
i

Analysis of groundwater from deep bore-
holes in Kamlunge

S Laurent
Swedish Environmental Research Institute

Stockholm, Sweden May 1983



ANALYSIS OF GROUNDWATER FROM DEEP BOREHOLES

IN KAMLUNGE

Sif Laurent

IVL, Swedish Environmental Research Institute
Stockholm, Sweden 1983-08-29

This report concerns a study which was conducted
for SKBF/KBS. The conclusions and viewpoints
presented in the report are those of the author(s)
and do not necessarily coincide with those of
the client.

A list of other reports published in this
series during 1983 is attached at the end
of this report. Information on KBS technical
reports from 1977-1978 (TR 121) , 1979 (TR 79-28) ,
1980 (TR 80-26), 1981 (TR 81-17) and 1982
(TR 82-28) is available through SKBF/KBS.



ANALYSIS OF GROUNDWATER FROM DEEP BOREHOLES IN KAMLUNGE

Sif Laurent
IVL, Swedish Environmental Research Institute
Stockholm, 1983-08-29



4f
SUMMARY

Groundwater from four boreholes In granitic rock at an investiga-

tion site in Kami unge has been sampled and analysed. This Is

part of a larger program of geological, geophysical and hydrogeo-

logical investigations aimed at finding a suitable site for a

high level radioactive waste repository.

One to four water-bearing levels in each borehole between a

depth of 100 and 600 m were selected. Prior to sampling, the wa-

ter-bearing level is Isolated between packer sleeves. The water

is then pumped to the surface where sensitive parameters such as

redox potential, pH, sulphide and oxygen content are measured

electrochemically on the flowing water in a system isolated from

the air. Water, filter and gas samples are sent to several labo-

ratories for further analysis*

The present report is a presentation of the results of the

groundwater analyses. The reliabilty of the results is discussed

but there is no evaluation in relation to geology and hydrogeo-

logy. This report presents the basic results from the groundwa-

ter analyses to be further evaluated by experts in different

fields.
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INTRODUCTION

Groundwater from four boreholes in Kamlunge has been sampled and
analyzed. Boreholes KM3, KM8 and KN13 are core boreholes and
KM20 (also called HB20) is a percussion-drilled borehole. The
sampling levels were chosen on the basis of hydrological measure-
ments in the boreholes. Sampling was carried out by Sveriges Geo-
logiska AB. Personnel from IPK and VIAK performed the field mea-
surements and sampling. Several laboratories participated in the
water analysis (see below).

The boreholes were pumped out with a gas lift prior to the hydro-
logical Investigation and immediately before the equipment for
water sampling was lowered to the first sampling level. On the
latter occasion, three such gas lift pumpinjjs - called mammoth
pumpings - were performed in a row. Iodide (Nal, 0.01 mmol/1)
was added to the drilling water during drilling to enable any re-
sidual drilling water to be traced in the groundwater. The selec-
ted fracture zones were sealed off by packers spaced at a dis-
tance of 2.7 m.

Sampling was carried out in KM3 (2 levels) from December 1982 to
February 1983, in KM8 (1 level) during May-June 1983, in KM13 (4
levels) ir. March-June 1983 and in KM20 (1 level) during April
1983. Depth is given both as vertical depth (depth) and/or bore-
hole length (length). It is always vertical depth that is given,
unless otherwise specified in the table heading.

The work was carried out in periods of 14 days - 4 days off
while the sampling pump works and 9 days field measurement and
water sampling. The sampling took place in two consecutive work
periods at all levels except KM13, 197 and 564 m, which were
only sampled during one period. Lowering to a new level is done
on the last day of a work period.

The present report consists primarily of a presentation of the
results of the groundwater analyses. The reliability of the re-
sults is subjected to some scrutiny. There is, however, no fur-
ther evaluation in relation to geology or hydrogeology. The mate-
rial in this report will be further analyzed by experts in diffe-
rent fields.

The geology and hydrogeology of the study area are described in
KBS TR 83-55.

A general description of the chemistry of groundwater from great
depths in granite and gneiss has previously been published by G
Jacks (KBS TR 88). The same author has also described the chemis-
try of groundwater in Blekinge (KBS TR 79-07), where Stern» is
situated. The results of analyses of the groundwater from the
Finnsjö, Gideå, Fjällveden and Svartboberget areas are presented
in KBS TR 82-23, 83-17, 83-19 and 83-41, respectively. A summary



and description of the groundwater chemistry in these areas has
been published by Bert Allard et al (KBS TR 83-59). A geochemi-
cal evaluation of fracture minerals and the relation between
fracture minerals and groundwater composition in Finnsjön has
been published by E-L Tullborg and co-workers in KBS TR 82-20.
The relationship between pH and carbonate content in deep ground-
waters has been discussed by Bert Allard In KBS TR 82-25. The ex-
pected groundwater composition and its importance for the final
storage of radioactive waste have been discussed in KBS TR 90
and the final report KBS-2 Volume 2 (Handling and Final Storage
of Unreprocessed Spent Nuclear Fuel, Technical Volume). Hydro-
logy and groundwater age are also taken up in the latter report.
The sampling equipment is described in KBS TR 83-44.

SAMPLING

2.1 Drilling water

Some of the drilling water that is used in the core drilling of
the sampling holes can penetrate into fractures and contaminate
the groundwater there. In order to get rid of the drilling water
to as great an extent as possible prior to sampling, three mam-
moth pumpings (using nitrogen gas) are performed immediately
prior to installation of the sampling equipment.

The sampling equipment (2.2) is lowered to the chosen level and
allowed to work for 3-4 days before sampling begins. Periodic
sampling during a period of 8-9 days makes it possible to follow
changes in the composition of the water that might derive from
drilling water or some other source of contamination. The chang-
es may also be due to the incursion of water from different aqui-
fers.

Water from percussion-drilled boreholes has been used as drill-
ing water. The drilling water was filtered through mechanical
filters of cellulose (18 CMC 3-2), which are supposed to retain
particles with diameters larger than 5 urn. The filtered drilling
water was then analyzed. The results of the drilling water an-
alyses from the entire Kam lunge area are presented in table 10.
The borehole and its length at the time of sampling are given In
the table. The results for the water to KM13 are also given at
the bottom of tables 6-9b.

Before the drilling water was used, it was "marked" by the addi-
tion of 0.01 mmol/1 (1*3 mg/1) sodium Iodide in order to make It
possible to trace any drilling water that may have contaminated
the sampled water* Unfortunately, It has been found that both
the drilling water and sampled groundwater can sometimes have



considerable contents of natural iodide (KBS TR 83-17). 3 x 10~4

mg iodide per mg chloride has been observed in Stripa.

The drilling water for KM3 was taken from a percussion-drilled
borehole only about 10 o from the core borehole. According to
the Iodide analysis of the water from the percussion-drilled bo-
rehole, drilling water Intruded into this borehole to such an ex-
tent that up to 40% of the drilling water may have been recircu-
lated. Iodide contents of up to 2.0 mg/1 have therefore been
found in the drilling water at KM3.

The analyzed drilling waters are presented in table 10. As can
be seen, all iodide concentrations are low compared to the con-
centrations measured in the sample waters (table 9). For this
sample material, the iodide concentration should therefore pro-
vide a good picture of the contamination of the sampled waters
with drilling water, especially since the sampled waters all
have a low chloride content. It should be noted, however, that
the iodide content in KM20, which is a low-lying percussion-dril-
led borehole, is unexpectedly high. Since no drilling water has
been used, this must be a naturally high concentration or a very
massive contamination from core boreholes within the area. The
total water flow at KM20 was 30-50 1/min (2.2).

2.2 Sampling equipment

Core boreholes KM3, KM8 and KM13 are drilled with a diameter of
56 mm. The 2.7 m long sampling zone is sealed off by rubber pac-
kers that are expanded to a pressure that is 0.8-1 MPa above the
ground water pressure. The KM13, 564 m zone is sealed off by one
packer, and sampling has taken place between this packer and the
bottom at about 580 m. The sampling pump is positioned immediate-
ly above the sealed-off zone. The intake is from the upper part
of the zone. The pump, which is made of steel and furnished with
teflon seals, has a capacity of 0.12 I/stroke and pumps 300-390
1/d. The water flow at some levels is lower due to the fact that
the flow of water in the rock is lower than the capacity of the
pump. A schematic Illustration of the sampling pump and packers
is shown in Fig. 1.

Sampling at the percussion-drilled borehole was done in the same
manner within a 3 m long zone sealed off by packers. The water
flow rate was, however, so great (30-50 1/min) that only a por-
tion of the water was conducted via the test chamber. The flow
given in the table (2.3) pertains solely to the flow through the
test chamber. It has not been possible to calculate the total
flow.

The water is pumped up through polyethylene-lined iron pipes to
a test chamber of stainless steel on the ground surface. The



4
test chamber is equipped with electrodes and measuring cells for
recording pH, Eh (glassy carbon), Eh (platinum), pS, oxygen con-
tent and conductivity. The test chamber is also equipped with
valves for the extraction of water samples.

The equipment has been augmented with an extra measuring chamber
of glass, which is positioned between the borehole and the test
chamber as described above. It is equipped with 2 Eh electrodes
of the same kind as those in the test chamber (glassy carbon and
platinum). In order to give these electrodes plenty of time to
stabilize, they are not calibrated and they are only cleaned
when the level is changed. The measurement results are given un-
der "ex" in tables 1-4.

2.3 Water flow during sampling

The water flow at different levels is shown in the table below.
The approximate pumped-up water volume has also been calculated -
"F 1" is the quantity of water before and "P 1" during the first
period, "F 2" is the quantity of water between the periods and
"P 2" during the second period. The mean flow and the total
quantity of water during the entire measuring period have also
been calculated. Disturbances in the work at the boreholes are
described in the notes to the table.

BH Depth Mean flow F 1
m 1/d m3

P 1 F 2
m3

P 2 Total Notes

KM3

KM8

KM13

106
376

198

197
432
556
564

325
315

365

125
165
160
250

1.9

2.3

2.2
2.5

3.1

1.4
1.5
1.0
1.8

1.9
4.1

1.8

_
-
0.9

2.9
2.6

3.1

_

1.1
1.5
_

8.9
>9

>8

>1
>5
>3
>2

1

2

3
4
5

W120 146 320

Note 1

Note 2

The high value of F2 Is due to the fact that the pump
ran during a long leave period at Christmastime. A prob-
lem occurred with a non-return valve on day 50-7,
which caused pressure variations In the test chamber.

A problem with the generator caused two-hour long pump
stoppages on day 20-6.



On day 20-7, the pressure in the packers was adjusted
from 400 to 700 kPa.

Note 3 Power outage for 2.5 h on day 24-5.

Note 4 There was no pressure in the packers on the morning of
day 18-1.

Thi pump stopped during the work pause between the samp-
ling periods. The disturbances continued through day
20-4.

Pump stoppage again on the night before 20-6.

Note 5 The pump worked poorly. No continuous pumping until day
12-3.

Note 6 Power outage on night befcre 15-6.

The packer pressure was increased on day 16-3 from 770
to 1020 kPa.

Pump stoppages of 30 minutes or less are not noted.
Such short stoppages are usually due to oil changes or
other routine measures on the generator.

FIELD MEASUREMENTS

The field measurements are recorded in tables 1-4, the E° values
obtained from the field calculations in table 5 and the field
values obtained during water sampling in table 6.

The photograph below shows the field equipment with test cham-
ber, measuring equipment and valves for water sampling.

3.1 Calibrations

Each calibration has been assigned a calibration number. Measure-
ments made after the calibration have the same number. All ca-
libration solutions are freshly prepared from concentrate and
deaerated distilled water, except the one used for calibration
of the conductivity cell. During calibration, the solutions are
circulated through the test chamber.

Three buffer solutions with pH 4, 7 and 10 are used for calibra-
tion of the pH electrode. Qulnhydrone is added to the buffer
solutions with pH 4 and 7 for simultaneous calibration of the Eh



electrodes. Concentrate diluted to solutions that are 0.01 and
0.05 moler with respect to sulphide ion is used for calibration
of the sulphide electrode. The E° values obtained are presented
in table 5.

If a calibration shows that the electrodes have to be cleaned,
the reading before the cleaning is normally also noted in order
to document the condition of the electrodes immediately prior to
the calibration. For the same purpose, the work on a level is
usually concluded with a calibration without cleaning of the
electrodes. Such calibrations are marked with an asterisk after
the calibration number in table 5.

