data print-outs, logs, profiles and maps, as required. For any area of interest,
the user can, with the aid of the data base, extract large volumes of geohydrological data
in a short time. These data can then be processed to produce, e.g. print-outs or borehole
logs, ready for inclusion in reports. This increases productivity as well as insight.

5.3 AQUIFER ANALYSIS

As it is the purpose of the data base and the data processing package to assist in the
detection, development and operation of the ground-water resources in Southern Africa
and to Tacilitate planning and management thereof in this section, the data accommodated
in various data sets are combined and evaluaied to show how they can help to assess the
ground-water potential of the Orange Free State and that of the Atlantis area. As in the
case of geology, the section is divided into a local and regional analysis,

In general, the ground water in the Orange Free State is associated with dolerite
structures, although ground water is also frequently found in the Karoo sediments itself,
The potable ground water in the Atlantis area stems from the unconsolidated Cenozoic
sediments,
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5.3.1 Local analysis

Two areas were selected for the local analysis, namely square degree 3025 and the
Adtlantis area.

Square degree 3025

There are 1840 boreholes in the area of which 1138 have registered borehole depths, 763
have registered yields, 845 have registered water levels and 217 have registered depths at
which water was struck plus an aquifer code. Figures 5.8(a), (b), (c), (d) and (e)
represent the borehole positions, positions of boreholes with recorded water levels,
water-level contours, altitude contours and geology of the area under discussion. None of
the boreholes in the region has a long-term record, therefore water-level fluctuations in the
region could not be studied. The water-level contour map in figure 5.8(c) is based on all
available water levels. It illustrates that water levels closely follow the surface
topography. Little difference can be seen when the water-level contours are compared
with the altitude contours. However, if the areas, marked A, of the water-level contour
map and altitude contour map (see figures 5.8(c) and (d)) are compared to each other, it is
observed that the water levels rise above the topography, which is incorrect in this case. If
the same areas (marked A) in figures 5.8(a) and (b) are compared to each other, the
reason for this situation becomes obvious, as the number of observation points in the
enclosed areas varies considerably. The lack of water-level observation points in this area
is directly responsible for the inaccurate contours (see figure 5.8(b)). Thus, when
constructing contour maps of a region, it is important to identify areas where little or no
data are available, in order to minimize above-mentioned inaccuracies. Possible solutions
to such problems are to refine the grid matrix or to use other interpolation techniques.

Long-term water-level measurements or contoured water-level changes would, however,
give an indication of seasonal variations and long-term water-level trends. In table 5.2,
the water level statistics are shown: water levels are comparatively shallow and show little
deviations. Differences between water level- and altitude contours can therefore be
expected in the in the decimetre- and metre range, but not in the 10 m range.

TABLE 5.2. WATER-LEVEL STATISTICS.

811
5,37 m
Standard deviation of water levels = 2,20m

Number of cbservations

Mean water level

i
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Borehole position map of boreholes with recorded warer levels in

the southern Orange Free State.
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ALTITUDE CONTOURS OF THE SOVS
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SIMPLIFIED GEOLOGICAL MAP OF THE SOFS
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Of the 217 boreholes in which the aquifer type was identified, 119 were drilled in
Beaufort sediments, 94 in dolerite and 4 in sediments and dolerite. Data files, containing
depths to the top of the aquifer and yield, were compiled for both the boreholes in
sediments and in dolerite. Table 5.3(a) shows the basic statistics of both groups.

TABLE 5.3(a).. TABULATED STATISTICS OF BOREHOLE YIELD DATA FOR
SEDIMENTARY AND DOLERITE ASSOCIATED AQUIFERS IN
THE SOUTHERN ORANGE FREE STATE.

YIELDS OF SEDIMENTARY AQUIFERS

Number of observations = 72

Mean yield = 4,67 /s
Medjan = 2,52 l/s
Standard deviaton = 6,17 Ifs

YIELDS OF DOLERITE ASSOCIATED AQUIFERS

Number of observations = 56

Mean yield = 5,92 1/
Median = 3,25 I/s
Standard deviation = 6,13 I/s

If the standard deviation in table 5.3(a) is subtracted from the mean value, a negative
borehole yield is obtained. This indicates that the borehole yield data are not normally
distributed. If figures 5.9{a) and (b) are consulted, one sees that in both cases the
distribution of data is skew and follow probably a log-normal disiribution, Thus, the
standard deviation calculated for the ordinary data is insignificant. The log yield data are
evaluated in table 5.3 (b):

TABLE 5.3(b). TABULATED STATISTICS OF THE LOGARITHM OF BOREHOLE
YIELD DATA BETWEEN SEDIMENTARY AND DOLERITE

ASSOCIATED "AQUIFERS IN THE SOUTHERN ORANGE FREFE

STATE.

YIELDS OF SEDIMENTARY AQUIFERS

Number of observations - = 72
Geometric mean yield = 2,70 1/s
Standard deviation = 2,80 I/s
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YIELDS OF DOLERITE ASSOCIATED AQUIFERS

.'Numbcr of observations = 56

Geometric mean yield = 3,30 s
Standard deviation = 3,20 1/s

It is noted from the above tables that the median is closer to the geometric mean of the
yield distribution and therefore more suitable to indicate the yield, which can be expected
from a borehole, It is also noteworthy that the mean yields in the dolerite associated
aguifers are slightly higher than those in sedimentary aquifers. Figures 5.9(a) and (b)
illustrate the yield distribution of both aquifers in the form of histograms.

It is generally accepted that the ground-water occurrence in the Beaufort sediments is
associated with dolerite structures. This may not be necessarily true for all regions, as
indicated by the statistics of the Southern Orange Free State. Furthermore, if the lithology
and the depth of water struck are corelated with each other, it is found that the ground
water present in the sediments cannot be associated with any particular lithological
horizon.

According to Vegter (1984), the Beaufort sediments have a primary porosity ranging from
0,012 to 0,014 and a permeability of less than 1 x 162 to 1 x 10-8 mvs, i.e, virtually no
primary porosity. Water encountered in the sedimentary aquifers of the Beaufort
Subgroup is therefore mainly derived from secondary aquifers, i.e. from fractures and
joints in the sedimentary rocks.

In table 5.4 and figure 5.10, similar statistics are displayed for all yield data in the region.
A yield contour map is also constructed with the same data (see figure 5.11(a}). Figures
5.11(b) and (¢} show contour maps of the borehole depth and the depth at which water
was struck respectively.

TABLE 5 4. BOREHOLE YIELD STATISTICS OF THE SOUTHERN
ORANGE FREE STATE.

Number of observations = 8§14
Geomelric mean yield = 22015
Standard deviation = 3501/

If the mentioned contour maps are studied and compared with the geological and the
water-level map, shown in figures 5.8(b) and (d}, the following can be deduced;
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BOREHOLE YIELDS OF THE SOVS
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. (@) At the scale portrayed on the maps there is no correlation between borehole
yield and geology.
(b) There is no correlation (correlation coefficient -0,0597) between borehole

yield and borehole depth in the area.

(©) There is no correlation (correlation coefficient -0,3291) between borehole
yield and the depth at which water was struck in the area,

(d) The lower barghole yields tend to correlate with the watershed in the area,
as shown in figure 5.8(h).

These deductions support the assumption that aquifers in this area are of secondary
nature, i.e. water is found in fractures, joints and dolerite contact zones.

Boreholes in the region are mainly used for agricultural and household purposes. Table
5.5 summarizes the water applications.

TABLE 5.5. SUMMARIZED WATER APPLICATIONS.

Water Application Number of boreholes
Agricultural and domestic (AD) 78
Agricultural - irrigation only (Al) 264
Agricultural - stock watering only (AS) 676
Domestic - all purposes (DA) 82

When data from the southemn Orange Free State were evaluated, data from one pumping
test were available. A representative value or the range of values for transmissivity and
storativity of the area can therefore not be given. The recorded pumping test was
performed in the surrounding area of Phillippolis. Five observation boreholes and the
production borehole were used to calculate the hydraulic parameters. Transmissivity
values for this test ranged from 48 m2/d to 100 m2/d, whereas the storativity varied
considerably between 1,2 x 10-2 ‘and 1,0 x 10-3.

In conclusion, it may be said that the information contained in the data base provides a
good overview on a local scale, regarding the distribution of boreholes, borehole yields,
depth at which water was struck, geology and borehole use in the area. This information
is quite useful, when new borehole sites must be selected or when a new ground-water
project is initiated in the area. A sufficient number of (long-term) water-level
measurements and pumping-test data for this region have yet to be entered into the data
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base. These are necessary for a proper evaluation of the ground-water resources of square
degree 3025.

Atiantis area

If the aquifer data set of the Atlantis area is evaluated, one finds that 105 boreholes have . -

recorded aquifers. Three different aquifers were identified;

(i) Bredasdorp Formation.
(i1) Varswater Formation.

iii) Tygerberg Formation.

Thus, with the exception of the Darling Granite, all geological units in the area are
aquifers. Depending on their respective hydraulic conductivities, the aquifers can be dealt
with as three separate aquifers or be combined into one aquifer. If, however, the
hydraulic conductivity of a specific formation is much lower than that of others, this
formation must be regarded as an aquitard,

In 85 of the 105 boreholes, more than one aquifer was recorded, whereas in the
remaining 20 boreholes, 19 boreholes were drilled in Cenozoic deposits and one in the
Tygerberg Formation.

The Bredasdorp Formation is water bearing in 103 boreholes (see table 5.6). Due to its
occurrence in the majority of the boreholes, this formation is the most wide-spread aquifer
in the region. According to Bredenkamp and Vandoolaeghe (1982), the Springfontein
Member of the Bredasdorp Formation was identified as the main water-bearing stratum in
the area, because if consists of coarse-grained sediments (see section 5.2.1),

TABLE 5.6. AQUIFER TYPES ENCOUNTERED IN ATLANTIS BOREHOLES

Identified aquifer types Number of boreholes
per borehole

Bredasdorp Formation
Varswater Formation 30
Tygerberg Formation

14

Bredasdorp Formation
Varswater Formation



165

Bredasdorp Formation } a1
Tygerberg Formation

Varswater Formation } )
Tygerberg Formation

Bredasdorp Formation 19
Tygerberg Formation 1
TOTAL 105

When the data were evaluated, only a limited number of pumping-, bail- and slug tests
were entered into the ground-water data base. As can be seen from table 5.7, the
fransmissivity values in the Atlantis area vary between 140 m2/d and 730 m2/d, whereas
the storativity ranges between 1,6 x 10-2 and 2.9 x 10°2.

For a better estimation of the potential of the different aquifers, data from the Discharge
rate- and Pumping test data sets must also be taken into account. Borehole yields from
Atlantis have, however, not yet been recorded in the National Ground-water Data Base.
Due to the fact that the Atlantis aquifers are phreatic aquifers, layer thickness and
hydraulic conductivity can be used to rate the different aquifers. Of the three identified
aquifer units, the Bredasdorp Formation is the thickest with a mean thickness of 27,3 m,
in confrast to the Varswater Formation's mean thickness of 8,5 m. If the transmissivity
values of the pumping-test data set are divided by the aquifer thickness, an average value
for the hydraulic conductivities of the respective formations can be derived at. The
calculated hydraulic conductivity of the Bredasdorp Formation then becomes 14 m/d,
whereas the corresponding value for Varswater Formation is 5,5 m/d. Based on the
information contained in the data base, no hydraulic conductivity value can be given for
the Tygerberg aquifer. Consequently, the Bredasdorp Formation is to be regarded the
main water-bearing formation in the Atlantis area; a conclusion which coincides with the
findings of Bredenkamp and Vandoolaeghe (1982).

Of the approximately 260 recorded boreholes in the Atlantis area, water levels have been
enfered for 155 boreholes. Recorded water levels.are, however, not evenly, distributed .
over the area. Many of the observation boreholes are clustered around the major
abstraction areas and the sites at which water-levels were repeatedly measured, have also
changed considerably over the years. Contour maps which show the water-level
elevations for a number of successive years are therefore difficult to compile and
compare. This is illustrated by the series of water-level contour maps of the Atlantis area,
which depict water levels between 1980 and 1986 (see figures 5.13, 5.14, 5.15, 5.16,
5.17 and 5.18; water levels for the year 1985 are not shown, because there were not
sufficient measurements for this year). If the borehole positions, indicated by crosses on
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TABLE 5.7. TABULATED PUMPING TEST RESULTS OF THE ATLANTIS

AREA.
Site 4, PBate Test Nethod Puep Intake Ralz Transaissivity Storativity Raporting Site [d. Data Test Method Foxp [ntake Hate Transaissivily Slorativity Reporting
Started lested  Depth  Ber. Inst. Started Tested  Depth  Rac. Inst.
(a) {lfsh  {a"2/d) (2) {ls) (")
} i t ¢ t ' b bk ' 4 ' [ I i [
3310AD0DGTY 1988212 S a0 0D T3 9 WAGE 1518ca00201 19040531 S .00 0.6 0 9 et
33IBCEDQOOL 19330000 P 0.00 3.0 a 1 WARC 3250800204  [986070) § 0.00 (] 0 ] YARC
3316CE00001 17750707 F 255 2.7 0 ] KAGC JI18CE00205 17960321 S 0.00 0.4 15 a VAGE
33[8CE00NOZ  E930QLEC P ®30 17 1] 1 YAGE JIESCR00207 1986090 1 0.00 0.0 21t 0 UAEC
33LECEMOGOT LHrsosm P 0.3 .6 0 L] HAGC J3IGCE0OZLI 19060723 5 0.00 0.0 0 i RAGC
IJLECEDCOY2 EBAOLDe P L0 120 ] n YaLe JTHEED02]S 17860740 5 e.on 0.0 209 1} WALE
J3LACEONOEY 19790619 P 2.0 25,0 0 ] KASL JIIBERO0216 19A60201 S 0.09 6.0 )] 0 YAGC
JILACEOCO21 CBL0217 P .40 150 a 1 WAGC JIIECAN02)E 1584000 0.00 0.0 F [} WAGD
33190200022 1379052 P 5.0 |5, 0 L] RARC JIraced021? (9900 S 0.60 LX) 1] ] HABC
SHECAI0AZY 19B40E20 P 37.00 6.0 q 1] WAL '
JIEGCE00O2S 19830130 P 26.50 3.0 ] 1 NAGC
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Jilsca0o05? 193305 P L0 12.0 m a2 WAGC
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Figure 5.12. Atlantis borehole positions.
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WATER—LEVEL CONTOURS 1980
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Figure 5.13. Atlantis water-level contours (October, 1980),
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WATER—-LEVEL CONTOURS 1981
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Figure 5.14. Atlantis water-level contours (October, 1981).
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WATER~LEVEL CONTOURS 1982
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Figure 5.15. Atlantis water-level cantours (October, 1982).
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WATER—-LEVEL CONTOURS 1983
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Figure 5.16.  Atlantis water-level contours (October, 1983).
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Figure 5.17, Adantis water-level contours (October, 1984).
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WATER—LEVEL CONTOURS 1986
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Figure 5.18. Atlantis water-level contours (July, 1986).
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the respective water-level contour maps, are compared with those on figure 5.12, the
uneven distribution and clustering of the observation boreholes become evident, Because
of this uneven and varjging distribution, any deductions, based on the water-level maps,
must be regarded with caution.

A relatively steep ground-water gradient (see figures 5.13 and 5.18) is observed almiost
parallel to the coast-line, which separates the Atlantis-Wesfleur production area from the
Silwerstroom- and Witzand production areas. The map in figure 5.19 delineates these
production fields and also shows the position of the four boreholes for which water-level
hydrographs were reproduced (see figures 5.20, 5.21, 5.22 and 5.23). Water-level
fluctuations (figure 5.22) reflect the different extraction and recovery periods, monitored
in borehole 3318CB00048. Except for the effects of pumping, the hydrographs show
little water-level variations over the years and support the impression obtained from the
contour maps.

The water-level records from the area depict rather small, long-term variations inland, but
a noticeable response to pumping in the coastal production areas with slow recovery in the
Sitwersiroom area was observed. In spite of the abstractions taking place, a relatively
steep gradient is observed between the coastal production areas and the sea. The steep
gradient minimizes the danger of possible sea-water intrusion.

The data can also be used to identify deficiencies in the operation of the well field and the
proper exploitation of the aquifer. While it is not the aim of the study to re-evaluate
management techniques currently used in the exploitation and operation of the Atlantis
well field, it can be demonstrated how the data base and its processing facility can be
utilized to design and optimize, e.g. the monitoring network, using only the data at hand,
i.e. data from the ground-water data base. A good observation network has the advantage
of protecting the aquifer through:

’ early warnings in the case of overpumping,
. early warnings -in the case of intrusion of sea-water or salty. ground water
from the underlying Maimesbury Group, and
. indication of the best extraction rates for long-term vusage of boreholes and
aquifers.
For example, if the distribution of the observation boreholes in figures 5,13 and 5.18 is
compared with one another, it is noted that the distribution of the observation boreholes

has changed remarkably. Both maps encompass relatively large areas where no data have
been collected. This leads to an uncertainty regarding the water level and the ground-water
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movement in these areas, as illustrated by the discontinued contours in certain parts of the
maps. The maps illustrated in figures 5.14, 5.15 and 5.16 are most effected by the
reduced number of observation boreholes.

If the observation boreholes in 1980 (fig. 5.13) and 1986 (fig. 5.18) are compared with

the map in figure 5.12 which shows the positions of the existing boreholes, it is obvious-- .-

that sufficient boreholes have been drilled which could be used to monitor water levels
and electrical conductivities in and around the well field. The density of tlie:observation. .
boreholes depends on the aquifer parameters. If there is more than one production area in
an aquifer, it is desirable to design the observation network in such a way that not only
the response of the various production areas is monitored, but also the reaction and
behaviour of the whole aquifer.

