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Abstract

Chemical characterisation has been conducted in six sections, 386.0-391.0, 448.0-453.0,
448.5-455.6, 639.0-646.1, 939.5-946.6 and 980.0-1001.2 m of borehole KFMO03A. The
characterisation has been conducted using two slightly different investigation methods,
complete chemical characterisation and sampling during pumping test.

Complete chemical characterisation is the most extensive chemical investigation method
performed in core drilled boreholes. The method entails pumping, measurements on-line
and regular water sampling for chemical analyses in isolated borehole sections during
approximately three weeks per section at a flow rate of between 50 and 200 mL/min.

Sampling during pumping tests in core drilled boreholes implies that the pumping is
performed at a flow rate of several litres per minute and that the collected water samples
represent a larger bedrock volume and/or a more dominating hydraulic structure than

the samples that are collected during Complete chemical characterisation. The pumping/
measurement period is shorter and fewer samples are collected than in the previous method.

The results obtained from the complete chemical characterisation of sections 448.5-455.6,
639.0-646.1, 939.5-946.6 and 980.0-1001.2 m include on-line measurements of redox
potential, pH, dissolved oxygen, electric conductivity and water temperature in the borehole
section as well as chemical analyses of major constituents, trace metals and isotopes.
Furthermore, gas content and composition, inorganic colloids as well as humic and fulvic
acids were investigated. The results from the pumping test method performed in the two
other sections, 386.0-391.0, 448.0-453.0 m, do not include redox potential, gas content

and composition, and inorganic colloids by filtration technique.

The water composition was stable during the entire pumping and sampling periods in all
borehole sections except 939.5-946.6 m. In this section, a slight increase in the salinity was
observed during the pumping period. The chloride concentrations were approx. 5400 mg/L
(386.0-391.0, 448.0-453.0, 448.5-455.6, 639.0-646.1 m), 7600-8600 mg/L (939.5-946.6
m) and 10000 mg/L (980.0-1001.2 m). Stable redox potential measurements are reported
for the three sections 448.5-455.6, 639.0-646.1 and 939.5-946.6 m. The redox electrodes
stabilized at approximately —176, —196 and —245 mV respectively. The reducing conditions
in the groundwater of these sections were also verified by the presence of ferrous iron
Fe(+II) at relatively high concentrations. In section 980.0-1001.2 m, the redox electrodes
did not reach stable and credible values within the measurement period. This is probably
due to the very low iron concentration in the groundwater of this section and thereby a lack
of a dominating redox pair. The content of inorganic colloids was very low or nonexistent
and the organic constituents were present mainly as fulvic acids and possibly other low
molecular weight organic acids (citric acid, oxalic acid, etc).



Sammanfattning

Kemisk karakterisering har utforts i de sex borrhédlssektionerna 386.0-391.0, 448.0-453.0,
448.5-455.6, 639.0-646.1, 939.5-946.6 och 980.0-1001.2 m av borrhalet KFMO03A.
Karakteriseringen har gjorts med tvé nagot olika undersokningsmetoder, fullstindig
kemikarakterisering och provtagning under pumptester.

Fullstindig kemikarakterisering dr den mest omfattande kemiska underskningsmetoden
for kidrnborrhal. Metoden innebdr pumpning, métning on-line och regelbunden vattenprov-
tagning for kemiska analyser i avgridnsade borrhélssektioner under cirka tre veckor per
sektion och vid ett pumpflode pa mellan 50 och 200 mL/min.

Provtagning under pumptester i kdrnborrhdl innebér att pumpningen utfors med ett flode
pa flera liter per minut och att de uttagna vattenproven representerar en storre bergvolym
och/eller en mer dominerande hydraulisk struktur &n proven som tas ut vid Fullstindig
kemikarakterisering. Pump/métperioden ar kortare och farre prov tas ut én i ovanstaende
metod.

Resultaten som erholls fran den fullstindiga kemikarakteriseringen av sektionerna
448.5-455.6, 639.0-646.1, 939.5-946.6 och 980.0-1001.2 m omfattar métningar on-line
av redoxpotential, pH, 16st syre, elektrisk konduktivitet och vattentemperatur i borrhals-
sektionen liksom kemiska analyser av huvudkomponenter, sparelement och isotoper.
Vidare undersoktes gasméangd och sammansittning, oorganiska kolloider samt humus-
och fulvosyror i grundvattnet. Resultaten frén pumptestmetoden som utforts 1 de andra
tva sektionerna, 386.0-391.0, 448.0-453.0 m, skiljer sig frdn ovanstdende genom att de
inte inkluderar inte redoxpotential, gasmingd och sammanséttning samt oorganiska
kolloider genom filtrering av in-situ prov.

Vattensammanséttningen var stabil under hela pump- och provtagningsperioderna i
samtliga borrhalssektioner utom 939.5-946.6 m. I denna sektion noterades en nagot
okande salinitet under pumpperioden. Kloridkoncentrationerna uppgick till ca 5400 mg/L
(386.0-391.0, 448.0-453.0, 448.5-455.6, 639.0-646.1 m), 7600-8600 mg/L

(939.5-946.6 m) och 10 000 mg/L (980.0-1001.2 m). Stabila redoxpotentialmitningar
rapporteras for de tre sektionerna 448.5-455.6, 639.0-646.1 och 939.5-946.6 m. Redox-
elektroderna stabiliserade sig vid ca —176, —196 respektive —245 mV. De reducerande
forhallandena i grundvattnet i dessa sektioner verifieras ocksa av narvaron av tvavart

jérn 1 relativt hoga koncentrationer. I sektionen 980.0-1001.2 m nddde didremot inte redox-
elektroderna stabila och trovérdiga varden under métperioden. Detta beror formodligen pa
de mycket laga jairnkoncentrationerna i grundvattnet i denna sektion och darmed avsaknad
av ett dominerande redoxpar. Férekomsten av oorganiska kolloider befanns vara mycket
lag eller obefintlig och de organiska komponenterna foreldg huvudsakligen som fulvosyror
eller andra lagmolekyléra organiska syror (citronsyra, oxalsyra).
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1 Introduction

This document reports the performance and results from the two methods: ”Complete
chemical characterisation” and “Sampling during pumping tests in core drilled boreholes”
in the cored borehole KFMO03A within the site investigation at Forsmark /1/. The work
was conducted according to the activity plan AP PF 400-03-65 (SKB internal controlling
document). The report presents hydrochemical data from the following six borehole
sections:

* 386.0-391.0 m (Sampling and analyses during pumping tests in core
drilled boreholes, modified method, conducted by Geosigma AB)

* 448.0-453.0 m (Sampling and analyses during pumping tests in core
drilled boreholes, modified method, conducted by Geosigma AB)

* 448.5-455.6 m (Complete chemical characterisation,
conducted by AF Energi och Miljé AB)

* 639.0-646.1 m (Complete chemical characterisation,
conducted by AF Energi och Miljo AB)

* 939.5-946.6 m (Complete chemical characterisation,
conducted by AF Energi och Miljé AB)

* 980.0-1001.2 m (Complete chemical characterisation,
conducted by AF Energi och Miljé AB)

The field work was carried out during the period September 2003—April 2004. Sampling
for microbe studies, based on activity plan AP PF 400-03-09 (SKB internal controlling
document), was also performed within the present activity (in sections 448.5-455.6 m,
639.0-646.1 m, 939.5-946.6 m and 980.0—1001.2 m). The microbe investigations are
reported in /2/.

Borehole KFMO3A is the third deep (1001.2 m) telescopic borehole drilled at Forsmark /3/.
The borehole is located at the DS3 drilling site, shown in Figure 1-1. A detailed view of
the DS3 drilling site showing the locations of borehole KFMO03A, the percussion boreholes
and the shallow monitoring wells is presented in Figure 1-2. The borehole section between
0—-100 m is percussion drilled and the first 12 m are cased with a stainless steel casing with
an inner diameter of 200 mm. The 100-1001.2 m interval is core drilled with a diameter of
77 mm. Initially, the first 100 m of the borehole did not yield much water and, therefore, a
casing length of only 12 m was used instead of the usual 100 m. However, during drilling
of a short (101.5 m) cored borehole, KFM03B, 12 m west of KFMO03A, water bearing
fractures were identified at 60—65 m depth. The technical design of KFMO3A is presented in
Appendix 1.

The borehole is of the so-called SKB chemical-type, see method descriptions MD 620.003
(Method description for drilling cored boreholes) and MD 610.003 (Method description
for percussion drilling). An SKB chemical-type borehole requires that cleaning procedures
are carried out on all downhole equipment to be used in the borehole, both during and after
drilling, according to level 2 in the cleaning instructions in MD 600.004 (Instruktion for
rengoring av borrhalsutrustning och viss markbaserad utrustning). The mentioned method
descriptions and instructions are SKB internal controlling documents.



2 Objectives and scope

“Complete chemical characterisation” is the most extensive chemical investigation
method performed in core drilled boreholes. The method is carried out in order to obtain as
complete information as possible about the groundwater chemical conditions in individual
water bearing fractures or local minor fracture zones. Considerable effort is made to obtain
representative samples from a limited rock volume. Careful pumping and continuous
control of the pressure in the sampled borehole section, as well as above the section, is
maintained in order to minimise the risk of mixing with water from other fracture systems.

"Sampling during pumping tests in core drilled boreholes” is primarily performed as a
complementary study in order to increase the volume of hydrochemical data. The method
is often used in borehole sections with a large yield of water. The water samples collected
during pumping tests often represent a larger bedrock volume and/or a more dominating
hydraulic structure than the samples that are collected during “Complete chemical
characterisation”. The method is based on sampling during pumping performed using
equipment for hydraulic tests (PSS). The use of this method/equipment in two sections
of KFMO3A, instead of “Complete chemical characterisation”, allowed investigations in
boreholes KFM02A and KFMO3A to be conducted at the same time.

The difference between the two methods regarding sampling and measurement activities is
shown in table 2-1 below.

Table 2-1. List of sampling and measurement activities included in the two investigation
methods.

Sampling or measurement “Complete chemical “Sampling during pumping tests
activity characterisation” in core drilled boreholes”
Water sampling series including Yes Yes

class 4 and class 5 samples.

Surface Chemmac measurement. Yes Yes (redox potential measurements are
difficult due to heavy pumping through a
pipe string and are seldom successful)

Borehole Chemmac measurement. Yes No

Collection of in-situ samples for Yes No
gas, colloids and microbes.

Fractionation of humic and fulvic Yes Yes
acids as well as inorganic species.

Enrichment of organic acids, determ of Yes Yes
9"3C and pmC (percent modern carbon).
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3 Background

3.1 Flushing water history

The percussion drilled borehole HFMO06 /4/ served as a source for the flushing water used
to drill borehole KFMO3A. The chemical composition of the flushing water was checked
before and during use. The analytical data from the supply well HFMO06 are reported in
/3, 5/. The core drilling of the 1000 m long borehole consumed 725 m? of flushing water
and the volume of return water pumped from the borehole during drilling was 2806 m’.
The nominal concentration of the dye Uranine, added as a tracer to label the flushing
water, was 0.2 mg/L. The Uranine concentration in the flushing water was checked
regularly during the drilling and a total of 64 samples were analysed. The average Uranine
concentration in the sample series was 0.147 &+ 0.070 mg/L. The Uranine concentrations
in the sample series of flushing water as well as return water are presented in Figure 3-1.
Furthermore, the amount of Uranine added to the borehole via the flushing water and the
estimated amount recovered in the return water is given in Table 3-1.
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Figure 3-1. Uranine concentrations in the flushing water and in the return water versus borehole
length. The addition of Uranine was done using automatic dosing equipment which is controlled
by a flow meter. After a relatively long period of problems, due to insufficient cleaning of the
dosing system after terminating drilling of borehole KFMO0Z2A, the concentration of Uranine
added to the flushing water was relatively constant at approximately 0.23 mg/L at the end of

the drilling period.
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Table 3-1. Amount of Uranine added in KFMO03A via the flushing water during core
drilling and amount recovered from the contemporary mammoth pumping.

Uranine (g)
Amount of Uranine added to the borehole via the flushing water according to the log book. 139
Amount of Uranine added to the borehole via the flushing water as calculated from 106
average Uranine concentration and total volume of flushing water.
Amount of Uranine recovered in the return water as estimated from average Uranine 91.1

concentration and total volume of return water.

The Uranine budget in Table 3-1 suggests that at least 106 m® of flushing water was lost

to the borehole and the adjacent host bedrock. However, the disagreement between the
calculated amount of Uranine and the added amount according to the log book demonstrates
the large uncertainty in estimations using average Uranine concentrations obtained from too
few samples.

As borehole KFMO03A is of SKB chemical-type, the following special precautions were
taken in order to minimize contamination via the flushing water:

The supply well was also of SKB chemical-type.

The concentration of Uranine should preferably be below 5 mg/L. Borehole HFMO06 was
selected as flushing water supply well with the dominant water bearing fractures situated
at about 40—70 m depth and the concentration of total organic carbon (TOC) was in the
range 5.1-5.8 mg/L.

The dosing equipment for Uranine that was introduced during the drilling of KFM02A
was used also in KFMO3A. In this way the storage tank for flushing water after the UV-
system could be omitted.

Analysis of microbe content in the flushing water was not performed during the drilling of
KFMO3A.
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3.2

Previous events and activities in the borehole

KFMO3A is an SKB chemical-type core borehole intended for complete hydrochemical
characterisation. Only investigations that are necessary in order to select suitable borehole
sections are carried out in the borehole prior to the chemistry campaign. The more
equipment that is used in the borehole, the greater is the risk of contamination and effects
on the in-situ microbiological conditions. The activities/investigations performed in
KFMO3A prior to the chemistry campaign are listed in Table 3-2 below.

Table 3-2. Activities performed in borehole KFMO03A prior to, or related to the
hydrochemical characterisation.

Activities performed Date of Length or Comment
completion section (m)
Percussion drilling 2003-03-24 0-100.34 -
Casing installed 2003-03-25 0-12 No initial hydraulic test was performed in
the percussion drilled part of the borehole
(0—100 m). The reason was that only a minor
water yield could be recognized. As this part
of the borehole was considered tight/dry, a
shorter casing than usual was installed and
the gap was grouted.
BIPS logging 2003-03-26 0-100 -
Core drilling
2003-06-23 100.34-1001.19 HFMO06 was the source of flushing water for
drilling the cored part of KFMO3A. HFMOG6 is
an SKB chemical-type borehole /3, 4, 5/.
Water sampling, 2003-05-06 345.45-393.65 SKB no 4768 (9.5% flushing water)
Wireline sond 2003-05-12 at450 m Sampling test conducted, no sample.
Flushing water treatment - - The automatic dosing of Uranine that was
introduced in KFM02A, was used also during
the drilling of KFMO3A. In this way no storage
tank was needed after the UV-system /3/.
Mammoth pumping 2003-06-23 0-1001.19 Several starts and stops, total volume 250 m?.
to 06-25
Hydrochemical logging 2003-06-30 994 High flushing water content in the central part
of the borehole. The flow yielding fractures at
depth were indicated by the decreased
flushing water content at the bottom of the
borehole /6/.
BIPS-logging 2003-08-03 101-999.5 Drilling debris in the water, no logging
between 450.8-850 m.
Difference flow logging 2003-08-26 101-1001.19 -
BIPS-logging 2003-09-01 101-997.1 17/
Geophysical logging 2003-10-13 101 -981.7 17/
Hydrogeochemical 2004-04-27 - Presented in this report.

characterisation including
sampling for microbe
investigation in sections
448.5-455.6 m,
639.0-646.1 m,
939.5-946.6 m and
980.0-1001.2 m

Microbe investigation

Hydraulic evaluation of
pumping activities

12/

The electric conductivity values obtained at
the flow logging occasion were consistently
about 1000 mS/m higher than the
corresponding values from the chemical
investigation. This fact caused a special
evaluation to be conducted /8/.
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3.3 Choice of borehole sections

Borehole KFMO3A is the first, of the boreholes drilled so far, to have water yielding
fractures at great depth. Five water bearing fractures/fracture zones that were possible to
investigate, are well spread along the borehole and were identified using the difference flow
logging, see Appendix 2 and the list in Table 3-3.