The oxygen probe is calibrated against air-saturated distilled
water and the conductivity cell against 0.01 and 0.1 mol/1 KC1.

3.2 Measurement results

Each measuring occasion is Identified with a calibration number,
borehole designation, length of borehole (core length) as well
as day and time. The vertical depths corresponding to the bore-
hole lengths are shown in the table below. The percussion-dril-
led borehole KM20 is vertical.
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'

Bore-
hole

KM3

KM8

Length
m

123
445

238

Depth
m

106
376

198

Bore-
hole

KM13

Length
m

230
514
670
680

Depth
m

197
432
556
564

Owing to the fact that it takes some time after each calibration
before the water in the test chamber is representative of the bo-
rehole water and before the Eh and pS values have stabilized, no
measurement results have been included until at least 24 hours
after the calibration - in general, from and including the se-
cond day after calibration. Nor are values included that have
been obtained from obviously unsuccessful measurements owing to
problems encountered in the field»

3.3 Temperature measurement

The temperature is measured in the test chamber to permit ca-
libration and calculation of the electrode potentials.

Owing to the relatively slow rate of water turnover in the test
chamber, the temperature measured is not representative of the
groundwater. It is therefore not reported.

3.4 Measurement of pH, Eh and pS

The system often seems to need to remain undisturbed for at
least a week before the Eh and pS values are more or less sta-
ble. The pH value normally stabilizes much faster.

The calibrations show that the electrodes must be cleaned rela-
tively frequently. Normally, they are cleaned when they are lowe-
red to a new level. The electrodes were also cleaned immediately
after the calibrations marked with an asterisk in table 5.

3.5 Oxygen measurement with probe

It would appear that the oxygen probe has to be calibrated more
frequently than is possible with a view towards the other elec-
trodes. The condition of the probe prior to a new calibration
was checked by making a reading in air-saturated water prior to
cleaning and membrane change, if any. If the error was greater
than 20%, the values obtained prior to the calibration were omit-
ted.
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3.6 Measurement of conductivity

The conductivity measurements were consistently stable* Calibra-
tion war done at the beginning of each level.

MAIN COMPONENTS OF THE WATER

Each sampling occasion has been assigned a unique sampling num-
ber which is the same for all samples taken on the same occasion
("No." in the tables).

The main components were analyzed by SGAB's water laboratory in
Uppsala and by Hydroconsult in Stockholm. The TOC analyses were
mainly done at IVL in Stockholm and the filters were analyzed at
SGAB in Luleå. The analysis results are reported in tables 5-8.
Drilling water (table 10) was analyzed by SGAB in Uppsala.

The following analysis methods were used in the water analysis:

pH, conductivity and turbidity (Hydroconsult), conventionally ac-
cording to Swedish Standard (SS).

Sulphide (Hydroconsult), colorimetrically on Zn-preserved speci-
men (SS).

Sodium and potassium (Hydroconsult), emission with flame.

Iron(II) (SGAB), colorimetrically with o-phenanthroline.

Other metals in water (SGAB), optical emission with ICP.

Iron, aluminium and sulphur on filter (SGAB), X-ray fluores-
cence.

Nutrient salts (Hydroconsult), colorimetrically according to SS.

Bicarbonate, chloride and fluoride (Hydroconsult), titrimetrical-
ly according to SS.

Sulphate (Hydroconsult), gravimetrlcally (>100 mg/1) or turbldi-
metrically.

TOC, t.arbon analyzer (Astro at IVL, Carlo Erba at SGAB).

Silicon dioxide, colorimetrically with methylene blue.

Iodide, potentiometrleally or colorimetrically (<5 g/1).
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In addition to the date of the sampling and of the arrival of

the sample at the laboratory, the field values obtained simulta-

neously with the water sampling and the laboratory analyses of

the same parameters are presented in table 6. Note that the

field values, which are measured during water sampling, are oft-

en not representative of the borehole. Sampling may, for ex-

ample, have been done immediately after a calibration.

All determinations of metals are presented in table 7. Parame-

ters that contain nitrogen are compiled in table 8 and other an-

ions as well as TOC, turbidity and silicic acid are presented in

table 9.

4.1 Sampling

The water samples were taken through a valve immediately after

the test chamber. On each sampling occasion, a new tube, kept

well protected from dust, was attached to the valve. The free

and untouched end of the tube was inserted down to the bottom of

the sample bottle. At least two bottle volumes of sample water

were allowed to run over before the bottle was sealed, without

any air having been trapped inside. The samples were kept in a

refrigerator awaiting transport (4.2).

4.1.1 Unpreserved samples

Unpreserved samples for analysis of negative ions etc. were tak-

en in bottles of borosilicate glass (1 litre) with a ground, fil-

led stopper held in place with a steel clip. The bottles were

stored and transported upside-down. In this manner, the moisture

in the pores in the ground surface was preserved, preventing air

from leaking into the sample.

4.1.2 Preserved samples

Preserved samples for analysis of metal ions were taken in acid-

washed polyethylene bottles (250 ml).

The samples were preserved with 2.5 ml of concentrated hydrochlo-

ric acid (super-pure). The acid was added through a dispenser be-

low the sample surface immediately before the sample bottle was

sealed. Hydrochloric acid was chosen as a preservative because

iron(II) was to be determined.

Only occasionally are the analysis results specified to more

than two decimal places. No adjustment has therefore been made

for dilution of the samples with acid.
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4.1.3 Filtration

Filtration through a Nuclepore membrane filter with a pore diame-
ter of 0.4 uin was done on each sampling occasion. The filter was
thereby attached immediately after the test chamber. The total
quantity of filtrate was measured and recorded. The volume va-
ried between 200 and 2300 ml.

The first water that passed the filter was discarded, after
which a 250 ml polyethylene bottle containing 2.5 ml concentra-
ted hydrochloric acid was filled (if possible) with filtrate.
Iron(II and total) was determined in the filtrate. The total
quantity of aluminium, iron and sulphur was determined on the
filter and the concentration in the water was calculated (table
7).

A millipore filter (0.45 um) was used at KM13, 556 m and for
sample Nos. 344-348 and 441-44.

4.2 Transport of samples

The samples were packed in specially-made insulated boxes with
frozen cooler blocks. The boxes were mailed "express" on the af-
ternoon of the sampling day and delivered to the laboratory the
following morning. No water sampling took place on Fridays and
Saturdays, since the samples could then not be taken care of by
the laboratory until Monday or Tuesday. The Sunday samples were
sent together with the Monday samples.

4.3 Sampling levels

The concentrations within the levels are generally more or less
consistent. More or less pronounced trends can frequently be
seen. The concentrations at all levels in KM13 change, for ex-
ample, with the pumping time*

The change in the two uppermost levels in KM13 is particularly
marked, where all concentrations except manganese and bicarbo-
nate increase - the concentrations doubled during the pumping pe-
riod at 432 m. The concentrations of calcium and sulphate are
unusually high at these levels, while the concentrations of so-
dium and chloride are low in the entire borehole. Strangely en-
ough, iodide exhibits the sharpest concentration change, with an
increase in concentration by more than 3-5 times. This would cor-
respond to an Increase of drilling water contamination from 3 to
15% at the 197 m level and from 4.5 to 12% at the 432 m level,
which is certainly not noticeable in other parameters.

At KM13 556 m, a marked anomaly occurs between sample Nos» 354
and 355, i.e. during the period of leave b .ween the sampling pe-
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riods. The potential changes from negative to positive and seve-
ral parameters reach extreme values in samples 355 and 356.

KM3, 376 m shows an unusually large and somewhat remarkable scat-
ter in several parameters (see e.g. 4.7), and the first two
samples in KM13, 564 m fall "outside the trend".

4.4

1

pH was determined directly in the field and at a laboratory (tab-
le 6). The scatter of the field values in KM8 and KM13 is signi-
ficantly greater than that of the laboratory values. The field
values are systematically around 0.2 pH units higher than the la-
boratory values. Approximately the s*»3 difference has been
found in many groundwater studies.

The most alkaline water with pH (lab) 7.7-8.6 is in KM3 and the
most acid with pH (lab) 6.0-6.2 in KM8. KM13, 556 m and KM20
also have pH values that do not exceed 6.7.

4.5 Conductivity

Conductivity was determined both in the field and in the labo-
ratory. The laboratory values have a greater scatter within the
levels than the field values. This is particularly marked at
KM20, where the standard variation for the laboratory values is
372, while it is only 0.7Z for the field values. The standard va-
riation for the bicarbonate analyses is also large (18%) - in
both cases, the last two samples have the highest values.

4.6 Organic carbon (TOC)

The concentrations are low (usually 1.5-3 mg/1), except in KM13,
where the concentrations are consistently high, which is probab-
ly due to the fact that diesel oil was spilled in the borehole
during the work phase prior to sampling. During the work to save
an umbilical hose unit, soft soap was also introduced into the
borehole* Strangely enough, however, the highest concentrations
are found at the lowermost level, which was sampled after the
432 n and the 556 m levels.

4.7 Negative ions

The negative ions are compiled in tables 7 and 8. The results
generally show good consistency within the sample zones, even
vhere trends occur.
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Samples 331 and 335 (KM3, 376 m) have exceptionally high con-
centrations of nitrate, at the same time as the concentration of
iron(II) is also exceptionally high. In sample 475 (KM13, 432 m)
a slightly elevated nitrate concentration is matched by low con-
centrations of iron(II).

The nitrate concentration in sample 488 (KM13, 197 m) is five
times higher than any other sample within the level. The con-
centration has been confirmed by the laboratory. However, the
possibility of contamination In connection with sampling cannot
be excluded.

The greatest scatter in bicarbonate concentration within a level
is found in KM20 (see 4.5), where the phosphate content of two
samples is also unexpectedly low.

4.8 Positive ions

The positive ions are compiled in table 7. Agreement within the
levels is generally good.

Besides the anomalies that have already been mentioned above, it
should be pointed out that iron(II and total) in the unfiltered
samples from KMH, 197 m, with the exception of No. 489, exhibit
the opposite trend to the filtered samples, which is verified by
the trend for the particulate iron - where, however, No. 489
falls into the pattern.

PARTICULATE MATTER

The particulate matter was subjected to several different types
of analyses (5.1-5.5).

5.1 Chemical composition

The water was filtered through a membrane filter (4.1.3). Iron
(II and total) was determined in the filtrate and iron, alumi-
nium and sulphur on the membrane. The results are presented in
table 7. The concentrations are reported as mg/1 of filtered
sample.

5.2 Turbidity

Turbidity (table 8) was determined for all samples except the
five that were taken first (KM3, 376 m). With the exception of a
few samples from the two deepest levels in KM13, all turbidities
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are below 10 STU. Only in the sample from the 564 m level is the
high turbidity matched by an elevated concentration of particu-
late matter according to 5.1.

5.3 Particle distribution

The particle distribution within the range 2-80 um was determi-
ned at all levels. The determination was performed by VIAK's wa-
ter pollution research laboratory in Stockholm. The results are
shown by curves in figs. 2-15.

5.4 Hmnic and fulvic acids

The determination was performed at Batelle, USA, through combi-
ned dialysis and gel film chromatography (GFC). The method,
which fractionates the sample into humic acids and four molecu-
lar weight fractions of fulvic acid, is described by Means et al
1977 (Limnol. Oceanogr., 22, 957-965). Sodium tetraborate (pH
9.1) was used on recommendation by Swift and Posner 1971 (J.
Soil Science, 22, 237-249).

The samples were concentrated ten times before analysis. No loss
of volatile organic matter was found in connection with the con-
centration process.

Borehole

KM3
KM8

Depth
m

376
198

No.

335
460

TOC
mg/1

0.28
0.42

HAa

7.

80
85

Molecular weight

>700
>700

aHumic acid fraction of TOC content.

According to Means the organic content of the above refered
samples from KM3 and KM8 consists mainly of polymeric humic acid
substances.

ISOTOPE ANALYSIS

Isotope analysis of light substances in the water is done mainly
to permit calculations of the age and origin of the water. The
heavy radioactive substances are determined primarily because
the natural background concentrations are of great inteiest for
the KBS project.
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The analyses were carried out at the following laboratories:

Laboratory for Isotope Geology, Stockholm (6*1, 6.3)
Mass Spectrometry Laboratory, Uppsala University (6.2)
Studsvik Energiteknik, Nyköping, Sweden (6.A)

'

6.1 Carbon isotopes

The determination was used for dating by means of the carbon 14
method. The water's contents of carbon dioxide and carbonate
have to be concentrated before the determination. It is thereby
of the utmost importance that the concentrate not be contamina-
ted by carbon-containing chemicals or contact with air.

