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SAMEVATTING ABSTRACT 

Hierdie verslag dien as n handleiding vir geohidrologiese 
monsterneming soos deur KERNKOR se Departement 
Geologic uitgevoer. In die verslag word aile aspekte 
rakende monsterneming stelselmatig bespreek en die 
aspekte waar nalatigheid in die verlede problems veroor-
saak het, word beklemtoon. Akkurate, netjiese en stelsel-
matige prosedures word ook benadruk. Die verslag is as n 
naslaartwerk vir die veldtegnikus bedoel. 

This report serves as a manual for geohydrological sam
pling as practised by NUCOR's Geology Department. It 
discusses systematically all aspects concerned with 
sampling and stresses those where negligence has caused 
complications in the past. Accurate, neat and systematic 
procedures are emphasised. The report is intended as a 
reference work for the field technician. 



1 . I N T R O D U C T I O N 

Analytical data on water samples provide an indication of 
the geohydrological processes taking place during the 
interaction between groundwater and the enclosing 
aquifers It is possible to identify water bodies, using some 
of a multitude of parameters such as major ions, trace 
elements and isotopes which may give clues as to the 
origin, directions of f low and age of groundwater bodies. Of 
importance is the use of this data for exploration purposes, 
as they could assist in the location of buried mineral 
deposits. 

The South African Radioactive Waste Project also requires 
this information for determining the direction of migration 
of the radionuclides in the environment in the event of a 
spillage. In order to satisfy the norms for the licensing of a 
radwaste repository, the data must be f'dly quantitative by 
being accurate and precise in such a way that the informa
tion and interpretations can withstand the rigors of 
sampling, analytical errors and the natural time-dependent 
vanatioi of water quality. 

The sampling procedures required for water, and in 
particular groundwater, must be applied in such a manner 
that the natural variation of dissolved species is not 
disturbed to any significant degree. With this in mind, the 
operator has to exercise meticulous care during initial 
preparation, collection, storing, preserving and handling of 
the water samples. It has been demonstrated that all these 
factors play a significant role, in particular pH changes, 
calcium carbonate precipitation and the trace element 
distribution (Brunke 1977, Klopper 1977 and Marchant 
1978). 

This report is a field manual and describes the procedures 
adopted for the Radwaste Project geohydrological investi
gations in the Northwest Cape. 

2 . FIELD LABORATORY 

The measurement of pH, Eh, conductivity and the determi
nation of the alkalinity by titration in the field, necessitate 
the use of a mobile laboratory. A 4 x 4 Chevrolet C20 
Custom de luxe was fitted wi th a conventional steel canopy 
and everything possible was done to keep the interior dust-
free. The installation of a 1 2 V blower, filtering air into the 
canopy, further ensures that a positive pressure is main
tained in the canopy while travelling on gravel roads, 
minimising dust contamination of both samples and 
equipment. 

Built in cupboards house the equipment and provide 
custom-made space for samples, empty containers, 
chemicals and equipment (Fig. 1). Instruments and glass
ware are permanently fixed so as to facilitate measuring 
with the minimum handling of the equipment, reducing 
both the time spent on sampling and the risk of 
contamination. 
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Fig 7 
View of the built-in cupboards installed in the field truck 

3. SAMPLING 

Although attemps are made to maintain uniform density of 
sampling, it is not always feasible to do so. Boreholes in the 
areas under consideration are, however, distributed fairly 
uniformly, so that a density of at least one sample per 10 
km- is possible. Detailed sampling, entailing the sampling 
of every available producing borehole, is done in areas of 
specific interest. 

Normally, samples are only taken at boreholes and wells 
equipped with a pump; however, in the Pichtersveld, where 
sampling points are very sparse, it was necessary to sample 
springs. Samples are always taken as near to the source as 
possible, which, in some instances, necessitated discon
nection of the bnrehoie piping This is especially true in 
cases where the outlet is distant or when there is a holding 
tank. 