Table 3-3. Significant water yielding fractures/fracture zones identified from difference
flow logging of KFMO3A. Listed flow rates were obtained from pumping one metre
sections at a drawdown of approximately 10 m. All the listed fractures/fracture zones
were selected and investigated.

Borehole length (m) Approximate flow rate (L/h)

387.5-388.5 200 L/h, several fractures with a smaller water yield (10 L/h) are
located between 357-385 m.

449.5-451 100

642644 40

942-944 8

984-995 5 L/h, mainly two water yielding fractures

Sections 386.0-391.0 m and 448.0—453.0 m were selected in order to investigate the most
dominant water inflows into the borehole. Pumping/sampling using the hydraulic test
equipment as an alternative to the ordinary mobile chemical laboratory was preferred as

the water yields were large, allowing high pumping flow rates. Furthermore, the mobile
chemical laboratory was not available at the time (it was used for investigations in borehole
KFMO02A). The calculated hydraulic transmissivity (T) for the two borehole sections are
given in Table 3-4. The range T >10"° m?/s is optimal for the PSS equipment. The flow
logging diagrams covering the sections are given in Appendix 2.

Sections 639.0-646.1 m, 939.5-946.6 m and 980.0—-1001.2 m were considered important

to investigate in order to obtain chemical information at depth and therefore selected for
complete hydrochemical characterisation using the mobile field laboratory. The fractures/
zones are narrow and discrete and a section length of 7 m could be used in all cases except
980.0-1001.2 m. Here it was suitable to place a single packer at 980.0 m and let the bottom
of the borehole constitute the lower section limit. The calculated hydraulic transmissivity
(T) for the three borehole sections are given in Table 3-4. The range T=10 to T=10"° m*/s
is optimal for the Mobile Field Laboratorium (MFL) equipment. The flow logging diagrams
covering the sections are given in Appendix 2.

During the investigation in section 448.0-453.0 m, it appeared that the water yield was not
as large as shown by the preceding difference flow logging. As a consequence, the pumping
flow rate obtained was too low for the pump and water had to be re-circulated, resulting in
sub-optimal water sampling conditions. Furthermore, since the remaining flushing water
content was too high (approx 5%) in the last sample from KFMO02A (i.e. section 509.0—
516.1 m: repository depth), there was a desire to investigate one more section in detail at
repository depth. Therefore, repeated investigations were performed in the fracture at 450
m, now included within section 448.5-455.6 m. The calculated hydraulic transmissivity (T)
for the borehole section is presented in Table 3-4. The flow logging diagram covering the
section is given in Appendix 2.

14



Table 3-4. Calculated hydraulic transmissivity (T) for the selected borehole sections.

Section (m) T (m?/s) /8/ Comment

386.0-391.0 2x10* A transmissivity value between 2x10~“#and 3x10~*m?/s was
obtained later from the pumping/measurements with PSS3.
448.0-453.0 7x10° A transmissivity value between 1x10-¢ and 2x10% m?'s was

obtained later from the pumping/measurements with PSS3.
The reason for the disagreement is not understood so far.

448.5-455.6 7%107 The fracture at 451.3 m is dominating.
639.0-646.1 2.5x10°®
939.5-946.6 3.3x107
980.0-1001.2 3.1x107
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4 Equipment

4.1 The Pipe String System (PSS)

The SKB Pipe String System (PSS) consists of a measurement container and downhole
equipment. The system is normally used for hydraulic pumping tests but in this case

it was used for pumping and chemical sampling. The equipment is described in SKB

MD 345.100-124 (Pipe String System, SKB internal controlling document). The PSS

unit was combined with a separate chemistry unit for computer work and Chemmac
measurements (MY C). This unit is described in SKB MD 434.007 (Mitsystembeskrivning
for mobil ytChemmac, SKB internal controlling document) and SKB MD 433.018
(Miétsystembeskrivning for dataapplikation, SKB internal controlling document). The
Chemmac measurement system in the MY C unit includes communication systems,
measurement application and a flow-through cell with electrodes and sensors at the ground
surface. The PSS3 equipment is designed for flow rates between 5 and 30—40 L/min. In
order to pump at lower flow rates down to 1 L/min, it is necessary to re-circulate pumped
water to the pump.

The units used in borehole KFMO3A consisted of the hydrotest unit PSS3 and the MYC3
unit for computer work and surface Chemmac measurements. The laboratory unit L3 was
used for analytical work. However, since the laboratory unit was not placed at the drilling

site it was not directly connected to the outlet of the pumped water during pumping of
sections 386.0-391.0 m and 448.0—453.0 m.

4.1.1 Measurement container

The PSS is primarily designed for pumping and injection tests in packed off borehole
sections. All equipment needed to perform the tests is located in a steel container placed
on pallets in order to ensure a suitable working level in relation to the borehole casing. The
container is divided into a computer room and a workshop compartment, see Figure 4-1.

The hoisting rig is hydraulically operated and is a chain-feed type. The jaws holding
the pipe string are opened hydraulically and closed mechanically by springs. The rig is
equipped with a load transmitter, maximized at 22 kN, and a limiting value for the load
may be adjusted.

Packers and test valve are operated hydraulically by water-filled pressure vessels.
Expansion and release of packers, as well as opening and closing of the test valve,
is done by magnetic valves controlled by the software in the data acquisition system.

The PSS3-unit is also supplied with a system for water injection tests.
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Figure 4-1. Outline of the PSS3 container with equipment.

4.1.2 Downhole equipment

A schematic drawing of the downhole equipment is shown in Figure 4-2. The pipe string
consists of 3 m lengths of aluminium pipes with an inner diameter of 21 mm connected by
stainless steel taps sealed with double o-rings. The test section is constructed from 5 m pipe
lengths and can be adjusted to investigate 5, 20 or 100 m borehole sections; this conforms
to available lengths of electric cable. The pressure is measured above (P,), within (P) and
below the test section (Py,), which is isolated by two packers. The groundwater temperature
in the test section is also measured. The hydraulic connection between the pipe string

and the test section can be closed or opened by a test valve operated by the measurement
system.

At the lower end of the borehole equipment, a level indicator (caliper type) gives a signal
when the borehole reference length marks, which are milled into the borehole wall at
regular intervals, are passed.
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Figure 4-2. Schematic drawing of the downhole equipment comprising the PSS3 system.

4.2 The mobile field laboratory (MFL)

The mobile field laboratories used by SKB for water sampling and downhole measurements
consist of a laboratory unit, a hose unit with downhole equipment and a Chemmac
measurement system; the system is presented schematically in Figure 4-3. It is also possible
to include a separate unit for computer work (MY C). The different parts of the system are
described in the SKB internal controlling documents SKB MD 434.004, 434.005, 434.006,
434.007 and SKB MD 433.018 (Mitsystembeskrivningar for mobil kemienhet allmén del,
slangvagn, borrhalsutrustning, mobil ytChemmac och dataapplikation).

The Chemmac measurement facilities include communication systems, measurement
application and flow-through cells with electrodes and sensors at the ground surface
(surface Chemmac) and in the borehole (borehole Chemmac).

The downhole equipment consists of inflatable packers, pump, borehole Chemmac and the
in-situ sampling unit (PVP), allowing measurement (borehole Chemmac) and sampling in-
situ in the borehole section (PVP sampling unit). The four sample portions collected with
the PVP sampling unit maintain the pressure from the borehole section when lifted to the
surface. The portions are used for colloid filtration, gas analyses and microbe investigations.
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The mobile units used in borehole KFMO03A consisted of the hose unit S3, the laboratory
unit L3 and the MY C 3 unit for computer work. However, the laboratory unit was not
placed at the drilling site and thus not directly connected to the outlet of the pumped water
during the pumping of section 639.0—646.1m. The equipment used for colloid filtration,
enrichment of humic and fulvic acids and fractionation of humic and fulvic acids are
described below.

HOSE UNIT LABORATORY UNIT
~
Umbilical hose Spectrophotometer
Borehole pump = Titration equipment
Computer Fluorimeter
t
system Water sampling
Surface
chemmac

O Umbilical Q @
hose

Length mark indicator

Inflatable packer

Borehole chemmac

Hydraulic borehole pump

“In situ” water samplin,
Fracture situ” water sampling

zone ——

Extension dummy

Inflatable packer

Figure 4-3. The mobile chemistry laboratory including laboratory unit, hose unit and downhole
equipment. The configuration of the downhole units in the borehole can be varied depending on
desired section length. However, the in-situ water sampler must always be positioned first in the
sample water path.
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Some crucial differences between the PSS and the MFL equipment exist which require
clarification;

* The sample water channel/tube of the umbilical hose in the hose unit of the mobile
field laboratory has an inner diameter of 4 mm. The pipe string in the PSS3 equipment
is 21 mm.

* The pipe string is made of aluminium, while the sample water channel/tubing is made
of polyamide.

* The maximum flow rate possible with the hose unit pump is in the range of
200-250 mL/min, while the pipe string system has a maximum flow rate of 30-40 L/min
(only about 200 mL/min is led through the surface Chemmac).

* At low flow rates it is necessary to re-circulate the pumped water to the PSS pump.

4.3 Colloid filtering equipment

The colloid filtering system is still at the development stage. The equipment is adapted

to the sample containers (PVB) from the PVP water sampling unit. The colloid filtering
equipment consists of holders for two PVB-containers, a separated tube and valve system
for water and gas, a filter holder package for five filters, and a collecting container. The
pore sizes of the five connected filters are 0.4, 0.4, 0.2, 0.05 and 0.05 um. The equipment
is described in SKB MD 431.045 (Mitsystembeskrivning for kolloidfiltreringssystem,
handhavandedel (SKB internal controlling document to be published)). Figure 4-4 shows
the equipment set up.

The major equipment features are:

+ Filtering is performed in a closed system under an argon atmosphere, thus avoiding the
risk of iron precipitation due to contact between the groundwater sample and air.

+ Filtering is performed at a pressure similar to that of the groundwater in the borehole
section. The system is adjusted to create a pressure difference between the inlet of
the filter package and the outlet side. The pressure difference drives the sample water
through the filters.

* The design of the sample containers, and the mounting with the outlet at the top,
prevents migration of larger particles which may clog the filters. Furthermore, clogging
is prevented by the first two filters with pore sizes 0.4 um which are mounted parallel to
each other.

Disadvantages/drawbacks, which may cause modifications of the equipment later on, are:
* The sample volume is limited to a maximum of 2x190 mL.

* The PVB sample containers are made of stainless steel which may contaminate the
samples. If the method proves to be successful, an improvement could be to use Teflon
coating on the insides of the cylindrical containers.
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Collecting 4%
container

Figure 4-4. The colloid filtering equipment including the sample containers, the filter holder
package and the collecting container. The black arrows, 1 to 4, show the flow direction of the
sample water through the system.

4.4 Equipment for enrichment of humic and fulvic acids

Enrichment of humic and fulvic acids is conducted in order to collect enough material

to determine 0"°C and pmC (percent modern carbon) on organic constituents in the
groundwater. The equipment for enrichment includes a porous column filled with an anion
exchanger (DEAE-cellulose) and a textile filter with a well-defined pore size. The textile
filter is placed inside the column in order to prevent the ion exchange resin from diffusing
through the column. The equipment and performance is described in SKB MD 431.044
(Miétsystembeskrivning for uppkoncentrering av humus- och fulvosyror, SKB internal
controlling document). Figure 4-5 shows the equipment setup. Since the ion exchange
resin in the column creates a counter-pressure, which disturbs the water flow through

the surface Chemmac, a pump was used in sections 448.5-455.6 m, 639.0-646.1 m and
980.0—1001.2 m for pumping a portion of the outlet water through the column
(approximately 2.4 L/hour).
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Figure 4-5. The ion exchange column mounted to the outlet of pumped groundwater from the
borehole section.
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4.5 Equipment for fractionation of humic and fulvic acids

The equipment consists of membrane filters with a defined cut-off (pore size), a membrane
pump, flexible tubing and vessels. Generally, one water sample from each section is filtered
through two filters with different pore sizes (1000 D and 5000 D, D=Dalton, 1D=1 g/mol).
The equipment and performance are described in SKB MD 431.043 (Métsystembeskrivning
for fraktionering av humus- och fulvosyror, SKB internal controlling document). Figure 4-6
shows the equipment setup.

A

Figure 4-6. Equipment for fractionation of humic and fulvic acids.
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5 Performance

5.1 General

Chemical characterisation of the six sections in borehole KFM03A was performed
according to activity plan AP PF 400-03-63 (SKB internal controlling document) following
the methods described in SKB MD 430.017 and SKB 430.018 (Metodbeskrivning for
fullstdndig kemikarakterisering med mobilt féltlaboratorium and Metodbeskrivning for
provtagning under pumptester i kdrnborrhal, SKB internal controlling documents). The
investigations in sections 386.0-391.0 m and 448.0-453.0 m were mainly based on the
method outlined in SKB MD 430.018 (sampling during pumping tests in cored boreholes).
As no actual pumping tests were performed, there was no need to follow standard pumping
test procedures. Consequently, the pumping time could be prolonged and the sampling
extended compared to the method description.

An overview of the investigation sequence is given in Table 5-1.

Table 5-1. Investigation sequence in KFM03A.

Start date/ Investigation Section (m) Comment

Stop date

2003-09-11/ Sampling during pumping  386.0-391.0 Pumped volume = 944.5 m?

2003-10-09 tests, PSS3

2003-10-09/ Sampling during pumping  448.0-453.0 Pumped volume =42.4 m?

2003-10-27 tests, PSS3

2003-11-14/ Complete chemical 980.0-1001.2 Section between upper packer and bottom
2003-12-09 characterisation of the borehole.

High flushing water content. Slow decrease.

Pumped volume = 3.1 m?

2004-01-14/ Geophysical logging (radar) 102-810 Interruption of chemical investigation.
2004-01-14

2004-01-28/ Complete chemical 639.0-646.1 Pumped volume = 7.2 m?
2004-02-24 characterisation

2004-02-25/ Complete chemical 939.5-946.6 Pumped volume = 6.2 m?
2004-03-29 characterisation

2004-03-31/ Complete chemical 448.5-455.6 Pumped volume = 6.6 m®
2004-04-27 characterisation
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5.2 Overview of field work procedure

A short chronological summary of the different steps that constitute chemical
characterisation of groundwater in a borehole section is given below. The procedure for
the method Sampling during pumping tests is basically the same as for Complete chemical
characterisation, except that no downhole measurements or in-situ sampling can be
conducted. The parts of text below given in italic are valid for the complete chemical
characterisation of the sections 448.5-455.6 m, 639.0-646.1 m, 939.5-946.6 m and
980.0-1001.2 m but not for the pumping/measurements in sections 386.0-391.0 m and
448.0-453.0.