6.1.1 Sample preparation

Sample preparation is done in the field. A polyethylene barrel
holding 130 1 and filled from the beginning with nitrogen is fil-
led with water. Hydrochloric acid is added to disintegrate carbo-
nates present in the water. A nitrogen gas stream is then used
to drive the carbon dioxide over to a wash bottle containing car-
bonate-free sodium hydroxide.

6.1.2 Groundwater age

Groundwater age is presented in the table below as "Age BP" and
after correction for C-13 content as "Age BP, corr".

Borehole

KM3
KM3
KM3

KM8

KM 13
KM 13
KM13
KM13
KM 3
KM13

Depth
m

106
106
376

198

197
432
432
556
556
564

No.

343
348
338

459

489
474
477
352
358
484

Age BP

3535
3310
2910

<250

7260
5755
6335
835
975
785

Age BP
corr

3575
3375
2985

<250

7365
5925
6460
860
1015
800

C-13
o/oo

-22.5
-21.1 Note 1
-20.3 Note 2

-25.9

-18.3
-14.7
-14.2
-23.5
-22.6
-24.0

Note 1 The volume Increased in the adsorption bottle during
concentration In the field.

Note 2 Bottle damaged during transport. Air in sample*
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6.2 Oxygen-18

The analyses can furnish information on the climatic conditions

prevailing at the time of infiltration.

The concentrations in the table refer to deviations in per mill

from SMOW (Standard Mean Oceanic Water).

Borehole

KM3
KM3
KM3
KM3

Depth

m

106
106
376
376

Length

m

123
123
445
445

No.

343
348
335
338

0-18

o/oo

-13.66

-13.76

-13.78

-13.76

KM8 198 238 460 -14.57

6.3

KM13

KM13

KM13

KM13
KM13

KM13

KM20

KM20

Tritium

197
432
432
556
556
564

146
146

230
514
514
670
670
680

146
146

489
474
478
353
359
484

445
450

-13.72

-13.49

-14.17

-13.61

-14.90

-15.04

-13.64

-13.72

Owing to its short half-life (about 12 years) tritium is an im-

portant isotope in hydrologic studies. The amount of tritium in

the atmosphere has Increased drastically due to experiments with

nuclear fission. The tritium content of rainwater has increased

by more than 10 times, which makes it possible to determine whe-

ther "young" water is present in a groundwater sample.

The tritium content is given in the tables in the unit TU, which

is the number of tritium atoms per 10'° hydrogen atoms.

It should be noted that the tritium content at depth is consis-

tently higher than would be expected. The presence of drilling

water residues measured by the remaining quantities of the Iodine

marker does not explain this» One possible explanation is

that surface water or young near surface water has infiltrated

during Che time the borehole have been standing open after dril-

ling and before sampling which Is usually 2-3 months» Another

possible explanation Is that young water standing in the bore-

hole has accldentaly circumvented the packer system and mixed with
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The tritium content in the sampled groundwaters:

Borehole

KM3
KM3
KM3
KM3
KM3
KM3
KM3
KM3
KM3
KM3
KM3

KM8
KM8
KM8
KM8
KM8

KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13
KM13

KM20
KM20
KM20
KM20
KM20

Depth
m

106
106
106
106
106
106
376
376
376
376
376

198
198
198
198
198

197
197
197
432
432
432
432
432
432
556
556
556
556
556
556
564
564
564

146
146
146
146
146

No.

339
341
343
345
347
348
331
333
335
336
338

451
454
456
458
460

485
487
489
360
473
474
475
477
479
349
351
354
355
357
359
480
482
484

442
443
445
446
450

Tr
TU

36+2
48+2
49+2
35+2
49+2
39+2
51+3
37+2
56+3
48+2
56+3

28+1
20+1
34+2
24+1
30+1

18+1
10+1
9+1
29+1
25+1
28+1
21+1
26+1
18+1
33+2
31+2
43+2
40+2
37+2
39+2
29+1
30+1
25+1

26+1
22+1
28+1
21+1
22+2
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the relevant water from the sampling zone* This latter explana-
tion is supported by the observation in Kamlunge that pumping
frequency may affect field parameters like Eh, pS, pt^ and con-
ductivity.

For KM20 the situation is different. This is a percussion-dril-
led hole in an area where probably a fairly rapid natural connec-
tion with the surface waters exists, which is indicated by the
occurrence of ammonium Ions (see table 8c) and iodine (see table
9 c ) . Iodine marked water is not used in this drilling procedure
and ammonium concentrations is usually very low at this depth.

The tritium content in all analyzed drilling waters from the
area is presented below. Drilling water is taken from percussion-
drilled boreholes. The core borehole where the drilling waters
are used, as well as the length of the core borehole at the time
of sampling, are given.

Borehole

KM2
KM2

KM3
KM3

KM4

KM9

KM 12

KM13
KM13

KM14
KM 14

Length
m

106
492

139
463

50?

0

630

216
500

175
500

Tr
TO

48+2
46+2

48+2
51+2

68+3

51+2

52+3

49+2
35+2

38+2
41+2

6.4 Uranium, thorium, radium and radon

The natural concentration of these elements in the groundwater
is of great interest for the project. The following results were
obtained:
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Bore-
hole

KM3

KM8

KM13

KM20

Depth
m

106

376

198

432

556

564

146

No.

343
348
335
338

454
460

474
479
353
359
484

445
450

Th
Wg/1

< 1.1
< 5.4
< 3.0
< 3.3

< 3.2

< 4.9
< 2.8

< 3.5
< 6.7

E-l
E-2
E-l
E-2

E-2

E-2
E-2

E-2
E-2

U
Bq/1

(3.03+0.08)E-l
(3.68+O.09)E-l
(1.01+0.05)E-1
(1.40+0.06)E-1

(2.90+O.08)E-l

< 4.7 E-3
(1.53+0.34)E-2

(8.7 +3.2 )E-3
(1.58+0.32)E-2

Ra-226
Bq/1

(5.9 +0.7 )E-3
(5.6 +0.6 )E-3
(1.21+0.34)E-2
(2.03+0.36)E-2

(1.76+0.46)E-3
(7.56+O.36)E-2

(8.42+0.40)E-2
(9.53+O.13)E-2
(4.73+O.33)E-2
(2.87+O.20)E-2
< 5.3 E-3

(2.3 +0.6 )E-2
(2.6 +0.5 )E-2

Rn-222
Bq/1

471+5
469+8
837+5
860+5

330+5
262+7

641+9
773+8
418+6
203+5
404+7

137+5
125+5

The concentrations for U, Ra and Rn are given in Bq/1.
lowing relationships apply:

39.4 ug U per Bq
2.74 x 10"5 ug Ra-226 per Bq
1.76 x 10"10 ug Rn-222 per Bq

The fol-

GAS ANALYSIS

Helium, carbon dioxide and nitrogen were determined in the gas
that spontaneously leaves the water on its passage through a
Hors t bottle. The analyses were carried out by AGA SpecialGas,
Liding».

In the table below, besides the gas phase's percentage content
of the analyzed gases, the amount of water that has passed
through the Horst bottle and the gas volume obtained are also
given. This enables the reader to form his own rough idea of the
quantity of dissolved gases in the water. The gas content of the
water has not been calculated, since degassing is dependent on a
number of uncontrolled parameters* We know, for example, that
temperature variations of >20°C occur in the tent where the bore-
hole opens out and the sampling equipment is located.
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BH Depth No. He
Z

co2 Water
1

230
165
365

Gas
ml

120

145

Notes

KM3
KM3

106
376

343
335
338

.006

.003

.004

.134 96.8

KMR 198 458 395

KM13
KM13

KM13

KM13

197
432

556
564

488
474
479
357
483

.23

.115

.182

.001

.004

.036

.31

92.9

95.6

96.5

96.4

92
50
9

220
160

75
180
45
73
<1

3

2

KM20 146 445 .025 1.35 94.6 790 70

Note 1 Data on gas volume lacking.

Note 2 Gas volume insufficient for analysis.

Note 3 Gas volume was not enough for all analyses.
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Figure 1. Schematic illustration of sampling equipment



100
Km 3 106 m

150PARTICLES/ml
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Figure 2. Particle size distribution analysis in the region 2-80 urn.
An HlAC PA 500 instrument is used. P represents the percent of the
total number of particles with a certain particle size. V represents
the percent of the total particle volume less than a certain particle
size.



Km 13 197 m
450 PARTICLES/ml

%
100

3 4 5 10 15 25 50 80
SIZE IN MICROMETRES

Km 13 432 m
1 650 PARTICLES/ml
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Figure T. Particle size distribution analysis in the region 2-80 utr..
An H1AC PA 500 instrument is used. P represents the percent of the
total number of particles with a cer •'in particle size. V represents
the percent of the total particle voiume less than a certain particle
size.
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Figure 2. Particle size distribution analysis in the region 2-80 urn.
An HIAC PA 500 instrument is used. P represents the percent of the
total number of particles with a certain particle size. V represents
tht percent of the total particle volume less than a certain particlr
size.
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Table 2

6 5 7

Bore-
hole

KPI8

k MS

KH8

Vart D»te
depth

• Mw-d

198
20-4
20-4
20-4
20-4
20-5

198
21-1
21-1
21-1
21-1
21-1
21-2
21-2
21-2
21-2
21-2
21-3
21-3

198
22-3
22-3
22-3
22-3
22-4
22-4
22-4
22-4
22-4
22-5
22-5
22-5
22-5
22-5
22-6
22-6
22-6
22 6
22-7
22-7
22-7
22-7
22-7
23-1
23-1
23-1
23-2
23-2

Tim*

O81S
1015
1200
1545
0900

C830
1030
1240
1440
1700
0750
1000
1210
1450
1920
0840
0940

1035
1310
1510
1620
0840
1040
1240
1440
1530
0830
1030
1230
1430
1650
0835
1135
1335
1550
0750
0950
1150
1350
1510
0825
1025
1715
0840
1020

• 1LUNCE -

pH

7 20
7 22
7 23
7 25
7 32

i

i

i

.27
i 26

• 26

> 23
> 24
.26
.25
.24
.26
. 26
.25
> 26

.. 79

.. 79

.78
».79
.85
,83
.83
»82
»81
»86
> 85
»84
b 83
b 85
»88
»87
» 87
». 87
» 88
b B7
»86
b 87
i. 87
b 88
i. 88
b 89
i. 91
i 90

Field •

Eh.C

•V

310
309
308
307
302

3O3
303
3O0
299
298
3OO
3O1
300
3O0
3O0
299
298

257
257
254
254
249
247
249
249
250
249
247
246
244
244
246
246
246
245
248
246
245
244
244
246
245
244
249
248

MfurfMntt

Eh.C
e»
•V

371
367
355
305
365

293
327
332
362
363
359
360
340
335
322
321
324

268
296
283
116
363
328
79

- 10
- 61
226
238
246
250
256
272
270
270
270
276
273
269
269
269
273
270
231
258
256

Eh.Pt

•V

?89
288
287
286
287

292
292
291
291
291
289
289
289
289
288
286
285

200
2O3
197
195
188
186
184
184
184
180
177
174
172
169
161
159
157
155
147
145
142
140
138
120
118
107
86
87

Eh.Pt
e«
•V

369
364
346
315
340

286
320
343
360
362
356
354
331
306
308
305
309

218
232
231
63

320
284
25

- 55
-107
173
1B4
191
196
199
214
210
208
208
209
203
201
198
198
199
195
153
173
174

PS

28 83
28 82
28 81
28 80
28 86

27 91
27 89
27 89
27 83
27 86
27 96
28 04
27 99
28 02
28 05
28 03
28 04

25 34
25 46
25 33
25 33
25 58
25 55
25 56
25 56
25 60
25.97
25 87
25 84
25 77
25 81
25 97
25 95
25 93
25 92
26 07
26 00
25 89
25 89
25 88
25 93
25 88
25 82
25 96
25 93

0.
«•

2
2
1
1
1

1
t
1
1
1
1
t.
1
1
1
1
1.

1

1
1
1
I
1
1.
1
1
1
1
1
1
1
1
1
1
1.
1
1
1.
1.
1
1
1.