In order to ensure that uncontaminated water is sampled, 
pumps should be run tor at least ten minutes before 
sampling is carried out nr until such time as the water is no 
longer murky. 

Samples are taken as follows: 
(i) 2 I for the determination of the trace elements Al, As, 

Be, Cd, Co, Cr, <".u, F'e, Mri, Mo, Ni, Ti, Si a i d Zn. 

(li) 500 ml for the determination of U, V and N0 3 ; the 
latter cannot lie determined from the major compo
nent sample because nitric acid is used for acidi
fication. 

(in) 250 ml for the determination of the major compo
nents SO; , CI . f . Ma'. K\ Ca -" and M g 7 + . 

3.1 Reproducibility Vest 

In order to test the reproducibility both at the sampling 
point and in the analytical laboratory, additional samples 
are taken at four sup..i..ite intervals as follows: 
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|i) X-type sample: a sample of 5 I is taken and split in 
order to test reproducibility at the sampling point and 
in the laboratory. Every twentieth sample, starting at 
the tenth, is treated in this way. 

(HI Y-type sample: short interval - about one hour 
between two independent samples in order to test 
the reproducibility at the sampling point. Every 
twentieth sample, starting with the twentieth sample, 
is treated this way. 

(HI) Z-type sample: medium interval - about one day 
between two independent samples, testing repro
ducibility at the sampling point. This type of sample is 
taken only when circumstances allow. 

(iv) A-type sample: long interval - one month interval 
between sampling, monitoring the reproducibility 
over a longer interval at the sampling point. 

3.2 Stagnancy Test 

Migration of farmers is experienced in Bushmanland. wi th 
the result that some windmills are left with the brakes 
applied for up to six months. In order to establish the time it 
takes for borehole water to return to its "normal" composi
tion, after it has been unproductive, a stagnancy test is 
performed. The test entails taking several successive 
samples, 3 minutes apart, and recording pH, Eh and HCCX, 
content until three successive samples give constant 
values. A parallel set of samples is taken for major and 
trace-element analysis. 

3.3 Plastic Containers 

It is a well-known fact that the trace-metal content of 
natural water can be radically altered by storage in plastic 
containers. Concentration changes are greatly eliminated 
by pre-cleaning the containers and acidifying the samples. 
Following the advice of Klopper(1977), only Polykan high-
density polyethylene containers are used (supplied by 
Kóhler Plastics). A leaching test was conducted by rinsing 
and leaving concentrated HCI overnight in one of the 
containers. No significant contamination of the plastic 
was detected. 

In all cases, the sample containers were thoroughly pre
s s e d in the laboratory using the following method: 

The containers were filled and washed with 10 % HCI and 
then emptied and rinsed three times with double deminer-
alised water. 

In addition to the above cleaning, containers may be 
thoroughly pre-rinser) in the field with the water which is to 
be collected. As far as possible, samples taken are pro
tected against dust and other sources of contamination. 

3.4 Filtering 
Suspended material, greater than 40jurr in diameter, in 

groundwater, is regarded as foreign and therefore removed 
by filtration. The filtration of water containing very fine 
particles is a slo<v process, especially if a very fine filter 
medium is used. 

About 2,75 I of s ample is required and to speed up filtering, 
a membrane iltration apparatus (Fig 2). containing 
Whatman 42 f ter paper and a pressure up to 700 kPa, is 
used. In some instances • u~ i very coarse impurities are 
removed by fi. r. filtering thruugn Whatman 541 paper and 
then through Whatman 42 Ail used filter papers are 
retained in case it is necessary to investigate chemical 
anomalies. A new filter paper must be used for each sample. 