In figure 5.18, the production areas are well covered by observation holes, but not the
aquifer as a whole, Thus, the total aquifer response and the well field interactions are not
monitored. Based on the 1986 observation borehole distribution and considering the steep
water-level gradients (see figure 5.13) in the well field, figure 5.24 shows an observation
network that would cover the whole Atlantis aquifer. Although the proposed observation
network seems dense, the majority of the boreholes need to be measured only once or

twice per annum, considering the long-term water-level fluctuations which are small over
most of the well field,

A network which is too dense is not desirable, because of the unnecessary expenses to
capture the data, Considering only the observed water-level variations and the detail
generated on the contour maps, it might well be possible to decrease the number of
observation holes in the densely populated production fields. On the other hand,
operational aspects or considerations regarding the chemistry of the water may require
data from all the holes monitored.

5.3.2  Regional analysis

Similarly to the geological data, the data necessary for the aquifer evaluation which are
presently stored in the data base and can be used for a regional analysis, are insufTicient,
Ag discussed earlier, water-level contour maps on a regional scale, are of little value,
because in the majority of cases they reflect the surface topography only. Only in areas
with little relief where geological structures, such as dykes, are responsible for steep
water-level gradients or discontinuities, water-level contours will show a different paitern.
Contoured water-level changes depict recharge regions, if a proper time interval is chosen
and they also assist in water balance calculations. Such maps can only be compiled,

however, if long-term water-level measurements of the respective region exist. The
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available water-level data are poorly distributed and long-term observations do not exist
for any of the sites.

Interesting is the comparison of the water-level statistic for the whole of the Orange Free
State in table 5.8 and the southern Orange Free State (table 5.2), where a 7,38 m
shallower mean water level of 5,37 m was observed. This difference can partly be
ascribed to the fact that the levels in the Trompsburg area were measured during an above
normal rainfall cycle, whereas the remaining water-level measurements of the Orange Free -
State were taken at various times and probably represent average conditions. Mean water
levels in the Dewetsdorp area rose from 14,30 m during the drought in 1985 to 7,7 m
after the high rainfalls of the 1987/88 season,

TABLE 35.8. WATER-LEVEL STATISTICS FOR THE ORANGE FREE STATE

Number of observations = 5152
Mean water Ievel = 12,75 m
Standard deviation of water levels = 11,65m

A parameter which can be evaluated on a regional scale in the Orange Free State, is the
borehole yield. Borehole depths will be discussed in the next section. Table 5.9
summarizes the borehole yield statistics of all the boreholes in the Orange Free State,
which have recorded borehole yields.

TABLE 5.9. BOREHOLE YIELD STATISTICS OF THE ORANGE FREE STATE.

Number of observations = 4988
Geomentric mean yield = 1,72 /s

Yields are log-normal distributed. The standard deviation of the geometrical mean has no
practical importance. Figure 5.25(a) represents these statistics in a histogram.

To see whether any significant differences in borehole yield existed in various parts of the
QOrange Free State, the province was subdivided in square degrees. Figures 5.25(b) to (g)
show histograms of the respective square degrees. If the graphs are analysed, it is found
that more or less 90% of all the boreholes in the Orange Free State have yields smaller
than 10 V/s. Boreholes in the central and southern parts of the province tend to have
slightly higher yields than those in the northern parts, probably because of the eccurrence
of larger and more frequent dolerite outcrops in the south. The dolerite may also have an
influence on the recharge in these areas which, in spite of the lesser rainfall, may be
noticeably higher than in the northern parts of the Orange Free State.
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A total of 20 pumping tests, spread over six 1:50 000 topographical maps, were available
for the Orange Free State. Valid comparisons of aquifer parameters in the various regions
or a correlation between the hydraulic parameters and the lithology can therefore not be
made at this stage. Reported transmissivities varied from 260 m2/d to as low as 9,4 m%/d,
while the storativities ranged between 6,0 x 10-3 and 6,2 x 10-5,

Thus, to summarize, the lack of detail, inaccurate borehole positions and, in the Orange
Free State, the poorly distributed data, make deductions from the existing data difficult. -
Yet, it could be shown that processing of the available data revealed interesting
information, e.g.:

. Skew distribution of borehole yield data,

. Yield statistics: lower yields in the northern parts of the Orange Free State,

higher yields (and recharge} associated with dolerite.

. Aflantis aquifer evaluation based on statistical data processing.
. Monitoring network design.
. Statistics on water application.

Possible advantages in processing long-term water-level records for aquifer balance
calculations and recharge estimation could not be shown.

5.4 BOREHOLE CONSTRUCTION AND INSTALLATION

Orange Free State construction data, present in the data base, refer to the Hole- and
Casing data sets only. Depth completed and the nominal diameter of the respective
boreholes are obtained from the Entry data set. Where Construction and Installation data
of the Orange Free State were insufficient, similar data from the Atlantis area were
evaluated.,

5.4.1 Local analysis

Square degree 3025

Again, square degree 3025 in the southern Orange Free State was selected, because of the
relatively good data coverage. Of the 1840 boreholes in the region, 1329 boreholes were
equipped. Table 5.10 shows the distribution of the equipment of these boreholes,
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TABLE 5.10. TABULATED EQUIPMENT DISTRIBUTION IN THE SOUTHERN
ORANGE FREE STATE.

Type of equipment Number of installations
Wind pump (W) 1185

Turbine pump (T) 60

Centrifugal pump (C) 12
Submersible pump (S) 28

Mono pump (M) 29

Wind pump with power head (X) 15

If the borehole equipment is related to borghole yields in the area, one finds that almost
70% of the boreholes have yields < 10 I/s, whereas 89% of the boreholes in the area are
equipped with wind pumps, Thus, there exists quite a good relationship between borehole
equipment and borehole yields in the southern Orange Free State. Boreholes are penerally
shallow in the area. The mean depth is 26,75 m and wind pumps can be used nearly
everywhere. Therefore, no definite relationship exists, if borehole equipment is related to
borehole depth. This pattern is also observed when the other Orange Free State data are
inspected. '

The borehole depth distribution in the region is tabulated in table 5.11 and is illustrated by
the histogram in figure 5.26.

TABLE 5.11. TABULATED BOREHOLE DEPTH STATISTICS OF THE REGION.

Number of holes = 1138
Mean depth = 2675m
Standard deviation = 13,3d m

Only 1138 boreholes in the region had a recorded borehole depth.

As seen from the histogram, the majority of borehole depths vary between 20m to 40m,
correlating well with the mean borehole depth of 26,75 m. Due to the fact that the mean
static water level in the region is 5,37m and that most of these water levels were
measured during an above normal rainfall cycle (1977), farmers in the area may be
confronted with drying up of shallow boreholes during droughts.

A typical borehole construction of the region is illustrated in figure 5.27 . The dotted line
represents the diameter of the borehole, whereas the solid line indicates the casing in the
borehole.
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Borehole chart of a typical southern Orange Free State borehole.
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No data exist in the data base applicable to casing perforations and borehole fill.
Boreholes are drilled in consolidated rock and although some occasionally collapse,
perforated casing (and gravel packs) are seldomly required. Sufficient construction data
are recorded about the boreholes in the region to assist the hydropeologist and engineer in
future planning and constrection of new boreholes. A sound estimate of the construction
costs involved can-be based on the existing data: In most cases, steel casings were
encountered, while casing depths rarely exceeded 20 m.

In June 1987, for example, the local percussion drilling costs for a 165 mm diameter

' borehole varied from R14 to R17 in soft rock and R19 to R25 in hard rock. The

maximum casing depth in the region is about 20 m, while the cost of casing installed per
meter length was R18, If the maximum drilling rates for both soft rock and hard rock are
considered, then the construction costs of a 40 meter borehole with 20 m casing, can vary
between R1040 to R1360, depending on the amount of soft rock encountered during the
drilling process.

Table 5.12 shows the statistics for borehole depths in the whole of the Orange Free State,

TABLE 5.12. TABULATED BOREHOLE DEPTH STATISTICS OF THE ORANGE

FREE STATE,
Number of holes = 8219
Mean depth - = 44,62 m
Standard deviation = 2457m

Atlaniis area

Numerous borehole construction data of the Atlantis area were entered into the ground-
water data base. Of the 260 boreholes in the region, 216 boreholes have recorded
borehole depths. The statistics of the borehole depths are listed in table 5.13.

TABLE 5.13. TABULATED ATLANTIS BOREHOLE DEPTH STATISTICS.

Number of boreholes = 216

Total (recorded) depth drilled = 719580 m
Mean depth = 33,3l m
Standard deviation = 19,45 m

Of the 260 boreholes in the region, 148 boreholes have recorded nominal diameters which
range from 75 mm to 380 mm. Almost all boreholes were drilled with the same diameter
from top to bottom. Table 5.14 displays some of the borehole construction information of
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TABLE 5.14. TABULATED BOREHOLE DIAMETER INFORMATION OF THE

ATLANTIS AREA.

5ite Id. Depth to Tap Depth o Duttos Diaseter of Hethod of Type of Hethod of Duration of §. Nevelopaent Cost of

of Interval of Interval Hole  Construction Finish Developaent Developesent  Treatment  Construction

(2) {s} (ma)
3310400001t 0.01 52.00 165 t 0.00
J316A000046 0.0l 29,00 250 ] p.00
3318A000047 0.01 35,40 230 1 0.00
I316AD000AD 0.0M 21.08 250 0 0,00
13104000120 0.6t 58.00 150 0 1.00
J3LEADDOI21 0.01 50.00 11| 0 Lt75.06
J310¢0E000] a.o0 35.00 250 ! 0 0.00
0.00 42.100 RIL ¢ P [ (1] 0,00
J3158c000002 0.04 42.00 304 [ P C 1 .00
J318CR00003 0.0! 3 152 0 0.40
3l.10 35.00 152 0 r.00
TXI6CR00004 6,00 26,00 152 ¢ P 0 0.00
J316C000005 t.0l 24.00 203 [ £ 0 0.00
3310C000004 0.M i0.00 152 C P [ 0 0.00
33L0CE00007 0,00 24,00 m C {0 o.c0
3319ck00000 0.41 45.00 it | L P c 0 0.00
Jitacanaong 6.0l 15.00 203 L P ¢ 0 0.00
3I19C600010 0.0] 43.00 152 ¢ P [H ] 0.00
J314capapil 0,01 10.00 300 4 H £ 0 0.00
33100800012 0.0t 38.00 200 e P ¢ i} 0.00
J31ace00013 0.00 J0.00 203 £ P C ? 0.00
3310000004 0.01 36.00 203 C 7 ¢ 0 t.00
J310C800015 0.0t J0.00 152 4 P 1 n.00
33180800016 0.0 3040 152 C P C [} 0,60
33180800017 B.01 n.m 203 G P C 0 ¢.00
33100000018 0.0t 30.00 152 c P ¥ 1 p.d0
33160000019 0.0! 36.00 304 C [ L} 0.40
J318C00002D 0,01 J0.00 203 k 12 0.00
3318c000021 0.0} .40 34 1 1.00
J310cb00022 0.0! 48.0n Jod [ P 0 0.00
33180000023 0.01 30.00 3nd 0 0.00
T316CR00024 .0 38.00 104 4 ¢ 0 0.00
33100800025 8.0] 43.00 ki] ] 6.00
J3150e00024 0.04 35,100 203 C P c ¢ 0.00
J3racentozy 101 43,00 Jog 0 0.00
3316c000028 0.o 45.00 152 t p C L] o.0n
J3180000029 1.01 37.00 AT | ¢ [ .00
J3lacRe0030 - © 0.60 40.00 200 0 .00
J31acoan0it 0.01 41.00 30 0 0.00
J316CB000T2 0.0l 40.00 254 c r ¢ 0 f.00
J316C000033 0.01 25,00 203 1 0.00
3310c300034 0.41 30.00 20 [ P [ 0 0,00
J3L0ER00034 0.01 al.00 Jo4 0 0.00
J310C800037 0.0} 40,00 200 ¢ P [H 0 0.00
3310cR0a039 0.01 §2.50 1111 ¢ P C 1] 0.00
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the region (for explanation of the codes in tables 5.14, 5.16, 5.17 and 5.18, consult
section 3 in the User's Guide).

Of the 114 boreholes entered in the Hole data set, 73 boreholes have a recorded Method
of construction. Of these boreholes, 69 were drilled by the cable-tool method, while only
four boreholes were drilled by a hydraulic rotary drill.

During the dnllmg process, penetration rates were recorded in 26 boreholes. As shown in
table 5.15, the predominantly soft formations gave rise to high penetration rates.

TABLE 5.15. PENETRATION RATE STATISTICS.

Number of observations = 861
Mean penetration rate = 102,80 m/h
Standard deviation = 67,71 m/

After completion, almost all the boreholes were developed by compressed air. In most
cases, the duration of the development was not recorded. At sites where the duration of
the development was recorded, it varied between 3 and 40 hours.

Because the formations encountered were predominantly unconsolidated, almost all the
boreholes were cased, generally down to bed-rock. Where water-bearing zones were
struck either perforated casing or screens were used. Table 5.16 lists some of the Opening
information of a number of boreholes in the region,

In combination with the installation of perforated casing or screens, a gravel pack was
placed around the casings, Up to date, no sieve analyses are recorded in the data base.
Sieve analyses of the encountered unconsolidated formation are important for the selection
of the proper size of perforations or screens and the grain size of the gravel pack. Table
5.17 lists the types of fill used in the boreholes in the region.

Of the 260 boreholes in the region, 12 boreholes are equipped with submersible pumps,
whereas 13 boreholes have water-level recorders installed, For the remaining holes, no
equipment was recorded in the ground-water data base. Table 5.18 lists the installations
done on boreholes in the Aflantis area.

In figure 5.28 a borehole chart of a typical Atlantis borehole is shown.
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TABLE 5.16. TABULATED OPENING INFORMATION OF THE ATLANTIS
AREA.

Site Id, Depth to Top Depth to nul{au Diaseter of Katerial in Type of Length of Hidth of Hor. Dist. Vert. Dist. Helhed Open.

of Interval of Interval lole Interval  Openings Openings Dperimgs  Openings  Openinas sade
(s} {a) {an) (aa) {an} {ap} (2e)
33184000011 J1.00 §2.00 90 X 0 (IR 0 0
J310AD0D0S6 10.00 22.00 128 F 0 0,0 ] 0
33104000066 12.00 18.00 12t F 0 n.o (| 0
J318A000120 32.00 52.00 200 P F ] 1.0 0 0

33180000001 15.00 33.00 195 P F Leo 1.0 13 260 4
. 24,10 J0.00 203 § 5 0 0.0 ] 0
I31aco00062 24,270 In.20 152 § F ] 1.0 2 0
J36CA00003 .10 36,60 152 5 § i} 0.0 t 0
J310C600004 24.50 25.50 152 S F 0 0.0 0 1]
JIECCRDONCE " 1069 20,19 175 P F 57 4.0 0 [
331ac800009 .00 11.00 152 5 ¥ 0 0.0 I} 0
J31GCROD0YD 27.00 30,00 127 8 F 1] 0.0 0 [
Jiigcenonil 34.00 34.00 200 P F [ 0.0 0 0
J318CBROON2 36.00 36.00 20 P F ] 0.0 0 [
J3EGCBOGD14 21.95 23,95 152 S ' [ 0.0 [} 0
JI1ECB00014 11.80 27.00 17% P F ] 0.0 ] 1
JALSCe00017 26.30 22,50 127 5 F [ 0.0 ] 0
JILECA0001E 1,5 20,50 152 ) F ] 0.0 a 0
J316Ea004019 21.12 35.67 160 P F 1] 0.0 0 b
31180200020 20.00 22.00 152 ] F 1] 0.0 0 0
3119CE00021 20,40 3.3 200 P F 1 0.0 1 ft
J31pcaoqo22 26.20 29.20 150 5 F 0 0.0 0 0
) 30,70 31.70 150 8 F [ 0.0 1} 0
J110CEA002F 26.00 30,00 200 P F 0 0.0 (] 0
3i1ace00024 I6.00 It.00 200 H F 0 0.0 1] {1
J31BCRO002S 41.00 41.00 200 P F ] 0.0 0 0
3310cA00025 21.00 23.00 152 3 F 1] 0.0 0 |
Jnscsoooz? Jo.00 43.00 200 P F 0 0.4 0 0
3315800028 J9.00 45.00 200 . P F 0 0.0 [} i}
33166300029 11.00 35.00 200 P F ] 0.0 i 0
J310000003) 39.00 41,00 200 P F I} 0.0 [} 0
33186806033 14.00 17,00 127 S F 1 0.0 0 ]
JI18LR00034 24,00 Jo.00 200 H ] 0.0 ] )]
13160800036 34.00 41.00 00 P F ] 0.0 0 ]
J318Ce000357 16.75 26.50 175 ] F ] 0.0 (1] i
J318ca00032 36,00 12.00 200 P F 2] (R 0 0
33180800040 29.30 338 152 5 L 0 n.o 0 ]
3316000004 .00 6.00 152 L1 f 0 0.0 0 0
J3180000042 26.00 28.00 152 5 F 0 T 0 ]
33100000043 13.00 15.00 152 5 F 0 0.0 ¢ 0
33105000844 18,50 20,50 200 B f 1] 0.0 )] 0
33180000045 4.0 30.00 203 § : 0 0.0 ] 0
33180000046 24.00 30.00 130 p 1 0 0.0 1] 0
311BCEO0047 12,50 31,50 20 5 F 0 0.0 1] 0
3118C000048 L 26.30 32.30 152 § 5 1 0.0 0 0
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TABLE 5.17. TABULATED FILL INFORMATION OF THE ATLANTIS AREA.