M-
n
/I

00
OO
95
90
65

10
11
11
11
08
06
06
06
05
05
04
04

36
95
21
21
2a
27
27
27
28
24
26
22
22
17
19
18
16
15
13
11
11
10
10
08
10
05
94
97

Conduc-
t ivitl)

mS/m

4 3
4 3
4 3
4 2
4 2

3 9
3 9
3 9
3 9
3 9
3 8
3 8
3 8
3 8
3 8
3 8
3 8

4 2
4 2
4 2
4 2
4 1
4 1
4 1
4 1
4 1
4 0
4 I
4 0
4 I
4 1
4 0
4 0
4 0
4 0
4 0
3 0
4 0
4 0
4 0
4 0
4 0
4 0
4 0
4 0
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Fi»l« Mtlurmnti

1

C«li- lor*- V»rt Date
»ration kol* «»»tl»
nr • «M-<

621 KM 13 556
12-5
12-5
12-5
12-5
12-9
12-6
12-6
12-6
12-7
12-7
12-7
12-7
13-1
13-1
13-1
13-1
13-2
13-2
13-3
13-3
13-3
13-3
13-3
13-3
14-3
14-3
14-3

622 M U 3 996
14-4
14-4
14-4
14-4
14-4
14-5
14-5
14-5
14-9
14-6
14-6
14-6
14-7
14-7
14-7
13-1
15-1
15-1
15-1
13-3
15-3
15-3
15-3
15-3
15-3
13-3
13-3
13-3
13-3
13-4
13-4
15-4
15-4

T I M

0750 7 63
1000 7 59
1240 7 S3
1450 7 59
1900 7 6a
0900 7. 69
1100 7 SB
1645 7 55
0830 7 45
1130 7 SO
1300 7 51
1650 7 S3
0730 7 35
0930 7 57
1535 7 54
1810 7 53
1045 7 55
1130 7 56
1630 7 68
1850 7 68
0905 7. 73
1300 7. 66
1615 7 85
1715 7 74
1400 7 36
1600 7 36
1745 7 38

0835 4
1030 4
1335 4
1430 4
1635 4
0835 4
1035 4
1330 4
1500 4
0810 4
1010 4
1310 4
1105 4

k 89
k 87
k 85
k 86
b 89
k 91
k 93
k 92
k. 90
k 94
k 93
k 91
k 98

1305 7 00
1535 7 00
0910 7 00
1110 7.00
1310 4
1610 4
0845 1
1043 4
1343 4
1545 4
1645 4

k 99
k. 99
' 00
k 93
» 94
k 96
k 97

0830 7 04
1020 T 02
1215 7. 01
1700 7 04
1750 7 07
0900 1 09
1100 7 06
1200 7 20
1350 T 11

Ek. C

•V

- 51
- S3
- 94
- 94
- 49
- 33
- 36
- 39
- 40
- 43
- 43
- 41
- 91
- 94
- 61
- 63
- 82
- 84

- ga
- 92
-111
-119
-118
-130
-162
-168
-173

104
101
98
98
96
93
90
91
91
94
99
93
104
109
107
111
109
108
109
109
104
17

109
109
109
107
104
101
100
102
100
99
100

Ek. C
*>
•V

95
98
99
84
86
96
48
37

- 1
- 5
- 6
- 13
- 63
- 60
- 85
- 88
-130
-131
-111
-130
-139
-138
-141
-144
-335
-336
-340

78
67
69
66
65
63
59
61
62
60
48
50
48
46
43
40
38
34
33
33
17
ia
15
14
6
4

- 4
- 1
- 1
- 16
- 16
- 16
- 17

Ek.Pt

•V

- 70
- 73
- 75
- 76
- 73
- 67
- 71
- 73
- 76
- 79
- 79
- 79
- 95
- 98
-1O8
-111
-133
-135
-138
-140
-151
-156
-153
-155
-1S8
-193
-198

103
99
97
97
94
89
87
88
89
96
96
93
105
103
107
11O
109
108
109
108
104
101
106
106
108
107
105
102
102
102
99
99
99

Ek.Pt
«•
•v

78
78
75
64
66
35
26
15

- 21
- 35
- 37
- 38
- 73
- 76
- 92
- 95
-131
-134
-116
-135
-143
-142
-145
-147
-343
-349
-352

68
60
61
58
58
47
58
55
60
44
45
46
37
41
40
3B
32
29
39
16
10
12
10
9
4

- 2
- 11
- 3

93
- 20
- 33
- 23
- 36

»S

18 75
18 58
18 39
18 36
18 30
18 86
18 59
18 4O
18 14
18 08
18 06
18 13
17 71
17 63
17 3O
17 33
16 43
16 38
16 38
16 39
15 84
15 54
15 79
15 58
13 SI
13 33
13 13

34 83
34 64
34 41
34 35
34 38
34 II
33 97
33 89
33 89
23 88
23 88
23 68
24 33
24 33
34 as
24 39
24 33
34 13
24 16
34 07
33 71
33 56
33 70
33.70
33.9a
33 BO
33 68
33 50
33 St
33 48
33 38
33 40
33 36

0.»-

•f/1

11
11

. 10
10
10
08
10
11
13
16
15
13
13
13
13
13
15
15
13
13
II
13
09
10
13
14
14

35
. 35
. 34
35
30
23
20
19
20
15
14
16
09
08
07
06
06
06
07
06
10
09
09
06
04
05
06
C>
06
03
06
03
05

Coniuc-
tivi t»

• S / K

7
7
7
7
7
7
7
7
7
7
7
7

I!
13
13

i;
13

u
1«

u
u
It

u
lé
14
13
13

«

e
7
7
7
7
é
é

7
7
7
7
7
7
7
7

a
B
B
8
0
0
0
0
I
1
1
1

a
3
3
3
2
3
4

a
9
0
0
2
6
6
6
6
6
9
2
6
1
8
2
2
0
0
4
4
4

. 3
2
1
1
0
0

> 0
> 0
0
0
0

629 KHI3 564
22-4
22-4
22-4
23-4
22-4
22-9
23-9
23-9
22-5
22-9
23-6
22-6
22-6
22-6
22-7
22-7
22-7
22-7
22-7
23-1
23-1
23-1
23-1
23-1
23-2
23-3
23-3
23-3
23-2
23-9

0830 t
1030 i
1230 4
1430 t
1945 4
0830 t
1030 4
1230 4
1930 rf
1710 4
0830 4
1029 4
1230 i
1330 rf
0733

• 81
. 76
» 76
> 76
k. 71
» 8 9
k 83
k 81
k Bl
k 81
k 91
k 93
k 93
k 96
' 02

0940 7 01
1130 7 00
1330 7 00
1449 7 01
0820 7 07
1035 7 05
1210 7 01
1410 7 07
1710 7 09
0699 7 12
0839 7 19
1109 7 14
1230
1413
1030

' 13
t 11
r 34

133
132
130
131
139
138
139
124
122
122
114
112
109
107
98
94
91
89
90
Bl
78
77
72
72
68
68
69
68
68

-126

341
333
333
337
338
346
331
338
323
339
180
163
186
164
110
107
111
110
103
79
39
77
69
64
94
90
46
90
33

370

139
138
126
129
138
118
116
114
112
113
99
96
93
90
76
73
71
»8
68
97
94
93
90
49
42
42
41
40
40

-101

138
130
117
114
136
142
123
130
134
137
115
94
119
103
83
83
78
80
74
61
3

54
47
44
48
36
28
33
3

267

25 69
35 45
35 33
29 30
39 26
29 36
34 96
34 81
34 73
34 64
34 09
33 99
33 74
33 62
23 19
32 97
22 83
22 71
22 72
22 40
32 22
22 09
22 02
23 01
31 71
31 73
31 78
21 72
21 63
13 33

35
35
39
37 !
39 I
20 !
31
33
30
30
12
12 '
13 '
12 '
10 '
II •
1 1 •

II !
11 '
09 !
11 !
09 !
11 i
10 !
10 i
10 !
11 !
11 !
II !
10

2
2

> 2
i 3
i 2
> 2
i 2
i 2
t 2
i 2
i 3
> 3
i 1

6
1 6
> 6
> 6
> 7
> 7
) 7
> 7
( 7
' 2
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Table 4

fcAHLUNCE - iHiurMtnti

t-at :
rr

5 4 2

Bor*-

KH20

644 W120

Kf120

Vert Date
depth
• tw-d

146
14-4
J4-4
14-4
14-5
14-5
14-5
14-6
14-6
14-6
14-7
14-7
14-7
15-1
15-1
15-1
15-2
15-2
15-3
15-3
13-3
15-3

146
15-3
15-7
13-7
16-1
16-1
16-1

146
16-1
16-4
16-4
16-4
16-3
16-5
16-5
16-6
16-6
16-6
16-7
16-7
16-7
17-1
17-1
17-2
17-2
17-2
17-2
17-2
17-3
17-3

Tim*

0803 t
102O é
1143 |
0820 t
1330 t
0016 i
0950 t
1130 t
1350 t
1220 i
1420 t
1320 t
0930 i
1130 t
1330 i
0830 t
1030 t
0630 t
1030 t
1230 t
1330 t

1703 i
0830 t
1400 i
1200 i
1545 t
1643 i

2000 i
1035 t
1235 i
1445 4
0910 t
1110 <
1410 <
1145 t
13OO <
1500 4
1145 <
1645 <
1630 t
1345 i
1500 1
0655 <
0853 <
1035 i
1255 <
1355 t
0850 <
0950 <

pH

87
• 83
.88
.86
>. 85
»88
» 68
» 86
»88
» 84
,89
> 90
,- 92
,88
,88
,90
>. 90
,92
>. 90
>. 90
»89

». 36
>. 71
k. 07
k 04
k 74
k. 73

k. 31
k 76
k 76
k. 73
k 76
i. 79
i. 75
k 74
b. 75
k. 76
k. 76
k. 80
k. 81
k 64
k. 68
k. 78
k 75
k. 74
k. 76
k 76
k. 61
k 60

Eh.C

•V

165
179
181
163
183
162
176
175
173
168
170
172
170
172
173
173
171
156
156
132
151

240
185
184
179
180
179

252
189
186
184
176
176
176
167
166
167
164
166
165
253
239
200
194
191
190
190
161
179

Eh.C
• i

•V

235
229
232
246
23O
245
241
237
234
219
225
226
223
226
227
234
227
213
226
214
202

271
223
226
228
229
227

384
272
292
275
270
291
300
260
241
242
254
257
265
296
263
267
265
246
241
266
239
241

Eh.Pt

•V

133
148
ISO
155
155
154
154
132
132
154
159
160
152
164
165
162
159
132
128
126
124

159
151
152
152
153
133

163
132
153
153
151
151
152
144
143
144
145
147
146
163
160
166
164
163
163
163
139
158

Eh.Pt
• i

•V

177
169
170
180
179
175
165
161
157
162
162
158
136
140
140
145
136
121
136
119
114

185
175
176
172
74

171

173
226
229
219
207
225
251
195
173
172
182
182
213
200
201
266
218
200
194
218
187
164

PS

25 06
24 62
24 71
24 86
24 80
24 80
24 64
24 49
24 44
24 24
24 36
24 69
24 57
24 69
24 78
24 85
24 72
23 96
23. 78
23 67
23. 59

22 26
24 11
24 09
24 OS
24 OS
23 98

24 85
22 49
22 63
22 67
22 73
22.81
22. 70
22 32
22 31
22 37
22 25
22 48
22 44
25 42
24 42
23 33
23 01
22 92
22 99
22 99
23 02
22 91

Oiy-
9 en
•g/l

01
1O
07
00
04
01
00
00
00
CO
OO
00
00
CO
00
. 00
. 01
. 04
05
06
05

. 45
05
1O
05
03
03

50
22
19
16
08
. 06
. 10
03
. 06
05
05
03
02
35
. 30
10
10
14
10
10
02
03

Conduc-
tivity
mS/m

16 8
17 0
16 9
16 8
16 8
17 0
16 8
16 8
16 8
16 a
16 8
16 a
16 8
16 8
16 8
16 8
16 8
16 8
17 6
16 a
16 8

16 9
16 7
16 5
16 6
16 7
16 8

16 8
16 8
16 6
16 6
16 6
16 7
16 7
16 7
16 7
16 7
16 7
16 6
16 7
16 8
16 7
16 6
16 7
16 7
16 6
16 7
16 6
16 6



Title £

S 2 r • -
he :*

KK3
KK;
KM:
Krt3

KM 3

KM3
KM3

KM 3

KM3
KK3
KM3

KM 13

KMI 3

KM: 3

KM: 3

y.n i s
KM: 3
KM! 3

r.r; 3

KM 13

KM: 3
KM! 3

L#nj t!1

m

113
123
1 23

!23
i : J

113

1 23

•14;

443
443
445

230
230
233

114
5 14

t 14

514
:i4

670

t70

670

I K*l

nr

4 03
604
607

oOl
»0» *

610

611 *

601

602
603
404 *

630
631
432 •

424
623
424 »

427
42» *

421
622
623

E0.pH4

aV

374
371
374
37»
3 7 *

377
372

3*4
3«t
370
373

344
340
347

3»»

3*1
403
40*
41*

344
372
334

7
3
3
2
7
3
»

(
1
*
4

•
3
3

•
»
7
4
4

3
1
0

EO.pH?