Fig. 2 
Mt'i-itjrjnc filter upparatas 

The storage of the filtering apparatus and its assembly in 
the field are iliusti.m-d m Pigs 3 and 4 respectively. Great 
care must be taken to ensure that the pressuie vessel and 
the filter unit are thoroughly nosed with the water to be 
sampled As the pressure tubing between the pressure 
vessel and the hit' r .ire: it, tilieri with water fiom the 
previous sample the first 'JOO m! of hlirat:.' must be 
discarded. 
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Fig. 4 
Arrangement of the filter apparatus in the field fa) 12 V 
compressor, (b) pressure vessel, (c) membrane filter 

apparatus 

3.5 Acidification 

All samples are acidified in order to prevent sorption of 
trace-element ions by the plastic or the precipitation of 
calcium carbonate. The following acidification procedures 
are used: 

2 I b o t t l e - add 30 ml of 1:1 HCI 
500 ml bottle - add 5 ml of 1:1 HCI 
250 ml bottle - add 2 ml of 1:1 HN0 3 

The pH of the water after acidification should be lower than 
one. This is checked wi th Merck Universal indicator paper 
and if it is not the case, more of the appropriate acid must be 
added. 

3.6 Labelling of Samples 

A field number, indicating on which 1:50 000 sheet a 
specific borehole is located, is assigned to each borehole, 
e.g. 2918AA 1. All samples, i.e. 2 I, 500 ml, 250 ml and the 
filter paper, are labelled with that number. The next 
borehole on sheet 2918AA will be numbered 2918AA 2, 
etc. until all boreholes or the selected boreholes, within the 
5 - 10 km radius, are sampled. Should a borehole be 
resampled at a later stage, the number 2918AA 1 - 2 wi l l be 
assigned to the sample, meaning that a second sample has 
been taken at borehole 2918AA 1. 

All sample numbers must be written on self-adhesive tables 
which stick onto the plastic containers. The labels are then 
covered with clear adhesive to protect them against 
abrasion and weathering. 

It is of the greatest importance to ensure that the co
ordinates of boreholes sampled are recorded accurately 
and that sample numbers are not duplicated. 

In all cases where X, Y or Z samples are taken, care must be 
taken that both samples are appropriately marked. Note 
that two subsequent field numbers are used for X and Y 
samples, e.g. 2920AB 1X and 2920AB 2X or 2920AB 11Y 
and 2920AB ?2Y. Al l writing and numbering must be neat 
and legible. 

4 . F IELD A N A L Y S I S 

The fol lowing variables are determined on site: tempera
ture, conductivity. Eh, pH, CO^" and HCO^. 

The above determinations should be carried out within 
minutes of taking the sample. Should there be a delay, a 
fresh sample must be taken. The sample must be raw and 
not filtered before testing. An example of the data sheet to 
be completed for each sample is shown in Fig. 5. 

4.1 Temperature. Conductivity, E h and p H 

According to the manufacturer's instructions, the conduc
tivity meter must be checked daily for electronic or battery 
failure. For the same reason, the pH meter must be 
calibrated each day according to the manufacturer's 
instructions, using pH 4 and pH 7 buffer solutions. 

METHOD 

1. Take a water sample from a borehole outlet in a 
suitable beaker. 

2. Measure the temperature, Eh and pH. (Note: the pH is 
temperature-dependent.) Record the results. 

3. Determine the conductivity. Record t íe result. 

4.2 Carbonate and Bicarbonate Analyses 

The determination of carbonate ions in water is usually 
done by titration, using either a suitable indicator solution 
or a pH meter. The latter method is more commonly used, as 
it is the easier and less susceptible to errors of human 
judgement. 

In general, the stability of carbonate and bicarbonate in 
water is controlled by the pH. Above pH = 8,1 the bicar
bonate dissociates to form carbonate as follows: 

HCO; = C O r + H + 

Below pH = 8,1 and above pH = 4,5 carbonate does not 
occur and bicarbonate is the stable species. 

The procedure therefore involves titrating the water sample 
to pH = 8,1 (assuming the initial pH is above this value) for 
the carbonate and continuing to titrate to pH — 4,5 for the 
bicarbonate concentrations. 
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WATER ANALYSIS DATA SHEET 

AREA. 