The preparations conducted before lowering of the downhole equipment include:

* Cleaning of the inside of the sample water channel in the umbilical hose. (Before
lowering to section 639.0-646.1 m, the hose was cleaned using 0.5 M HNO;, followed
by rinsing to neutral pH by de-ionised de-oxygenated water. For the other three sections,
only de-ionised deoxygenated water was used both for cleaning and for rinsing.) Finally,
the sample water channel is filled with de-ionised and de-oxygenised water prior to the
lowering.

* Cleaning and preparation of the four sample containers (PVB) belonging to the in-situ
water sampling unit (PVP). The containers are cleaned using 70% denatured ethanol.
One of the containers is used for microbe sampling and sterile conditions are desirable.
The containers are purged with nitrogen gas and a small nitrogen gas pressure is
maintained in the containers. The magnitude of the pressure depends on the depth
of the section to be sampled.

* Calibration of pH and redox electrodes in the borehole Chemmac.

The different downhole units are assembled during lowering of the equipment in the
borehole and the following steps are taken:

» The outside of the umbilical hose/pipe string is cleaned with 70% denatured ethanol
(SKB MD 600.004).

» Calibration of the umbilical hose length is conducted at least once for each borehole.
For this, a length mark detector unit (caliper) is mounted together with the regular
downhole equipment, see Figure 4-2. The length mark detector indicates length
calibration marks milled into the borehole wall with a distance of (normally) 50 m /3/.
At each indication, a reading is made of the corresponding length mark on the umbilical
hose. The length calibration for the pipes in the PSS equipment is made at each section.
At the lower end of the borehole equipment, the same calliper type of level indicator
transmits a signal when a reference depth mark is passed. The correct distance to each
length mark is obtained from the SICADA database.

When the pump is started and the packers are inflated at the desired positions in the

borehole, the pumping and measurement period begins. Typical measures taken and
activities carried out during this period are:
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» Calibration of the pH and redox electrodes as well as the electric conductivity and
oxygen sensors in the surface Chemmac, is conducted when the pumped water from
the borehole section has reached the surface.

» Careful attention is paid in order to ensure that the packed off section is well isolated
from the rest of the borehole. A significant drawdown in the section during pumping is
one indication that the section is isolated. Leakage would cause pumping of water from
the borehole column above and/or below the packers and not only from the fracture
zone of interest. However, the drawdown in the borehole section must not be too large
since the greater the drawdown, the larger the bedrock volume affected by the pumping
and the risk of mixing with water from other fracture systems increases. The pumping
flow rate is adjusted depending on the flow yield from the fracture or fracture zone
(to between 50 and 300 mL/min using MFL, or as high as possible using PSS) and
maintained more or less constant during the pumping and measurement period.

» Water samples are collected regularly once or twice a week during the pumping period.
Changes in water composition are monitored by conductivity measurements and by
immediate analyses at the site.

* Enrichment of humic and fulvic acids is conducted for as long time as possible in each
section. The time needed depends on the carbon concentration in the water and the flow
rate through the ion-exchanger. Generally, a period of at least two weeks is needed to
collect the amount of carbon required to determine '*C and pmC.

» Fractionation of humic and fulvic acids, as well as inorganic species to determine the
size distribution, is performed at the end of the pumping period.

* A decision when to terminate the sampling work in the section is made during the last
stage of the pumping and measurement period. The investigation might be prolonged if
the concentration of flushing water exceeds 1% or if the redox potential measurements
have not reached stable values. A final SKB Class 5 sample including all options is
collected the day before termination.

Completion of the investigation in the section and lifting of the downhole equipment
entails:

* Collection of in-situ samples prior to lifting the equipment. The valves to the PVB
sampling containers in the borehole section are opened from the surface in order to rinse
the system and fill the containers. After a few hours, the valves are closed and the water
sample portions for analyses of colloids, dissolved gases and microbes are contained.

* Following stopping of the borehole pump and deflation of the packers, the equipment is
lifted and the different downhole units are de-assembled.

e Calibration of the electrodes in the borehole Chemmac and surface Chemmac. The final
calibration for a section can be used as the initial calibration for the next section.
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5.3 Performance in section 386.0-391.0 m (PSS3)

The pumping/measurement and water sampling in section 386.0-391.0 m were performed
using the PSS3 unit in combination with the MYC3 unit.

Due to a pump failure the pumping/measurement period was divided in two phases.

The flow rate at the start of the first phase was about 30 L/min. Thereafter, the flow rate
decreased to about 19 L/min at the end of the first pumping phase. During the second
pumping phase the flow rate decreased from 30 L/min to about 28.5 L/min. The pumping
was performed at a relative constant drawdown of 1.5 m. Diagrams showing flow rate and
pressures during the pumping/measurement period are given in Appendix 4, Figures A4-1
and A4-2. The total pumped volume discharged from the section was 944.5 m®.

The events during the investigation are listed in Table 5-2.

Table 5-2. Events during the pumping/measurement period in section 386.0—-391.0 m.

Date Events SKB sample no
Improvement/deviation

030911 Preparation of section (386.0—-391.0 m).
Start of pumping with PSS3.
Calibration of surface Chemmac.

030916 Change from ball valve to needle valve.
Start of Chemmac measurements.

Water sampling: SKB class 4. 4983
030917 Adjustment of flow (to a higher flow).
030918 Repair of loose plug in surface Chemmac.
030919 Humic and fulvic acids; enrichment start.
030923 Water sampling: SKB class 4. 8008
030924 Restart of PSS3 due to pump failure.
031002 Water sampling: SKB class 4. 8011
Humic and fulvic acids; fractionation 1 kD. 8012

Ventilation of flow paths in order to try to bring about
an improvement of the redox measurements.

031003 Humic and fulvic acids; fractionation 5 kD. 8012
031006 Water sampling: SKB class 5. 8012
031007 Humic and fulvic acids; enrichment stop and eluation. 8012

End of Chemmac measurements.
Lifting. Calibration of surface Chemmac.
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5.4 Performance in section 448.0-453.0 m (PSS3)

The pumping/measurements and water sampling in section 448.0-453.0 m were performed
using the PSS3 unit in combination with the MYC3 unit.

Due to an electrical power failure, the pumping/measurement period was divided in two
parts. Before the power failure the flow rate was about 2.0 L/min and after about 2.4 L/min.
The pumping was performed at a constant drawdown of about 30 m. Diagrams showing the
flow rate and pressures during the pumping/measurement period are given in Appendix 4,
Figures A4-3 and A4-4. The total pumped volume from the section was 42.4 m®.

The events during the investigation are listed in Table 5-3.

Table 5-3. Events during the pumping/measurement period in section 448.0-453.0 m.

Date Events SKB sample no
Improvement/deviation

031007 Calibration of surface Chemmac.

031009 Preparation of section (448.0-453.0).

Start of pumping with PSS3.
Start of Chemmac measurements.

031010 Humic and fulvic acids; enrichment start.
031017 Water sampling: SKB class 4. 8015
031021 Humic and fulvic acids; fractionation 5 kD. 8017
031022 Failure in the electrical power supply to drilling site 3.
Restart of PSS3.
Humic and fulvic acids; enrichment stop.
031023 Humic and fulvic acids; enrichment eluation. 8017
031024 Humic and fulvic acids; fractionation 1 kD. 8017
Water sampling: SKB class 5. 8017

During water sampling it was observed that the
Chemmac application had not been restarted after t
he power failure.

031027 End of Chemmac measurements.
Lifting.
Callibration of surface Chemmac.
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5.5 Performance in section 448.5-455.6 m (MFL)

The investigations in section 448.5-455.6 m were performed using the mobile field
laboratory units. The configuration of the downhole equipment in the borehole was,
from the top: umbilical hose, borehole Chemmac, upper packer, borehole pump, in-situ
water sampler (PVP) and lower packer, see Appendix 3. The pressures above and within
the section were measured by the borehole Chemmac unit and the PVP water sampling
unit, respectively.

The pumping was performed at a flow rate of about 230 mL/min. A diagram showing the
pressures within and above the borehole section and the flow rate during the pumping/
measurement period is presented in Appendix 4, Figure A4-5. The total pumped volume
from the section was 6.6 m®.

The events during the investigation are listed in Table 5-4.

Table 5-4. Events during the pumping/measurement period in section 448.5-455.6 m.

Date Events SKB sample no
Improvement/deviation

040330 Calibration of borehole Chemmac.

040331 Lowering of downhole equipment (448.50—455.62 m).

Start of Chemmac measurements.

Calibration of surface Chemmac.

040401 Lifting.
No contact with electrodes.

Lowering of downhole equipment (448.50—455.62 m).
040402 Lifting.

No flow, problem with borehole pump. Cleaning of non-return
valve (backventil). The loss of flow was caused by drilling debris
in the check valve. The downhole equipment was lifted to the
surface and the check valve was rinsed from drilling debris.

Lowering of downhole equipment (448.50—-455.62 m).

040405 Sample water is not led through the surface Chemmac
due to drilling debris present in the water.

040407 Sample water is re-connected to the surface Chemmac.
040413 Humic and fulvic acids; enrichment start.
040415 Problem with the connection to the borehole Chemmac.
Water sampling: SKB class 5. 8282
040419 Disconnection of electrical supply to the umbilical hose.
040421 No contact with the measurement system.

The measurement system is restarted.

040422 Loss of flow observed, flow was lost at about 16:00
on the 21st according to the measurement application.
Preparation for lifting the downhole equipment.

Broken spring in borehole pump. Replacement of spring.

Repeated contact problems with the downhole equipment
and high power consumption. After lifting the equipment,
the cable between the hose and multi coupling is re-soldered.

040423 Humic and fulvic acids; enrichment stop.

040426 Humic and fulvic acids; fractionation 5 kD. 8284

040427 Water sampling: SKB class 5. 8284
Humic and fulvic acids; fractionation 1 kD. 8284

PVP-sampler: opening of valve at 14:39.
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040428 PVP-sampler: closure of valve at 05:16.
End of Chemmac measurements.
Lifting.

When lifting the equipment the borehole-cone follows.
While removing the cone a tear was made in the umbilical hose.

Sampling of microbes and dissolved gases.
Sampling of colloids.

During colloid filtration there was a small leakage of water and gas from
PVB 013 and no water reached the collection container. The filtration was
stopped and the equipment was cleaned. At the second attempt to filtrate
the colloids, only PVB 205 was used and a sample could be collected.
The remaining water in PVB 205 contained many small particles.

Colloid filtration. 8284
Calibration of borehole Chemmac.
Calibration of surface Chemmac.

040429 Humic and fulvic acids; enrichment eluation. 8284

A *.MI file with comments is missing (KFM03A0419448K.Ml).
See deviation report.

5.6 Performance in section 639.0-646.1 m (MFL)

The investigations in section 639.0-646.1 m were performed using the mobile field
laboratory units. The configuration of the downhole equipment in the borehole was,
from the top: umbilical hose, borehole Chemmac, upper packer, borehole pump, in-situ
water sampler (PVP) and lower packer, see Appendix 3. The pressures above and within
the section were measured by the borehole Chemmac unit and the PVP water sampling
unit, respectively.

The pumping was performed at a flow rate of about 200 mL/min. A diagram showing the
pressures within and above the borehole section and the flow rate during the pumping/
measurement period is presented in Appendix 4, Figure A4-6. The total pumped volume
from the section was 7.2 m®.

The events during the investigation are listed in Table 5-5.

Table 5-5. Events during the pumping/measurement period in section 639.0-646.1 m.

Date Events SKB sample no
Improvement/deviation

040127 Calibration of borehole Chemmac.
040128 Lowering of downhole equipment (639.00-646.12 m).
Start of Chemmac measurements.
040203 Calibration of surface Chemmac.
040204 Water sampling: SKB class 2. 8158
Restart of measurement application.
040206 Water sampling: SKB class 4. 8265
040211 Water sampling: SKB class 5. 8268
040213 Water sampling: SKB class 4. 8270
040217 Humic and fulvic acids; enrichment start.
040219 Humic and fulvic acids; fractionation 1 kD. 8273
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040220 Humic and fulvic acids; fractionation 5 kD. 8273

Water sampling: SKB class 5. 8271
040223 Water sampling: SKB class 5. 8273
PVP-sampler: opening of valve at 12:04.
040224 PVP-sampler: closure of valve at 07:01.
Humic and fulvic acids; enrichment stop and eluation. 8273

End of Chemmac measurements.

Lifting.
Sampling of microbes and dissolved gases.

Sampling of colloids.
Colloid filtration. 8273

Water at the gas side of the PVB containers, 022
and 023, was observed during colloid filtration.

Non-borehole water did probably intrude into the column
for enrichment of humic and fulvic acids, placed inside the
hose unit. The sample was, however, sent for analysis.

Calibration of borehole Chemmac.
040225 Calibration of surface Chemmac.

5.7 Performance in section 939.5-946.6 m (MFL)

The investigations in section 939.5-946.6 m were performed using the mobile field
laboratory units. The configuration of the downhole equipment in the borehole was,
from the top: umbilical hose, borehole Chemmac, upper packer, borehole pump, in-situ
water sampler (PVP) and lower packer, see Appendix 3. The pressures above and within
the section were measured by the borehole Chemmac unit and the PVP water sampling
unit, respectively.

The pumping was performed at a flow rate of about 200 mL/min. A diagram showing the
pressures within and above the borehole section and the flow rate during the pumping/
measurement period is presented in Appendix 4, Figures A4-7. The total pumped volume
from the section was 6.2 m’.

The events during the investigation are listed in Table 5-6.

Table 5-6. Events during the pumping/measurement period in section 939.5-946.6 m.

Date Events SKB sample no
Improvement/deviation

040224 Calibration of borehole Chemmac.
040225 Lowering of downhole equipment (939.50-946.62 m).

Start of Chemmac measurements.
040226 Calibration of surface Chemmac.

Water sampling: SKB class 2. 8274
040303 Problem with the flow. Filling of water into the borehole

pump seems to resolve the problem.

Water sampling: SKB class 4. 8275
040305 Water sampling: SKB class 5. 8276
040308 Water sampling: SKB class 4. 8277
040311 Water sampling: SKB class 5. 8278
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040315 Water sampling: SKB class 4. 8279

040319 No flow, problem with borehole pump.
040322 Lifting. Leak detection. Defect spring and O-rings in borehole pump.
040323 Lowering of downhole equipment (939.50-946.62 m).

Calibration of borehole Chemmac.
Calibration of surface Chemmac.
040326 Water sampling: SKB class 4. 8280
040329 Water sampling: SKB class 5, all options. 8281
PVP-sampler: opening of valve at 15:18.
040330 PVP-sampler: closure of valve at 06:00.
End of Chemmac measurements.
Sampling of microbes and dissolved gases.
Sampling of colloids.
Colloid filtration. 8281
Calibration of borehole Chemmac.
Calibration of surface Chemmac.

5.8 Performance in section 980.0-1001.2 m (MFL)

The investigations in section 980.0-1001.2 m were performed using the mobile field
laboratory units. The configuration of the downhole equipment in the borehole was, from
the top: umbilical hose, borehole Chemmac, upper packer, borehole pump and in-sifu water
sampler (PVP), see Appendix 3. The bottom of the borehole constituted the lower section
limit. The pressures above and within the section were measured by the borehole Chemmac
unit and the PVP water sampling unit, respectively.

The pumping was performed at an irregular flow rate varying from about 30 mL/min

to 160 mL/min. A diagram showing the pressures within and above the borehole section
and the flow rate during the pumping/measurement period is presented in Appendix 4,
Figure A4-8. The total pumped volume from the section was 3.1 m*. The events during
the investigation are listed in Table 5-7.