BV

373 1
37«
377 4

377. 1

37» t

3fO i

37* 1

314 :

31*
372 !

35* 1

3*3 :

337 C

34» 1

3*7 :

414 1

422

347 1

374
337

HfcHLUNCE -

EO.pHIO
aV

37*
314
3«O

t 37»
3»0

' 37»

1 3*3
31*

! 37»

k 3*2

S 3**

3*0

1 370

i 3»a

413
t 423

> 372
1 374
1 3*9

*

2
0
3

*

3
•
0

3
3
3

4
4

1
2

4
(

4

E~-»»lu«

E0.C4
aV

23» (
2*1 <
2*« C
271 !
241 (

is ( f t a l d )

E0.C7
aV

2*0
k 23»
1 240
i 23»

23»
23* 0 234
2*4 :I 241

24? • 23*
233 1
271 !

233
t 2*3

27* I

271 1
277 (
3*3 1

273 i
27» <
311 (
272 <
2»O

271 i

24S
274

1 27»
1 273
1 2*1

t 24»
1 273
)
1 271
f 2«»

1 247
1 243
1 24»

2
3
*
t
0
7
2

1

7
•

3
4
4

1
3

0
•

7
•
y

EO.Pt4
aV

233 1
240 1
2*1 1
237 i
234 i
23* 1
2*0 <

E0.Pt7
BV

23*
23*
23*

k 230
232

' 233
23*

240 • 234
23* <
243 :
2*2 (

Z»0 .i
271 i
323 1

273 1
2(4 1
302
274 "
2»»

244
247
24» 1

1 233
1 2*1
1

1 27*
t 273
1 2*3

> 2*3
1 274

' 243
) 27»

i 244
' 243
i 241

a
3
1
(
0
7
3

*
7
0

1
3
4

(

4

3
3

1
»

1

EO.SI
BV

-tz*
-•33
-•14
-•2:

-771
-•32

-•4*
-•S3
-»3*

•
1
1
3

3
•

7
2
•

EO .SS
BV

-•21
-•2*
-122
-•22

-(33
-•4(

-•43
-•3*
-•2»

•
3
0
•

2
4

4
0
3

• 43

• 34

132

120
133

• 12

13»

140
• 34
7*3

7
0
3

4
3

•
0

•
7
3

-•33
-(44
-•37

-•34
-•44

-•77
-•SS

-•33
-13»
-•21

4
2
3

•
1

0
3

7
3
4

KMI 3 629 341 1 3*1 4 342 3 277 3 2*7. 3 241 2 24» 0 -•44 0 -•S3 0

KMJQ
KM:O
KM 2 0

KM: G
KM2:

KM2 0

KH2 0

r.ne

y.nt

KM»
KH9
KM»
KM 8

KM»
K«e
KM»

146
: 46

1 it

'. 4 6
146

146

! 46

238
21»

238
238
:3»
238
238
238
238
238

641
642
643
644
643

646
647

630
651
632
653
634
633
436
657
638
63»

402
3*«
312
3(*
3*0
3*0
37»

214
43»
432
3*3
2(2
33*
3*2
3**
3(7
3(1

. S

3
4
0
2
2
0

2
7
*
3
3
2
1
0
4
2

400
3**
3(*
31*

3f t

371

432
4(*
433
404

4(3

3*3
3(7
317

4
2
1
1

3
•

3
1
3
0

*

7
•
f

3»»

31»

3» 1

313

44»

343
402

700

3*3

38(

0

2

0
3

*
7

2

7

242
23*
2(»
237
3(1
234
2*7

301
24»
233
241
272
231
2(2
240
24»
241

2
7
3
t
(
4
1

3
3
7
3
•
4
. •
. »
2
«

233
247
232
234

233
232

233
222
234
24*

25*

2*0
24»
23*

•
1
3
3

4
2

0
1
. 4
4

3

•
3
3

2*4 i
244 :
25» 3
231 :
230 t
24» 1
273 t

301 .
231 3
232 (
234
237 1
23* <
234
234 i
23»
231 1

243
1 247

234
I 233

' 233
271

1 234
t 233
) 24»

24»

1 233

t 234
f 25»
i 23»

4
•
0
2

1
•

2
3
7
1

4

3
3
7

77»

742

73*
720

141

743

742

70»

771

3

3

t
•

3

2

*

3

2

-7((

-773
- 4*
-743
-737

- 42

-777

-734

-721

-77*

7

4
•
4
S

t

(

»

2

«



- Field »MiurtMnts and corresponding laboratory value*
Table 6a

!*ngi-h

123

37:: 445

NO

339
340
341
342
343
344
345
346
347
348

331
332
333
334
335
336
337
338

910
911

Date
taiop 1 ing
^ - « « - d

83-03-2
83-03-3
83-03-4
83-03-7
83-04-1
83-05-2
83-05-3
83-05-4
83-05-7
83-06-1

B2-50-2
82-50-3
82-50-4
82-50-7
82-51-1
83-01-2
83-01-7
83-02-1

SEPT-B2
OHT-82

Date
lab
ww-d

03-3
03-4
03-5
04-2
'•4-2
05-3
05-4
05-5
06-2
06-2

50-3
50-4
50-5
51-3
51-3
01-3
02-2
02-2

139
463

pH
field

a i
8 O
8 O
7 «
7 1
7 1
7 *,
7 1
7 <
7 9

8 9
9.
9
8 •

8 •

i
i
7
7

B 4
8 4
a 4

pH
lab

7
7
7
7.
7

7.
7

7

8
8
8
8
8
7
7
7

7
7.

9

B
8

a
8

6
7

6

6
6
4
1
0
7

a
8

4
6

Eh. C
field

mv

110
114
114
112
104
121
113
108
96
95

218
-159
-148
- 43
-120
- 96
-102
-112

Eh. C
ei
•V

92
79
76
83
85
173
173
174
26
68

230
- 64
- 54
79

-121
- B4
-109
-121

Eh.Pt
field
mV

128
128
131
126
120
140
125
114
94
90

209
-413
-406
- 49
-157
-113
-133
-143

Eh.Pt
i i

•V

68
51
48
60
65
158
151
152
61
36

225
- 87
- 88

72
- 45
-107
-122
-131

PS
field

27
26
26
26
25
26
25
24
24
23

29
13
12
21
15
15
13
13

0
4

1
4
3
5
4
6
4

0
5
4
6
5
1
5
3

55-

•9./1

< 01
< ul
< 01
< 01
< 01
< 01
« 01
< 01
<. 01
< 01

- 01
« 01
« 01
< 01
•: oi
< 01
< 01
< 01

Cord
field

.5/.

12
12
12
12
12
11
11
11
11
11

13
13
14
12
12
12
13
13

i

0
0
1
1
1
8
7
B
8
7

e
i
3
5
9
0
0

Co^d
lab

11
i 1

11
11
12

11
i;

12

12
13
13
11
12
12
12
12

12
12

5
5
5
0

5

C

,-j

5
•}

5
C
0
1
-

-1

- » • »

f I*

.T.C

K

I
1

• •

•

~-~
;^

55
*e
;o
25
10
13
: 2

Oo
-s
.-,-r

C3

o:
j.-

-'-



A
Table 6b

•\3

No

48?
49o
48"1

435
48*

360
471
472
473
474
475
47o
477
478
479

34v
350
35!
352
353
354
355
356
357
358
359

480
481
482
483
484

923
92ö

Date
»».ut 1 -.r>g

*jy- vit-d

83-24-2
S3-24-3
83-24-4
83-24-7
83-25-1

83-18-2
83-18-3
83-18-4
83-18-7
B3-19-1
83-20-2
83-20-4
83-20-7
93-21-1
83-21-2

83-12-2
83-12-3
83-12-4
83-12-7
83-13-1
83-13-2
83-14-3
83-14-4
83-14-7
83-15-1
S3-15-2

83-22-2
83-22-3
83-22-4
83-22-7
63-23-1

JAIM-33
FEBR-83

Date
lit
ww-d

24-3
24-4
24-5
25-3
25-3

18-4
18-4
18-5
18-4
13-4
20-4
20-5
21-3
21-3
21-3

12-4
12-4
12-5
13-3
13-3
13-3
M-4
14-5
15-2
15-2
15-3

18-1
13-1
18-2
23-2
23-2

pH
f i e l d

7
7
7
8
8

8

a
8
8
a
8
8
a
8
e

6
6
7
7
7
7
6
6
7
7
6

8
6
6
7
7

6
6
8
4
6

2
2
3
1
^

6
7
7
7
6

6
7
4
5
6
6
7
9
0
0
9

1
7
8
0
0

pH
lab

y

7
7
7
7

7
7
7
7
7
7
7
7
7
7

6
6
6
b

6
6
6.
6
6
6
6

7
6
6
6
6

7
7.

3
4
4
4
5

7
B
8
9
9
9
8
7
7
7

7
7
6
6
5
5
3
6
3
3
4

1
6
7
6
5

0
1

En, C
field
»v

76
48
33

- 15
- 27

78
12

- 6
- 34
- 5O
- 61
-107
-115
-114
-116

148
113

- 28
- 42
- 54
- 86
113
98
107
109
105

78
128
131
91
75

rresponding

Eh. C Eh- Pt
e»
mV

- 66
- 91
-115
-205
-215

45
119
107
11
4

121
- 20
- 23
- 25
- 34

182
98
113

- 6
- 68
-116

86
68
42
36
15

205
290
227
in
73

field
•v

60
46
33

- 24
- 52

58
6

- 10
- 36
- 52

10
-101
-119
-130
-132

152
111

- 41
- 79
- 98
-136
106
97
107
109
105

68
128
125
71
51

laboratory

Eh.Pt pE
n
mV

B
- 54
- 99
-201
-213

36
76
60

- 15
- 41
115
- 3?
- 5B
- £9
- B^

173
9B
98

- 27
- 76
-120

79
60
40
30
10

166
197
114
78
50

vi

field

24
23
22
18
16

24
25
24
22
20
22
18
15
14
14

25
25
19
IB
17
16
24
24
24
24
23

25
25
25
22
22

3
6
7
3
8

4
1
6
5
0
8
1
3
6
0

1
8
8
1
6
4
6
4
3
2
7

2
6
3
8
0

lull

S?-

1*3/1

<

<
<
<
<
<
<

<
<
<
<
<
<
<

c
C

c
<
<
<

01

or
0*:

02

01
01
01
01
01
01
01
01
02
02

01
01
01
01
01
01
01
01
01
01
01

01
01
01
01
01

Cona
field
*S/m

4-

46
50
56
58

58
60
61
70
72
85
88
100
106
10G

6
7
7
7
8
8
15
16
8
7
6

10

c

5

5

4
6
C
6

t

9
5
7
0
9
0
8

6
2
6
8
0
1
6
0
8
1
4

8
5
2
5
6

Cong
lab

fS/m

•il
£5
•iS

52
55

59
60
62
70
74
85
86
99
96
10?

5
5
5
6
6
6

2 —

13
6
5
5

11
4
4
4
3

0

7

5
5
C
0
0
5
5
5
0
0

0

s
7

c!

9

ö
a

C,?-
f :e: i

< * • • ;

7 .

• 2
r. t

0*

1 * :

i ̂

. " • -

— c

11

K

. -,.

•;
1;
i:
4'
2-
G"
C'.
C:

7-

= ;
-.-
1 ;



Table 6c

; r * • - - • • ; ' No

441
442
443
444
445
44e
447
448
443
450

Date
samp1 ing

„„-•«,-*

83-14-3
83-14-4
83-14-7
83-15-1
83-15-2
83-16-2
83-16-3
83-16-4
83-16-7
83-17-2

Field

Date
lab
ww-d

14-4
14-5
15-2
15-2
15-3
16-3
16-4
16-5
17-2
17-3

pH
field

6 8
6 8
6 8
6 9
6 9
6 7
6 7
6 8
b B
6 7

pH
lab

6 5
6 6
6 6
6 5
6 6
6 7
6 6
6 7
6 6
6 7

Eh. C
field
»V

198
179
168
172
171
199
178
186
166
191

Eh. C Eh.Pt
ei

•V

217
229
219
228
227
309
358
292
241
246

field

150
148
154
164
159
155
145
153
143
163

laboratory values

Eh.Pt pS S2-
ei

*v

173
169
16?
140
136
249
295
229
173
200

f i r l d

25 5
24 6
24 2
24 7
24 7
23 3
22 5
22 6
22 3
22 9

»g/l

- 01
< 01
< 01
< 01
< 01
< 01
< 01
< ̂ l
< 01
< 01

Cord
field
m5/«.