DISTRICT. 

FARM NAME. 

BOREHOLE No. 

SAMPLE No. 

DATE SAMPLED 

CONDUCTIVITY micro mho/cm 

pH | E h ]̂ 
CARBONATE-BICARBONATE 

DATE ANALYSED 

ANALYST. 

SAMPLE VOLUME 

pH8,1 

1 st VOLUME 

2 nd VOLUME 

DIFFERENCE 

COj 

PH4.5 

1 st VOLUME 

2 nd VOLUME 

DIFFERENCE 

HC03 

ml 

REMARKS 

Fig. 5 
Example of a water analysis data sheet 
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PROCEDURE 

A. pH meter 

1. Fill the burette with O.01 N hydrochloric acid. Record 
1st volume Z ml {i.e. zero reading). 

2. Check that the pH meter is correctly calibrated, noting 
the necessary temperature corrections. 

3. Take 25 ml of the filtered sample and place in a 100 ml 
beaker. 

4. Remove pH electrode from the KCI electrolyte solution. 
After washing off the excess with distilled water, place 
it in the sample, making the necessary temperature 
correction. 

5. Stir the sample with a magnetic stirrer and record the 
PH. 

6. Slowly titrate to pH = 8,1. Record 2nd volume. A ml. 

7. Continue titrating to pH = 4,5. Record 3rd volume, 
Cml. 

8. For the bicarbonate (HCO^ titration, the titre volume 
should not be less than 5 ml. 

B. Indicators 

1. Fill the burette with hydrochloric acid. Record 1st 
volume, Z ml (i.e. zero reading). 

2. Take 25 ml of filtered sample and place in a 100 ml 
beaker. 

3. Add three drops of phenolphthalein indicator solution 
to the sample and stir with a magnetic stirrer. 

4. Slowly titrate to the end-point which is near to pH = 
8,1. Record 2nd volume, A ml. 

5. Add three drops of methyl orange indicator solution 
and continue titrating slowly to the end-point (pH 4,5). 
Record 3rd volume, C ml. 

6. Ensure that the titre volume for the bicarbonate (HCO3) 
titration is not less than 5 ml; if it is, the exercise must 
be repeated with double the starting volume to ensure 
this. 

NOTES 

With reference to the WATER ANALYSIS DATA SHEET, the 
following should be noted: 

pH = 4.5 
1 st volume = zero reading on burette = Z ml 
(same value as for pH = 8.1 above) 
2nd volume = HCO, titre = C ml 
Difference = (C-Z) = D ml 

3. If the temperature is high (i.e. 22 °C), record it under 
"REMARKS", 

CALCULATIONS 

2BX0.01 X 30 000 CO^ ppm = 
Vol. sample 

..««- D-2B X0.01 X61 000 
HCO3 ppm = - '— 

3 Vol. sample 

NOTE: The same calculations apply to titrations when 
indicators are used. 

5. WATER-LEVEL MEASUREMENTS 

The water-level depth is recorded in all boreholes investi
gated in order to determine the regional flow pattern of the 
groundwater. 

The apparatus used is a simple hand winch with a 200 m 
military-type telephone cable on the drum. A small lead 
weight is fixed to the end with the two open contacts ± 
50 mm apart (Fig. 6.) A deflection is recorded on a milli-
ampmeter when the water levei is reached. 