Table 5-7. Events during the pumping/measurement period in section 980.0-1001.2 m.

Date Events SKB sample no
Improvement/deviation
031027 Calibration of surface Chemmac.
031029 Calibration of borehole Chemmac.
031030 Lowering of downhole equipment (980.00—-1001.19 m).
031104 Lifting, due to broken check valve.
Lowering.
031106 Water sampling: SKB class 4. 8096
031111 Water sampling: SKB class 4. 8098
031114 Start of Chemmac measurements.
031118 Loss of flow, borehole pump stopped. Broken circuit

breaker to the hydraulic pump caused the loss of flow.
031119 Restart of borehole pump.
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031120 The platinum electrode in the surface Chemmac was damaged. It was
ejected due to pressure increase in the measurement cell. The Pt-electrode
was replaced with a plug and the measurement continued.

Calibration of surface Chemmac.

031120 Water sampling: SKB class 4. 8101
031121 Humic and fulvic acids; enrichment start.

031124 Water sampling: SKB class 5. 8103
031126 Water sampling: SKB class 4. 8104
031126 Humic and fulvic acids; fractionation 5 kD. 8152
031127 Humic and fulvic acids; fractionation 1 kD. 8152
031201 Water sampling: SKB class 5. 8105
031203 Water sampling: SKB class 4. 8151
031208 Water sampling: SKB class 5. 8152
031208 Humic and fulvic acids; enrichment stop.

PVP-sampler; opening of valve at 14:33.

031209 PVP-sampler; closure of valve at 07:07. 8152
End of Chemmac measurements. Lifting.
Sampling of microbes and dissolved gases.
Sampling of colloids.
Colloid filtration. 8152
Humic and fulvic acids; enrichment eluation. 8152
Calibration of borehole Chemmac.

031210 Calibration of surface Chemmac.

5.9 Water sampling, sample treatment and analyses

The pumped water from the borehole section is led into the laboratory unit where sampling
and sample filtration is carried out. When the laboratory unit is not available at the drilling
site, as was the case for sections 386.0-391.0 m, 448.0—453.0 m and 639.0-646.1 m, the
pumped borehole water is instead led into the MY C-unit. In either case, filtration of sample
portions is performed on-line by connecting the filter holders directly to the water outlet.

A water sample is defined as water collected during one day and consists of several sample
portions, labelled with the same sample number.

An overview of sample treatment and analysis methods is given in Appendix 11. The
routines are applicable independently of sampling method or type of sampling object.
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5.10 Collection of in-situ water samples

The in-situ water sampling was conducted successfully in four sections: 448.5-455.6 m,
639.0-646.1 m, 939.5-946.6 m and 980.0-1001.2 m.

The PVB-containers were checked before use. The checking procedure includes de-
assembling of the container, thorough cleaning, re-assembling and measurement of

piston friction.

The purpose of each sample portion is given in Table 5-8.

Table 5-8. Collection and purpose of in-situ water sample portions.

Sample Section 980.0-1001.2 m Section 639.0-646.1 m Section 939.5-946.6 m Section 448.5-455.6 m

portion no  2003-12-09 2004-02-24 2004-03-30 2004-04-28

1 Dissolved gas Dissolved gas Dissolved gas Dissolved gas
2 Microbes Microbes Microbes Microbes

3 Colloid filtration Colloid filtration Colloid filtration Colloid filtration
4 Colloid filtration Colloid filtration Colloid filtration -

— = one of two PVB-containers was excluded from the colloid filtration due to leakage.

The two PVB-containers for colloid filtration were filtered the same day. The PVB-
containers for dissolved gases and microbes were packed together with ice packs in
insulated bags and sent by express delivery service immediately after sampling. The
microbe sample arrived at the laboratory in Gothenburg before three o’clock the same
day and the gas sample arrived at the laboratory in Finland the following morning.

5.11 Colloid filtration

Colloid filtration was performed in sections 448.5-455.6 m, 639.0-646.1 m, 939.5-946.6
m and 980.0—1001.2 m respectively. The method for sampling of colloids in groundwater
entails filtering the groundwater through a series of connected filters in a closed system
under an argon atmosphere. The pressure in the system is maintained at the same level

as the pressure in the sampled borehole section. The intention is that colloids should be
collected on the different filters (descending pore sizes) according to their sizes. Two of the
four sample portions collected in-situ in each borehole section are used for colloid filtration.
Data on performance of the filtration runs are given in Table 5-9.

A leak test of the system at 10 bars was also done prior to the sampling in order to eliminate
the risk of leakage. If no leakage was detected, the system was dried and assembled.
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Table 5-9. Colloid filtration, data on performance.

Section/date Entering  Max. differential Temp Filtering Filtered Comments
pressure pressure over [°C] time volume
[bar] filter package [bar] [min] [ml]
448.5-455.6 m ~47 8.8 (the diff. pressure ~13 29 153.5 Leakage test prior to
/20040330 was increased from filtration. No leakage
about 3 bars during was noticed.
filtration in order to
get the water through Broken filter: the last
the filters) 0,05 um.
639.0-646.1 m ~66 7.9 (the diff. pressure ~2 48 155.6 Leakage test prior to
/20040224 was increased from filtration. No leakage
about 3 bars during was noticed.
filtration in order to
get the water through Broken filters: 0,2 um
the filters) and the final 0,05 pm.
939.5-946.6 m ~96 3.9 ~18 39 280 Leakage test prior to
/20040330 filtration. No leakage
was noticed.

Broken filters: 0,2 ym
and the final 0,05 pm.

980.0-1001.2m  ~100 34 ~15 75 315.5 Leakage test prior to
/20031209 filtration. No leakage
was noticed.

Broken filters: 0,2 pm
and both 0,5 um.

Each filtration results in five filter samples (two 0.4 um, one 0.2 um and two 0.05 um filter
pore sizes) and two water samples (water in and water out). All samples were sent for ICP
analyses (major constituents and common trace metals).

5.12 Enrichment of humic and fulvic acids

Enrichment of humic and fulvic acids was conducted in order to collect enough material

to determine 0"°C and pmC in organic constituents in the groundwater. The enrichment
method entails collection of organic acids on an ion exchanger, eluation of the resin

and evaporation of the resulting solution. The method is described in SKB MD 431.044
(Miétsystembeskrivning for uppkoncentrering av humus- och fulvosyror). The dry residue is
used for isotope determination; a minimum amount of 10 mg organic carbon is needed. In
addition to organic material, the residue also contains sodium hydroxide from the eluation.
The sample is acidified at the analytical laboratory prior to analysis in order to prevent the
formation of carbon dioxide.

Table 5-10 summarises the time that the water was allowed to flow trough the ion
exchanger and the estimated volume of water passing through each section. Due to the high
content of remaining flushing water in section 939.5-946.6 m, no enrichment took place.
Theoretically, assuming a 50% capacity of the ion exchange resin, the resin would adsorb
100 mg carbon (10 mg is needed for the isotope analysis).
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Table 5-10. Estimations of time and volume of water passing through the ion exchanger
in each investigated section.

Borehole section [m] Duration of enrichment [days] Volume through ion exchanger [L]
386.0-391.0 15 1000

448.0-453.0 11 1700*

448.5-455.6 8 397

639.0-646.1 6 382

939.5-946.6** - -

980.0-1001.2 16 890

*Probably much less, especially in section 448.0-453.0 m due to counter pressure and leakage.
**Not performed due to high content of remaining flushing water.

5.13 Fractionation of humic and fulvic acids

Humic and fulvic acids were fractionated with respect to molecular weight using ultra-
filtration technique. The method is described in SKB MD 431.043 (Métsystembeskrivning
for fraktionering av humus- och fulvosyror, SKB internal controlling document).

Sampled water from each investigated section, except from the section at 939.5-946.6 m,
was first filtered through a 0.45 pum filter and then through membrane filters with cut-off
sizes of 1000 D and 5000 D, respectively. The initial water volume, prior to filtration, was
approximately 5 litres. The final retentate and permeate volumes following the filtration
runs were approximately 1 and 4 litres, respectively, which gave an enrichment factor of
five in the retentate.

Water samples were collected from the retentate and the permeate as well as from the
untreated groundwater. Each sample was analysed for dissolved organic carbon (DOC),
major constituents and common trace metals. The analyses of metal ions are conducted in
order to detect any precipitation of metals that could possibly lead to co-precipitation of the
humic and fulvic acids. Furthermore, the analyses of metal ions should indicate if metals
such as Al, Si, Mn and Fe exist as colloidal species.
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6 Nonconformities

The hydrochemical characterisation of the six investigated sections in KFMO03A has been
conducted according to the SKB internal controlling documents AP PF 400-03-63, SKB
MD 430.017 and 430.018. Some equipment malfunctions (listed in Tables 5-2 to 5-7) have
occurred during the pumping/measurement periods. Furthermore, the surface Chemmac
redox measurements in sections 386.0-391.0 m and 448.0—453.0 m were considered
erroneous and are therefore not reported. This was expected, since earlier experience
from the pre-investigations at Aspd /9/ also showed difficulties in measuring redox
parameters when sample water is pumped at a high flow rate through a pipe string. Due
to equipment malfunction, dissolved oxygen was not measured in section 386.0—391.0.
Electric conductivity in section 448.0—453.0 m was not measured due to a defective
conductivity meter.

Problems with broken filters and contamination occurred in the colloid filtering
experiments. Furthermore, one of two PVB-containers from section 448.5-455.6 m
for colloid filtration was excluded due to leakage.

The calculation/estimation of the flushing water content in each sample is rather uncertain,
since the Uranine concentration in the flushing water, added to the borehole during drilling,
varied considerably from time to time.

The allowed upper limit for flushing water content (1%) was exceeded in sections
639.0-646.1 m (4%), 939.5-946.6 m (9%) and 980.0—1001.2 m (4%); this is not reported
in deviation reports. The enrichment and fractionation activities of humic and fulvic acids
were excluded in section 939.5-946.6 m due to the high flushing water content.
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7 Data handling and interpretation

7.1 Chemmac measurement data

The processing of Chemmac data are described in SKB MD 434.007-02 (Mitsystem-
beskrivning for Chemmac matsystem, SKB internal controlling document, in progress).

7.1.1 Data file types and calculation software

The on-line measurements in a borehole section produce the following types of raw
data files:

 Calibration files from calibration measurements (*.CRB) and corresponding comment
files (*.CI). The files are used for calculation of calibration constants (pH and Eh) and
the calibration factor (electric conductivity). For surface Chemmac ten *.CRB and ten
* Cl files are produced and for borehole Chemmac six *.CRB and six *.CI files.

* Raw data file containing the logged measurements from the borehole section and the
surface (*K.MRB) as well as a corresponding comment file (*.MI). The logged voltage
values need to be converted to pH and Eh values (also in mV) using the calibration
constants obtained from calibration.

* Measurement file including equipment and environment parameters (*O.MRB), such as
power consumption in the downhole Chemmac unit and temperature inside the hose unit.

The original raw data files listed above are stored in the SICADA file archive. Furthermore,
the files are re-calculated and evaluated to obtain pH and redox potential values and to
correct the electric conductivity values using the specially designed calculation software
(Hilda). The resulting files containing calculated and evaluated values as well as comments
on the performance are:

* A file *constants.mio containing all the calculated calibration constants (one constant for
each electrode in each buffer solution). The file is stored in the SICADA file archive and
is useful in order to follow the development of single electrodes.

» A file *measurements.mio containing the calculated and evaluated measurement values
(pH, redox potential, electric conductivity and water temperature). The data from the
file are exported to the data tables “redox” and “ph_cond” in SICADA. As the file also
contains some measured parameters that are not included in the tables mentioned above
(e.g. pressure registrations), the complete file is also stored in the SICADA file archive.

* A file *comments.mio containing comments on the fieldwork and the calculation/
evaluation. The comments in the file are imported as activity comments to SICADA.
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7.1.2 Calculations and evaluation of pH and redox potential

The redox potential is measured by three electrodes at the surface and three in the borehole
section. In addition, pH is measured by two electrodes at the surface and two in the borehole
section. In sections 386.0-391.0 m and 448.0—453.0 m, only the surface electrodes were
used. The registrations by the redox and the pH electrodes are logged each hour during a
measurement period of approximately three weeks and a calibration is performed before and
after the measurement period. The treatment of the raw data includes the following steps:

» (Calculation and choice of calibration constants.

» Calculation of one pH and one redox potential sequence for each electrode (i.e. three
or six redox electrodes and two or four pH electrodes).

* Determination of representative pH and redox potential values as well as estimated
measurement uncertainties for the investigated borehole section.

One calibration constant is selected for each electrode using one of the following
alternatives:

* Case 1: Calculation of the average calibration constant value and the standard deviation.
The initial and the final calibration measurements result in four constants for each redox
electrode (in pH 4 and pH 7 bufter solutions) and six constants for each pH electrode
(in pH 4, 7 and 10 bufter solutions).

» Case 2: The calibration constant obtained from the initial calibration measurement at
pH 7 is selected since it is closest to the pH of the borehole water. This alternative is
chosen if the calibration constants obtained in the different buffers show a large variation
in value (generally a difference larger than 20 mV between the highest and the lowest
value). The standard deviation is calculated in the same way as in Case 1.

» Case 3: If the final calibration constants turn out to be very different (more than 20 mV)
from the initial constants, a linear drift correction is needed. The reason is most often a
drift in the reference electrode. The average values and standard deviations are calculated
for the initial and the final calibration constants separately and a linear correction is
made between the selected initial and the selected final constant. The higher of the two
standard deviation values is used in the estimation of the total measurement uncertainty.

The values in the measurement raw data file are converted to pH and Eh measurement
sequences for each pH and redox electrode using the calibration constant selected as
stated above.

The next step is to choose a logging occasion in a stable part of the measurement period
and select a representative result for each electrode. The average values are calculated

for each electrode group in order to obtain one representative value of redox potential,

pH (borehole Chemmac) and pH (surface Chemmac), respectively. Obviously erroneous
electrodes are omitted. The corresponding total measurement uncertainties are estimated
using the standard deviations of the calibration constants and the standard deviations of

the Eh and the pH values obtained by the different sets of electrodes. It is useful to evaluate
pH at the surface and pH in the borehole section separately, since pH in the pumped water
might differ from the pH measured in the borehole section. This is due to changing gas
pressure conditions and its effects on the carbonate system.
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Factors considered when evaluating the measurement uncertainties in pH and redox
potential (Eh) values are:

» Difference in calibration constants for each electrode and calibration/buffer solution.
* Drift in calibration constants between the initial and the final calibration.

 Stability in voltage value during the final part of the on-line measurement. A successful
measurement shows no tendency of a slope.

+ Agreement between the different pH and redox electrodes on the surface and in the
downhole borehole Chemmac.

* Number of electrodes showing reasonable agreement. Obviously erroneous electrodes
are excluded from the calculation.

7.2 Water analysis data

The following routines for quality control and data management are generally applied for
hydrogeochemical analysis data, independently of sampling method or sampling object.

Some components are determined by more than one method and/or laboratory. Moreover,
duplicate analyses by an independent laboratory are performed as a standard procedure
on each fifth or tenth collected sample. All analytical results are stored in the SICADA
database. The applied hierarchy path “Hydrochemistry/Hydrochemical investigation/
Analyses/Water in the database” contains two types of tables, raw data tables and primary
data tables (final data tables).