Site Id. Depth ta Top Depth to Gpttos Type of
of Interval of Interva) Fill

[w) {n)
3318000011 33.00 $2.00 X
33186800801 35,00 35.00 X
J3)8c600011 Jg.08 8.0 b
33180800052 Jn.0o0 38.00 X
33100800022 26,20 35.00 G
33etaonc2a 34,00 38.00 X
33180800024 1p.00 35.00 ¥
JaieCaonozs 43.00 43.00 X
3310c800027 41.00 13.00 X
nscaooezt 45.00 45,00 X
J318C800031 il.010 41.00 X
J31BCR000T4 10.00 30,00 X
J314CR00D34 41.00 41.00 X
J310¢R00039 42.00 42.00 ¥
13160000045 24.00 30.09 6
J3ecoonods 24,00 30.00 t
33150800041 26.30 A [
33180000054 32.00 32.40 L
33186000053 41.00 41.00 ¥
33160000056 46,00 §6.00 b¢
J31ocan00s? 42,00 42,00 ¥
J318C000059 19.00 16.00 ¥
33106000077 [6.50 17,00 b4
J31£ca00078 33.00 33.00 {
J3L0CRO00GT 10,00 40.00 b1
33106800003 33,00 3300 £
J3L0LACODGA 55.00 53,00 1
3310CB00005 15.00 18.00 i
J3L0CR00084 25.00 25.00 b1
37160000007 40.00 40.00 X
Ilgcatones 40,00 .00 1
3318CA0000% 28.00 28.00 H
33196810050 31.00 .00
3310CR00091 43,00 43.00 H
. J3L0CBN00%4 4300 49.00 b
JJigceaodds - 50.00 LR x
J3ieco00097 - 35.00 3580 X
J3i8cH000%9 28.00 2B.00 1
I318c800200 32.00 36.00 ¥
1310£500103 34.00 34,00 4
338600514 43,00 41,00 b4
J310CB00L15 26.00 26.00 b
3318C000117 20.00 20.0¢ X
J318CR001)8 27.00 27.00 X
J3t8CBGD125 51.00 31.00 X
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TABLE 5.18. TABULATED INSTALLATION INFORMATION OF THE ATLANTIS AREA.

Site Id. [Install. Install. Pusp Intake Fouwer Power Manufacturer Serial Power Keter Hon., FReporiiag
Date Type tepth Type Rating Husber lueber Facility  Ins,
{a} (ku}
i } } i i i } 1 } i } t
3316CH0000 19920701 S 21.50 E 15 i UAGE
1319C600002 19011208 § 20.00 E 15 1 WAGC
JILACH00003 1990t220 5 0.00 £ 15 1 WAGE
1510C800004 19760620 R 0.00 0 HAGC
1514ce00005 19780820 R 0.00 ¢ HAGC
1310Ce00007 )9700620 R 0.op 0 IAGC
3310CRGD03S 19030105 5 .00 E 13 H HAGC
J316CH00035 19040304 R 0.00 0 HAGE
J319C000037 19301040 5 .00 E Is I HAEC
3310CB00D3B 19630104 5 1.00 E 15 1 ItAGC
J316CRODD4O 19600402 R L.0p 0 HAGG
1310CED0041 19000402 R 0.00 0 HAGC
1316CE00042 19000402 R 0.00 0 RAGC
J3L0Ch00D44 29000402 R 0.00 0 1IAGC
33100800045 19011119 5 22,00 E 15 I HAGC
JI0CROODAS 1900DAG7 R 0,00 ] HAGL
J3LOCENOD47 19000402 R 0.60 0 HAGC
J3L0cR0ODAC 19840108 S 20.00 E 15 I $IAGE
JILocoooiol 19790812 S 0. E 15 H WAGE
J3lOca0oime 197901 S 19,50 E 5 I Wace
JIL0CERD107 19800462 R 0.0Q a1 HAGT
3J10CB00112 19B00117 5 22.50 E I3 I UAGG
J3I6CROOL1S 199310310 A 0.00 ] HAGE
JJlaceqa0les 1900402 R 0.0p [} HAGC
J3lanA0010s 19761107 S 0.00 E 13 [ HAGE
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Figure 5.28. Borehole chart of a typical Atlantis borehole.
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5.5 GROUND-WATER QUALITY

One of the most important facets of geohydrological evaluations is the hydrochemical
assessment of the ground-water resources in a region. In this section, the hydrochemical
data will be evaluated on a local as well as a regional basis.

5.5.1 Local analysis

Two areas are used to illustrate the hydrochemical data processing, namely square degree
3025 and the Atlantis area.

Square degree 3025

Water samples from a total of 463 boreholes were chemically analysed in this square
degree. Only a part of these analyses (385 samples), i.e. those in the Trompsburg area,
were used to assess the ground-water quality of the area. Figure 5.29 shows the distribu-
tion of the boreholes from which the samples were taken. The analyses were plotted on
different hydrochemical diagrams, illustrated in figure 5.30.

In the diagrams, one finds that, except for a few analyses, the ground water belongs to
one group. The chemical properties of ground water in this region are generally
dominated by the alkaline earths and weak acids, i.e. the waters found are predominantly
calcium-carbonate waters which were recently recharged. The SAR diagram shows that
the majority of samples have a medium electrical conductivity and a very low sodium
adsorption ratio. This means that the water can be used for irrigation purposes on almost
any soil, with little danger of the development of harmf{ul levels of exchangeable sodium.

Further statistical processing was done on a reduced sample of 100 analyses. This
reduction was necessary to suit the arrays used in the statistical package.

These 100 analyses were randomly selected from the region and were again plotted on the
different hydrochemical diaprams, to test the representativeness of the random sample.
According to Krumbein and Graybill (1965), Till {1974) and Miller and Kahn (1962), a
random sample of the size n from a population of N is valid, if the population mean and
variance are approximately equal to the sample mean and variance. Table 5.19 shows the
population mean and variance in comparison to the sample mean and variance. The
respective values are close to each other and indicate that the sample is representative of
the population.
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TABLE 5.19. STATISTIC OF THE WATER ANALYSES FROM THE
TROMPSBURG AREA.

POPULATION SAMPLE

(N) (n)
Number of Ca and Mg analyses- 456 100
Mean of Ca analyses (mg/1) 27,59 26,64
Standard deviation of Ca analyses (mg/1) 9,22 8,55
Mean of Mg analyses (mg/1) 58,85 57,84
Standard deviation of Mg analyses (mg/l) 13,19 13,44

Figure 5.31 shows the Piper analysis of the reduced sample. If compared with the
original data, it can be seen that there is little difference between the two plots, confirming
visually the findings of the statistic in table 5.19.

Contour maps (based on 385 analyses) of a number of parameters were drawn fo see
whether any one of the selected parameters displayed a definite pattern or trend. Figures
5.32 - 5.38 show the different contour maps,

In figure 5.32, it is observed that the TDS-values tend to be slightly higher along the
watershed (figure 3.8 (c}). This observation is difficult to explain, Possibly sheet flow
occurs more often on the slopes and in the valleys, dissolving and carrying away more of
the salts produced by weathering of the rocks. Electrical conductivity contours (see figure
5.33) follow the pattern of the TDS, while for the alkalinity contours (see figure 5.35)
this is less evident. The chloride contours in (igure 5.37 correlate also reasonably well
with the TDS- and electrical conductivity contours.

In the nitrate contours (see figure 5.36), four anomalies are depicted, They can most
probably be ascribed to point source poliution. '

Generally, small values of the CI/HCO3-ratio are indicative of possible recharge areas. In

figure 5.38, these ratios do not portray a specific pattern. -Recharge occurs probably
rather widespread.

To summarize, none of the above contour maps shows definite trends. This was to be
expected, because water from Beaufort sediments and from dolerites are both classified as
Ca/Mg-IHCO3 waters and, with a few exceptions, the hydrochemical diagrams show only
one group.

Tonic ratios may help in the classification of waters, detection of anomalies and lead to
better understanding of different gechydrochemical processes. Not all ionic ratios may be



Fignre 5.31.

€1 + MO3

Piper analysis of the randomly reduced water samples.
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pH — CONTOURS
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Figure 5.34.  pH contours of the Trompsburg area.
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Alkalinity contours of the Trompsburg area in mgil.
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NITRATE CONTOURS
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Figure 5.36. Nitrate contours of the Trompsburg area in mg/l,
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Figure 5.37. Chloride contours of the Trompsburg area in mgll.
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CL/HCO3 — RATIO CONTOURS
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Figure 5.38.  CI/HCOsz-ratio contours of the Trompsburg area.



of interest in a certain area. Tables 5.20 to 5.23 list the chemical components and ionic
balances of the analyses used to calculate the ionic ratios in table 5.24, The following
ionic ratios were evaluated:

(1) CYHCO3

(ii) (Cl - Na)/Cl

(iif) (Na + Cl + SO4)/(Ca + Mg + HCO3)
(av) (Cl - Na)/Mg

The reason for evaluating these ratios was to see whether it was possible to confirm, or
even to improve on, the existing hydrochemical classification. When evaluating ionic
ratios, one should not attach too much significance to the absolute values of the specific
ratio, but rather compare the different values of the specific ratio wiih one another, in
order to identify possible anomalous waters. However, no anomalous patterns were
observed. Ground water in this area generally has a Ca/Mg-CO3-character, which is
portrayed in the low CI/HCO3-, Na + Cl + SO4)/(Ca + Mg + HCO3)- and (CI - Na)/Mg-
ratios. The (C1-Na)/Cl-ratio, generally known as the base exchange index, of almost all
analyses is negative. This indicates that some base exchange is taking place. Anomalous
ratio values tend to coincide with the few analyses, falling outside the Ca~-HCOQO4 water
group.

Statistical analysis was also applied to assess the hydrochemical classification of water in
the area. Three techniques were applied to the data, namely:

1) Cluster analysis.
(ii) Principal component analysis.
(i) Factor analysis.

Cluster and factor analysis are divided into:

(i R-mode analysis - correlation coefficient method.
(ii) Q-mode analysis - distance coefficient method.

The R-mode analysis of the cluster and factor analyses correlate the parameters with each
other, while the Q-mode compares the different water samples with each other. Both
modes were calculated. Before starting with a further analysis, it is important to decide in
which units to work, either mg/l or meq/l. In this example, concentrations are given in
meq/l. Figures 5.39, 5.40 and 5.41 display the results of the three techniques. Because of
their inherent differences, the R-mode and Q-mode analyses have to be discussed
separafely.
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ANALYSED CATIONS OF THE SOUTHERN ORANGE FREE

STATE.

CATIOHS
Site 1d. La th It K 5i Site Id. Ca ilg Ha I 5i

3025RADBOSS 32,60 27,00 .00 110 156.00 10250800076 .40 16.10 42,30 0.A¢ 13.10
I025BA0G072  33.70 {9 .1 .70 1240 Jeesacea8ll 74,00 3480 2430 nor 16,30
JO250A00076 52,00  J0.40 17.00 0.9 12.50 J025ACacil? 40.20 20,80 17.40 1.1 16.00
Jo2spAndo7? 49,10 .50 1370 2.40 13.40 Josecogi2y  72.50 §5.90 800D 2u 9.60
Jo250400111 4.3 23.00 M 1.10 12.50 J0258C00120 1.0 24040 31.40 1.0 )40
30250A001S  sl.70 32300 26,70 1,60 17.20 Jo2sec00122  55.30 2330 .20 1.70 11.70
H25M0120 58,10 .68 1.0 Lo 19,10 JA255C08131 41.80 2600 20.30 .30 1a7B
JOzs0A00123 6130 2370 1080 0.90 17.40 J0258000134  41.40 20,30 26.40 2.60 18.10
J025pA00134 63.20  Jl.40 2240 £30 1920 0250000144 3,00  27.60  32.6D L7 1620
Jo25BA00035  S0.0¢ 2220 23.40 0.20 15.40 Joziacoords 62.10 17.50  42.00 .00 14,00
J0250A00037  62.00 34.40 2240 110 721,50 Jnzshconleg  £3.30 19.50  J1.GD 1.} 12.580
Jo2seA00l42  7L0e d1.20 52,50 0.40 15,30 Jo2saco0lso  &2.30 220 32.40 0.90 14,30
JO25BA0DA5] 55.80 29,50 10.40 .50  20.3 J025BC00155 461 15.60  22.20 0,70  16.M
30238A00140 3.9 MAG ] 10,10 170 27.30 3025800159 45.60 (0,50 23.00 N.40 14.50
30253800164 5.0 23.90 30, 0,60 20.60 JO2SRC00165 £53.10 H.00 19,68 n.ja 16.80
3025000171 05.40 &40 41.600 0.00 23,20 JO258000168 7340 3650 25.%0 1.10 18.50
Jo2seA00MRD 5370 22,50 25,50 0.7 17.70 J02S0CODEZD 6460 20.20  3B.40 1,10 14.50
Jo250400134 £2.90 15.20 22.50 1.20 I8.70 J0258C00228 63.70 .90 27.10 1.0 15,90
Ja2snsonins 4720 20,60 25,50 8,90  16.60 30250000274 .20 MS0 SL20 1.50 28.70
JozsoABC108  57.200 3G 20 1.30 15.58 Joosecoplos  40.J0 21,20 20.38 0.6¢ {2.70
JO2Z3RA00210 (0.00 20,9 18.10 1.90 1,50 30258C00356  Al.60  24.40 3250 1.20 15.60
30258400212 42,10 2416 3,20 2,40 15.50 30250000002 46.60 2RLI0 23.70 .10 16,60
30258800008 50,60 26,40 22,70 1.30 0.00 Jo25apaD0Os  50.10  20.50  25.70 2.0 1670
30258B00035 .70 25.40 G4.60 0.70 13.70 J02s8poDo0s 5120 9.0 5.H .20 15.%0
Je25p800062 6.0 2.0 23,10 1.09 16,30 Io2shpoODI3 2,00 27.00  20.09 mip 19,20
Jo258600143 46,30 22.30  ls.00 1.10 11.00 Jo25600002¢ S6.10 20,40 31.40 1.i0 12,20
Jo2snnoalal 9. 26,60 25,30 1,00 14.90 3025000028 39.00 4.0 26.50 1.00 FR
Joz5eA0015%  §7.90 .50 3[.80 2.20 16.20 0250000030 4030 23R Z2.50 g.an  [5.30
J0238000141 74.50 3570 4020 2.10 13.50 3025BDDRD3  S4.AD 2410 2400 1.40 [G.00
10258000142  28.20 F1.70  4%.60 0.40 11.20 Jozsappapid 104,10 I3.40 75.50 i.20  t2.60
Jo2s0e00070  57.20 4.0 30,50 3.20 14.40 Inzsepeneds 35,00 30.40 16.30 1.5¢ 4.1
3025800174 1.0 %S5 2230 [.40 (3.90 10258000037 4500 22.00 13.90 .00 15.10
JO25BaOR177  wS.Bn 250 2%.00 .00 13.90 Iozseppanie 52,80 2220 25.00 p.40 1600
JN250800194  Ah.00 10,20 51.40 l.00 9.60 30258000042  &).60 12.50  32.00 130 I4.30
JOZ5R0G0200 6040 25,10 2470 2.40 15.50 Jasappoogd  30.50  25.20  35.7D 0,40 12.10
JO2SRg00209  S52.50 L. 17.20 LAt {2.10 J025000007) 63,30 2200 30,30 Lz 17.00
JO258R00Z)D 91,90 JRIN M40 1.60 16.20 0250000007 9448 2690 167D 1.0 [1.20
Joasapeoz2y? 22.900 2350 2510 2.20  2L10 Jjopsobootas SL.40 2430 22,00 180 14,30
. 3025BR0022E. .. §5.50.. .19.50.. 32,10, . 2.30.. . 14.ID Jo2sapeoiog  44.00  23.00 26,40 4.50 12,10
J0256B00231 92,20 .30 A4.00 2.50 [6, 5¢ Jo2se0c0)0n Jjoua0 2150 WA .30 Lf.10
JO25RBGDZ52 G160 JR.ID 15.10 0.80 19.40 3025000012) .60 28,80 34.10 2.00  15.00
Jo25A000251 §9.70 M.40  40.20 .40 13.30 Jozsepoor2s 67,10 20070 20.60 (W1} [3.80
Jozsecopodd 2070 332D 375D 0.9 178D Jo258be0133 44,00 B30 2510 0.0 14.90
Jo2sscoop44 53,00 10.20 51,40 .40 11.60 Jozsbpaole 44,20 16.90 3370 0.40  10.00
je2iacionAe 52.00  23.70  39.00 0.60 13.00 J0256D00142  SI.ID 24,20 [3.70 p.ed 2.0
Joasscar0sy  S4.50 0 26,0 2140 .50 12.4610 10258000049 61,70 21.80 4Ld0 [0 [2.80
J02spbafEss  51.20 32 LA 0.4 1590
10256000156 11.50 .50 62.30 .30 3.50
Jozsopools? 69,30 22.70  25.50 h.en 15.90
Jozsaponie?  54.10 2340 2t.70 .o 16.30
JORsROCI 71 65,50 25,130 3N 6.00  [2.00
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TABLE 5.2]. ANALYSED ANIONS OF THE SOUTHERN ORANGE FREE STATE. |