MIUI AMPMCTER 
SCALE 0 - 1 OmA 

1. The zero reading (Z) on the burette must always be 
subtracted.from the titres. 

2. The titration is done on a continuous basis, the 
volumes being read off at the prescribed pH values. 

pH • 8,1 
1 st volume = zero reading on burette = Z ml 
2nd volume = C03~ titre = A ml 
Difference s (A-Z) =* B ml 

Fig. 6 
Water-level measuring equipment 

NOTE: A data sheet (Fig. 7) must be completed for every 
borehole measured regardless of whether or not a water 
sample was obtained. The co-ordinates must be read 
accurately from the 50 000 sheets as they will be needed 
for future location of the boreholes. 
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FARM NAME _ 

DISTRICT . 
SAMPLE wo 

FIELD HYDROGEOLOGICAL SAMPLING DATA MKMS 

COOBMATES 

MTE | 

SAMPLER. 

UDÍ mm" 

LOCAL RELIEF 

CONTAMINANTS 

TYPE OF WELL 

NORtQ 

Q«LLEO| I 

i m » Q GENTLE | | MOOEAATEQ urn| I 

MWWS| I ASRKULTURE| I WCUSTRY| 1 SEWAGE | | 

DUG I I OTHER| I 

OTHER I | 

POWER PLANT | J URBAN • OTKRQ 

OTHER I | 

OTHER| | 

UNKNOWN | [ OTHER | | 

FROM TANK| I 

N O N E Q OTHER] J 

P O W E R C L A S S I F I C A T I O N ARTESIAN FLOW | | E l E C T W c Q GASOLINE| | « " « Q ] HM»[ | 

CASING NONEQ] STEElQ 6ALVANISEo| | PUSTIcf~~| UNKNOWN | | 

PIPE COMPOSITION S T E E l Q SKWMMStoQ COFFER| | M * S s j ~ [ FUSTIC | [ 

SAMPLE LOCATION METRES FROM WEIL HEA0| | | | HOLDING TANK |Yn| No | 

WHERE SAMPLE TAKEN WITH REFERENCE TO HOLDING TANK BEFOREQ * f T t l , n NO TANK| | 

USE OF WELL MUMCIPAl| | HOUSEHOLD| [ STOCK | | IRRIGATION [ [ ALL Of ABOVE | | 

PUMPING FREQUENCY CONSTANT (HOURLY) | | FREQUENT (DAH.Y) [ | INFREQUENT (WEEKLY) Q NONE (NOT RECENTLY USED)Qj 

YIELD D R Y [ Z ] l O w Q MODERATE | | H G H | [ 

DEPTH OF P R O D U C I N G ZONE i 1 I I "> 

CONFIDENCE OF DEPTH W G H Q PROBABLE| | POSSIBLE | | 

SOURCE OF PRODUCING DEPTH I N F O R M A T I O N PUBLICATION| | OWNERS^] USER| | 

TOTAL W E L L DEPTH 1 1 1 1 m 

SOURCE OF DEPTH INFORMATION PUBLICATION| [ O W N E R Q USEH[ | 

SAMPLE TAKEN 5 f Q 500 ml Q 250 ml Q 0THEw| [ 

GEOl INF Q ] 

HLTEB PAPER [ ] 

GEOL I N F Q OTHER] I 

OTHER | | 

COLLAR HEIGHT OF BOREHOLE ABOVE SEA-LEVEL 

SOURCE OF COLLAR HEIGHT INFORMATION TOPO/MAPQ PUBLICATION| | SURVEYED| | 

WATER-LEVEL DEPTH BELOW SURFACE [ 

GOVERNMENT BOREHOLE 

SURFICIAL COVER 

THICKNESS O f COVER 

Yn I No I 

SAN0| | CALCRETEJ | 

WATER-LEVEL HEIGHT ABOVE SEA-LEVEL 

GOVERNMENT NO 

OTHER| | 

HEIGHT OF PRE-KALAHARI FLOOR ABOVE S E A - L E V E L [ 

GEOLOGY 
FORMATION THICKNESS <*) 

I 

SOURCE OF GEOLOGY GOVT RECORDS [ | AE8| 1 P U B I O T I O N Q O W N E R Q U S E R Q GEOl INFERRED^] OTHER| | 

REFERENCES 

Fig. 7 
Example of hydrological data sheet 
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