Data on basic water analyses are inserted into the raw data tables for further evaluation. The
evaluation results in a final reduced data set for each sample. These data sets are compiled
in a primary data table named “water composition”. The evaluation is based on:

* Comparison of the results from different laboratories and/or methods. The analyses are
repeated if a large disparity is noted (generally more than 10%).

» Calculation of charge balance errors according to equation (1). Relative errors within +
5% are considered acceptable (in surface waters + 10%).

100 z cations (equivalents) —z anions(equivalents) (1)
=100x
z cations (equivalents) +z anions (equivalents)

Relative error (%)

* General expert judgement of plausibility based on earlier results and experience.

All results from special analyses of trace metals and isotopes are inserted directly into
primary data tables. In those cases where the analyses are repeated or performed by more
than one laboratory, a “best choice” notation will indicate those results which are considered
most reliable.

An overview of the data management is given in Figure 7-1.
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Figure 7-1. Overview of data management for hydrogeochemical data.
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7.3 Data from special sampling methods

Special sampling methods include collection of in-sifu samples (colloid filtration and
dissolved gases), enrichment and fractionation of humic and fulvic acids.

Separate sampling activities, methods and sample numbers are defined for data on dissolved
gases, colloids, fractions of humic and fulvic acids and 0"*C and pmC determined on
organic constituents. All analytical data are subjected to quality control and stored in the
SICADA database.

7.41 Colloid filtration

The concentration of the colloid portion caught on each filter is calculated with the
assumption that the water volume coming out in the collecting container is equal to the
volume going into the system. This is not quite true as up to ten millilitres will be left in
cavities in the filter holder package, in the tubing and in valves. A small volume of about
0.01 to 0.06 mL is left in each filter after the filtration and its content of the different
elements is included in the analysis. The measurement uncertainty of each colloid
concentration is calculated according to equation (2).

1 m’
U= \/[F-(Am)z JFF(AV)2 ] 2)
where U = measurement uncertainty [ug/L]

V = water volume through the system [L]

AV = estimated volume error, 0.010 L
m = amount on filter [pg]
Am = measurement uncertainty of the filter analysis, 20% [ug].

The calculated results from the colloid filtration, filters, are stored in SICADA. The water
samples (in and outgoing water) are inserted directly in SICADA without recalculation.

7.3.2 Dissolved gases

Results from gas analyses are stored in a primary data table in SICADA without post
processing or interpretations.

7.3.3 Enrichment of humic and fulvic acids

The pmC and 6"°C values for enriched organic acids are stored in SICADA without post
processing or interpretations.

7.3.4 Fractionation of humic and fulvic acids

The concentrations of organic and inorganic constituents in the retentate and permeate are
re-calculated to concentrations of each fraction of carbon and metal ions with molecular
weight lower or higher than the cut-off size of the filter. This is done using mass balance
equations as described in SKB MD 431.043, (Mitsystembeskrivning for fraktionering av
humus- och fulvosyror). Comparison of the four concentration values from the two filters
results in values for three fractions i.e. < 1000 D, 1000 — 5000 D and > 5000 D.
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8 Results

8.1 Chemmac measurements

Sections 386.0-391.0 m and 448.0—453.0 m were investigated using the PSS3 equipment
combined with the surface Chemmac in the MYC3 unit. It is usually difficult to measure
reliable redox potentials using pipe string systems and heavy pumping, and this case

is no exception. Consequently, the redox potential values are therefore rejected. In
addition, dissolved oxygen was not measured in section 386.0-391.0 m due to equipment
malfunctions. Further, the electric conductivity measurement failed in section 448.0—453.0
m due to a defective conductivity meter. The measurement sequences of pH, electric
conductivity (386.0-391.0 m), dissolved oxygen (448.0—453.0 m) and water temperature
are plotted versus time in Appendices 5 and 6.

Sections 448.5-455.6 m, 639.0-646.1 m, 939.5-946.6 m and 980.0-1001.2 m were
investigated using the complete chemical characterisation method (MFL). The Chemmac
measurements were successful except for the redox and pH measurements in section
980.0-1001.2 m. The reason why the redox electrodes did not reach stable and agreeing
values is probably the very low iron concentration in this section and thereby the lack of
a dominating redox pair. The behaviour of the pH electrodes is, on the other hand, more
difficult to explain. Except for section 448.5-455.6 m, the data sequences measured by
the downhole electrodes were calculated using calibration constants corrected for linear
drift. Furthermore, the two pH measurement sequences of this section differ before the
interruption. The values measured by the PHIB electrode are selected as the measurement
level agrees with the level of both electrodes after the break. The measurement sequences
of Eh, pH, electric conductivity, dissolved oxygen and water temperature values are plotted
versus time in Appendices 7 to 10.

The measurement data sequences were evaluated in order to obtain one representative value
of Eh, pH, electric conductivity and dissolved oxygen for the borehole section as described
in Section 7.1. Data were selected from a part of the measurement sequences where the
electrodes show stabile values (marked with an arrow in the diagrams). The evaluated
results from the measurements in the six investigated sections are given in Table 8-1.

Table 8-1. Evaluated results from the Chemmac measurements in KFMO03A.

Borehole Electric pH pH Eh Dissolved
section conductivity* (surface (borehole (borehole and oxygen***
chemmac)** chemmac)** surface chemmac)**
[m] [mS/m] [mV] [mg/L]
386.0-391.0 1637 + 20 7.42+0.12 - - -
448.0-453.0 - 7.58 £0.12 - - 0.00 + 0.01
448.5-455.6 1571 £ 20 7.27 £0.42 7.29+0.14 -176 £ 10B 0.00 £ 0.01
639.0-646.1 1529 £ 20 7.48 +0.32 7.38+£0.12 -196 £ 12 0.00 £ 0.01
939.5-946.6 2205+ 20 7.53+£0.12 7.32+0.15 —245+12 0.00 + 0.01
980.0-1001.2 2547 + 20 7.97 £ 0.46 rejected rejected 0.00 £ 0.01

*The electric conductivity is measured between 0—-10 000 mS/m with a resolution of 1% of the measurement
interval.

**Evaluated result and measurement uncertainty calculated as described in Section 7.1.
***Measuring interval 0—15 mg/L, resolution 0.01 mg/L.
B = only values from borehole Chemmac have been used in the calculation.
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8.2 Water analyses
8.2.1 Basic water analyses

The basic water analyses include the major constituents Na, K, Ca, Mg, S, SO,*, CI,

Si and HCOj;™ as well as the minor constituents Fe, Li, Mn, DOC, Br, F, HS-and NH,".
Furthermore, batch measurements of pH and electric conductivity are included. Another
important parameter is the flushing water content in each sample. The basic water analysis
data and relative charge balance errors are compiled in Appendix 12, Table A12-1.
Existing batch measurement values of pH and/or electric conductivity are compared to the
corresponding on-line Chemmac measurement values in Appendices 5 to 10.

The charge balance errors give an indication of the quality and uncertainty of the analyses
of major constituents. The errors do not exceed + 5% in any case. Furthermore, the last
sample in each section was also analysed by an independent laboratory. A comparison
between results from different laboratories and methods shows that the agreement is
acceptable in most cases. Generally, the difference in concentrations between laboratories/
methods for each analysed constituent is less than 10%.

The flushing water contents in the sample series collected from the borehole sections are
presented in Figure 8-1a to 8-1c. The flushing water content should not exceed 1% in
order for a sample to be considered representative for the groundwater of the sampled
fracture zone. This condition was met for samples collected in section 386.0-391.0 m,
448.0-453.0 m and 448.5-455.6 m. However, in sections 639.0—-646.1 m, 939.5-946.6 m
and 980.0-1001.2 m, the flushing water content was 4%, 9% and 4%, respectively, in the
final water sample. The flushing water content in the samples is calculated using the
nominal Uranine concentration (0.2 mg/L) in the flushing water which implies that it is
underestimated rather than overestimated.
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Figure 8-1a. Flushing water content versus experimental day number, sections 386—-391 m
and 448—453 m.
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The concentration levels of sodium, calcium and chloride are presented in Figures 8-2 to
8-7. The concentrations of all major constituents remained practically constant during the
pumping and sampling periods except for in section 939.5-946.6 m, where a slightly
increasing concentration trend was observed.

The iron concentrations determined by ICP-AES (total Fe) and by spectrophotometry
(Fe(+II) and Fe-tot) are compared in Figures 8-8 to 8-13. Some analyses for sections
386.0-391.0 m and 448.0—453.0 m show low Fe(+II) concentrations compared to total iron
concentrations. It is unlikely that the difference constitutes the Fe(+I1I) concentration in a
groundwater representative of the borehole section therefore, these deviating Fe(+1I) data
will be omitted in SICADA. The discrepancy may be caused by:

* Oxidation of Fe(+II) prior to the analyses due to time delay between sampling and
reagent addition. According to the field laboratory staff, this was not the case.

» Contamination by rust or Fe(+III) precipitate from equipment prior to sampling.

* Intrusion of air somewhere in the water sampling line and oxidation of Fe(+II).
This is the most likely explanation although the oxygen measurements show zero
concentration (448.0-453.0 m).

The total iron concentrations determined by ICP agree reasonably well with the results
obtained by spectrophotometry. However, in a few cases the ICP results are somewhat
lower. Any colloidal iron present in a sample would give the opposite effect, as the
spectrophotometric method excludes (or only partly includes) colloids, while the ICP
technique makes no distinction between different iron-containing species.

Sulphate analysed by ion chromatography (IC) is compared to sulphate determined as
total sulphur by ICP-AES in Figures 8-14 to 8-19. As shown, there is a satisfactory
agreement. The results from the ICP measurements are considered more reliable, by
experience, since the variation between the samples in a time series is often smaller.
The sulphate concentration remains constant during the investigation time except in
section 939.5-946.6 m where the concentrations are decreasing.
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Figure 8-3. Sodium, calcium and chloride
concentration trends from sample series at
448.0-453.0 m.
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Figure 8-5. Sodium, calcium and chloride
concentration trends from sample series at
639.0-646.1 m.
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Figure 8-7. Sodium, calcium and chloride

concentration trends from sample series at
980.0-1001.2 m.
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Figure 8-8. Comparison of iron concentrations
obtained by ICP-AES and spectrophotometry
from borehole section 386.0-391.0 m.
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Figure 8-10. Comparison of iron
concentrations obtained by ICP-AES and
spectrophotometry from borehole section
448.5—455.6 m.

1
=
5 0,8
E
c 06 AFe[ICP]
"% B Fe-tot
o @ Fe(+ll)
£ 04 ?
8
g . 2
G 02 8 .
o

A
0

2004-02-23  2004-03-06  2004-03-18  2004-03-30  2004-04-11
Date

Figure 8-12. Comparison of iron
concentrations obtained by ICP-AES and
spectrophotometry from borehole section
939.5-946.6 m.
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Figure 8-9. Comparison of iron concentrations
obtained by ICP-AES and spectrophotometry
from borehole section 448.0—453.0 m.
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Figure 8-11. Comparison of iron
concentrations obtained by ICP-AES and
spectrophotometry from borehole section
639.0-646.1 m.
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Figure 8-13. Comparison of iron
concentrations obtained by ICP-AES and
spectrophotometry from borehole section
980.0-1001.2 m.
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Figure 8-14. Sulphate (SO, by IC) to total
sulphate calculated from total sulphur
(3x8SO,-S by ICP) versus date. Samples
collected in section 386.0-391.0 m.

3500 | : .
S | ]
£ 400
s
] #504 (IC
= 300 (1)
g B 3xS04-S (ICP)
=
c
@ 200
i)
c
8 100 |
0 : ;
2004-04-13  2004-04-18  2004-0423  2004-04-28
Date

Figure 8-16. Sulphate (SO, by IC) to total
sulphate calculated from total sulphur
(3xSO,-S by ICP) versus date. Samples
collected in section 448.5-455.6 m.
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Figure 8-18. Sulphate (SO, by IC) to total
sulphate calculated from total sulphur
(3xSO,-S by ICP) versus date. Samples
collected in section 939.5-946.6 m.
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Figure 8-15. Sulphate (SO, by IC) to total
sulphate calculated from total sulphur
(3xSO,-S by ICP) versus date. Samples
collected in section 448.0—453.0 m.
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Figure 8-17. Sulphate (SO, by IC) to total
sulphate calculated from total sulphur

(3xSO,-S by ICP) versus date. Samples
collected in section 639.0—646.1 m.
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Figure 8-19. Sulphate (SO, by IC) to total
sulphate calculated from total sulphur
(3xSO,-S by ICP) versus date. Samples
collected in section 980.0-1001.2 m.



The DOC results from the borehole sections are plotted versus experimental day in

Figure 8-20. DOC analyses in saline waters are, by experience, considered less reliable
than in fresh waters. However, in this case the concentrations appear to be quite consistent,
except for section 639.0-646.1 m. Some DOC results were not available at the printing date
and will be included in a later version of this report.

The chloride concentrations are plotted versus the corresponding electric conductivity
values in Figure 8-21. The plot gives a rough check of the data. As shown, the data from the
borehole sections agree well with the regression line obtained by earlier data from the Asp
Hard Rock Laboratory.

3,5
_ 30 1o
d
gv 2,5
'E' A @ Section 386 m (PSS)
2 201 A B Section 448 m (PSS)
.5 o R A A Section 639 m
® o a® & A oo ¢ ® Section 980 m
Q )
£ 10
o]
(3]

0,5

0,0 T T T T T T T

0 5 10 15 20 25 30 35 40

Experimental day no

Figure 8-20. DOC concentrations versus experimental day number.
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Figure 8-21. Chloride concentration versus electric conductivity. Data from earlier investigations
at the Aspé Hard Rock Laboratory are used to show the linear relationship. Data from KFM03A
do not deviate significantly from the regression line.
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8.2.2 Trace elements (rare earth metals and others)

The analyses of trace and rare earth metals include U, Th, Sc, Rb, Y, Zr, In, Sb, Cs, La,
Hf, Tl, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu. Commonly occurring

metals, such as Cu, Zn, Pb and Mo, are not included in the analysis programme due to

contamination considerations. The trace element data are compiled in Appendix 12,

Table A12-3.

8.2.3 Stable and radioactive isotopes

The isotope determinations include the stable isotopes oD, %0, 'B/!"'B, &**S, 8'°C and
87Sr/*Sr as well as the radioactive isotopes Tr (TU), *C (pmC), ***U, *°U, 24U, **Th,
20Th, 2>Ra and ?*’Rn. The isotope data are compiled in Appendix 12, Table A12-2 and
Table A12-4. Some of the isotope results were not available at the printing date and will

be included in a later version of this report.

The tritium and 6'%0 results from section 386.0-391.0 m, 448.0-453.0 m, 639.5-646.6 m
and 980.0-1001.2 m are presented in Figure 8-22 to 8-25. The tritium content was below
the detection limit (0.8 Tritium Units) in most samples. The 6'*0 ratios remained stable

during the sampling periods.
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Figure 8-22. Tritium and 6'50 data from
samples collected in section 386.0-391.0 m.
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Figure 8-24. Tritium and 6"°0 data from
samples collected in section 639.0—646.1 m.
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Figure 8-23. Tritium and 6'50 data from
samples collected in section 448.0-453.0 m.
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The carbon isotopes (6"°C and pmC) were determined both in inorganic carbon (hydrogen
carbonate) and in organic constituents. The results are compared in Table 8-2 below.
Enrichment of organic carbon was necessary in order to collect enough organic material.

Table 8-2. Inorganic and organic &'*C and pmC.