AEONS
Site Id. £03 Hcad 504 £l o3 F Site Id. Co3 HCG3 504 cl HO3 F

0250400055 0.00 0.0F 7?0.20 30.4C §.40 0.30 Jaz25a¢00L29 0.4a 0,00 1990 24,50 3.60 .50
30258400022 0.00 1.00 1290 2670 5.50 .80 30253C0013¢ .00 g0t 27.40 A2 2.50 0,50
30230400026 0.00 p.or 2280 11.00 p.l0 0. J0250C00134 0.8 0.00 2580 25,90 190 0.40
J0238A00077 0.00 1.00 16.50  25.40 6,20 0.30 30258000144 .00 0.6 42,00 247 .70 0.60
30250A001 £) 000 0.00 21.%0 31.30 1.50 .50 J025a¢00k4a 0.60 g0 2740 2170 1.2 0.70
J0258A00) £5 0.40 000  M.00 27.10 3.0 0.40 J0258C00148 0.60 0.00 30.30 20.50 770 0.60
J025eA0052a .00 0.00 20,30 22,90 2.50 0.30 Ju250Ca0150 0.00 0.00 45,00  26.40 §.90 r.60
30250400123 .00 0,00 4.0 25.40 2.10 0.50 3025BC00155 p.o0 .00 7190 8.00 2.00 0.30
J025BAGOIIA .00 0.06 2140 2710 1.0 0.30 J0250C00153 0.0¢ p.a0 2340 4.00 [.50 0.0
J0250A00135 0.09 0.00 20.40 218D 2.50 0.50 3025RCO01LCS 0.00 g.on 23.1l¢ 15,10 011 0.30
JBZARAD0I 37 0.00 g.00 25.10 16.00 0.00 1,30 In2ShCo01sn 0.00 0.00 40.50 ?3.40 5.1 0.40
30250 AGD142 0.00 0.00 3200 46.60 g.00 0.40 30258000170 0.10 eor 4290 3.0 2.00 0.60
JN25RARONS] 0.00 0.00 16,00 20,90 k.00 0.30 J0258C00223 0.00 000 3.3 23.40 4.00 .68
30250400160 0.00 0.00 3470 22.70 2.480 0.2¢ Jo250L00294 0.40 0.00 7430 90.30 5.0 0.460
Jo258AR01E] 0.00 0.00 1.0 2570 3.30 1.50 1025000305 0.00 000 2540 2530 10.60 0.4
30238400171 0.00 0.00 40.30 65,70 5.20 0.40 J025DCO0354 0.00 .00 3140 29.40 7.9 0.40
J025BAMIED 0.00 0.00 12,% 2500 [.50 0.40 3025860002 0.00 .00 240 233 4,20 0.50
J0255A00194 t.00 0.00 21.60  49.40 2.%0 0.30 J0Z5Ab0000% 0.00 B.00 2590 2440 2.50 0.60
ID25DA0DICS n.00 0.00 lo. 40 20,00 2.20 0.10 36250000008 4.00 0.00 1220 2400 4.30 0.50
J0258A00108 0.50 0.00 2540 2090 2.0 0.40 30250000013 0.08 0,00 21.90 8.10 0.4t 0.4¢
JR25EABDZIO .00 .00 33.30 19.40 1.20 1.40 Jo258000021 0.09 Loy 2040 23.00 3.1 0.40
30250400212 0.08 6,00 22.00 30.20 §.00 0.90 Jo258000020 0.0 .00  19.40 16.20 0.00 0.50
30258000008 0.60 .00 29.00 12.30 5.00 0.1 10253000030 0.00 0.00 35.40 17.20 0.00 1.50
30258500035 0,00 0.00 2940 43.50 0.0 0.20 30250000033 0.00 o 2780 2330 .1 0.4
ID25RB00067 R.op 8.00 3350 18.30 4.10 5.9 30258000034 0,00 0.00  41.70 7000 1000 D.40
30250000143 a.00 0.0a [4.90  1L.00 0.50 0.10 30258b00034 0.00 0.00 29.60 11.40 1.9 0.30
30255800151 D.00 .00 19,00 24.10 2,50 0.30 10258000037 0.00 0,00 10.20 5.40 0.08 0.30
J0258800155 0.00 0,00 2570 24,00 7.30 0.50 J025aN06044 B.00 o.00  19.80  15.60 2.00 r40
JDZ5RBO01E! 0.00 6.00 .00 95.00 J.00 0.66 0258000047 .00 000 é7.00 22,70 0.10 0.50
Joasanpols2 0.00 . .20 1570 .10 2.7 S025AD0NNEA n.0o p.00 600 20,30 2.40 0.5
ID25RRO0170 0.00 £.00 4,40 J0.40 3.80 1.80 30258000071 0.60 o.00 27,40  22.40 5.5 6.7
Jo2seponizd 0.co 0.00 2990 40,60 10.00 0.40 30250000007 6.00 0,00 93.40 3430 1.30 0.70
J0256B00477 0.00 0,00 22,18 25.70 2.90 1.40 30258000103 0.00 0.00 22,00 21.40 () 0.50
J02588001H 0.08 0.0 25.20 45.30 5.20 0.9 Joz2snoociog 0.00 pod 22,30 }0.60 5.0 0,40
JO258R00208 000 a.60 2.8 7030 2.70 0,60 3025000011% 0.00 0.0 e 1.5 2.70 11D
J023RBOC20T 0.00 0.00 20.00 15,00 .90 0.10 0258000121 0.9 g.00 3370 70.00 8.7 0.70
JO23AR0D0210 b.00 0.00 3230 3xo0 0 21,60 0.10 1058000125 0.00 p.00 2440 t7.00 3.00 0.7
10256600207 0.00 0.00 14.10 17.3 &6 0,40 J0255D0D}33 0.00 .00 10,20 6.50 2.10 0,00
J0256000221 0.00 0.00 [§.50 2330 J.60 0.60 J0256000140 0.00 0.00 4260 15.20 1.80 0.50
30238800231 0.00 o0  57.00 7720 7.4 0.50 30250000142 o.oe o.op 20,20 7.1t .10 0.40
J0258B00257 0.00 0.00 2620 29.00 2.4 0.10 30258000149 0.00 0,00 24,0 21.30 070 0.70
30250800253 0.00 p.00 23,0 3260 2.4 0.70 30258000155 0.00 0.00 .20 15.10 .40 0.30
30258000037 0.0 .00 62.40  42.70 1.90 .50 30256000154 0,00 0.08 10.30  25.40 1.30 0.70
30250£G0044 0.08 o0 25.00 21.00 1.50 0.40 30258000157 0.00 000 2980 1.1 101D 1.10
J025BCO0040 p.00 0.00  21.10  26.50 1.50¢ 0.4 30250000045 0.00 000 21.20 2,00 .70 0.4
30250000048 0.00 .00 2590 20,40 2.50 0.40 I0258000171 g.0n D.00 0,30 23.50 0.40 0.80
J023BCA0074: p.00 009 16,30 25,30 0.da 0.50¢

Jn25ecaai1s 0.00 0.0a 72,00 25.80 4.00 0.40

Jaz5hC00) [7 0.00 0.00 15.70 1.0 [.7¢ .30

30258000123 0.0 0.00 2.3 A3.00 0.00 0,30

30758000128 0.00 too0 4330 3100 5.00 k.40



TABLE 5.22.

PHYSTCAL, PAHAHETERS

ANALYSED PHYSICAL PARAMETERS OF THE SOUTHERN

ORANGE FREE STATE.

Site Id, pH Cond Alk 05 TEHP Sitle fd. i Cond Alk 05 TEHP
JO25RA00GSS ~ - 7.085-  59.10  154.00  159.%0 - 14.50 - 30250400129 8.11 60.40 © 229,407 17940 - 0.00 -
Jo2spA00072 747 3000 22090 1720 10.00  Jo2seroolsl 7.97 5070 191.50  14%.%0 0.00
J0250A00075 3.1 .00 244,10 le060  19.50 Jo25pC00t34 7,02 h0.6D M. 194,60 0.00
0258400077 a1 .90 21390 17340 16.50  30250C00144 7.0 66.50 213.70 213.54 0.00
0236400111 B.18  57.40 213.50 1M.30 17.00  302SBL00144 7.87 4190 230,50 261 40 ¢.00
JO25BA00LLS .95 710.00 g0 21290 10.00  3025RC00140 7.9 5n30 24,10 18720 0.00
30250400120 0.10 6l.40 2s0.te  [OL.BD  18.00 Jo250coa(50 8.07 K640 227.60 217.70 0,00
30250A00123 2.0 8150 22030 190 0.00  3025BC00155 0.0 45.90 195.90 13510 0.00
10258400134 7,15 6180 254.00 190.50 0.00 30256C00L58 790 42,30 173.10 12250 0.00
J0258A00135 7.43 55,70 232,10 1sL.A 16,30 30230E00[05 g02 4060 27030 17280 0.00
025800137 £.00  63.40 204,30 1B4.60  l4.00 J025ACQ0168 7.0 7140 20.50 224,10 ¢.00
J0235460142 1.9 4550 357.00 260.00 [5.00  3025AC00170 7.0 4030 250,00 232.40 .00
J0255A0015) 7.4 35.08  244.90 163,50  17.00 3025000228 7.87 6330 23670 0.7 0.00
J0258A00160 7.47 55,90 z09.7n0  (0S.[0 16,20 JO2SBCOD2MY 7.60 162,80 35%.20 395.20  16.0D
0256400161 7.0  5B.30 24p.50 173.50  to.0a In258C00305 7.51 58,50 105.40 283.00 0.00
Jo2sBa00I71 7,79 10550 400.3¢  327.70  14.60 0200000356 7.67  62.50 202.30 206.40 0,00
JO2SEARDIRD 7,50 S5.90  220.4p (66,00  17.00 30256000002 §.07 54,90 200.%0 167.70  15.00
3025000104 7.42 4470 233 214,00 14,00  JD25RODOODS 157 56,30 208.50 )77.M0 17.50
J02TRANCLLS 7.51 49,70 07.30 14770 i7.40 30258000003 6.0t s0.00  20.1@ 14950  ls.00
3025RA0018D 7.5 &40 27240 1%6.10  19.50 70258000013 .18 310 239.30 150,20 25.50
30250400210 7.73 D00 227.4D IR0 o.ap  Jo2snoonazi L 58,20 2A2.10 1750 16.00
n25aA00212 7.63 6280 24,90 183.10  [f.00  30258D00N20 7.0 ALBO 205,70 13660 .00
J0258500000 .15 52,90 207,40 148.70 p.00  3025BDOGO30 7.5 51.40 20040 14320 17.00
Ja2588004035 7.9 0.70 2an.00 227.80 19.0 30256000033 .12 S6.4¢  210.30 176.90 16,20
30250800062 B.02 56,20 217.50 )7B.20 16.40 30258p00034 7.43 104D 363,50 35t.éo  L4.00
30250800143 249 4460 110 126.20 0.00 10258000036 005 54,20 229.60 150,70 15,80
J023RBDD151 7.52 50,30 25l.00 173.50 17.50 Joz2sa000037 1.6l 44,00 20030 11370 1230
30258800155 7.62 5190 227,90 lB0.10 0.00  JO25BNO0046 7.49 56,30 230.5F 160.20  I7.0D
J0Z5BE0D1 6] 7.56 0 9200 20340 3400 17.00 30250000047 .66 58.90 lf2.20  216.00 17.30
Jozibnooie? .07 5L20 17450 144,20 17,30 3025800004 8.0  55.40 (0360 199.20 0.00
Joz50n00170 7.44 6140 259.00 107,30 0.00  30250pg007i 7.61 8200 23450 1.0 (17.20
30250840¢74 7.60 6110 215,50 228.30 h.00 30258000087 .M A0 2660 300.10  172.50
J025BR0M 77 7.67  el.0p 28410 18670 17.10 J0258000103 7.63 59,00 2172.30 IF(.4D 15.00 -
30250800194 7.52 8440 20300 217,26 13.00  JO25BEO0I0N B.0% 52.70 20.I1p (5000  20.4D
30250000200 J.64 5010 242,60 177.90 0.00 30258000100 .1 60,20 255.20 21400 17,80
10258500207 7.5  54.30 25250 162,70 1800  3025BD00L2I 7.7 65,90 252,00 209.90  [0.60
30250600210 7.54 0 8LL20 2970 261.30 0,06 30258000125 746 3,70 213,10 176,00 10.00
Ja250000217 L 3240 18370 [127.40 0.00 10258004133 LE 4690 19230 11120 10,20
30253000221 748 549 220,00 l46.SD 14.00 J0258000140 7.91 19.70 13890 170.30  19.50
30258000231 771 9690 30540 210 17.50 Jozse000142 .52 4940 209 (4360 19.6D
10255600252 7.7% 6300 26430 {9420 17.00 J025800014% 7.6 &390 2M.10 16940 17,00
10256000253 7.05 45,20 290,20 209.40 (7,00 JOZSHDOASS 1.7 (040 28000 14%.70  IB.6D
J025BC0003% - - 2,90  75.70 - 265.20  267.10- - 0.00 - - 3025BDOOLS4- - 7.6 -52.50 - I91.00 190,30 21.80 -
J025AC0oT044 7.72  &L.6D  243.00 10390 E4.00 JO258000157 743 &6 2400 19570 17.00
Jo25AC00044 7.95 59.30 244,70 14,00 [6.00 J0258000] 49 .20 5340 22340  148.90 [6.60
Jo2seco008a 7.56 57.060  232.46 173.30 0.00 JO255000E71 7. 6450 261.00 200.50 16,00
J025BC00074 8.06 40,80 1B2.p0  M4D.dD 0.00

J025RC00113 7.0 7390 252,50 259.50 1.00

J0236C00117 2.9 AgaAn 193,30 13640 0.00

30256C00)23 L2 8530 2710 31.00 0.00

J02SRCO0120 B.07 6l.gn 213.20 213.60 0.00
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TABLE 5.23. JONIC BALANCE OF THE ANALYSED SAMPLES IN THE

SOUTHERN ORANGE FREE STATE.
PERCENTABE CATION - AHTON BALANCE ERROR

Site Id.  {X) Ton Balance Frror Sile Id. (X} Ton Ralance Error
J025RA00055 4.90 J0258€001 26 158
30238A00072 0.50. 30230C00127 1.79
30258ADDD7E 0.34 JO25BL0013] 1.2¢
30258A00077 2.9 30250000134 1.40
30250400111 0,72 36258600144 2.50
30250400115 2.52 30258000146 1.42
30258A0012¢ 1.79 0258000148 3.44
J0256A00123 -0.58 J0258L00150 2.87
30258400134 1.54 J02ARC001 55 -2.17
30256400135 =245 302500001558 -1.53
30258400837 1.1 3075RCO01 15 0.22
30255A00142 -0.34 JO2SROAGIAG .44
3025BA0015) 0.1é J0258C00170 0.34
J0238A00140 -1.23 J0256C00229 [.§%
30258400161 -L.30 30250000294 -0.M
J0258400171 1.53 30258000305 7.13  Unreliable Analysis
30258400180 ~1. 46 J025NE00354 i.16
30250400194 2.67 30258 06A002 2.34
J025RA0N] 85 -0.92 0200005 258
30258400192 -0.33 30258000007 4.00
J0250A00210 a2 I0258000013 1.2%
3025000212 2.54 30258000021 2.4
J025HR0N002 4.03 J0?5EN00028 -0.57
302580000355 2.13 30250000030 -0.11
30258p00062 0.99 30250000033 0.50
30258800143 -0.37 J0258000034 3.90
0250840151 0.01 J02sLpon03é -0.10
J0258000155 3.07 30256000037 a7
30250R00161] 0.00 30258000044 3.7
J0258D0D142 -0.43 J0258000047 1.21
30250800170 0.5 30258 D00064 -0.03
30258800174 5.8 Unreliable Analysis 30250000071 2,34
J023BR00177 t.82 3025BDOCOR? 0.7?
30256800194 2.13 30259000103 J.04
30258R00200 7.483 32580001 08 3.40
30238800702 1.67 30258000013 1.93
30258000240 9.17  Unreliable Analysis 30258000121 KR I
Ja25800021% -0.24 0238000125 3.55
JN25RBO0221 2.464 Jazsenooris 209
J0258800723] 2.98 ) Jo25aa0140 3.67
J0258B0O0252 n.27 30258000147 ?.05
J0250R00253 -1.56 30250000143 2.0
J025RC0003% -0.37 302580001 55 -0.41
J0250Ca0044 -0.77 J0258300156 -0
07500048 2.50 30258000157 6.75  Unrelisble Analysis
30250600043 -0.39 J0230000] 5% 2.h8
S0PSRC00076 n.%4 30258000171 1.53
3025800113 l.2  =mm=- -
0258000117 133

30250600123 0.71



TABLE 5.24. TABULATED IONIC RATIOS OF GROUND WATERS FROM
THE SOUTHERN ORANGE FREE STATE.

tl 504 Cl-ta HatCii504 La Ha-l tl-lla Cl-Ma i ] Cl-Ha JarGlesod La Ha-Ll Ci-ly £I-lla