16 9
17 0
16 8
16 8
16 8
16 8
16 9
16 b
16 7
16 7

Cord
lab

"S-'m

15
15
13
13
13
15
15
14
16
17

f i

m

5
5
5
0
0
5
5
0
5
0

el*

i :

,.,

* ~

CO
01
18
1 £.

| =

14

1

238
451
452
453
454
455
45a
457
458
459
460

83-20-3
83-20-4
83-20-7
83-21-1
83-21-2
83-22-2
83-22-3
83-22-4
83-22-7
83-23-1

20-4
20-5
21-3
21-3
21-3
18-1
18-1
18-2
23-2
23-2

7
7
6
b
b
b
b.
b
b.
b

4
2
3
3
3
7
8
8
9
9

6
6
6
b
6
6
6
6
6
6

2
2
1
2
1
0
2
1
3
2

299
308
299
295
296
271
254
249
245
245

320
355
129
327
355
312
283

269
270

283
287
288
287
285
213
197
184
142
HB

337
346
348
339
350
26B
231

201
195

28
28
28
2Q
28
25
25
25
25
25

0
8
3
6
8
3
3
6
9
9

< 01
<- 01
< 01
< 01
< 01
< 01
<. 01
< 01
< 01
< 01

4
4
4.
3
3
4
4.
4
4
4

4
3
0
9
8
1
2
1
0
0

4
4
3
3
3
3
4
4
4
4

1
i
3

a
4
9
1
1
G
1

2
J
1
1
*
1
t
1
1
1

'5

i:

87
21
27
11
1 '1



Table "a
HAMUJNJE - H»t«l ions

Ne

339
340
341
342
343
345
346
347
348

331
332
333
334
335
336
3j-r

338

910
911

tot
aj/I

5 4
5 6
3 8

s a
5 7
6 0
6 2
5 6
6 1

5 7
5 9
6 0
5 4
4 8
5 4
5 0
5 0

4 e
4 8

*
tot
mj '

1
1
1
1
1
1
1
1
1

1
1
1
1
I
I
1
I

2
1

1

3
4
4
2
2
3
3
2
3

5
6
2
6
B
8
9
8

7
5

Ca
tot
.9/1

13
13
13
13
13
13
13

13

16
15
15
13
13
13
13
13

13
13

Mj

tot

2
2
2
2
2
2
2

2
2
2
3
3
3
3
3

4
3

1

8
8
B
8
8
7

e
7

6
6
5
1
I
0
3
2

4
9

Sr
tot
.f/l

10
10
10
10
11
10
11

11

12
12
12
11
096
095
090
089

<

Un
tot
•J/l

04 <
04 <
04 <
04
04
03
02

02

06
06
0 6 <•

08 <
12
14 <
15
15

03
: oi

Al
tot
•g/l

' 01
Ol
Ol
O2S
025
027
O2S

O28

014
016
01
01
016
01
026
022

F»2*
tot
•j/1

24
19
06
08
04
09
14

18

. 9O
68
76
86

1 3
75
9O
86

F»
tot
•i

1
1
1
2
1

1

|/1

3̂>
33
33
31
28
27
29

27

9O
90
96
0
3
8
2
8

8
28

<•'.. 4 u m

•9/i

07
04
04
05
07
04
. 08
14
12

. 11
12
5O
55
90
65
66
67

F»
<.. 4u»
•9/1

13
12
O9
13
12
10
15
19
15

11
27
54
56
91

1 4
1 4
1 4

K»
'. . 4u«
.,.--1

32
27
29
23
22
16
13
26
15

1 13
70
57
73
61
63

1 07
61

Al
Z'. 4ulf

f/1

015
020
031
026
055
023
026
04C
026

200
166
102
21!
293
026
05:
029

7". < v -

.S/I

c:i-

002»
G " ; ,*
C05e
CO*!
C"* 13
0057
0029

0044
00-C
C ZZ I
CC22
C0- a

001 e
01 Z~
0C12



KAMLUNGE - Metal ions

Table 7b

'

••'*". I

KM 13

£ = •=.

•inc.

4f-

3 •_• 0

471
i~?
473

474
4'5
4~t
4"'7
4-e
479

349
350
351
352
353
354
355
356
357
335
359

430
»,_ ,

4ÖP
4b3
4S4

923
9Zt

Ha
t r>r
mn '

13
15
15
IB
t8

14
14
15
18
19
17
20
23
23
23

2
2
2
1
1
1
2
2
1
1
1

2
1
1
1
1

4
3

1

3
1
1
9
9
9
6
6
7
5
4

5
2
1
0
0

0
5

K
tot
mg/1

1

1

I 6
L 6
I 6
1 6
6

j 0
5 2
5 1

5 6
5 a
6 2

(
1

5 7
i, 2
b £
6 2

I 2
[ 2
1 1
1 1
1 0
1 0
I 6
I 5
1 0
. 9
8

. 9
7
6
7
7

I 4
[ 4

Ca
tot
mg/1

68
76
81
99
106

99
104
108
132
145
151
156
190
192
232

5
3.
3.
3
5
3.
8
8.
5.
4.
3.

13
3
3
3
3

6
5.

2
5
6
4
4
4
1
2
2
1
5

6
9
4
1
0

2
6

M9
tot
mg/

3
3
3
3
3
3
3
3
3
3

1
1
1

2
2

1

8
9
7
6
6

4
1
4
6
9
7
4
2
2
3

8
B
8
B
B
0
2
5
9
9
6

4
6
3
4
5

1
1

Sr
tot
mg /I

30
34
40
47
49

2C
21
21
25
27
35
35
38
38
40

025
026
026
. 027
027
O27
032
. 053
027
. 020
018

031
013
013
012

. 012

Mn
tot
mg n

11
09
07
04
05

21
IB
IB
17
18
17
13

. 12

. 12
11

33
34
35
33
33
35
56
55
37
.33
33

20
31
31
31

. 30

02
01

Al
tot
mg/l

< 01
< 01
< 01
< 01
< 01

< 01
< 01
< 01
C 01
< 01
< 01
< 01
< 01
< 01
< 01

01
014
026

<. 01
.01
01
. 49
. 71
14
13
06

03
03
.01
. 01

< 01

F.2*
tot
mg/I

73
68
63
51
B9

. 49
56
55
33
55
31
53
67
73
72

3 9
3 3
7 2
7 9
8 1
8 3
18 2
IB 3
10 1
6 B
6 B

42
4 3
4 9
6 9
B 2

Fe
tot
mg/1

1.

4.
5
6
7
8
8
20
21
12
10
B

1
6
6
7
7

BO
68
61
48
20

Bl
78
78
76
7B
38
65
B3
83
B3

4
3
3
3
0
3

1

3
1
2
3
9

49
13

Fe;?+
<. 4um
mg/l

3.
6.
8
8.
9.
19
19
11
7
7

4
4
7
7

63
62
58
42
48

43
42
32
40
47
20

70
72
79

5
9
1
2
6
8
4
7
6
1

2
6
2
7

F«
C 4um
mg/l

3
6
7.
8
8
19
19
11
8
7

5
5
6
7

61
36
36
41
41

48
41
33
48
63
31

77
76
79

3
2
5
0
5

a
3

5
7
9
8

F»
>. 4um
mg/I

14
08
07
05
04

45
44
51
34
22
28

01
01
01

20
21
16
10
09
63
94

1 33
1 34
76

94
49
44
32

Al
>. 4um
og/1

0009
0009
0004
0013
0004

0018
0018
0013
0012
0005
0027

0013
0009
0010

0005
0013
0011
0005
. 0005
0653
1733
0356
. 0237
0119

. 0276
0121
0100
008S

S
>. 4um
mg/l

011
010
005
01C
0C7

022
. 025
026
019
010
063

009
0C9
014

004
013
003
003
. 002
024
065
016
010
005

008
003
003
002



J
Table ?c

KAMLUNGE - Metal ions

'i?

44'
44i
4 •! 3

444
445
44-
44-
448
44?
45-

Na
tot
mg '

9
S
B
8
B
e
8
7
8
8

1

0
8
7
8
7
2
2
9
3
1

k
tot
mg /I

1
1
1
2
1
1
1
1
1
1

7
6
B
Q
6
B
8
6
8
7

Ca
tot
mg/I

10
10
11
11
11
11
11
11
10
11

Hg
tot
mg/I

2

2
2.
2
2
2
2
2
2

6
5
6
5
4
6
4
4
5
6

Sr
tot
mg/I

064
066
064
O63
062
064
064
065
064
063

lin
tot
mg/I

25
26
25
24
26
26
25
25
26
.25

Al
tot
mg/I

c 01
C 01
c oi
c. 01

C. 01

c 01
c 01
<- 01

c 01
c. 01

F.2+
tot
mg/I

13 2
14 2
13 8
14 8
16 3
15 1
14 9
14 8
15 2
16 7

Fe
tot
mg/l

16
16
16
16
16
16
16
16
16
16

Fe2+
<. 4om
mg/l

15 5
15 7
16 0
17 4
16 2
15 3
15 1
15 0
15 0
16.2

Fe
<. 4UTI

mg/I

16
16
17
17
17
16
16
16
16
16

Fe
-•. 4um

mg/I

014
018
026
011
009
008
007
011
009
014

Ml
>. 4um
mg/l

< 0007
< 0004
< 0004
<• 0004

0004
C 00C4
< 0004
< 0Ö04
< 0004
^ 0009

s
."•. 4ij,T

mg/ 1

< oco:7
0013

< 0004
< 0CC4
< C004
< coot
< 0CO4
<- 0004
<. 0004
< 0004

451
45^
4 *" 3

•»7-4

45?
456
i"" 7

45c
459
440

e
e
e
8
8

1 0
1 0
8
8
8

2
1
1
1
1
2
2
1
2
2

2
2
2
2
2
2
2
2.
1
2.

3
3
2
1
1
2
2
2
9
0

5
8
5
7
6
6
6
. 7
. 4
6

< 01
<• 01

<: oi
<•. 0 1

< 01
< 01
< 01
< 01
< 01
< 01

15
16
. 18
18
. 19
. 2
21
21
26
21

01
01
01
01
. 01
01
. 01

<-. 01
<: 01
< 01

4
4.
3
2
3
2
4
3
4.
4

5
4
0
8
1
9
3
8
0
0

5
5
4
4
4
5
5
5
4
4

4
4.
3
2
2
2
3
3
3
5.

2
0
0
7
8
9
6
3
5
1

5
4
4
4
4
4
5
5
4
3

176
125
129
150
167
530
378
556
438
350

0165
0113
0094

ooae
0078
. 0070
0056
0056
0038
0038

0033
00:3
0012
0Gi3
0011
0020
0022
C022
0013
0039



Table 8a

CAMLUNGE - Nitrogen containing ions

Oore-
hcia

• i"

Depth Length
(TI IP

106 123

37O 445

No

339
340
341
342
343
345
346
348

331
332
333
334
335
336
337
338

N02 NO 3 NH4
mg/l mg/l mg/1

002 035 010
002 035 010
002 035 010
005 030 020
005 025 020
002 035 010
002 045 015
002 045 010

010 070 030
C 002 035 010

007 020 010
< 002 035 015
< 002 050 015
< 002 035 010
< 002 030 .015
<• 002 030 015

N02-N N03-N NH4 N Sum-t
mg/I mg/I mg/I mg/I

001 008 003 016
001 008 C03 016
001 008 OOa 016
002 007 016 024
002 006 016 023
001 OOB 003 016
001 010 012 022
001 010 C03 019

003 016 023 042
< 001 008 COa 016
002 005 OOa 014

< 001 008 012 02G
< 001 01J 012 024
C 001 008 008 016
< 001 007 012 019
<. 001 007 012 019



u
Table 8b

KAMLUNGE - Nitrogen containing ions

Bo-*- Depth Length No
ho".* m m

•<*».ij 197 230

N02 NO3 NH4
«ig/l mg/1 mg/1

432 5 1 4

556 670

KM12 564 680

485
486
487
488
489

360
471
472
473
474
475
476
477
478
479

349
350
351
352
353
354
355
356
357
358
359

480
481
482
483
484

c
C

c
c
c

c
c
c
<
c

c
<.
c
c.