Borehole Inorg. 3*C Org. 3*C Inorg. pmC Org. pmC
section (m) (dev PDB) (dev PDB)

386.0-391.0 -7.5 -26.8 17.6 70.6
448.0-453.0 -7.6 -27.7 15.7 55.5
448.5-455.6 A A A A
639.0-646.1 A -26.7 A i
939.5-946.6 A * A **
980.0-1001.2 A * A *

*Not enough carbon in sample to perform determinations at the laboratory.
**Enrichment/sampling not performed due to high remaining amount of flushing water.
**Inexplicable value (511.6) obtained from laboratory.

A = Analytical results yet to be reported.

The pmC values obtained from the organic carbon are approximately 3 to 4 times higher
than the corresponding values for inorganic carbon. This discrepancy is typical and is
explained by the different origin of the carbon and by substitution reactions that occur
between dissolved carbonates in the water and carbonate minerals, which alter the isotope
signature of the inorganic carbon in the water.

A comparison between re-calculated uranium and thorium isotope determinations and ICP-
analyses are given in Table 8-3. The isotopes uranium-238 and thorium-232 are converted
to element concentrations using the expressions given in Appendix 11. Generally, agreement
within the same order of magnitude is considered satisfactory.
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Table 8-3. Comparison of isotope determinations (?*®U and #2Th) and ICP-analyses of
uranium and thorium.

Borehole section [m] Sample no Date U [pg/L] U* [pg/L] Th [pg/L] Th** [ug/L]
386.0-391.0 8012 2003-10-06 3.49 <4 <0.2 <12.7
448.0-453.0 8017 2003-10-24 2.21 A <0.2 A
448.5-455.6 8282 2004-04-15 A _ A _
448.5-455.6 8284 2004-04-27 A 3.3 A A
639.0-646.1 8268 2004-02-11 58.5 _ <0.2 _
639.0-646.1 8271 2004-02-20 49 _ <0.2 _
639.0-646.1 8273 2004-02-23 46.1 A <0.2 A
939.5-946.6 8276 2004-03-05 1.45 _ <04 _
939.5-946.6 8278 2004-03-11 0.99 _ <04 _
939.5-946.6 8281 2004-03-29 0.70 0.2 <04 A
980.0-1001.2 8103 2003-11-24 0.27 0.2 <0.2 _
980.0-1001.2 8105 2003-12-01 0.18 25.8 <0.2 _
980.0-1001.2 8152 2003-12-08 0.45 0.8 <0.2 A

* recalculated from 28U [mBq/L].

** recalculated from #2Th [mBg/L].

“~” not performed.

A= analytical result yet to be reported.

8.3 Dissolved gas

Sampling for gas analyses was performed in sections 448.5-455.6, 639.0-646.1,
939.5-946.6 and 980.0-1001.2 m. The analyses of dissolved gases include argon (Ar),
helium (He), nitrogen (N,), carbon dioxide (CO,), methane (CH,), oxygen (O,), hydrogen
(H,), carbon monoxide (CO), ethane (C,Hg), ethene (C,H,), ethyne (C,H,), propane (C;Hs)
and propene (C;Hg). The gas data are compiled in Appendix 12, Table A12-5.

The total gas content in the groundwater of each borehole section is given in Table 8-4. The
oxygen content was above zero in all samples, see Table 8-4, indicating air leakage into the

purging system at the consulted laboratory. The results can be corrected by removing the air
effect (nitrogen, oxygen and argon) assuming that the oxygen content is zero.

Table 8-4. Total content of dissolved gas.

Section Section Section Section
448.5-455.6 m 639.0-646.1 m 939.5-946.6 m 980.0-1001.2 m

Total gas content [mL/L] 80.2 89.0 124.5 127.5
Oxygen content [mL/L] 0.07 0.03 0.12 0.04

The gas compositions of the four different borehole sections are compared in Figures 8-26
and 8-27.
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8.4 Inorganic colloids

The presence of inorganic colloids was investigated by two different methods. One method
was colloid filtration through a series of connected filters of different pore sizes. A second
method was fractionation/ultra filtration using cylindrical membrane filters with a cut-off
of 1000 D and 5000 D, respectively. The results of the two methods are difficult to compare
quantitatively, but a qualitative agreement is identified.

8.4.1 Inorganic colloids — colloid filtration

The colloid filtering system is still at the development stage. The results from the colloid
filtration method conducted in sections 448.5-455.6 m, 639.0-646.1 m, 939.5-946.6 m
and 980.0-1001.2 m are presented in Figures 8-28 to 8-43, respectively. The method is
described in a final method evaluation report /10/.

The results in the diagrams are presented as contents (pg) of aluminium, iron, silicon

and manganese entering the filter package, incorporated on each filter and present in the
collecting container. The total amount is calculated assuming that the water volume coming
out in the collecting container is equal to the volume going into the system. This is not quite
the case as up to ten millilitres will be left in cavities in the filter holder package, in the
tubing and in valves. A small volume of about 0.01 to 0.06 mL is left in each filter after the
filtration and this is included in the analysis.

Two main problems which make the interpretation/evaluation of the results from the
filtering experiments in KFMO03A more difficult are; 1) several filters were broken during
the filtrations, 2) increased concentration levels in samples from remaining water in the
in-situ sample container, probably due to contamination.

A better control of the pressure differences between different positions in the filtering line
or a more gentle pressure regulation and slower filtration might possibly prevent broken
filters and improve the filtering performance. However, it can be noted that the amount of
the different elements are not significantly different on broken filters compared to intact
filters. Results obtained from broken filters are given within brackets in the diagrams,
Figures 8-28 to 8-43.

The input sample is collected after the filtration from the small residual volume in the
PVB-container. As the concentrations of the output sample agree well with the ordinary
class 4 and class 5 samples collected from pumped water, it can be concluded that the “input
sample” is severely contaminated. It is possible that the contamination is due to that the
PVB-container contains particles from the borehole (material from wear and tear of drilling
equipment and/or drilling debris). These particles follow the water when poured from the
PVB-container to the sample bottle but not when the water is driven/pushed by gas pressure
through the filter package. Another explanation is that the sample water, when poured from
the PVB-container, contacts dirty surfaces inside the outlet. It is necessary to solve this
contamination problem in order to obtain accurate mass balances and overall data reliability.

The concentrations of aluminium, iron, silica and manganese in filter sample blanks, taken
directly from their boxes without any preparation, were insignificant.

Furthermore, the results show that calcite did not precipitate to any significant extent during
the colloid filtrations.

59



‘(110 w) 42u1DJU0I ZU1JI2]]0D Y] Ul pUD S42]]1f

‘(1m0 w) 42uIDIU0D ZU1JI2]]0D 2Y] Ul puD S423]1f
oy7 ui ‘(up w) wajsAs 423]1f 2y Suria]u2 U0I1]1S fO JUNOW *() £-8 dANS1,]

oYy u1 ‘(up w) waisAs 42311 ayj Suria]ud 2s2uUDIUDU fO JUNOW} “[ £-§ AN,

[wr] az1s asod 19314 [wr] azis a10d Jayi4
mow  G0'0 SO0 20 0 70 ul w mow <00 00 Z0 o vo  uw
: )
0
(11'0) 200 L0 0Z0  L00 _H_ () o . o o
N Rt T -+ 00l
50Z'8L71 0002
b -+ 002
elisl - - 000y =
““““““““““““““““““““ - 00€ m 2
uy @ = IS0 -+ 0009 =
““““““““““““““““““““ -+oor & z
Loos T -+ 0008
FO09 = [T o oo L—F - 00001
. G19'8€L0)
Zvze9 L ooy 000clt

‘(110 w) 42u1DIU0I ZU1JI2]]0D Y] Ul PUD S42]]1f

‘(110 w) 42uIDIU0D ZU1JDI2]]0D 2Y] Ul puUD S42)]1f
oY1 u1 ‘(U1 w) waisAs 423]1f oy SuLI2]U2 WNIUIUN]D JO JUNOWY "§7-§ 24NS31,]

ayj u1 ‘(u1 w) waysAs 4211 ayj SULi2]U2 U0 [0 JUNOW *6 -8 24N31]

f d
[wr] 8215 a.10d 133114 [wr] az1s aiod 19314
now SO S0’ z v 2 urw
, oo , 0o 0 0 0 o Inow 600 SO0 A 2 ¥'0 urw
zZ1'9L (b€0) SZ0 L0 OLL €40 , , 0
zsor (900) +00 $O0O S6G  ZHO
““““““““““““““““““ - 0005 i [ R 010014
““““““““““““““““““““ - 000¥
- 0000} =
8 - 0009 3
L [ A
e4 @ 000S} = |y f-----mmmmmmmmmmm e - 0008 =
w «Q
““““““““““““““““““ L | 0000z e —————— |-+ 0000} =
- 0002}
““““““““““““““““““ -+ 00052
““““““““““““““““““““ LI+ ooovlL
gz 0618z 0000€ 0€'86€EY 00091

S1JIU 9°SSH-S 8 UO01)IIS wioa) djdures J9jem Fuisn QuawiLIddxd uLId)[IJ PIO[[0d JO SIMSNY

60



(1o w) 42uIIU0D ZU1JI2]]0I Y] Ul puv s3]

(0 w) 42uIIU0D SU1II2]]0d Y] Ul pub S423]1f
oYy u1 ‘(U1 wi) wa3sAs 42371 ay) SuLdIUD UOD1J1S JO JUNOWLY “pE-§ dANSL]

oYy u1 “(u1 wi) wo3sAs 423]1f 2y) Suriajud 2SoUDIUDUL O JUNOW G E-§ dINSTLY

[wir] azis auod 4914

[wr] az1s a10d 4914
jno w S0°0 G0°0 [Al] ¥0 ¥0 urw

Jmow 500 S00 20 v'0 v'0 urw
L O O
(c0o) z0'0 (00}  20'0 100 Lo (s>) s> (s>) > >
| — m
- - - - - - - - - - - 4 ON OO
- 0g
z - oooL &
UNE - e -Tor o IS0 ovol o
5 =
F 0S L -1 00S1 (=X
v'8g 100 ool o
o oog, | 0002
029
08 0052

‘(N0 W) 42UIPIU0D ZU1JI2]]09 Y} Ul pUv SL23]1f

‘(1o wi) 42uIIU0d ZU11I2]]02 Y] Ul puv S423]1f
oYy ul ‘(U1 wr) waisAs 42171f ay) SulLdJUd WNTUIUNID JO JUNOWY “CE-Q NS

oYy u1 ‘(U1 wr) wa3sAs 42371f 2y) Suri2]U2 UOLL JO JUNOWY *SE-§ 2ANSL]

[wrl] az1s ai1od 49)j14 [wrl] azi1s aiod 49314

jow g0 S0 Zo  vO  to - uuw mow  go'0 G00  ¢0  ¥0  ¥o  uw
N O L L L L
- i . } . . 0
, (0zo) oo (ov0) ovo  o¥O I zg0  (€00) 200 (800)  Or0  0€0
£'9z 05
“““““““““““““““““““““ Lol - 0g
“““““““““““““““““““““ -1 og1
- ~roo
4 Looz & vm &
osz & L oSl &,
- 0oe | o0z
- oge -
0% | o .

SI9JOW [°9$9-(" 69 U0NIIS wioay ddures 1d)em Suisn YudWLIdIAXI SULIA)[I} PIO[[0d JO SHMSY

61



(o wi) 42uIIU0d SU1II2]]0I Y] Ul puv s3]

(o w) 42uIIU0D SU1II2]]0d Y] Ul pup S23]1f
oYy u1 ‘(U1 i) wa3sAs 423]1f ay) SuridIUd U0I1J1S JO JUNOWY *QE-§ dANSL]

oYy u1 “(u1 i) w3sAs 42371 ay) SuridJUd 2S2UDIUDUL O JUNOWY “6E-8§ dINSLT

[wrl] az1s ai1od 49314 [wr] az1s a10d 4914

inow S0°0 S0'0 rAll] ¥'0 ¥'0 urw inow G0'0 S0°0 zo ¥'0 v'0 urw
t 0 0
(to0) 100 (L0 ¥00'0 G000 (>) G> (s>) G> g>
- - - - - - - - - 4 m
r 00S
r ol
P 000l F
[7] [}
UNE o IS0 o
B g L - 005t &
B -TeC 029l
6'9¢ — [ 000C
— [ 0¢ 0661
coe
Ge 00S¢
“(Ino wi) 42uIIU0d SU1122]]0 Y} Ul pubv S42)]1f ‘(N0 W) 42UIPIU0D SU1J02]]0 dY) Ul PUD SA23]1f
ayy u1 “(u1 w) wa3sAs 42371f 2y) Suri2]Ud UOLL JO JUNOWLY °/ €-§ 2ANSL] ayy u1 ‘(U1 ur) waysAs 42171f ay) Surid3Ud WNITUIUNID JO JUNOWY *QE-§ NS
[wrl] az1s a10d 49314 [wrl] az1s a10d Ja)j14
o w S0'0 S0°0 z'o v'0 ¥'0 urw jno w S0°0 G0'0 0] ¥'0 v'0 urw
. . 10 = 0
(wi0) 600 (110)  €€0 9L‘0 (oo) 200 (e00) 00 zz'o
- oz r
re
rov 16t
8'vy = [T “TEE
“““““““““““““““““““““ -T09 B ?
°dm @ VB [ T o
- 08 .M g &
r 00} ro
Y D — N
o 0cl Z6'9
ovl 8

S31JIUW 9°9H6-S°6E6 U0NIIS wo.a) djdures 133em Juisn QuawiLIddxd SuLId)[IJ PIO[[0d JO SINSAY

62



‘(o wi) 4uIIU0d SU1122]]02 Y} Ul puv S423]1f

‘(o wi) 2uIIU0d SU1122]]03 Y] Ul pup S423]1f
Yy u1 “(u1 w) waysAs 42371f 2y) SuridJud U011 JO JUNOWY “TH-§ dANSL]

2yy u1 “(u1 w) wa3sAs .42371f 2y) Surid]Ud 2SAUDSUDUL JO JUNOWY *€pH=8§ dINSL]

[wrl] az1s aiod 49)j14 [wr] az1s a1od 4914

ino w 500 G0'0 zo ¥'0 ¥‘0 urw no w G0‘0 G0'0 z'o ¥'0 ¥'0 urw
, , , L0 0
(zo'o)  (e000>) (€00°0>) 100 100 (g>) (g>) (g>) G> G>
[ 1 r 00S
oL
[ d) r 000L
r 0c
= r =
: ogeL 005 £
L L O -1 og o SO - 000z @
S =
e -4 Q
L o 00S¢ &
““““““““““““““““““““ - 000€
““““““““““““““““““““““ B LI T oose
09G€
95 09 0001
(N0 w) 42UIIU0D BU1II2]]0 Y] Ul puv S423]1f ‘(N0 w) 42uIIU0D ZU1JI2]]00 Y] Ul pUv s3]
oYy u1 ‘(U1 wi) wa3sAs 423]1f 2y) SuLIIUD UOAL JO JUNOWY *[p-8 NS oYy u1 ‘(U1 ur) wapsAs 42171f ay) Suri23ud WNIUIUNID JO JUNOWY “(p-8 NS
[wir] az1s a10d 49314 [wir] az1s aiod 43314
o w G0°0 S0°0 zo ¥'0 ¥'0 urw o w S0'0 S0°0 zo ¥'0 ¥'0 urw
— Il Il Il Il L o Il O
g'ge (0e0) (0z0) (0z0) 090 ov'0 | 69'c  (e00) (e00) (e00) et'o  et0 | | | 002
““““““““““““““““““““““ - 008 L ooy
= r 009 =
““““““““““““““““““““““ - 000}
@ 008 &
°4m o s} o
- oosL &, 000k &
““““““““““““““““““““ - 00zl
Loooz 00 [ - 00vl
0£0Z || Foool
0052 029k 1 gog)

SI1)OW T 100T-0°086 UONI3s wioay djdures 19jem Fursn Yuowiddxd SurLId)If PIO[[0d JO SHNSIY

63



8.4.2 Inorganic colloids — fractionation

Besides the DOC analyses, the samples from fractionation experiments were analysed by
ICP-AES. The determined elements were; Ca, Fe, K, Mg, Na, S, Si, Al, Ba, Cd, Co, Cr,
Cu, Hg, Li, Mn, Mo, Ni, P, Pb, Sr, V and Zn. Only iron, silicon, aluminium, calcium and
manganese were considered important as colloid species.