Site I, === mmm s e R — site 14, - — e ammme——— - e mmrrm m—————————

K03 €l Bl CatHgtiEDl - Hg 504 Ho  SO40CO3IN0T - HCod Ll £l - CatlinHICOY - Mg 54 - He  SOAIBCO3IHD3
JEXS8A00035 0.27 0.7 -0.0? 0,35 0.7 013 -0.03 -0.015 3D25BC00) 27 0.12 D&% -D.43 0.0 141 .62 0.4 -0.047
JO2EEAGANT2 0.16 1.5 -L14 .32 1.723 2,00 -0.60 -, 164 J025B0C0123 D.20 1.31 -0 .45 1.23 tés 0.0 «0.156
IB23BAON07E 9.08 LB L2 0.té 1.05 865 -RI7 -0,048 30Z5RC00128 0.21 Log  -D.36 0.3 [.52 0,36 -0.18 ~0.041
J025AADD077 0.15 i -105 D.32 143 L1105t -0,15% 30258000129 217 0.31 -{.66 0.3 1.1 L2 -031 -0.103
JE2IBADDILY .20 0.3l =0.69 0,35 113 L -0 ~0.1%6 Jo2sBLony a1 t10 142 -091 0,23 0.%8 Lead -D.20 -0.000
JO258ADD115 0,04 e -0LN 023 .28 L3 -0l =043 Jrz2SRC00) T4 014 04z «p.dld 0.4 [.32 0.4 -0.14 ~-0.052
Je2seACDLZ0 0.13 0.4 -0.02 0.M4 .26 -0.28 -0.095 J025BL0D] 44 0.15 L 0.7 0.Ja 1.42 .63 0.2 0075
Joz5eA0m23 6l3 0.0 LR 0.23 . .03 -0.3 1080 30255000146 Ltz on -0 .35 218 1.8 -0.47 -0.141
10250400134 0.15 .57 -0.82 0.70 0.1 .M -0,016  30258C00140 0.13 1.0 -l02 0.2 1.9 b.%% -0.43 -0.115
T0258A00035 b3 1.5 -0.92 1.25 T 1.3 -0.32 -0.10? J023ECODLS0 .16 .26 -0.6% .1 .M 052 -0.M =0.084
30253400137 0,08 . <008 0,17 0 LM -0,15 -0.041 J258C00155 0.06 20 -9 D.22 1.719 1.35 -0.36 ~0.148
JOZ3BA00L42 018 0.3 -0.66 0.30 5 L 027 -1.108 Jo2SBCODLSE 0.06 2.1 -3 0.25 2.83 1.3 -0.87 =017
JELEAOLSL 0.2 0.5 -0.21 017 1) 0,35  ~0.0¢4 =0.023 J25300015% G.0B L -071 0.16 .27 L ~0.14 ~0.0353
JO238ADDISD | AL 113 0.40 0.17 3 -0.35 | N1} 0049  3025RCO0160 0.1t 1.2 0,40 0.2 L2 0.3 -t.12 ~0.H4

1.3 0.3 -0.09%  J0255C004T0 0,22 A .40 0.35 1.39 i -0.21 -0.073
-0.%7 0.45 1025  Jo2seconzzo 0.17 .7 -0.% 0.29 1.3 0.2 -o.b -0.040
a7 -0,17 “0.063  J025ECO0294 0,35 0.6l 2127 0.3 0.7 -0.32 0.1¢ 0.03%
t,22 0.22 0,104 3025600305 0.20 nes  -0.30 0.2% 1.3 0.46 -k -0.05)
.00 -B.2 -h.08)  J0255C00356 0.1% 0.04 .45 0.31 153 L3 -2 =0.072
0.2l -0.[5 =0.064 30258000002 0.1% L -0.36 0.25 1.0 0.46 -t.12 -0.050

ot 006 -0.421  3025BDO0COS 116 0.20 -0.40 0.27 1
L1 =03 ~0.123  30258bo0onn 0.15 nsi  -0.33 0.23 K
092 0.0 -0.116  a258bogel 3 0.05 .99 -3 b.td 1.

1

[}

Je2sedoolt 0.14 060 -D.G0 0.25
25000 7] 6.3 0,45 0.12 0.26
J0Z5EADDLED 0.1% 0.5  -0.4b 0,24
J0255A00194 0.2? .32 0.3 0.2}
30258400185 0.13 0.60  -0.65 0.23
30258400140 0.15 047 -0.49 D.24
J025EAD0200 LI2 L2 .23 0.2
JeziEA0D212 0.19 0.3 0.7 0.3
Jzsaao0c0s 0,08 1. -L6d 0,22
J0258800035 0.23 046 -LJ2 0.4
30256800052 012 1.3 - 0,24
30258800143 9.07 100 -1.07 0.1&
I0256300E5] 0.13 o5 047 0.2l
Ji25EED0155 0.15 0.7z -0.7% 0.2
J0258200041 0.65 70 0.4 0.63
3025000162 0.13 1.3t -1.33 0.53
Jo2568004 70 0.16 8.3 -0.00 D.2¢
J0258000174 0.26 0,54 t.07 0.31
lozsezoot?? 0.14 163 -0.61 .23
3a25AR0014 0.3 0.41  -0.60 0,40
J0256%00200 6.12 9.80 0.9 0.2
30252000209 0,00 0% -0.M 0,15

L;LJMA-HII"::—-l-o;\:'-l-ulﬂ-:—-h-:a!.l!'e--l-:l-r-.'la-t-l;qa-'-—;-gm-:u-e:i-ﬂbb'—.ﬂ:—-h'ﬁm;ls
o Lol

=

=

=n

[l

=

3

L)

7o -01% -0onse
06 0.0 -0.12 <0.047
1 L -0 -0.099
£7
8

L0 -0 <0.733 azsapo02i 0.5 0.1 -0.83 0.2 13l 03 -1
<0.0M 1025600020 010 000 -1.46 0.2 . 166 -0H -1
L.w -0.20  -0.070  3q2sq000030  0.12 1.81  -0.4 0.2 L% 055 -0.25  -0.0ad
.03 -0.17  -0.R&D  JozsEpOROIY 0.5 0.00 046 0.3 L¥® RS -niy -D.060
105 <030 -0.070  JozSRDOAN3 0.7 0.4 -0.40 0.0 LB LD -0.39 -0.12
LI (B 0.107  J0256Dp0BG6  0.07 1.9 -D.9? 0.07 G55 04D -0 0058
2% -L7 -0.3B0  3opsepomDy? 004 L% -2 .2 LX L7 023 -1
220 -0.37  -0.021  Jo2sepooeds 009 093 -L1L L2 LI& L1 02 -D0%
-1 .05 0006  JO2SRROO0AY 047 17 -0.% 042 214 D4& <047 -D.20
0.% 0.4  -0.77  lo2SepO0otd  0.2) 120 -4.Bl .41 01 0 DM 01T
146 -L00  -0.157  3ozsapoos?t 013 0.9 -0.@2 0.2 L6060 =031 -0.0%5
113 -0.2¢  -D.095  3D2%GpOD0ET 008 200 -0.5 0.3 . 028 -0 -0.003
0.55 -0.(0  -0.041  J033BOGOIOI 0.1 D75 -0.65 0LH LI 007 -2 -0.0%0

=

—— e et et b B am hr B e i b ] Bt B bt e Gt e e e A b At e bk b e A b 3 M A e R e A e e
GRS WEBE N E IR R R AN AR DR W AT RO S
ra

0256600200 8.2 0.64 0.37 0.2 -D.50 0. 16 0.064 30258000108 0.07 fod 2.5 0.72 1.2 1.8 -0Lu -0.14%
JO255ER0 T 0.15 0.3 -0.71 0.20 20 =022 -0.0% 10258000110 010 Lad =8l 0.27 1.8l 0.9 047 1,115
J256R0AZ2 0.1% 0.4 -7 0.2 L7 -0 “LJIF J0258000124 0.3t 0oy -0 0.29 1.30 L7z LA =0. 002
Joz55800231 0.35 0,54 0.2 0.3 0.3 0.04 0,081 Jo2SABO0E2S 0.10 Lo -1.07 0,22 1.9% 1.3 -5 -0.0%
J256RO0257 018 0.65 0.29 0.0 ~0.45 .09 0,041  50258000)33 0.05 .06 -9 0.2t X[ 1,99 D50 -1
10250800253 0.16 064 -0.85 D.29 1.1 -0.32 =0.11% 30232000140 0.13 2,30 ~L.7 D.42 1.60 0.86 -0.70 0.7
J025EC0DE3? 0,22 1.62  -0.20 0.30 D25 ~0.13 -0.047  30238D00)42 0.4 am  -L4 043 L 0.0 -0k -0.060
JI25ECOD044 0.1l 0.0 -2.62 0.35 . 2.9r  -L.0s -0.260 3025300016 0.1 0.85  -L§ 0.2 1.57 2.0 -0.62 0. 102
10233000040 0.[5 6.59  -).u2 0.2% L 044 -0.13%  J025RBO00135 0.08 1.6 -Li 0.2 L2% [ I R -0.111
J0236L00060 6.12 .73 -0.47 0.22 . [T A [ -0,051  J0258D00ISE 0.3 [16 -2.57 0.63 2.4 L 2N -0.309
0252 C00N716 0.1 [ F R e 0.42. 2.0 - -0.79.  -0.231. 30260000157.... 004 . . L. -1.88. Ly . 182 . % -LR -0.102
Jo256C0I1] . 0.0 2.0 -0.37 0.0 o -l -0.04t 30250000159 0.96 L1322 0.0 LAG L L 0. 14

3025000121 .12 .26 -LH 0.30 1.57 107 -0.&7 -0.144
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Figure 5.39(a). R-mode cluster analysis of smmples fron the Trompsburg area.
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R-mode analysis

This technique compares the variables with each another. In this analysis, the variables
are the major ions of the respective water samples. They comprise the ions; Ca*, Mg+,
Nat, K+, HCO3-, 8047, Cl” and NO3", which are (in this order) numbered 1 to 8 in
figure 5.39. In figure 5.39(a), it can be noticed that certain ions tend to correlate with each
other and coincide well with specific ground-water types. For example, Mgt and-
HCO3™ are combined into one cluster (Group I), as well as Ca** and HCQ3” (Group II)
(see figure 5.39(b)). If the significant principal component scores, as well as the
significant rotated factor scores, are plotted against each other, a similar pattern, as
observed in the cluster analysis, will be found, namely that variables 1 and 5 (Ca-HCOs3)
will group together, as well'as variables 2 and 5 (Mg-HCO3). These results corroborate
the results obtained in the hydrochemical diagrams, where the ground water displayed a
Ca(Mg)-HCO3 character.

Q-mode analysis

During a Q-mode analysis, the different water analyses are compared with each other, in
order to depict various groups of ground water. Again, the 100 water analyses from the
Trompsburg area were used. Studying the results of the Q-mode analysis, the same two
groups, a Mg-HCO3-group and a Ca-HCO3-group, can be discerned, which were seen on
the dendrogram of the cluster analysis. In the dendrogram, the numbers starting from 1
onwards, refer to the consecutive order of the water analyses in table 5.20. Figures 5.40
and 5.41 are plots of the principal component and rotated factor scores respectively.

The two groups cannot be discerned on the central diagram of the Piper- and Durov plots,
where the surn of Cat* and Mgt is plotted against HCO3™ . They, however, show on
the Schoeller diagram. The samples which do not fall in any one of the two groups (Ca-
HCO3-group and Mg-HCO3-group) coincide with the scattered samples in the Piper- and
Durov diagrams. '

No long-term hydrochemical data of the region are available in the ground-water data base
for possible determination of trends or cycles.
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Figure 5.40. Graphical representation of the significant principal component scores.
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Atlantis area

As discussed previously, one of the more important aspects of a geohydrological
evaluation is the assessment of the chemical composition of the water. In the case of the
Atlantis aquifer, this facet is especially important, because a whole community depends
on the ground-water resources of the Atlantis area. .

Figores 5.42 and 5.43 show the chemical analyses on Piper and Durov diagrams.
According to these diagrams, the ground water can be divided into two groups. Group I
waters display a Ca-HCOj3-character and seem to be suhbject to dissolution and mixing
with ground water from Group II. Group II, on the other hand, has a NaCl-character.

According to Van der Merwe (1983), the general quality of the ground water in the
Atlantis area is satisfactory. This is, to a certain extent, depicted in the Durov diagram (see
figure 5.43), where the TDS-values (according to elecirical conductivities) range between
%200 mg/t and 1 400 mg/l.

Similar to the water-level observation boreholes, hydrochemical sample locations were
unevenly distributed over the area (see figure 5.44). The hydrochemical contour maps do,
therefore, not cover the entire area equally well (see figures 5,45 - 5.50), which may

influence the significance of the evaluation. Two potential risk areas fall within the area
under investigation:

§)) Silwerstroom area.
(i1) Witzand area.

From both areas, ground-water is abstracted at a large scale for the water supply of
Atlantis. Ground water in these areas should therefore be periodically sampled to identify
any possible contamination of the aquifers by sea-water intrusion in the case of the
Silwerstroom area, or from the infiltration pans in the Witzand area.

Table 5.25 represents various ionic ratios of the water samples taken in the Atlantis area.
If the ratios are-studied,; the two ratios Na+ Cl+S04)/(Ca+Mg+HCO3) and
CI/HCO3 support the previous classification of ground water in the Atlantis area. The
higher numerical values indicate the NaCl-waters, whereas the Ca-HCO3-waters have
values <1. The intermediate values (indicated in area A on figure 5.42) depict possible
dissolution of NaCl or mixing of the two ground-water types.,

By using statistical evaluation techniques, e.g.:

6 cluster analysis,
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Figure 542, Piper diagram of water samples in the Atlantis area.
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Figure 543. Durov diagram of water samples in the Atlantis area.
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BOREHOLE POSITIONS
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Figure 5.44. Distribution map of water sample locations in the Atlantis aréa.
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CHLORIDE. CONTOURS
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Figure 5.45. Chloride contours in mgil of water samples in the Atlantis area.



3715000

3720000

3725000

SULPHATE CONTOURS

1 : 125000

7

Figure 5.46.

53000 500040 45000

Sulphate contours in mgll of water samples in the Atlandis area.
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Figure 547. Total alkalinity contonrs in mgl/l of water samples in the Atlantis areq.
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Figure 5.48. pH contours of water samples in the Atlantis area,
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Figure 549, TDS contours of water samples in mgll in the Atlantis area.
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Figure 5.50. Conductivity contours af water samples in mSim in the Atlantis area.
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TABLE 5.25. TABULATED IONIC RATIOS OF THE ATLANTIS AREA.

OHIC NATIOS

cl 504 el-Ha Nasctisod 2 Ha-C1  Cl-Ha E1-Ha
Site Id. - mmm T e - - ToTTm mmems mememmemeees

HIHIM H Ch  Cadbigdtdl By 564 Hy  SD4HICOJNGF
3310c300007 2.4t 0.12 0.14 2,15 1.7 -LM 0.% 0.239
3319¢500010 .94 0.21 0.12 0.86 6.00 -0.37 0.63 0.0%
J318C000013 0.74 0.20 0.05 0.73 6.2 -0.27 0.4 0.03%
33100800044 0.41 0.1 -0.15 0.73 1.22 .77 =040 -0.082
3318C600014 0.55 0.1 0.14 0.52 [ AR N 0.60 0.0671
13186000015 0.47 0.13 0.0 0.47 .05 -0.8 0.33 0.037
33L6CR00DIB 0.62 0.14 0.16 0.5 6.02 -L.17 0.69 0.0%3
J3GCE00020 0.4] 0.4 0.03 0.4 LY -0.12 0.0? a.01]
J3l0cenon2e  1m.21 0.08 0.2 1.3 .M 292 135 1.7%0
JIIOCBO0O26  39.06 0.8 .21 3.80 0.9% -2.63 L1 1.90%
J316CB00026  101.00 0.29 0.20 §.50 176 -D0.4D 1,22 0,662
J3IGCRR004 1 .07 0.13 0.04 2.8 1.57  -0.81 0.ig 0.273
3315ceanndz 1.2% 0.0% 0.19 1.06 5.4 -2.2t 11§ 0.225
3710CE00059 A 0.1l 0.42 1.93 .28 ol I.41 1,403
J118C200060 Lm o U 0.1 1.57 iz -0.00 D.6! 0.160
3i19ca00040 Lz 0.17 n.it [.02 1.53  -0.62 0.52 D.100
33)BCA000SD 1.15 0.17 0.4 1.01 4.7 086 h.73 0.13%
3310CB00060 1.22 2,30 0.13 1.04 .89 -0.06 0.37 0.043
331BC000071 0.39 0.20 6.1} 0.39 i -0.57 .33 0.641
3310ce00071 0.3 0.20 0.09 0.37 .26 -0.45 el 0.033
3318CE0010) B.43 0.02 0.21 3% 0.8 -13.2 1.18 1.5%1
331ecRagla) 6.1 .01 0.1 3.54 081 -4.95 1.08 L.356
3318L00101 &M 0.0 n2t 3.0 0.81 -26.02 t.06 1.370
33sceoolt2 0.72 a.10 0.13 0.67 2.0 -8 0.89 0.08%
13100800123 0.47 0.2 0.07 0.48 4 -0 0.23 t.02t
33180800124 1.95 0.1 0.18 153 2.7 -1.% 0.63 0.260
J316E000124 1.93 0.10 0.12 165 24 -1 0.5 0.186
33100800124 L 0.19 0.13 0.99 45 0.6 0.40 0,119
33106000126 6.21 0.07 0.1l 2.1 L5y .37 1.67 1.330
J310£80H126 4.8 0.00 0.33 2.6l 162 -4.32 1.68 1.4%0
3116cE0aE24 401 0.07 0.20 2.53 1,52 290 (/1 0.627
Jllocen0126 i.10 0.7 0.2t 2.56 [.48  -3.06 L0 0.679
Ja1aceonr2? 0.4 0.01 0.13 0.39 .3 -H.19 0.30 0.097
3ilacgoo128 0,97 0.08 0,09 .03 La o -0.00 0.10 0.0l
Ja10ce001 1] 1.8l k14 0.14 1.30 210 -0.9 1.43 0.199
3318Ce00M31 © 181 N4 0.14 Lo rni -0.9 1.43 0.197
3318C000133 5.25 o.n 0.42 1.93 It -0 1.4} 1.403
Ji1eceootda 0.89 k01 -D.04 0.9 2.40 o -0Li -0.036
33156500130 0.57 0.35 .34 0.57 1.7 -0.4 .18 D.06%
J318CRO014] 0.55 g.21  ~l.04 1.3 0.38 492 -2,18 ~0.3153
33156200163 0.30 0,19 0.12 0.8 6.77  -0.69 0.3 0.044
3318c800167 0.40 0.22 0.08 0.4l 0.81 -0.18 0.04 .03t
3310pAanioz 11,10 0.04 0.15 509 0.2 -1 1.0d 1.12%
J31gnAo0i0z - f0.12 0.04 0.13 5.6l 0.4 -LM 0.97 0.969
enAsIz? 137,37 0.02 019 6.98 0.85 -[7.28 2.76 14.080
33180400132 360 004 0.23 2.3 0.9 6.6 L4 0.402
J358pA00132 3.52 0.07 0.2z 2,08 066 -3.0% 1.0 0.516
J3100A00132 2.54 .00 0.17 2,15 0.61 -20.97 .61 0.443



233

(i) principal component analysis and
(jii) factor analysis,

additional information is gained. The following cations and anions were used in the
statistical analysis: Ca, Mg, Na, K, HCO3, SO4, Cl and NO3. The results of the
respective methods are shown in figures 5,51 - 5.53.