<

c
c

c
<

002
002
002
002
002

002
002
002
002
002
003
002
002
002
002

010
007
005
002
003
003
002
002
003
002
002

005
005
002
002
003

025
030
020
180
030

050
050
040
040
020
040
020
010
015
. 040

030
055
055
075
025
030
045
040
040
040
025

040
030
030
030
025

020
015
015
020
015

015
015
020
020
020
015
020
015
015
010

020
020
020
015
025
010
040
015
015
015
015

020
020
025
015
015

NQ2-N
mg/1

< 001
<. 001
< 001
<• 001

< 001

< 001
< 001
<•. 001

< 001
< 001

001
< 001
< 001
«• 001

< 001

003
002
002

< 001
001
001

< 001
< 001

001
001
001

002
002

< 001
< 001

001

NO'J-N
mg/1

006
007
005
041
007

Oil
Oil
009
009
005
009
0O5
002
0O3
009

007
012
012
017
006
007
010
009
009
009
006

009
007
007
007
006

NH4-N
mg/1

016
012
012
016
012

012
012

. 016
016

. 016
012

. 016
012
012
009

016
016
016
012
019
009
031
012
012
012

. 012

016
016
019
012
012

Suin-rj
mg/1

022
019
017
057
019

024
024
025
025
. 021
022
021
015
C16
017

025
030
029
029
026
015
042
021
022
021
018

026
024
027
019
018



KAMLUNuE - Nitro9«n containing ion*



KAfiLUNGE - Remaining anions and other parameters

Table 9a

B e ! - Depth Length

106 123

376 445

No

339
340
341
342
343
344
345
346
347
349

331
332
333
334
335
336
337
338

910
911

HC03
mg/1

66
66
66
65
65

65
66

65

59
62
61
62
62
65
69
66

68
66

Cl
mg/l

3
2
2
3
3

2
3

3

3
3
3
3
3
3
3
3

1
1

F
mg/l

14
12
14
15
15

12
14

13

17
19
21
14
It
20
11
10

13
11

S04
mg/l

4
4
4
4
4
3
4
4
4
4

11
11
11
b
6
6
6
6

5
4

P04
-g/1

020
020
025
020
025

015
020

. 020

045
030
045
035
040
035

. 040
035

TOC
mg/l

2
2
2
2
1
2
3
3
2
2

3
3
3
3
3
2
2
2

SiO2
mg/l

9

e
B
B
8

7.
7

7.

4
4.
5
5
5
6
6
6

9
9

2
5
3
7
7

8
7

0

2
3
2
4
6
1
8
9

5
6

Turb
NTU

3
2
2
3
2

1
3

2

5
8
9

2
4
8
5
9

2
8

5

4
5
8

I
mg/l

05
063
066
036
O36

043
036

035

040
05
05
040
05
037
033
042



KAriLUNGE - R ix in ing antons and other parameters

Table 9b

Bo--?- Depth Length

1=7 230

432 514

•""112 556 670

680

903

No

485

4B&

487
489
489

360

471

472

473

474

475

476

477
478

479

349

350
351

352

353
354

355

356

357

358

359

480

461

482

483

484

923

926

HC03
mg/I

16

15

15
15
13

23

23

24

23

23
20

19

20
19
19

20

23

27

31

31
32

16

12

12

12
8

16

11
9

9
9

34

38

Cl
mg/1

5

5

5
5

6

10

10

10

10

11

15

15

19
19

20

1

2

2

3

2
3

22

26

8

6

5

3

1

1

1

1

1

1

F
»g/1

1 9

2 0
2 0
2 1
2 1

42

45

49

54

55
44

58
. 64

67

70

<•

<•

<

C

<•.

c
<
* •

c
£

c

*..

14

1
1

1
1

04
<37

S04
ag/1

160

180

200
230

240

240

244

256

290

300

380

420

480

480

520

6

8

8

8

7
8

4

4
4

5

5

27

7

7

6

6

4

4

P04
-g/1

040

045

030

040

050

005

010

015

015

015

025

020

025

030

030

«. 005

005

<. 005

< 005

< 005

< 005

010

020

015

005

005

025

< 005

045

055

060

TOC
•g/I

16

15

19

8

10

5

5

3

3

9

9

IB
1O
16

21

11

11

13

15

11
12

12

13

5

5

5

42

24

33

54

45

Si 02

•g/1

5

5

5

5

5

3

3

3

4

4.

3

4

5

5

5

2

2

2

3

3

3

3

3
3

3
3

2

3

3

3
3

11

11

4

4

3
4

4

6

8
9

2

4

0

3

2

3
4

1

1
1

6

6
7

7

7

5

3

2

4

4

4

4
4

Tur b
NTU

5

3

3

3

2

5

8
7.

6

6

5

5

5
4

7

25

25

11

12

13
19

3

6

6
4

7

19

8

4

5

0

6

7

6
7

7

3

1

2
9

0

0

0

4

4

0
3

6

0

2

4

5

0

I
-J/1

048

081
09

21
19

06

05

05

05

066

042

08

12
016

155

023

. 023

024

029

029
028

016

007

016

019

02

021
. 014

014

014

023

001

001



A
Table 9c

KAT1LUNSE

ength No
m

146
441
442
443
444
445
446
447
448
449
450

ML 03
mg/I

72
63
56
55
59
54
49
54
80
81

Cl
mg/1

11
10
9
10
11
8
10
10
9
9

F
mg/1

12
13
13
13
13

. 14
13
13
14
13

otl»»r

504
mg/1

3
2
3
3
2
3
3
3
3
3

parameters

P04
mg/1

520
515
580
3B5
435
560
550
575
. 550
. 530

TOC
•9/1

1 4
1 8
3 4
2 1
1 9
1 4
1 4
1 3
1 7
1 7

SiO2
•g/1

31
29
29
29
28
25
23
23
21
33

Turb
NTU

2 2
2 0
4 0
1 C
1 3
1 5
1 C
2 6
2 3

I
mg/1

026
040
027
036
026
035
030
029
024
029

198 238
451
452
453
454
455
456
457
458
459
460

B
8
7
7
7
7
7
7
8
8

4
4
5
5
5
5
5
5
5
5

015
015
015
020
020
030
. 020
020
015
005

5.
3
2
2
2.
2
1
1
1
1

2
4
1
3
2
0
6
5
4
3

4
4
4
4
4.
5.
4.
4.
5
5.

4
4
4
3
4
3
9
9
0
1

3
2
6
4
5
9
6
9
7
7.

9
0
3
2
3
0
7
1
0
0

02
018
03
038
C31
014
Oil
009
009
012



A

Table 10

KAMLUNflE - Drillinf water•

Bore-
hole

Kmi

KM12
KH12
KF112

Km 3
KM 13

KM14
KH14

KH2
KM2

Kli3
KM3

KM4
KF14

KM9
Kf19
KH9

Length
3

67

310
520
630

216
500

175
500

106
492

139
463

94
909

215
408

on

No

919

920
925
924

923
926

922
927

913
914

910
911

919
916

921
918
917

f»

6 1

5 9
7 0
7 2

7 0
7 1

6 6
7. 1

6.9
6.9

7 4
7. 6

6 8
7. 0

7 0
6 6
6. 8

Cond
mS/m

8.7

2.7
18 0
7 6

6 8
7.8

2 9
8 7

4 6
9.9

12 0
12 3

6. 0
6. 1

6 9
3 9
4.9

Na

3

ran
n

4
4

ran

3
4

9
9

3
3

U
M

U

K
•f/1

1. 3

. 9
2 3
1. 9

1. 4
1 4

. 9
1. 3

.9
1. 1

2 7
1. 9

1. 9
1.2

1. 2
1. 3
1. 2

Ca
•f/I

8

1
19
6

6
6

2
6

4
9

13
13

9
4

9
3
3

•f/1

1. 9

1 3
7 2
2. 3

2. 1
2. 1

1. 1
2 1

1.3
1. 9

4. 4
3. 9

2 6
2.0

2 2
1. 9
1. 9

Hn
•f/1

01

.01

.8
01

02
01

01
01

01
01

.03
Ol

.01
01

Ol
.01
.01

Fa. tot
•f/1

O6

01
19

.01

.49

. 13

03
01

01
.01

1.8
.28

.03

.24

.08

.29

.27

HC03
•f/1

9

6
112
37

34
38

7
39

19
27

68
68

29
31

36
17
23

Cl
•f/1

22

1
1
1

1
1

1
1

1
1

1
1

1
1

1
1
1

F
•f/l

23

02
09
06

.04
07

03
24

08
. 11

.13

. 11

.06

. 10

.26

.19

.08

S04
•f/1

3

4
2
9

4
4

4
9

6
6

9
4

4
3

4
4
3

SiO2
•f/1

9.

9.
13
9.

11
11

5.
9

8
9

9.
9.

12
13

12
9.
13

9

3

6

6
6

7
1

9
6

7

I
•f/1

001

001
OOl
001

001
001

001
001

005
005

009
008

001
001
005



List of KBS's Technical Reports

1977-78
TR121
KBS Technical Reports 1-120.
Summaries. Stockholm. May 1979.

1979
TR 79-28
The KBS Annual Report 1979.
KBS Technical Reports 79-01 - 79-27.
Summaries. Stockholm, March 1980.

1980
TR 80-26
The KBS Annual Report 1980.
KBS Technical Reports 80-01 - 80-25.
Summaries. Stockholm, March 1981.

1981
TR 81-17
The KBS Annual Report 1981.
KBS Technical Reports 81-01-81-16.
Summaries. Stockholm, April 1982.

TR 82-28
The KBS Annual Report 1982.
KBS Technical Reports 82-01 - 82-27.

1983
TR 83-01
Radionuclide transport in a single fissure
A laboratory study
Trygve E Eriksen
Department of Nuclear Chemistry
The Royal Institute of Technology
Stockholm, Sweden 1983-01-19

TR 83-02
The possible effects of alfa and beta
radiolysis on the matrix dissolution of
spent nuclear fuel
I Grenthe
I Puigdomenech
J Bruno
Department of Inorganic Chemistry
Royal.Institute of Technology
Stockholm, Sweden, January 1983

TR 83-03
Smectite alteration
Proceedings of a colloquium at State
University of New York at Buffalo,
May 26-27,1982
Compiled by Duwayne M Anderson
State University of New York at Buffalo
February 15,1983

TR 83-04
Stability of bentonite gels in crystalline
rock - Physical aspects
Roland Pusch
Division Soil Mechanics. Univeristy of Luleå
Luleå. Sweden, 1983-02-20

TR 83-05
Studies in pitting corrosion on archeo-
logical bronzes - Copper
Åke Bresle
Jozef Saers
Birgit Arrhenius
Archaeological Research Laboratory
University of Stockholm
Stockholm. Sweden 1983-01-02

TR 83-06
Investigation of the stress corrosion
cracking of pure copper
L A Benjamin
D Hardie
R N Parkins
University of Newcastle upon Tyne
Department of Metallurgy and engineering Materials
Newcastle upon Tyne, Great Britain, April 1983

TR 83-07
Sorption of radionuclides on geologic
media - A literature survey.
I: Fission Products
K Andersson
B Allard
Department of Nuclear Chemistry
Chalmers University of Technology
Göteborg. Sweden 1983-01-31

TR 83-08
Formation and properties of actinide
colloids
U Olofsson
B Allard
M Bengtsson
B Torstenfelt
K Andersson
Department of Nuclear Chemistry
Chalmers University of Technology
Göteborg, Sweden 1983-01-30

TR 83-09
Complexes of actinides with naturally
occurring organic substances -
Literature survey
U Olofsson
B Allard
Department of Nucluear Chemistry
Chalmers University of Technology
Göteborg, Sweden 1983-02-15



TR 83-10
Radilysis in nature:
Evidence from the Oklo natural reactors
David B Curtis
Alexander J Gancarz
New Mexico. USA February 1983

TR 83-11
Description of recipient areas related to
final storage of unreprocessed spent
nuclear fuel
Björn Sundblad
Ulla Bergström
Studsvik Energiteknik AB
Nyköping, Sweden 1983-02-07

TR 83-12
Calculation of activity content and
related propeties in PWR and BWR fuel
using ORIGEN 2
Ove Edlund
Studsvik Energiteknik AB
Nyköping, Sweden 1983-03-07