The results presented in Tables 8-5 to 8-9 were calculated using mass balance equations
(SKB MD 431.043). As shown, Fe, Si, Al and Mn exist as species (associated or non-
associated with humic and fulvic acids) with a molecular weight less than 1000 g/mol.
Such species are too small to be referred to as colloids. Iron and aluminium were partly
precipitated during the fractionation, since oxygen is present in the filtering system (pump,
filter, hose etc). Although unlikely, the presence of iron and aluminium containing species
of a larger fraction cannot be completely excluded in the cases where adsorption occures.

The filters were carefully washed before use and samples of de-ionised water (after passing
through the washed filters) were analysed as sample blanks. The concentrations of iron,
silicon and manganese were insignificant but aluminium was found in the sample blanks for
all sections except section 386.0-391.0 m. The aluminium concentrations in the groundwa-
ter of sections 448.0-453.0, 639.0-646.1 and 980.0-1001.2 m were below detection limit.

Unfortunately, the aluminium concentration of the deionised water used for section
448.5-455.6 m was at a detectable level (12.2 pg/L) Furthermore, the concentration in the
untreated groundwater varied between the two fractionation runs (1000 D and 5000 D).
The results from all sections show that calcite was not precipitated to any significant extent
during the filtrations.

Table 8-5. Inorganic fractions (1000 D and 5000 D filters) in section 386.0-391.0 m.

Fraction Fe [mg/L] Si [mg/L] Al [ug/L] Mn [mg/L]
<1000 D 0.94 +0.09 5.86+0.9 8417 1.07 £ 0.11
<5000D 0.56 + 0.06 547 +0.8 6.3+1.3 0.99+0.10
>1000 D but<5000D — - - -

> 5000 D - - - -
Adsorption 1000 D - - 22+18 -
Adsorption 5000 D 0.14 £ 0.09 - - -

— = Not found.

Table 8-6. Inorganic fractions (1000 D and 5000 D filters) in section 448.0-453.0 m.

Fraction Fe [mg/L] Si [mg/L] Mn [mg/L]
<1000 D 0.74 £ 0.07 82+1.2 1.14 £ 0.11
<5000D 0.64 + 0.06 81+1.2 1.13£0.11
>1000 D but<5000D - - -

> 5000 D - - -
Adsorption 1000 D 0.14+£0.12 - -
Adsorption 5000 D 0.17 £ 0.11 - -

— = Not found.
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Table 8-7. Inorganic fractions (1000 D and 5000 D filters) in section 448.5-455.6 m.

Fraction Fe [mg/L] Si [mg/L] Mn [mg/L]
<1000 D 0.74 £ 0.07 92+14 1.15+£0.12
<5000D 0.87 £ 0.09 9.2+14 1.13+£0.11
>1000 D but<5000D — - -

> 5000 D - - -
Adsorption 1000 D 0.29+0.13 - -
Adsorption 5000 D 0.11+£0.14 - -

— = Not found.

Table 8-8. Inorganic fractions (1000 D and 5000 D filters) in section 639.0-646.1 m.

Fraction Fe [mg/L] Si [mg/L] Mn [mg/L]
<1000 D 0.17 £ 0.02 5.8+0.9 0.30 £ 0.03
<5000D 0.15+0.02 58+ 0.9 0.30 £ 0.03
>1000 D but<5000D - - -

> 5000 D - - -
Adsorption 1000 D - - -
Adsorption 5000 D 0.06 +0.03 - -

— = Not found.

Table 8-9. Inorganic fractions (1000 D and 5000 D filters) in section 980.0-1001.2 m.

Fraction Fe [mg/L] Si [mg/L] Mn [mg/L]
<1000 D 0.01 £ 0.001 39+0.6 0.97 £0.12
<5000 D 0.03 +0.003 3.9+0.6 1.06 £ 0.12
>1000 D but<5000D - - -

> 5000 D - - -
Adsorption 1000 D 0.01 £ 0.004 - -

Adsorption 5000 D - - —

— = Not found.

65



8.5 Humic and fulvic acids

The results from fractionation of organic acids in sections 386.0-391.0 m, 448.0-453.0 m,
448.5-455.6 m, 639.0-646.1 m and 980.0-1001.2 m are summarized in Table 8-10.
Fractionation was excluded in section 939.5-946.6 m due to a high content of flushing
water. As shown, the water in the sections contains organic acids with a molecular weight
less than 1000 D. This means that the organic constituents are present as low molecular
weight fulvic acids and possibly other low molecular weight organic acids such as citric
acid and oxalic acid.

Table 8-10. Summary of fractionation results.

Section 386.0-391.0m  448.0-453.0 m 448.5-4556m  639.0-646.1m  980.0-1001.2m
DOC[mg/ll]  DOC[mg/L] DOC[mg/lL] DOC[mg/L]  DOC [mgiL]

Fraction

<1000 D 12201 1.120.1 A 12201 14102
>1000 D but<5000D - - A - _

> 5000 D - — A - —

— = Not found.

A = analytical results yet to be reported.

The results from the 1000 D filter and 5000 D filter were consistent.
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9 Summary and discussion

The complete chemical characterisation (MFL) and the pumping/sampling using hydraulic
test equipment (PSS3) in KFMO03A were, on the whole, performed successfully. Due to
equipment malfunctions, measurement data of dissolved oxygen and electric conductivity
are missing from sections 386.0-391.0 m (O,) and 448.0-453.0 m (EC).

Downhole logging of the electric conductivity (EC) in discrete fractures was performed

in connection with the difference flow logging prior to the chemical investigation of the
borehole. These results were consistently higher (approx differences = 1000 mS/m) than
the results presented in this report. Therefore, the chemical characterisation reported here
was followed by repeated EC logging. This showed that the EC logging results and the
Chemmac EC measurements agreed as well as could be expected. No malfunctions of the
EC-logging equipment at the first occasion was evident. The now prevailing explanation

is that the salinity gradient of the groundwater was lifted, due to the heavy pumping during
the drilling (a so called up-coning effect), at the first EC-logging occasion just after drilling.
A hydraulic evaluation of pumping activities in KFMO03A and their effect indicated

the presence of a more saline water system just below 1000 m depth /8/. This suggestion

is supported by the slight salinity increase during the pumping period in section
939.5-946.6 m. However, no increase was observed during the pumping of section
980.0-1001.2 m. This may be due to pumping at lower flow rate or the absence of a
connection between this fracture zone and the suggested deeper saline water system.

The main conclusions from the experimental results are:

It is usually difficult to measure reliable redox potentials using pipe string systems and
heavy pumping. This was also the case in sections 386.0-391.0 m and 448.0—453.0 m
where the PSS3 equipment was used. These redox measurement data were rejected.

* The redox potential measurements by the downhole Chemmac and the surface
Chemmac in sections 639.0—646.1 m and 939.5-946.6 m appear to be of good quality.
The six electrodes (gold, glassy carbon and platinum) reached stable and agreeing
values in both cases (—196 mV and —245 mV respectively). In section 448.5—455.6 m the
downhole electrodes stabilized at —176 mV, while the electrodes in the surface Chemmac
were unstable and showed conflicting values. Possible reasons for this may bee air
intrusion or gas bubbles on electrode surfaces. The redox measurements in section
980.0—1001.2 m did not show stable or consistent values within the measurement
period. The measurement behaviour is probably due to the very low iron concentration
in this section and thereby the lack of a dominating redox pair. Furthermore, the pH
measurement is also unreliable in this section which, however, is more difficult to
explain.

* An upper limit for the allowed flushing water content in a representative water sample
is set to 1%. This condition was met in sections 386.0-391.0 m, 448.0-453.0 m and
448.5-455.6 m but not in sections 639.0-646.1 m (4 %), 939.5-946.6 m (9 %) and
980.0-1001.2 m (4%).

* The salinity was stable during the pumping and sampling periods, except for section
939.5-946.6 m, were a slightly increasing concentration trend was recognized. A stable
salinity indicates that there was no contribution of water from more distant fracture
systems with a different water composition.
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Some iron analyses from sections 386.0—391.0 m and 448.0-453.0 m showed low
Fe(+II) concentrations compared to total iron concentrations. It is not likely that these
differences represent the Fe(+III) concentration of the groundwater. It seems as if the
disparity appears only when the PSS-equipment is used. The reason could be that very
small amounts of air enter somewhere in the water sampling line and cause oxidation of
Fe(+II) prior to, or at, the time of sampling.

The results from the colloid filtering experiment are less useful due to the many

broken filters and inconsistent mass balances. However, the fractionation results for the
inorganic constituents appear to be quite consistent. From the fractionation results it can
be concluded that the content of inorganic colloidal components in the groundwater in
sections 448.5-455.6 m, 639.0-646.1 m, 939.5-946.6 m and 980.0-1001.2 m is very low
or non-existent.

The organic constituents in the groundwater are present as fulvic acids and possibly
other low molecular weight organic acids such as citric acid and oxalic acid.
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Design of cored borehole KFM03A

Technical data
Borehole KFMO03A

North

\
> 271.523°

Drilling reference point

Northing: 6697852.096 (m), RT90 2,5 gon V 0:-15
Easting: 1634630.737 (m), RT90 2,5 gon V 0:-15
Elevation: 8.285 (m), RHB 70

Borehole length: 1001,19 m

Appendix 1
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KFMO03A

0 - niva

Reference
marks

110 m
150 m
200 m
250 m
300 m
350 m
403 m
453 m
500 m
550 m
600 m
650 m
700 m
750 m
800 m
850 m
900 m

-
o
o
-
-
©
3

Drilling period Drilling reference point

Drilling start date: 2002-04-16 Northing: 6697852.096 (m), RT90 2,5 gon V 0:-15

Drilling stop date: 2003-06-23 Easting: 1634630.737 (m), RT90 2,5 gon V 0:-15
Elevation: 8.285 (m), RHB 70
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Appendix 2
Results of difference flow logging in KFM03A

Forsmark, Borehole KFMO3A

Flow measurement 2003-08-15 - 2003-08-26
yAN Without pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
\V4 Without pumping (L=5 m, dL=5 m), (Flow direction = into the bedrock)
yAN With pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L= 5 m), 2003-08-15 - 2003-08-17
With pumping (L= 5 m), 2003-08-18 - 2003-08-20
With pumping (L= 5 m), 2003-08-20 - 2003-08-21, Smaller pumping
With pumping (L= 1 m), 2003-08-21 - 2003-08-22, Smaller pumping
With pumping (L= 1 m), 2003-08-22 - 2003-08-25
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Figure A2-1. Borehole KFM03A: Differential flow measurements from 380-400 m including
the water bearing fracture zone at 388 m, August 2003.
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Forsmark, Borehole KFMO3A

Flow measurement 2003-08-15 - 2003-08-26
Without pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L=5 m, dL=5 m), (Flow direction = into the bedrock)
With pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L= 5 m), 2003-08-15 - 2003-08-17
With pumping (L= 5 m), 2003-08-18 - 2003-08-20
With pumping (L= 1 m), 2003-08-22 - 2003-08-25
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Figure A2-2. Borehole KFM03A: Differential flow measurements from 440-460 m including
the water bearing fracture zone at 451 m, August 2003.
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Forsmark, Borehole KFMO3A

Flow measurement 2003-08-15 - 2003-08-26
yAN Without pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
A\V4 Without pumping (L=5 m, dL=5 m), (Flow direction = into the bedrock)
yAN With pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L= 5 m), 2003-08-15 - 2003-08-17
With pumping (L= 5 m), 2003-08-18 - 2003-08-20
With pumping (L= 1 m), 2003-08-22 - 2003-08-25
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Figure A2-3. Borehole KFM03A: Differential flow measurements from 620-640 m including
the water bearing fracture zone at 640 m, August 2003.
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Forsmark, Borehole KFMO3A

Flow measurement 2003-08-15 - 2003-08-26
Without pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L=5 m, dL=5 m), (Flow direction = into the bedrock)
With pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L= 5 m), 2003-08-15 - 2003-08-17
With pumping (L= 5 m), 2003-08-18 - 2003-08-20
With pumping (L= 1 m), 2003-08-22 - 2003-08-25
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Figure A2-4. Borehole KFMO03A: Differential flow measurements from 640-660 m including
the water bearing fracture zone at 643 m, August 2003.
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Forsmark, Borehole KFMO3A

Flow measurement 2003-08-15 - 2003-08-26
A Without pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
\VY4 Without pumping (L=5 m, dL=5 m), (Flow direction = into the bedrock)
AN With pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L= 5 m), 2003-08-15 - 2003-08-17
With pumping (L= 5 m), 2003-08-18 - 2003-08-20
With pumping (L= 1 m), 2003-08-22 - 2003-08-25
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Figure A2-5. Borehole KFM03A: Differential flow measurements from 920-940 m including
the water bearing fracture zone at 940 m, August 2003.
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Forsmark, Borehole KFMO3A

Flow measurement 2003-08-15 - 2003-08-26
A Without pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
\V4 Without pumping (L=5 m, dL=5 m), (Flow direction = into the bedrock)
AN With pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L= 5 m), 2003-08-15 - 2003-08-17
With pumping (L= 5 m), 2003-08-18 - 2003-08-20
With pumping (L= 1 m), 2003-08-22 - 2003-08-25
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Figure A2-6. Borehole KFMO03A: Differential flow measurements from 940-960 m including
the water bearing fracture zone at 944 m, August 2003.
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Forsmark, Borehole KFMO3A

Flow measurement 2003-08-15 - 2003-08-26
Without pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L=5 m, dL=5 m), (Flow direction = into the bedrock)
With pumping (L=5 m, dL=5 m), (Flow direction = into the hole)
Without pumping (L= 5 m), 2003-08-15 - 2003-08-17
With pumping (L= 5 m), 2003-08-18 - 2003-08-20
With pumping (L= 1 m), 2003-08-22 - 2003-08-25
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Figure A2-7. Borehole KFM03A: Differential flow measurements from 980-1000 m including
the water bearing fracture zone at 986 m, August 2003.
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Appendix 3

Measurement information, KFM03A

Iilmll?m-mm__
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Figure A3-2. Configuration of downhole equipment, section 448.5-455.6 m
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Figure A3-4. Administration (040428), section 448.5-455.6 m
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Matapplikation - SEH
File Specisl Development! _

—
GivarKonl. B.Utr.Konf. Mitning Lanm Lugya U E‘E
8

Kemkal. LéngdKal. Forcerad matn

Suonsk Kirmbeanslohantering A8

Larmgrinser || Referenser W[ Gsiarm | 2004-02-03 09:10:01
| Radera || Himta || Spara I
Borrhélschemmac Yichcmmac Yichemmac, Id: $3 Anm. Ja
al | Typ Id Datum | Mod | Kanal
e 2?4 HRF|9. |CKONDY [CKOND [031114 3 17
14. -~ ) 10 10, 0 0
1 O) 2 HRF [11. n n
200HRF|12. | Fozy (317  [021114 (4 17
) -2 HHF [ 13. 0 0
13. T J11.290HRF|14. | ETIY 011107 | 4 18
~ 15. n n
| Railera I] Hiimla l Spara I 262 HHF |16, | ENEF2Y |Extra  |uauizu | 4 a
Borrhilschemmac, Id:KE 011 Anm. Ja 17. u u
.| Twp 1d Datwm | Nod | Kanal 18. 0 0
n. CTD | PTI00  [UT1107 |2 15 To6 HRE___ ZU4HRF([19. | EPTY |P94  |vauzus | 3 7
1. EFHE | G34 040120 |2 1 28 = 194 HRF | 20. EAUY |MB-1  |011107 | 3 2
2. ECB CE6-96 nZ10ng |2 2 13 . @—5> 2 HNF | 21. u u
3. | FPHIR | G44 040120 |7 3 1221 = 196 HRF |22. ECY |Methromui11u7 |3 3
4. |cRCcro| nes  |vanizu |2 4 134 a 202 HRF|2J. | EPHIY |p9-6 040203 |J G
5. EPIB | EFIB  [011025 |2 5 36 HRF — 198 HAF |24. | FREF1Y |N5-  |011107 | 3 1
G. EauB | EaUB  |o11003 |2 [ 138 HRF 192 HRF [?5. | EPHY  |[NG-1 [u3uaus | 3 1
f n n £ HRF _—— P -G 0 0
- PO [TryCso [U1T0U3 |2 g 144 ‘_,if @ - p é‘,%a A - Q Higde |[U1T003 : 199
VLAHMB| - vl |2 2u Js HRF ﬂ @) é}’ - viy |- 011003
- VB - 011107 |2 13 B415TT  0) /- - & =~/ Sond 3: 1100111101101110
Sond 2: 100000100111111 — ~ o8 HLLICI L

Figure A3-5. Electrode configuration, section 639.0-646.1 m.