If the results of the R-mode cluster analyses, the principal component analyses and factor
analyses are studied, two major groups are depicted:

) NaCl-water (Factor 1).
(i1) Ca-HCO4-water (Factor 2).

Contouring the factor scores of each factor of the R-mode factor analysis, the areal
distribution of the two groups is depicted (see figures 5.54 - 5.55). They resemble the
chloride- and alkalinity contours respectively.

It is interesting to note that both factors are very prominent in the Silwerstroom and
Witzand areas. Factor 2, which is a Ca-HCOs-factor, usually depicts recharge areas, thus
fresh water is recharged in both the Silwerstroom and Witzand areas. However, factor 1
(NaCl-water) is also prominent in these areas. This indicates that dissolution of NaCl or
mixing of the two ground-water types occurs on a local scale.

5.5.2 Regional analysis

Very few chemical analyses are entered in the ground-water data base for the remainder of
the Orange Free State. However, in the Dewetsdorp area, 44 analyses have been
recorded. By comparing the Dewetsdorp samples with those of the southern Orange Free
State, two regions in the Orange Free State can be hydrochemically compared with each
other. Figure 5.56 shows the distribution of the major cat- and anions on Piper- and
Durov diagrams in the southern Orange Free State and the Dewetsdorp area respectively.
In tables 5.26 to 5.30, the chemical analyses, ion balance and ionic ratios of the
Dewetsdorp analyses are listed.

As can be seen from the diagrams, the chemical composition of the ground water of the
two areas differs considerably, although both are underlain by Beaufort sediments angd are
intruded by dolerite. The sediments may, however, be part of different units in the
Beaufort Group.
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Figure 5.51.  R-mode cluster analysis of the Atlantis water sample data.



Ye

6.0

5.0~

4.0

1.0 -]

0.0

=-1.0-

2.0

'

—3.0 ]

Figure 5.32.

Yi

Principal component analysis of the Atlantis water sample dara.




F2

1.0

3

0.9

0.8+

0.7

0.6

005-

004—

0.3+

0.2+

Oy

Figure 5.53.

Fi

Q-mode rotated factor matrix - Atlantis water sample data.

L]

.0

9eT




FACTOR 1

1 : 125000

s {7 (D 7

J720000 =

J725000 =

55000 50000

Figure 5.54. Factor score contours - Factor 1.
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Figure 5.55. Factor score contours - Factor 2.
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TABLE 5.26. ANALYSED CATIONS OF THE DEWETSDORP REGION.

AHALYSTS OF HACR® ELEHENTS (ng/l} AND ASSOCTATED PAMANFTERS
LR R PERE R R PV TE R R KRR R EFETTT R AV RE D

CATIONS

2926CA00335  21.00  15.00  50.00 2.60 08.00
29260400352 57.70 7440 40,70 A0 17.30
2926CA00358  56.%D 2440 40.40 6.60  17.40
23250400001 1730 .40 8670 4.30 4.490
2926040000F 35,30 6.60 75,80 12,70 5.00
29260400602 25,30  10.[0  53.00 3.70 5.0
20260000002 1230 3.80 9340 a.d 7.40
gez6bABOOD2  12.00 3.200 105.80  15.50 7.70
29260400003  19.60 5.90  68.00 2.10 3.00
29260400005 18.50  15.00  A0.40 1.0 8.3

29261400006 1].60 2.30 102,70 £.20 1.60
29260400007  £4.10 1.0 72.%4 3.30 1,60
29260A00007 5.00 1.70  £2.40 7.590 4.80
2926DA0000%  14.30 790 47,20 240 7.00
J260A00009 3418 Le.30 2440 430 12.40
2926bA000LL 12,70 3.20 43,30 4.30 2.0
29260400013 17.00 2,30 £6.50 5.60 5.90
29260400015 5.00 .00 72400 1.50 5.20
2926DA00D2G .90 .40 130.00 2.9 1.70
226000025 7.80 7.30  106.20 2.10 7.90
202604800091 7.%0 4,40 130,00 2.90 7.
2926DADON?] 7.50 7.30  106.20 2.10 7.90
20726000097 2%.60 12,40 175,70 1.60 5.0
2926DA00104 .60 0.90 133,20 t.30 0.10
29260A00121 2.50 1.00  127.00 0.60 §.40
226BA00128 3,50 17.70 107.00 L.40 .10
29200A00136  AR.A0 3450 3180 0.90 13.00
23260A0015¢6  16.30 A0 20150 1.30 4.30
2926DA00237 7.80 3.0 §03.40 2.90 6.00
29260400239 3420 1570 92,50 1.00 .50
AM26PA00ZAE  10.20 i.0¢ 9200 4.90 5.80
2326DA0023C 106D 4.10 100,50 5.00 6.30
2926pA00253 24,20 le.60  83.60 .20 11.60
29200400254 17.00 640 423D [.70 3.50
2926DA0D25%  29.10  B2.30  35.60 5.50 .00
2926DA002A3 12,00 .00 7340 3.90 .70
29260A00265  19.60  13.30 62,70 1.19 e.M
292s0AG0267 4150 1618 40.00 1.90 1040
29260400268 33100 J7.50 45.70 180 11.40
ZI26DAD0269  37.00  27.50  32.80 1.30  ¥2.50
2926DA0027E  54.00  19.40  00.00 17 13,50
2926DA00272 A3 10 25,70 36.30 0.60  14.70
2920BA00275  51.90  73.2 50,50 5.2 1676
2260400274 4440 2100 17.80 220 1490
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TABLE 5.27. ANALYSED ANIONS OF THE DEWETSDORP REGION.

AREDHS

Site Id. CO3 HCO3 304 ¢l HO3 F
2924CAD0335 0.00 205.20  i8.00 22.pa 3.40 1.20
2926CA00352 0.00 327.60 42,10 44.50 0.50 0.30
2926CA00358 0.00 J26.00 42,70 43.M 0.%0 g.40
2926DA00DN] 0.00 150.70 12,10  34.40 0.00 2.50
29260400081 0.00 124.20 128.40 47.10 0.00 2.20
29260400002 0.00 207.40 19.%0 6.20 0.00 0.70
29261A0000?2 0.00 244.50 40 26,10 0.10 2.70
29250400002 o006 237.70 270 12.30 0.40 £.30
29260406003 0.00 212,10  20.60 4.%0 0.20 1.20
29268400003 0.060 23570 10.50 7.20 0.10 0.0
29260400006 0.00 14190 .60 A3.20 0.10 a0
29260400007 0.00 133.%¢ 7.70 346.40 0.0 9,90
29260400007 0.00 132.40 .20 180 0.20 7.10
2325A00002 .00 215.40 10.70 5.70 0.t0 1.10
2924DA06009 .00 19900 12.20 4.40 0.20 0.30
22250A00011 0.00 193,30 12.10 7.70 0.20 (.30
29260A00) 3 g.00 239.90 11.30 5.30 0.10 1.40
2926DA00D1 5 0.00 176.70 7.10 3.10 0.10 1.10
29260000024 0.00 29410 19.20 3.80 0.20 0.80
29260A00025 0.00 27920 15.20 6.20 0.10 1.to
2926DA000%1 0.00 29%.10 19,20 5.80 0.26 080
29260400031 .00 27%.20 15.20 .20 0.10 1.10
2926DA00DS7 0.00 148,90 B83.00 164.30  22.80 0.40
2926BA001 06 0.00 125.40 15.30 [13.20 2.70 0.70
232600012 0.00 22890 27.00 32.70 1.60 2.40
29260000125 p.00 32100 35.60 36,50 1.30 0.40
2924DA00] 34 0,00 22450 .19 79.30 2,00 020
29264DA0DI54 0.00 Jl2.00 73.20 3.0 9.2 0.3
292600M0237 0.00 260.60  25.40  13.80 0.20 310
22260400237 0.00 234.50  43.60 41,10 0.50 .o
2926DAD0240 0.00 240,60 9.00 12.00 0.10 1.60
2926DA00250 0.00 262,10 15.%0 6.0 0.00 1.00
2926400253 0.00 337.30 17.80  16.30 0.60 1.10
29260A00254 0.00 20,20 11.10 3.80 0.10 0.60
2926DA0D259 0.00 27480 10.20 B.10 0.20 07
2326DA00263 0.00 20420 1470 4.40 0.10 1.10
2926DADDZAS 0.0n  238.10° 1840 4.40 6.10 1.18
29260400267 0.00 23570 2340 BN 2.60 .40
29260A00268 g.00 21390 22.200 27.%0 4.10 0.50
29260400249 o.oc 22,50  LE.20  11.50 1.30 0.30
292602027 0.00 372.20 13.80  14.40 0.40 0.50
2926DA0N272 0,00 323.20 12.40  14.00 0.70 N.40
29260400275 0.060 336.10  16.40  28.30 3.10 0.60
2926DAD0275 0.00 251.50 15.20 2.0 3.00 0.20




TABLE 5.28.

ANALYSED PHYSICAL PARAMETERS OF THE DEWETSDORP

REGION.

PHYSICAL PARAHETERS

242

2926CAR0335
2326CA00352
2026CA00358
27260400001
29261A0000]
23260400002
26261400002
23260400002
29260400003
23260A00105
29262400006
2326tA00007
20261400007
27260A00007
20201A0B00T
29260A000L 1
20240400013
29260A0101 5
24265400026
73260400024
29261Fh0009)
2926DA0R091
29260400097
23260400106
79260400121
2226DA00125
2926DA00] 36
29240400154
29260400237
29260400237
2926DA00248
29260400250
2026DA00253
23260400254

2926D4Af0259.-

29260400263
2926000245
2924DA00247
2926DA00268
29260400267
29260A00271
2926DA00272
2926DA06275
29260400275

5.03
7.91
8.1l
7.%
2.4
3.30
.29
2.30
7.9
3.20
g.30
7.M
817
2.1t
7.94
7.33
B2
7.0

46.00
12.50
46.00
12.50
112.40
56.40
33.90
73.00
46,80
101,10
a0.30
73.90
41.30
45.00
58.10
36.30

46.30-

32.50
39.00
51.50
49.R0
300
65.40
35.50
66.20
45.50

169.70
137.00
129,50
[127.10
105.90
[72.50
159,38
155.00
191,90
t41.40
235.70
222,60
235.70
222.60
119.10
105.30
183.10
312,80
179.40
242,50
208.50
227 .48
192.50
2.7
270.00
[69.00

219,70

163.40
190,50
133_40
171.10
235.60
297.00
258,60
268,90
200.20

339.40
337.30
364.40
J15.50
202,70
334,10
308.10
30%.90
364.30
273.%0
437.00
132.10
457.00
132.10
(45,90
100.40
424.30
630,10
437,60
723.70
42430
351.50
379.70
412,10
509.60
322.70

404.50. -

327.70
366,680
393.90
377.00
430,20
551.R0
471.30
326,00
3.2



TABLE 5.29.

TONIC BALANCE OF THE ANALYSED SAMPLES IN THE

DEWETSDORP REGION.

PENCEHTAGE CATION - AHION DALANCE FRROR

Site Id.

2926CA00335
2A260A00332
2926CARDESR
2326DA00001
2926000000
29260400002
29260400002
29260400002
29260400003
2224DM06005
29260400006
2326DA00007
2926DANMA0?
23250400003
2926100609
2126DA00011
29260400013
29260A00013
2926MM002¢
2924DA00024
29260400091
2726DA00TL
2926DA00057
2926DA00104
29200404121
29260400025
29260400136
2226DA00154
29260400237
29260400239
29240A00249
2926DA0N250
2926000253
2924DA0D254
29260400259
29260400263
220DAM0265
2926DA00247
29260A00260
29260400247
297600027
21260400272
29260400275
29200480275

(2) Ten Ralance Error

3.09
1.27
0.9%
5.50
1.9
3.57
3.7
5.07
h.02
4,30
2,48
2.35
6.2
372
7.43
3.7
1.84
h.20
1.37
5.6
1.37
5.69
.10
J.30
2.2
2m
3.72%
2.8%
0.62
0.%%
5.97
5.60
1.05
6.39
0.1
b.16
4.50
$.37
2.92
1.4%
0.62
-0.72
0.9
¢.27

Unrelinble Analysis
finrelizble Analysis

Unrelinble Analysis
Unreliable Analysis
Unreliable Analysis
Unreliable Analysis
Unreliable Analysis
liareliable analysis
Unreliable Analysis
Unreliahle Analysis

Unreliable Analysis

Unreliable Analysis

Unreliable Analysis
Unreliable Analysis

Unreliahle Amalysis
Unreliable Analysis
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TABLE 5.30. IONIC RATIOS OF THE DEWETSDORP REGION.
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‘Whereas the Trompsburg water samples are predominantly Ca/Mg-HCO3-waters which
were recently recharged, the samples from Dewetsdorp are mainly of the NaHCO3-type,
classified by Johnson (1975) as dynamic waters.

The two areas can also be compared by studying the ionic ratios of the respective analyses
(tables 5.23 and 5.25). Three of the. ratios indicate the difference in the ground-water
composition. These ratios are:

(i) (Cl- Na)/Cl (base exchange index).
(ii) (Na - C1ySO4.
Gii)  (Cl- NayMg

(C! - Na)lCl-ratio

This ratio is generally known as the base exchange index. The relatively high negative
values of this ratio in the Dewetsdorp area indicate that base exchange is taking place; with
increasing sodium percentage, the ground water has moved away from the recharge area.
As Dewetsdorp lies on a watershed and the samples were taken within comparatively
short distance from the watershed, this implies that the aquifers in the vicinity are
confined or semi-confined and that noticeable ion exchange takes place over very short
distances.

The much lower negative ratios of the Trompsburg region indicate that little or no base
exchange occurs (see figure 5.56).

(Na - CI)ISO4-ratio

Water is classified as NaSQOg4-water (relative old water), if the (Na - C1)/SO4-ratio is less
than one (Matthess 1982). In the Dewetsdorp area, this ratio is, in the majority of the
cases, considerably greater than one, i.e. the water is a NaHICOs-water, displaying the
characteristics of dynamic waters. In the Trompsburg region, this ratio tends to be greater
than 1, although a few slightly smaller values are observed.

(Cl - Na)lMg-ratio

This ratio should be used in conjunction with others, e.g. with the CI/HCOs3- and the
(Na+Cl+S04)/(Ca+Mg+HCOs)-ratios. It is then found that the ground water in both
regions reveals a relatively young age. However, this ratio shows the difference in the
water composition of the two areas, because the sodium-nature of the Dewetsdorp waters
is hiéhlighted by the higher ratios.
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To summarize, the processing facilities provided for evaluation of the hydrochemical data
illustrate the chemical characteristics of waters from different regions, classify them and
make geohydrological deductions regarding aquifers or the occurrence of certain waters.
With the aid of the statistical package, it was occasionally possible to further differentiate
between waters which could not easily be discerned on the Piper- or Durov diagrams or to
provide other additional geohydrochemical information.: -~ - -

5.6 DEVELOPMENT AND MANAGEMENT OF AQUIFERS
Orange Free State

The purpose of the evaluation of geohydrological data is to efficiently and optimally
develop and manage the ground-water resources of an area. To be able to do this,
sufficient reliable long-term data are needed. Although almost 10 000 boreholes of the
Orange Free State are accommedated in the Ground Water Data Base, about two-thirds of
the boreholes contain insufficient or partly unreliable data. This means that, at this stage,
the stated purpose cannot be fully achieved.

The data are, however, well-suited for the planning and development of new ground-
water schemes in specific areas. If previous work was done in the area and the data are
entered, the information is now easily accessible and can be processed in the required
form. This gives the persons involved in the planning and development of a new project
or extensions to existing projects, the necessary background in the geohydrology of the
area under investigation.

Atlaniis area

The data processing facilities, provided by the Ground-water Data Base, can assist with
the development and management of the Atlantis ground-water resources. Apart from the
availability of sufficient and reliable data, the fairly intimate knowledge of geohydro-
logical principles, in general, and of the aquifer in particular, are a prerequisite for such a
task.

Tor the Atlantis aquifer, most of the necessary data are available. Aquifer evaluations can
be done. For aquifer management purposes, the monitoring network should be extended,
as already indicated. Once existing data are supplemented by data around the present
observation network and operational data are included, recommendations can be made
regarding optimal pumping rates. With data updated on a regular basis, pumping rates
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may be adjusted according to variations in water-level gradients and possible changes in
the chemical composition of the water. In combination with the rainfall data base, all the
data necessary for recharge evaluations by means of modelling, or otherwise, can be
supplied by the data base in machine readable format.

The existing data are well-suited for both scientific investigations and the planning of
possible further extensions of the present well field.