TR 83-13
Sorption and diffusion studies of Cs and I
in concrete
K Andersson
B Torstenfelt
B Allard
Department of Nuclear Chemistry
Chalmers University of Technology
Göteborg, Sweden 1983-01-15

TR 83-14
The complexation of Eu (III) by fulvic acid
J A Marinsky
State University of New York at Buffalo
Buffalo, NY 1983-03-31

TR 83-15
Diffusion measurements in crystalline
rocks
Kristina Skagius
Ivars Neretmeks
Royal Institute of Technology
Stockholm, Sweden 1983-03-11

TR 83-16
Stability of deep-sited smectite minerals
in crystalline rock - chemical aspects
Roland Pusch
Division of Soil Mechanics, University of Luleå
Luleå 1983-03-30

TR83-17
Analysis of groundwater from deep bore-
holes in Gideå
Sif Laurent
Swedish Environmental Research Institute
Stockholm, Sweden 1983-03-09

TR 83-18
Migration experiments in Studsvik
O Landström
Studsvik Energiteknik AB
C-E Klockars
0 Persson
E-L Tullborg
S Å Larson
Swedish Geological
K Andersson
B Allard
B Torstenfelt
Chalmers University of Technology
1983-01-31

TR83-19
Analysis of groundwater from deep bore-
holes in Fjällveden
Sif Laurent
Swedish Environmental Research Institute
Stockholm, Sweden 1983-03-29

TR 83-20
Encapsulation and handling of spent
nuclear fuel for final disposal
1 Welded copper canisters
2 Pressed copper canisters (HIPOW)
3 BWR Channels in Concrete
B Lönnerbeg, ASEA-ATOM
H Larker, ASEA
LAgeskog, VBB
May 1983

TR 83-21
An analysis of the conditions of gas
migration from a low-level radioactive
waste repository
C Braester
Israel Institute of Technology, Haifa, Israel
R Thunvik
Royal Institute of Technology
Stockholm, Sweden November 1982

TR 83-22
Calculated temperature field in and
around a repository for spent nuclear
fuel
Taivo Tarandi, VBB
Stockholm, Sweden April 1983

TR 83-23
Preparation of titanates and zeolites and
their uses in radioactive waste manage-
ment, particularly in the treatment of
spent resins
Å Hultgren, editor
C Airola
Studsvik Energiteknik AB
S Forberg, Royal Institute of Technology
L Faith, University of Lund
May 1983



TR 83-24
Corrosion resistance of a copper
canister for spent nuclear fuel
The Swedish Corrosion Research Institute
and its reference group
Stockholm, Sweden April 1983

TR 83-25
Feasibility study of electron beam
welding of spent nuclear fuel canisters
A Sanderson, T F Szluha. J L Turner, R H Leggatt
The Welding Institute Cambridge
The United Kingdom April 1983

TR 83-26
The KBS UO, leaching program
Summary Report 1983-02-01
Ronald Forsyth, Studsvik Energiteknik AB
Nyköping, Sweden February 1983

TR 83-27
Radiation effects on the chemical
environment in a radioactive waste
repository
Trygve Eriksen
Royal Institute of Technology, Stockholm
Arvid Jacobsson
Univerisity of Luleå
Luleå. Sweden 1983-07-01

TR 83-28
An analysis of selected parameters for
the BIOPATH-program
U Bergström
A-B Wilkens
Studsvik Energiteknik AB
Nyköping, Sweden 1983-06-08

TR 83-29
On the environmental impact of a
repository for spent nuclear fuel
Otto Brotzen
Stockholm, Sweden april 1983

TR 83-30
Encapsulation of spent nucler fuel
- Safety Analysis
ES-konsult AB
Stockholm, Sweden April 1983

TR 83-31
Final disposal of spent nuclear fuel
- Standard programme for site
investigations
Compiled by
Ulf Thoregren
Swedish Geological
April 1983

TR 83-32
Feasibility study of detection of defects
in thick welded copper
Tekniska Röntgencentralen AR
Stockholm. Sweden April 1983

TR 83-33
The interaction of bentonite and glass
with aqueous media
M Mosslehi
A Lambrosa
J A Marinsky
State University of New York
Buffalo, NY, USA April 1983

TR 83-34
Radionuclide diffusion and mobilities in
compacted bentonite
B Torstenfelt
B Allard
K Andersson
H Kipatsi
L Eliasson
U Olofsson
H Persson
Chalmers University of Technology
Göteborg, Sweden 1983-12-15

TR 83-35
Actinide solution equilibria and
solubilities in geologic systems
B Allard
Chalmers University of Technology
Göteborg, Sweden 1983-04-10

TR 83-36
Iron content and reducing capacity of
granites and bentonite
B Torstenfelt
B Allard
W Johansson
T Ittner
Chalmers University of Technology
Göteborg, Sweden April 1983

TR 83-37
Surface migration in sorption processes
A Rasmuson
I Neretnieks
Royal Institute of Technology
Stockholm, Sweden March 1983

TR 83-38
Evaluation of some tracer tests in the
granitic rock at Finnsjön
L Moreno
I Neretnieks
Royal Institute of Technology, Stockholm
C-E Klockars
Swedish Geological
Uppsala April 1983



TR 83-39
Diffusion in the matrix of granitic rock
Field test in the Stripa mine. Part 2
L Birgersson
I Neretnieks
Royal Institute of Technology
Stockholm, Sweden March 1983

TR 83-40
Redox conditions in groundwaters from
Svartboberget, Gideå, Fjällveden and
Kamlunge
P Wikberg
I Grenthe
K Axelsen
Royal Institute of Technology
Stockholm. Sweden 1983-05-10

TR 83-41
Analysis of groundwater from deep bore-
holes in Svartboberget
Sif Laurent
Swedish Environmental Research Institute
Stockholm, Sweden 1983-06-10

TR 83-42
Final disposal of high-levels waste and
spent nuclear fuel - foreign activities
R Gelin
Studsvik Energiteknik AB
Nyköping, Sweden May 1983

TR 83-^3
Final disposal of spent nuclear fuel -
geological, hydrogeological and geo-
physical methods for site characteriza-
tion
K Ahlbom
L Carlsson
O Olsson
Swedish Geological
Sweden May 1983

TR 83-44
Final disposal of spent nuclear fuel -
equipment for site characterization
K Almén, K Hansson, B-E Johansson, G Nilsson
Swedish Geological
O Andersson, IPA-Konsuft
P Wikberg, Royal Institute of Technology
H Åhagen, SKBF/KBS
May 1983

TR 83-45
Model calculations of the groundwater
flow at Finnsjön, Fjällveden, Gideå and
Kamlunge
L Carlsson
AWinberg
Swedish Geological, Göteborg
B Grundfelt
Kemakta Consultant Company,
Stockholm May 1983

TR 83-46
Use of clays as buffers in radioactive
repositories
Roland Pusch
University of Luleå
Luleå May 25 1983

TR 83-47
Stress/strain/time properties of highly
compacted bentonite
Roland Pusch
University of Luleå
Luleå May 1983

TR 83-48
Model calculations of the migration of
radio-nuclides from a respository for
spent nuclear fuel
A Bengtsson
Kemakta Consultant Company, Stockholm
M Magnusson
I Neretnieks
A Rasmuson
Royal Institute of Technology, Stockholm
May 1983

TR 83-49
Dose and dose commitment calculations
from groundwaterborne radioactive
elements released from a repository for
spent nuclear fuel
U Bergström
Studsvik Energiteknik AB
Nyköping, Sweden May 1983

TR 83-50
Calculation of fluxes through a
repository caused by a local well
R Thunvik
Royal Institute of Technology
Stockholm, Sweden May 1983

TR 83-51
GWHRT- A finite element solution to the
coupled ground water flow and heat
transport problem in three dimensions
B Grundfelt
Kemakta Consultant Company
Stockholm, Sweden May 1983

TR 83-52
Evaluation of the geological, geophysical
and hydrogeological conditions at
Fjällveden
K Ahlbom
L Carlsson
L-E Carlsten
O Ouran
N-Å Larsson
O Olsson
Swedish Geological
May 1983



TR 83-53
Evaluation of the geological, geophysical
and hydrogeologtesl conditions at Gidea
KAhibom
B Albino
L Carlsson
G Nilsson
O Olsson
L Stenberg
HTimie
Swedish Geological
May 1983

TR 83-54
Evaluation of the geological, geophysical
and hydrogeological conditions at
Kamlunge
KAhibom
B Albino
L Carlsson
J Danielsson
G Nilsson
O Olsson
S Sehistedt
V Stejskal
L Stenberg
Swedish Geological
May 1983

TR 83-55
Evaluation of the geological, geophysical
and hydrogeological conditions at Svart-
boberget
K Ahlbom
L Carlsson
B Gentzschein
A Jämtlid
O Olsson
STirén
Swedish Geological
May 1983

TR 83-56
I: Evaluation of the hydrogeological

conditions at Finnsjön
L Carlsson
G Gidlund

II: Supplementary geophysical investiga-
tions of the Starnö peninsula
B Hesselström

Swedish Geological
May 1983

TR 83-57
Neotectonlcs In northern Sweden -
geophysical investigations
H Henkel
K Hult
L Eriksson
Geological Survey of Sweden
L Johansson
Swedish Geological
May 1983

TR 83-58
Nsotectontes In northern Sweden-
geological investigations
RLagerMck
FWrtschard
Geological Survey of Sweden
May 1983

TR 83-59
Chemistry of deep groundwaters from
granitic bedrock
BAIIard
Chalmers University of Technology
SÅ Larson
E L Tullborg
Swedish Geological
PWfrberg
Royal Institute of Technology
May 1983

TR 83-60
On the solubility of technetium in ge-
ochemical systems
BAIIard
BTorstenfett
Chalmers University of Technology
Goteborg. Sweden 1983-05-05

TR 83-61
Sorption behaviour of well-defined
oxidation states
BAIIard
UOtofsson
BTorstenfett
HKipatsi
Chalmers University of Technology
Goteborg. Sweden 1983-05-15

TR 83-62
The distribution coefficient concept and
aspects on experimental distribution
studies
BAIIard
K Andersson
BTorstenfett
Chalmers University of Technology
Göteborg, Sweden May 1983

TR 83-63
Sorption of radionuclides in geologic
systems
K Andersson
BTorstenfelt
BAIIard
Chalmers University of Technology
Göteborg. Sweden 1983-06-15



TR 83-64
Ion exchange capacities and surface
areas of some major components and
common fracture filling materials of
igneous rocks
B Allard
M Karlsson
Chalmers University of Technology
E-L Tullborg
S Å Larson
Swedish Geological
Göteborg, Sweden May 1983

TR 83-65
Sorption of actinides on uranium dioxide
and zirconium dioxide in connection with
leaching of uranium dioxide fuel
B Allard
N Berner
K Andersson
U Olofsson
B Torstenfelt
Chalmars University of Technology
R Forsyth
Studsvik Energiteknik AB
May 1983

TR 83-66
The movement of radionuclides past a
redox front
I Neretnieks
BA;lund
Royal Institute of Technology
Stockholm, Sweden 1983-04-22

TR 83-67
Some notes in connection with the
studies of final disposal of spent fuel.
Part 2
I Neretnieks
Royal Institute of Technology
Stockholm, Sweden May 1963

TR 83-68
Two dimensional movements of a redox
front downstream from a repository for
nuclear waste
I Neretnieks
B Åslund
Royal Institute of Technology
Stockholm, Sweden 1983-06-03

TR 83-69
An approach to modelling radionuclide
migration in a medium with strongly
varying velocity and block sizes along
the flow path
I Neretnieks
A Rasmuson
Royal Institute of Technology
Stockholm, Sweden May 1983

TR 83-70
Analysis of groundwater from deep bore-
holes in Kamlunge
S Laurent
Swedish Environmental Research Institute
Stockholm, Sweden May 1983

TR 83-71
Gas migration through bentonite clay
Roland Pusch
Thomas Forsberg
University of Luleå
Luleå, Sweden May 31,1983

TR 83-72
On the thermal conductivity and thermal
diffusivity of highly compacted bentonite
Sven Knutsson
University of Luleå
Luleå, Sweden October 1983

TR 83-73
Uranium, thorium and radium in soil and
crops - Calculations of transfer factors
Sverker Evans
Studsvik Energiteknik AB
Åke Eriksson
Swedish University of Agricultural Sciences
Sweden June 1983

TR 83-74
Fissure fillings from Gideå, central
Sweden
Eva-Lena Tullborg
Swedish Geological
Sven Åke Larson
Geological Survey of Sweden
Gothenburg, Sweden August 1983
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