5.7 DISCUSSION OF RESULTS

Data from the Orange Free State and the Atlantis area were processed to demonsirate the
functioning of the ground-water data base and the use of its data processing facilities. The
following deductions can be made:

(i) GEOLOGICAL DATA: The data are presented in a form, suitable for reports. Insufficient
detail in both the geology and aquifer data sets, however, prevents differentiation between
regions with similar geology. Yet, the information contained in the data base, provides an
easy overview of the basic geology of any area and the availability of data,

{ii) AQUIFER DATA: Depending on the objective of the investigation carried out with the
aid of the data base, there are distinct data requirements. Satisfactory results were
obtained in demonstrating borehole statistics on water levels, yields (which are log-
normal distributed), water use and pumping tests from Atlantis. At the scale the analysis
was done, there was no comrelation between borehole yield and geology, none between
borehole yield on the one side and the depth water was struck or the depth of the hole on
the other. However, an indication of lower yields along the watershed was observed.

(i1i) BOREHOLE CONSTRUCTION AND INSTALLATION DATA: Statistical processing
provides, amongst others, all information on dimension and construction of boreholes
which is required for planning and tender purposes.

(iv) CHEMICAL DATA: By means of diagrams, contours and statistics, the programs
provided, assist in the classification of aquifers (e.g. confined or unconfined), help to
identify recharge areas or indicate mixed waters and delineate possible risk or pollution
areas. They also assist in the general understanding of the geohydrochemical processes.
With the aid of the statistical package, it was occasionally possible to further differentiate
between waters, which could not easily be discerned on the Piper- or Durov diagrams or
to provide other additional geohydrological information,



Although there is a shortage of high quality data in the data base {exact position of
boreholes and shortage of construction data, sufficient long-term water-level
measurements, extraction data, pumping test data), the available information also helps in
the estimation of the aquifer potential and the design and optimization of monitoring

networks.



CHAPTER 6

DISCUSSION

Now, that the ground-water data base is implemented, ene must look whether, or to
what degree, it meets all the objectives set at the beginning of the project, The
discussion in this chapter will deal with the following aspects :

(i) National Data Base.

(ii) Data base users.

(ii1)  Data base applications.
(iv)  Data processing package.

6.1 EVALUATION OF THE NEW DATA BASE

The discussion of the National Ground-water Data Base will be divided into five topics,
namely:

(i) Structure.

(ii) Parameters.

(in)  Data input.

(iv) Data output.

(v) Hardware requirements and communications,

Structure

The four data structures, flat file, relational structure, hierarchical structure (tree
structure) and network structure, were described in chapter 2.2, The data in the Ground-
water Data Base are accommodated in three levels, consisting of basic information,
header and respective repeating groups. Such a structure is easily converted into a tree
structure, which has the advantage of minimizing data redundancy. As ground-water
data are dealt with as a one-to-many relation, the tree structure is a suitable model. The
data also suit a relational structure. However, the use of such a model would lead o
unnecessary data redundancy.

The tree structure has the distinctive disadvantage that the data have to be accessed
through the hierarchy, which makes the access of certain data relatively inefficient. This
situation was, however, rectified by combining a few network features with the features
of the tree structure, which lead to more efficient data retrieval.



To summarize, the data base was structured in such a way that the user has, within the
constraints of the mainframe computer, easy and efficient access to the data.

Parameters

The parameters present in the data base were included, after an evaluation of the
parameters included in other existing ground-water data bases and thorough discussion
with the Dircctorate Geohydrology of the Department of Water Affairs, to adapt the data
base to suit especially Southern African conditions.

A data base depends on the type and the quality of data added. To promote entry of
good quality data, ceriain data items were declared mandatory. In addition, as many
logical data checks as practically possible, have been included in the data base programs
{chapter 3 of the technical specifications), ¢.g. latitude and longitude are compared with
the map number.

One shortcoming in the parameter list is that hydrochemical parameters are not
included. They have been omitted, because of the existence of a separate hydrochemical
data bhase. Provision has, however, been made that the hydrochemical data can be
accessed from the ground-water data base. As ground-water recharge occurs preferably
through the unsaturated zone, data from this zone can well be regarded as ground-water
related data. Yet, such data were not accommodated in the data base, although, to a
certain extent, these data can be entered under the Field measurement data set.

Data input

At present, data arc entered interactively into the data base, via numerous terminals. To
date, batch load Tacilities exist only for digitized water levels and field measurement
data. The aim, however, is to generate a complete batch load facility, which will
enhance the data input, especially for remote work stations which are not permanently
connected to the mainframe computer.

Daia output

Data can be extracted from the data base in three ways:

(i} Statistics of data,
(i) Data extraction via printer file,
(it}  Data extraction via transmission file.

A certain degree of data selection was incorporated in the data reporting and extraction
Tacilities:
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(i) Site.

(ii) Type.

(iii)  Completion or Digitizing Date.
(iv)  Data Set.

Due to the processing speed advantage a mainframe computer has over a micro
computer, the data set selection (iv) could have been designed in such a way that
conditional extraction of data was possible (e.g. all holes with diameter = 200 mm and
yield > 10 m3/h, etc.). Such a facility would limit data selection and sorting on the micra
computer. However, inclusion of such a user-friendly facility in the data base would
have required very extended programming, because the type of requests a
geohydrologist or other user might have, is nearly unlimited. For the experienced
mainframe users, the ERGO facility provides the possibility to set conditions for data
extraction.

One should, at this stage, also consider that the data base with its data processing
package was designed around project orientated investigations, where various data are
required for different aspects of the task. In cases where the same data are repeatedly
used, there is a saving on access time, data transmission time and transmission cost. For
instance, when the same request is made with varied conditions or when pumping test
evaluation, water-level graphs and/or water-level contonrs are required.

Hardware requirements and communications

The data base is implemented on 2 mainframe computer. In order to access the
compuier, either a terminal or a micro computer which emulates the mainframe
terminal, can be used. The fact that a micro computer can be used as a terminal is a
major advantage, because of its data processing and storage abilities.

Remote work stations are connected to the mainframe (host computer) by a transparent

network via X.25 protocol. If the network facility is used in conjunction with a micro

computer, file transfer between the mainframe and micro computer is fast and easy. In

~ the present set-up, this is a major advantage, because most of the geohydrological data
| processing are done on the micro computer.

6.2 DATA BASE USERS

When designing a data base, the potential users have to be borne in mind in order to
satisfy their requirements. Users which may benefit from the ground-water data base
are:

(i) Geohydrologists.



(i) Geohydrological technicians.

(i1i) Engineers.

(iv) Drilling contractors and suppliers of pumping equipment.
{(v) Water supply organizations.

(vi) Researchers.

Geohydrologisis

The tasks of the geohydrologist comprise geohydrological surveys, carried out to
determine the ground-water inventory like water levels, yields of boreholes, aquifer
parameters and quality, to explore and develop the ground-water resources and possibly
manage the operational exploitation of well fields or aquifers, to investigate pollution
aspects or other topics like effluent injection and heat exchange.,

Geohydrological and geophysical field work, geohydrological control of drilling
operations, data processing, literature study, report writing, recharge- or ground-water
balance calculations and modelling may be carried ont, subsequent to the survey or be
done independently.

In the public service, the geohydrologist may also have ground-water related
administrative tasks, which include topics as advice in drilling matters, issue of permits
for drilling or for groundwater abstraction and control of such operations,

For any new project, the geohydrologist can now access the data base, extract and eva-
Iuate all the existing data at the touch of a button. This data availability and the available
processing facilities assist him in the compilation of efficient working programs for the
proposed investigations. Additionally, it gives him the tool to identify possible target
areas for new ground-water development schemes and to evaluate whether the available
data are sufficient. This knowledge will influence his investigation and allow him to tailor
his working program (best aquifers, best quality, best exploration methods, compilation
of drilling tender and drilling supervision requirements).

Onece all the data of an investigation are entered into the data base, reporting can be done,
using the facilities of the processing .package, The reports enable the geohydrologist to
delineate areas where additional work may or should be done. It also contains data for the
construction of aquifer management medels which may assist in the optimal utilization of
the ground-water resources.

Geohydrological technicians

Technicians can either assist the hydrogeologist in geohydrological investigations or do
borehole selections for e.g. the farming community and other small- or large scale users.
The advantages of the data base for borehole site selection are discussed here.
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Borehole selection requires detailed regional and local geohydrological knowledge of
the area to be investigated. This means that the technician sent to select borehole sites in
a particular region, has first to collect as much basic and detail information as possible,
regarding existing boreholes in the area.

Information such as yields, depths, geology, aquifer, quality and possibly geophysics
must be retrieved and evaluated. This may help him to identify specific ground-water
related structures or to depict potential target areas, on which he can concentrate his
activities. The information in the data base also helps to reduce duplication of
geophysical and geohydrological observations.

Engincers

Engineers usually fill the medium and top-level management positions in an
organization such as the Department of Water Affairs. It is in their hands to develop and
manage aquifers or well fields, so that a long-term reliable supply of the necessary water
to the communities can be guaranteed. In various parts of the country, e.g. at Atlantis,
De Aar or Grootfontein (Western Transvaal), whole communities depend exclusively on
the ground-water resources of the aquifers in the region.

For the development and management of ground-water schemes, the manager must have
access to a variety of data such as:

(1) Water demand.

(ii) Ground-water potential (aquifer parameters, recharpe, losses, present use,
yields, quality, water levels and water-level changes).

(i)  Development cost (geohydrological investigation, drilling and
development, installation, civil works).

(iv)  Operational cost.

The National Ground-water Data Base accommodates some of the parameters under (ji).
The geohydrologist can supply most of the remaining information required there by
processing-and evaluating-the- water-level-; discharge rate-; meter reading-;- pumping-~--
test- and possibly geclogy- and aquifer data sets. He can also indicate the cost of the
geohydrological investigation based on various information contained in the data
base.and supply information regarding drilling and development cost (iii).

It has already been mentioned that data required for aquifer management- and ground-
water flow models, which can support the manager in long-term water resource
management of the aquifer, are accommodated in the data base.



Mechanical engineers, designing borehole installations, can also use the ground-water
data base in the design process. The following information:

(i) borehole diameter and depth,

(it borehole construction,

'(ii)  borehole yield, -

(iv) water levels,

(v} pumping test resnltsand - -

(vi)  installations of existing boreholes

is stored in the data base and can be used for the most suitable borehole installation.

Engineers in charge of water supply schemes may store operational data like pumping-
and rest-water levels, production figures, power consumption or quality data (e.g.
electrical conductivity) in the data base.

Drilling contractors and Suppliers of pumping equipment

Information such as penetration rates, geology, borehole construction and installation
are accommeodated in the data base. If a drilling contractor tenders for the drilling of
boreholes in an area, certain information like:

(D) formations encountered,

(ii) borehole depths and diameter,
(i)  depths at which water was struck,
(iv) type of casing used,

(v) length of casing,

(vi)  drilling costs,

(vii)  drlling method used and

(viii} penetration rates

is of importance to him, because it supplies him with the data he can base his tender
prices on. |

Data, contained in the data base, provide the supplier of pumping equipment with
information regarding the type and size of equipment used and date installed. These data
are useful for stock-keeping and for market research purposes.

Water supply organizations

Bodies such as municipalities, water boards and divisional councils, expleiting ground-
water resources, resort under this group. These institutions are seldom involved in the
actual exploration and development of an aquifer. However, the operation of ground-
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water supply schemes is their responsibility. Thus yields, water levels and water quality,
as well as monthly abstractions and e.g. power meter readings, are required by them.
Installation data, like depth of pump intake, type of installation or installation date, are
also important for a smooth operation of the scheme and may help to prevent pumps
from running dry or may be used for estimation of required spares or stand-by
equipment.

Good aquifer management requires periodic control of ground-water levels, pumping
rates and the ground-water quality in production and observation boreholes. Analysis of
these data may prevent over-exploitation and help to detect possible faults in the system.

Scientisis (researchers)

Ground-water research is mainly done at universities, research institutes or other
research organizations, such as the CSIR. Other institutions, like the Department of
Water Affairs or the AEC, are also involved in research, To conduct thorough
geohydrological research, a great variety of geohydrological data is needed and most of
these data are accommodated in the National Ground-water Data Base or, as in the case
of hydrochemical data, can be accessed via it.

The access to a great number of geohydrological data is facilitated by the ground-water
data base. The data base provides the scientist access to these data which he might need
to conduct his studies. Research topics or data required might be:

(1) Aquifer potential (determination of aquifer parameters, recharge, etc.).

(ii) Geohydrochemical studies (regarding water quality, pollution, etc.).

(1)  Borehole geophysics.

(iv)  Borehole development and construction.

(v) Aquifer modelling.

Data about the unsaturated zone are not separately stored in the ground-water data
base.They can, however, be entered under field measurement. Practically every

geohydrological parameter that might be needed by the researcher can be
accommodated in the data base.

From the examples given, it can be deduced that identified data base user groups can
find most, if not all, geohydrological and related data they need, in the data base.



6.3 DATA BASE APPLICATION ASPECTS

6.3.1 Aquifer management

If we do not want to deplete the aquifers in Southern Africa, the abstraction from the

aquifer' and the losses due to natural discharge and evapotranspiration may not exceed

its recharge. Even, if an aquifer is to be mined, it is important to know how long the

resource will last. In order to maintain the balance between recharge and discharge orto .
control the lowering of the water table of the aquifer, constant surveillance of a number

of gechydrological parameters is necessary. A facility to store these data and retrieve

different combinations of these variables for evaluation purposes is therefore important

for good aquifer management. The National Ground-water Data Base contains all the

necessary information, provided the relevant data were captured and entered into the

data base.

6.3.2 Planning aspects

Occasionally, existing ground-water resources of a region are over-utilized, however,
more often the ground-water potential of a new region is to be explored.

The ground-water data base can play an important role by providing geohydrological
data about the area. These data can be evaluated and potential ground-walter target areas
be delineated. A geohydrological investigafion can also be properly planned for the
specific area. Based on previous experience, the most promising exploration methods
can be chosen and duplication of surveys and other work already done, can be
eliminated.

Supplementing the geohydrological investigation of the area, a comprehensive drilling
program, including selection of the best drilling methods, optimal borehole construction
and development, can be planned. A good estimate of the total costs of such a drilling
program can be made. If these costs are combined with the estimation of the costs of the
geohydrological investigation, the hydrogeologist can compile a realistic budget for the
project.

6.3.3 Rescarch aspecets

With the aid of the data base, the scientist can either determine which area to use
because of data availibility or assess where, what type of data and how many additional
data are required for his research. Using information in the data base, the cost of
geohydrological data generation can also be better estimated. The available data may
also indicate where and what type of research should be done.
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6.3.4 Manpower aspects

Although additional personnel is required to capture and enter historical data into the
ground-water data base, more efficient deployment of manpower in the field and in
office is possible. The cost of entering historical data should be set off against savings at
a later stage when these data are used.

Field

Geohydrological investigations can be planned better with the aid of the ground-water
data base, because shortcomings in the existing data can be identified and the tasks of
the project adapted accordingly. Optimal deployment of field personnel for the duration
of the investigation can therefore be achieved and unnecessary field work be minimized.
This will result in increased productivity and cost-efficiency,

Office

In order fo constantly update the ground-water data base with new geohydrological data,
additional job opportunities were created for data typists. Geohydrologists and
technicians are, on the other hand, to a large degree, relieved from compiling tables and
drawing graphs, profiles and maps which may now be done by micro computer, Typing
of tables and draughting will therefore also be reduced.

People associated with tasks, like data evaluation and data presentation, can become
more efficient, because of the data processing and draughting facilities of the National
Ground-water Data Base. Professions, such as draughtsmen and typists, can support a
greater number of geohydrologists and technicians.

6.3.5 Cost aspects

Initially, the development and implementation of the ground-water data base was an
expensive venture. However, as the amount of data stored and the number of data base
users increase, the data base becomes more cost-efficient. An important aspect is the
achieved increased efficiency-and- productivity-of -the' personnel” associated with a
project. This has a cost-saving effect on any project during which noticeable use is made
of the ground-water data base. The success rate of borehole site selection is also likely to

rise, if more complete data regarding previous work and improved documentation are
readily available,

Another advantage of the electronic storage and network facilities provided by the data
base, which has a bearing on the cost of an investigation, is the accessibility of the data
over long distances. Currently, it is still a rather time-consuming task to obtain data
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which are kept in files, stored at the head office or some other distant location. Users,
who want data of an area, have to contact the respective organization or division and
request the data. It then takes some time before the data are located, possibly duplicated
and send to the user.

6.3.6 Security aspects

Security refers to varions aspects:. ..

() Security of the data against loss.
(ii) Access to the data-base,
(iif)  Restricted access to qualified data.

Data security against loss is the responsibility of the manufacturer of the mainframe and
the organization operating it. This aspect is not dealt with here.

Access to the data base: Unauthorized access to the mainframe is also outside the scope
of this report. Provision is made within the data base programs by means of passwords,
user- and reporting institution codes to control the access to the data base. Depending on
the codes:

(i) inquiries may be made,
(i) data may be added and updated or
(i1) code lists may be accesssed and changed.

The decision who may access the data base rests with the Department of Water Affairs
as administrator of the data base and, at present, not only custodian, but owner of
practically all the data .

To create the best possible data base facility, all persons and organizations dealing with
any ground-water aspect should be accommodated. However, one problem has still to be
solved or decided upon, namely who owns the data. In any data base, environment
shared by multiple users, this is essential, because (some of) the data have an
economical value and must therefore be protected against unauthorized access.
Otherwise, the data will not be entered in the data base and be completely lost to the
community. The Department of Water Affairs, as administrator of most of the data bases
falling under HIS, has developed the general guidelines, regarding data access which
applies to all data bases.

Generally, each data set or data item in a data base can be separately controlled, so that
only authorized users can read, enter, or update and delete data. A good data base
management system has the capability to enforce strict security control in this regard.



In many cases, one institution may enter certain data. It creates the records updates them
and is responsible for their validity and accuracy. Although the data are shared, no other
organization or individual is permitted to alter them,

According to Martin (1983), the following essentials should be taken into account when
implementing a security system for the data base:

5 Data base users should be identifiable, i.e. users must be positively
identifiable before they may use the data base,

(i) All their actions should be authorized and monitored, so that the network
management may be able to check whether actions are authorized and
monitored.

(iii) Data, hardware and software should be protected from fire, theft or other
forms of damage.

(iv)  Data should be reconstructable, auditable and tamper-proof, i.e. it should
be easy to regenerate data, if something goes wrong and it should be
regularly audited to prevent crime.

V) Transmission should be fail-proof and private., i.e. it should be fail-safe
when errors occur and the data should be protected to prevent eaves
dropping.

(vi) Vital computer centres should be catasirophe-proof and replicated, i.e.
they should be duplicated and data saved on another computer.

Thus, to accommodate all possible users in the data base, effective security control must
be implemented. This will also encourage hesitating organizations to participate in the
ground-water data base and add to its value for the whole community.

6.4 EVALUATION OF THE DATA PROCESSING PACKAGE

One of the important features of the National Ground-water Data Base is the com-
prehensive data processing package. This package provides data out-put in the form of
tables, graphics and in processed statistical form.

The purpose of this discussion is to show potential users the applicability of the
programs and also point out some of the traps the data processing techniques pose, when
uncritically applied to ground-water data.



6.4.1 Tables

A series of tables has been provided for out-put of all the data sets in the ground-wafer
data base. In addition, tables for chemical analyses, a number of chemical ratios and
statistical information were developea.

The tables, showing the ground-water data base data sets, have one shortcoming because
the codes are not translated. This was not done, because space had to be saved as the
tables were developed for out-put on 80-character dot matrix printers. For the same -
reason, the data items, farm name and comments, are not included in the tables.
However, the tables offer the user a neat data print-out of (most) data accommodated in
the respective data sets. Each page of tabulated data contains a heading and 45 lines of
data which can be included in a report. Complete data lists can be obtained by
requesting printer out-put on the inquiry screen of the terminal.

Information regarding chemical analyses is tabulated in various forms and provides for
out-put in mg/l or meq/l. The print-out of the ionic¢ balance allows to identify unreliable
or incomplete chemical analyses. A cut-off percentage error of 5% is used to distinguish
between the two.

Additionally, a routine was developed which calculates specific chemical ionic ratios
and prints them in tabulated form, Tonic ratios can be useful in identifying certain
ground-water characteristics. When evaluating ionic ratios to identify possible
anomalies, the differences between the individual analyses should be looked at rather
than the order of magnitude of the values. It should be borne in mind that not all ratios
are necessarily significant,

Tonic ratios are well-suited to compare ground-water qualities on a regional basis. When
used in conjunction with the other hydrochemical and statistical analyses, classification
of ground-water types for different regions may be possible.

6.4.2 Graphics

Graphic display is ideally suited to both identification of certain properties of the data
and transfer of information The graphics included in the data processing package
comprise the following categories:

(i) Unconsolidated/consolidated geology borehole profiles and cross-
sections.

(ii) Hydrochemical diagrams.

(iii)  Pumping test evalvations.

(iv)  General graphics.

(v} Map and contour facilities.
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Each of the five categories comprises of various graphical displays, which will be
discussed with respect to their use in the evaluation of geohydrological data.

Geology - Consolidated!Unconsolidated

The geology forms an important part in any gechydrological investigation, because the
aquifer characteristics are mainly dependent on the geological properties of the
respective geological formations. In the data base, geology is divided into consolidated
and unconsolidated geology. Both are further subdivided into a number of graphical
displays:

6] Borehole logs.
(ii) Borehole chart,
(iii)  Borehole profile.

The unconsolidated groups has a further display sieve analysis.

Lithostratigraphic subdivision, grain-size distribution, penetration rate and borehole
construction features are contained in these displays. A variety of descriptive features
are provided to describe the geological formation in detail and provide the user with
ample facilities to represent the geology in a graphical way, Where the geological
description contains thin layers, the borehole log- and borehole chart displays have the
disadvantage that the description of one layer is plotted on top of the previous thin layer,
This can, to a certain extent, be rectified by editing the geological log before plotting.

Areal maps of the distribution of surface geology of a specific region can also be drawn,
Two-dimensional contour maps or trend surface analyses can be used to show, for
example, bed-rock elevations.

Hydrochemical analyses

Water quality evaluation requires a knowledge of the processes controlling natural
ground-water composition and development,

The evaluation of chemical analyses is usually based on the relation of the different ions
which determine the different types of water. The way in which the data are represented
depends on the data to be processed and the questions asked. They can be represented
on maps, showing the distribution of the respective parameters and/or on parameter
relationship diagrams.

Four frequently used parameter relationship diagrams are available:

63 Piper diagram,
(ii) Durov diagram.
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(i), Schoeller diagram.
(iv)  SARdiagram.

The plotting positions of different ground-water analyses permit identification of varions
ground-water types. If different symbols are used, it is possible to distinguish between
ground water from different stratigraphical units or of different evolutionary status,

Piper diagram

The Piper diagram represents hydrochemical analyses on a trilinear diagram. Depending
on the plotting position in the central diagram, water may be identified as recent,
dynamic and stagnant (Johnson 1975). Most people only use the central part of the
diagram (the diamond-shaped field) to reach their conclusion on the water classification.
This is incorrect. The total diagram must be considered to eliminate possible wrong
conclusions. The Piper diagram has the shortcoming that only the major an-~ and cations
are portrayed. Moreover, the cations, sodium and potassium, and the anions, chloride,
nitrate and fluoride, are respectively combined, but neither the actual ion concentration
nor any other parameteré, e.g. TDS or pH, can be shown. The diagram does therefore
neither bring out the total concentration nor critical ratios between certain constituents,
for instance, between Na and X, Ca and Mg, CO3 and HCO3 and SO4 and Cl.

Durov diagram

This is also a trilinear diagram. An advantage it has over the Piper diagram lies in the
representation of additional physical parameters. It has, on the other hand, the serious
disadvantage that two totally different chemical analyses may plot in the same position
in the adjacent square (see section 6.3, Appendix I). This deficiency is partly overcome
by the expanded Durov diagram, developed by Burdon and Mazloum (1958) and Lloyd
(1965). This diagram has the advantage over the Piper diagram that it provides more
detailed information on the an- and cation percentages and a better display of different
ground-water types and hydrochemical processes.

The ordinary Durov diagram is not as informative as the Piper diagram: in:the -
classification of different ground-water types. Its major advantage lies in the fact that
additional parameters may be included in the diagram, which can be significant when
working in a mining environment.

The trilinear relationship diagrams permit the comparison between numerous ground
waters and depict also the effect of mixing and dissolution of different ground-water

types.
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Schoeller diagram

The Schoeller diagram is a vertical scale diagram. Because the ions are plotted in meg/l,
the actual parameter concentration is portrayed. Different water types are also
distinctively depicted on the diagram. If the interconnecting lines of the different

analyses befween respective axes are parallel, the.same ionic ratios. at different .. .

concentrations are indicated. A further advantage of this diagram is that it can be easily
adopted to accommodate any combination of parameters.

It is a disadvantage of the Schoeller diagram that only a few water samples can be
illustrated on one diagram. The comparison of numerous water samples with one
another is virtnally impossible. If the ground-water types have successfully been
identified by means of other hydrochemical evaluation techniques, a representative
sample of each ground-water type can be plotted on the diagram, displaying the
differences in the composition of the various ground-water types.

'SAR diagram

This diagram is not particularly relevant for ground-water investigations, but is useful
for irrigation purposes. It indicates the probability of salinity hazards and undesirable
ion exchange for different soil types.

Apart from the hydrochemical relationship diagrams, hydrochemistry can also be
represented and evaluated by using other graphical or statistical evaluation techniques.
For example, the ionic ratios of an area can be contoured to indicate possible recharge
areas. X-Y plots show relationships between various chemical parameters such as
chloride and electrical conductivity or other parameters, e.g. TDS and 180. Thus, the
user is not limited by the few hydrochemical diagrams provided, but may also use the
other available techniques to present the different hydrochemical relationships,

Pumping test analyses

For the assessment of the ground-water resources of a region, a knowledge of the

“hydraulic properties of the water-bearing formations is needed. These data are usually
obtained by means of pumping test analyses. The five most frequently used techniques
are included in the package:

(i) Theis analysis.
(ii) Cooper-Jacob analysis,
(iii)  Theis Recovery analysis.
" (v)  Jacob Step Drawdown analysis.
v) Maultirate analysis.
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General graphics

General graphics are used to illustrate two-dimensional relationships between various
parameters, e.g. water-level graphs. General graphics may be used to supplement the
other graphical evaluation techniques.

Map and contouring facilities -~
This group is divided into two sections: - -

1) Map facilities.
(i1) Contouring facilities.

Map facilities

Maps are generally used to depict features, such as boundaries of geological formations,
borehole positions, farm boundaries or drainage regions. The map facility included in
the package is fully supported by PROCAD. Thus, the construction of very detailed
geohydrological maps is possible, due to the 286 drawing levels and other inherent
PROCAD functions. This means different geohydrological or other features can be

drawn on different levels, giving the user the option to draw different combinations of
levels.

Contour facilities

Geohydrological contour maps may portray conditions, which are not necessarily
apparent, if other graphical techniques are used. When constructing a contour map,
certain constraints have to be met to ensure proper function.

Depending on the distribution of data points, a variable reference grid must be
constructed. The z-ordinate is calculated, using two different interpolation schemes.
After the interpolation of the grid control points, they can be smoothed. Too much
smoothing can filter out important features and leave the user with a trend surface.
Depending on the number of samples points and their distribution, 2 suitable reference
grid matrix must be chosen to ensure good representative contours.

It is recommendable to plot a map, showing the borehole positions and the respective z-
values on the same scale as the contour map.. After the contours are constructed, both
maps are superposed to conirol the correctness of the contours. If incorrect contours are
identified, the reference grid matrix must be made finer and a new contour map be
drawn. Correctness of contours is solely dependent on the user's judgement of the
gituation.
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. A facility to construct three-dimensional displays is also available. This facility is
mainly for illustrative purposes.

 6.4.3 Statistics '

Because geohydrologists- depend mainly on relatively. sparse observations made at -
different times and/or places and in which a certain portion of uncertainty may exist,
“numerous statistical techniques have been developed to process these data. Statistical
data processing provided, comprise four topics:

@) General statistics. -
(ii) Sequence analyses,
(iii) Map analyses.

(iv)  Multivariate analyses.

It is essential that the use of the package is restricted to the appropriately skilled
person. If uncritically employed, statistics may produce totally incorrect analyses,
Statistical evaluation techniques are, to a great extent, sensitive to the distribution of the
sample population. In the case of the data accommodated in the National Ground-water
Data Base, many geohydrological related data (yields, transmissivities, grain-size
distribution, etc.) display a log-normal distribution. Linear scales are seldom acceptable
to nature. A millimetre difference between the diameter of two boulders is insignificant,
but a millimetre difference between one sand grain and another is large and an important
inequality. The natural scale for size classification, therefore, is logarithmic (Krige,
1951). It is not surprising that the distribution of, e.g. transmissivities in an aquifer,
tends to be normal when the values are measured on a logarithmic scale (Delhomme,
1979).

This means that, before any statistical analyses can be done on such data, the respective
data values must be transformed to their logarithmic value. An example of what may
happen if data are evaluated without transformation (where necessary), is shown in
tables 5.3(a) and (b), section 5.3.1. Here, the borehole yields were taken without
transforming - them' into -log" values: A’ mean” value was' calculated ‘which ' is not
significant. If the standard deviation is looked at, a relatively large negative yield would
be obtained which does not exist.

If the frequency distribution of particular borehole yields (figures 5.9(2) and 5.9(b)) are
considered, it can be noted that both distributions are skew, most probably because of a
log-normal distribution. Thus, the statistics in table 5.3(a} are of no significance.

Another fact to be remembered, is that geohydrological data have a multivariate nature.
It is, therefore, good practice to start the statistical evaluation with the analysis of
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multivariate data. Here again, it is important to get rid of insignificant data by first
constructing a correlation matrix of the respective data combinations.

The multivariate evaluation techniques are well-suited for the use in local and regional
evaluation of hydrochemical data (see section 5.5). Multivariate analyses are
advantageous for hydrochemical interpretations, because they .are independent of the
number or-type of variables used, e.g. hydrochemistry can be correlated with borehole
yields, depths or aquifer types. Furthermore, they avoid problems of closed-number
systems, inherent in traditional techniques, such as the trilinear diagrams.

Graphical interpretations of ground-water quality are limited because
(a) there are a finite number of variables that can be considered,
(b) the variables are generally limited by convention to major jons and

() falge relationships may be introduced by use of certain of the procedures
(Dalton and Upchurch, 1978).

The spurious results are often an artefact of the use of closed-number systems. For
example, in calculating the anion proportions for the Piper diagram, chloride, sulphate
and bicarbonate, plus carbonate, should sum to 100%. Any increase in concentration in
one or two variables, therefore, forces an apparent, but perhaps false, decrease in the
third variable. By using raw data rather than percentage data, the problems inherent in
the closed-number systems are avoided.

Furthermore, specific geohydrologic processes, such as the recharge of an aquifer, can
be related, using multivariate statistical techniques. Areas impacted by slow natural
recharge can be delineated by the use of hydrochemical factor analysis (Lawrence and
Upchurch, 1982).

Another statistical technique which is useful in geohydrological evaluation is trend
surface analysis. Trend surface analyses are frequently used for determining parameter
distribution. Such analyses can provide an initial guide for interpretation, but tend to
produce unreatistic geohydrological patterns, owing to data distribution bias (Lloyd and
Heathcote, 1985). A usefulaspect of trend surface analysis is that diffefences between
surfaces of different degrees can depict anomalous areas.

To conclude, the use of the ground-water data base, in conjunction with the data
processing facilities, can only be beneficial for development, planning and management
of subsurface water resources in Southern Africa. The use of statistical methods does not
replace good data, it may, however, improve the results. It is, therefore, once more
stressed that the data base is only as good as the data entered. Equally important is that
the user has a thorough knowledge of the techniques he uses when he analyses data.
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Lastly, the data base and its processing facility were neither developed to replace logical
thinking nor the ground-water expert's knowledge and abilities, but to serve as a tool
increasing productivity and quality,

6.5 CONCLUSIONS

Today, the National Ground-water Data Base is one of the more comprehensive ground-
water data bases in the world. At present, the daia base is only accessible via the
GOVNET network which is perhaps a disadvantage as it limits the number of potential
users. This situation could be improved by establishing access via the CCWR
mainframe computer in Pietermaritzburg.

However, the ideal situation for South African conditions would be to have a centralized
ground-water data base, connected to a network of micro computer operated data bases,
such as GBASE. This would ensure extensive use of the National Ground-water Data
Base and at the same time country-wide entry of geohydrological data.
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SUMMARY

In 1984, the Water Research Commission awarded a contract to the Institute {or
Ground-water Studies at the University of the Orange Free State, comprising the
development of a National Ground-water Data Base for Southern Africa. The data base
had to make provision for storage of physical, geological and geohydrological
information about any known ground-water source in Southern Africa. Also, it was to
provide user-friendly software for the geohydrological processing of the data in the data
base.

Three basic data structures were evaluated:
() Relational structure.,
(i1) Hierarchical structure (tree structure).
(iii)  Network structure.

The data in the ground-waler data base are accommodated in three levels, consisting of
basic information, header and respective repeating groups. Such a structure is easily
converted into a tree structure which has the advantage of minimizing data redundancy.

The tree structure has the distinctive disadvantage that the data have to be accessed
throngh the hierarchy which makes the access of certain data relatively inefficient. This
situation was, however, rectified by combining a few network features with the features
of the tree structure, which lead to more efficient data retrieval.

A data base depends, next to the type of data, on the quality of data added. To promote
entry of good quality data, certain data items were declared mandatory. In addition, as

many logical data checks as practically possible, have been included in the data base
programs.

The parameters present in the data base were included, alter evaluation of the
parameters included in other existing ground-water data bases and after thorough
discussion with the Directorate Geohydrology of the Department of Water Affairs to
adapt the data base to especially suit Southern African conditions.

A number of data items and descriptions tend to be repeatable. Such items were coded,
ensuring fast data entry and reducing space requirements on the storage device.

Four ground-water data bases were evaluated, before designing the National Ground-
water Data Base:

(i) Data base by the Institute of Geological Sciences (U.K.).
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Gi) Data base by the Public Work Department (Western Australia).
(ili)  Borehole data base - S.W.A, (Namibia).
(iv) WATSTORE - U.S.G.S. (U.S.A)).

If the National Ground-water Data Base is compared with these data bases, it
corresponds well with the Ground-water Inventory File of the National Water Data
Storage and Retrieval System (WATSTORE) of the U.S.G.S.

The National Ground-water Data Base for Southermn Africa has, however, the distinct
advantage over the WATSTORE system that it is fully supported by data processing
facilities, Data can easily be accessed and extracted from the ground-water data base and
transferred to a micro computer. Here, the data can be evaluated by a comprehensive
data processing package.

Data processing is divided into three categories, comprising of tabulated output,
graphical output and statistical analyses. The graphical output includes geological,
geohydrological and hydrochemical processing facilities, while the statistical analyses
include general statistics, sequence analysis, map analysis and mullivanate analysis.

To test the application and efficiency of both the data base and the processing facility,
data of the Orange Free State and Atlantis were entered into the data base and evaluated
with the data processing facility, Generally, good results were obtained. However,
where problems were encountered, adjustments were made to eliminate these problems.

Thus, the National Ground-water Data Base is one of the most comprehensive existing
data bases in the world, due to its ability to store an extensive range of geohydrological
related data and its ability to process the stored data.