Development!
—
Administration GivarKonf. B.Utr.Konf. Mitning Larm Logga Ut qﬂ
5

Kemkal. LiéngdKal. Trend Farcerad mAtn

Svansk Karnbransishanering AS

Relerenser I GSM-larm | 2004-02-03 09:20:06

= Multislang
L¥ngd. |Avstind mellan mul- — -
Spérdetekor Typ av enhel 1d mm  [tikoppling och thtning|  Dummy I Ligg il
B Burhdlsc Multislany Multislang S3 | 1 -
nrrhalse -
- Spardctcktor SP 021 965
©. Manschett Borrhalgschemmac KE 011 1245 ingen
1 0. Manschen Owre mane 53 | 206b 500 ingen
Hydr.Pump Hydr.I'ump RHP 011 2270 ingen
Vallenproviagare [UENINN] 2495 Vet ej
Vatienprovtagare Cx. Dchillare PVP_X011 1150 KX
— N. Manschett Nedre Mans 5] 2065 4nn ingen
Fx. Behallare:
LT Tuolal sundlzngd: 12555,
_‘/_ll N. Ma“sdlcﬂ ulal somdianged S5, i

Langd till Uure Manschet: 3775, mm

Liingd till Nedre Manschett: 10890, mm
Sektionslangd: £11% mm

Figure A3-6. Configuration of downhole equipment, section 639.0-646.1 m.
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Matapplikation - SEB

Fila  Special Development! _

Swansk Kirnbrinslohantering AR
2004-02-03 0F o

B.Utr.Kunl. Mitning Larm

Administration I GivarKoni.

Logga U

Kemkal. LingdKal.

System l

Larmgrinser

Avlist
Sparlige slanglangd
[vow | ﬁhuu.uu |
pleel

[ 150.00 | E—;
[ 2nn.nn | E—j

[ 250.00 |

Forcerad m&tn

Referenser

| Onskail SEcuﬁt| A39.00

] geploms ] =pleere
| 3s0.00 | EEE|349.92 | | 600.00 | ﬁhuu.u |
[ 402.00 | EEEM]EM | [ 650.00 | ﬁmn.az |
[ [l e J =gl

[ 500.00 | [ 75000 |

| Slangmarkering fér Gnskat djup: |

1
o el

[ 850.00 | E—3| 848.00 |
[900.00 | E—3| 090.00 |
[aan.on | E—3| aaa.n |

[1001.1]

£34.33 |

[150.20 |

[199.55 |

[250.03 | [499.78 | 74865 | [ 988.00 |

|Halets tingd[10u1.19]

Figure A3-7. Length calibration, section 639.0-646.1 m.

Matapplikation - SEB
File  Spedial

D.Utr.Konf. Mitning

‘ Mminisiralionl GivarKonf.

Kemkal. LangdKal.

Syslem l

2004-02-00 09:22:10

_ Cnhetsidentiteter DorrhélsChemmaciPVPIOP YiChemmac
. YtChemmac 53 ETB PT100 1] Flide
Utskrift Multislang M g 53 CPIID G31 EKONDY | EKOND
SEQMBtBk‘Dr S U21 ECB Lb-Yb
Export av m3tfiler Borrhilsc KE 011 EPHIB G44
1. Mar het 1 fivre mans 53 EREFE R-25 FN2Y 317
Hydr Pump BHP D11 EPTB EPTB
Allmiint Vattenprovtagare | PVP 011 [AUD CAUD TTiv temp 02
Borrhal KFMD34 Ex. Behillare PYP_X011 EPHIY -3
Operatir 1hij N. Manschett Nedre Mans 53 PE Iry L-s0 EHERZY Extra
SECUP 6309.00 P11V epy
SFCI OW f4h.17 P2V ePh FPTY Pa-1
Slarl Ll FNN4-N1-30_14:73:57 INTEMP in56
Stopptid 2004-02-03 09:20:35 |uTTEMP  [utse CAUY N6 1
Kemdata KIMOJADLI0639K.MRD AlMp as7
OPData F03A01206300.MRB LVNIV huyvfi798 ELY Methrom
Kommentar |KFMO3AD0130639K.MI PlUMPP pu7s
Filbibli D=\ Mittiler\, KEMO3A0101,0639-0616 ] MANSCHP | ma90 ERFF1Y N5-3
EPHY WG-1
Filer - inkalibrerin: Filer - utkalibrering
Data K Data K t
pHA  [KFMNIAN13NIHHAY.CRR  [KFMO3A0130IpH4Y.CI
+ (P17 [KFMO3A0130I0H7Y.CRB  |KFMO3A0130IpH7Y.CI
T |pH1U [KFMO3A0130IpH10Y.CRE |KFMO3A0130IpH10Y.CI
N.M1 M [KF+IN3an130Tk IN1Y.CR KFHN3ANT 3NTk IN1Y.CT
0.1M (KFMOJA0130Tkcl1¥.CRD  (KFMO3AD130Tkel1Y.CI
B - pHd KF+D3A0129IpH4E CRB KF+03A0129IpH4B CI
H
g 7 [pll7  |KFMO3A0128IpH7B.CRE  |KFMO3A01281pH7B.CI
H L [pH1U |KFMO3A0128IpH10B.CRE |KFMO3AD128IpH10B.C1

Figure A3-8. Administration (040203), section 639.0-646.1 m.
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Development!

Larm Logga Ut

Forcerad métn

2004-03-30 0Y:

_ | Vattcnprovtagarc I | Omgivning/Process
| Radera II Hamta “ Spara
Bnlrl'lélr:l:hl:mmnl: Yichemmac Yichemmac, Id: S3 Anm. Ja
Typ 1d Datumn | Nod | Kanal
9. EKONDY |EKOND |031114 | 3 17
10. n 0
11. 1] 0
12, | Eo2y (3.7  |uzinia|a 17
13. n n
14. ET1Y |temp 02011107 | 4 10
15. u u
| Radera || Hamta | spara | 16. | EREF2Y |Cxtra  |N4N120 | 4 P
Dorrhélschemmac, 1d:KE 011 Anm. Ja 17 0 0
= Typ Id Datum | Nod | Kanal 18. v u
[1] ETB PTI0N 011107 |? 15 14. FPTY (P04 040201 | 3 7
1. EPHB G4 uAuIZU |2 1 2n. EAUY |PN-1 UAUZYE | 3 2
2 ECB | C6-96 |021008 |2 2 21. 0 0
3 EPHIB | Gd4 namezn (2 3 22. CCY |Mcthrom011107 | 3 3
4 CRCFD | N25  |040120 |2 4 23. | epHry [p9-6  [o0a0z03 |3 6
5 EFIB | EFIB (011025 |2 [ 24. | FRFF1Y |N5-3  [011107 | 3 4
G, EAUB | EAUB  [011003 |2 [3 ?5. | EpHY |Pu4  |uauzze |3 1
7 0 0 26. 1] 0
PB  |IryC-so [011003 |2 9 - Q Flade |011003 4 9
- |vLammB| - 011003 |2 20 wihy = 011003 | 3 13
- VR - n11n7 [z 19 Sond 3: 1100111011011
Sond 4: 1000100001100

B.Utr.Konf. Larm

LangdKal. Forcerad métn

Multiclang
N Léngd, |Avstdnd mcllan mul
Spardetektor Typ av enhet I mm  |tikoppling och titning| Dummy Id Liigg till
" Multislang Mullislany 33 |1
Borrhilsc 51
Spardetcktor sPN7 965
8. Manschett Dorrhélschemmac EE 011 1245 ingen
1— 0. Manschel Ovre mans S3 | 2U6L 500 ingen
Hydr.Pump Hyrdr.Pump BHP 011 2270 Ingen
Vattenproviagare PYP 011 2405 Vet ej
Vattcnprovtagarc Ex. Behdllare M X011 1450 KX
— N. Manschett Nedre Mans 51 2065 400 ingen
Ex. Behallare
L_’i Total sondléngd: 12555, mm
9 N. Manschett qd- L

Langd till wre Manschett: 3775, mm
L#ngd till Nedre Manschett: 10890, mm
Sektionsldngd: 7115, mm

Figure A3-10. Configuration of downhole eqitipment, section 939.5-946.6 m.
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Develnpmentl |

- .
D.Utr.Konf. Miitning Larm Logga Ut E.U

LingdKal Treml Forcerad mitn

§vanck Ksmbranslshantering AR
2004-U3-30 UY:1 £:6b

| Onskad SE(:UP:| 934,50 | Slangmarkering ftir Bnskat djup:| 933.73 |

m‘ Avldst l I I

slanglingd

[0.00 | ﬁl 100.00 | | 300.00 | EEI? 300.00 | | 550.00 | El 549.16 | | s00.00 | EEEI 800.00 |
o ezplea] | Dol gplens] o | =gl m Joplves
[eos)qp o] | [omce] copleee] (e p o) (o peple]
m , @ oo, 3 e Jepplens] |, /2

[ 250.00 | =1 | 250.00 | | 500.00 | £ 499.70 | [ 750.00 | F— 11| 740.65 | [ 1001.19) £—"1[ s00.00 |

Halets ldngd (1001.19

Figure A3-11. ILength calibration, section 939.5-946.6 m.

=le spenal Develanment |

—
Administration B.Utr.Konf. EEE
System LingdKal. it

Swensk Kimbeamsbshantering AR
2004-03-30 09:15:58

[Administration | Enhetsidentiteter DorrhélsChemmac/PYPIOP Vichemmac
- ¥LChemmac 53 ETB PT100 0 FHise
Utskrift M multislang 53 FOHH 634 EKONDY | EKOND
L Spirdetektor SP 021 ECB C6-06
Exportiavimatiler Borrhlschemmac | KE 011 EPHIB G141
0. Manschett Ovre mans 53 EREFB R 25 Co2Y 217
Hyur Pump BHP 011 EPTB EPTB
| Allmint Vattenprnvtagare PV 1111 FAIIH FAlIK FI1Y Temp 112
Borrhal [KEMOZA Ex. Behillare PVP_X011
Operatiir thj N. Manschett Nedre Mans 53 PD Try C so CRCr2Y Cxtra
SECUP 939.50 P1v ePy
SFCI OW 946 .67 P2y ePh
Starttid 2004-02-26 13:36:31 INTEMP  |In36 EPTY po-4
Stopptid 2004-03-30 06:21:11 UTTEMP __ |ut/H EAUY PN-1
Kenlata KFI"I03A0226939K.MRB ATMP ate?
1IPData FM03A02269390.MRB GVNIY hgv6790 ECY Methrum
K tar | KFMD3AD226030K.MI pumpPe  [pu7s ERHIY ny-h
Filbibliotek | D:\Matfiler’, KFMD3A0D4014,0940-0947 ] [MANSCHP [ma00 EREF1Y  |N5-3
EPHY Po-1
Fller - Inkallbrerin: Fller - utkallbrering
CHEMMAL |
Kommentar Data Kommentar
pHA  [KEMIIZAIZZRIHAYARH  KFMO3A0226IDHYY.CI  [KFMO3A0330UpHAY.CRE  |KFMO3A0330UpH4Y CI
¥ |1H7 KHYIAI ZRInH 7Y 1THE KHYIHAI 2RInH FY XL |I(I-MIIZ-IA(IZ{-H NIpH 7Y 1 HH EKF*03A0330UpHTY.CI
1 |pH10 [KFMO3AD226IDHI0Y.CRB |KFMO3A0226IDHI0Y.CI  |KFMD3A0330UDHIOY.CRB  |KFMD3A0330UpH10Y.CL
0.01M |KFMO3A022G1kcl01Y.CR_ |KFMO3A0226GIkcI01Y.CI  |KFMO3A0330Ukd01Y.CR  |KTMOJADI20UKd01Y.CI
0.1M |KFMD3AD2261kcl1¥.CRE  |KFMO3AD2261kcl1¥.CI |I(FMI]3A033EI.I(:I1\'.CRB KFMO3A0330Ukcl1¥.C1
- |pH1  [KFMD3A0225IpH4B.CRE  [KFMD3AD225IpH4B.CI  |KFMO3A0D330UpHIB.CRE  |KFMD3A0330UpH4B.CI
g i' |1H7 KHYIEAIY 28IpH FHDRE KHYIHAI 2AInH R KHVIEHAIESINInH FHDRB EFMIEAIHIINnH fH I
R |1H N (KEMIEHANZZ25IDHTIRUCRE  |KHYLEHAIZZ25IpHTHE LD EFMIEAIASINIpHTIH L

Figure A3-12. Administration (040330), section 939.5-946.6 m.
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Métapplikation - SKD
F—" Development!
—

Administration B.Utr.Konf. dtni Larm

LangdKal. Forccrad mitn

2003-12-10 11:

_ | Vattcnprovtagarc | | Omgivning/Process |
| Radera I[ Hamta II Spara I
Borrhalschemmac Yichemmac “tchemmac, Id: 83 Anm. Ja
S| Twp Id | Datum | Nod | Kanal
9. |EKONDY [EKOND [031114 3 17
T 0 n
11. 0 0
12. | Eozy (317  |021114 (4 17
13. 0 0
14. ET1Y |temp OZ011107 | 4 18
15. EFHIY |P3-3 nzniii| 3 b
I Flnderal Himta I Spara I 16G. n n
Burrhdlschemmac, 1d:bh chem ke01[l Anm. Ja 17. [i [
Typ | 1d  |Datum | Nod | Kanal 18, 0 o
0. ETB | PTI0D |UTT107 |2 15 19. 0 0
1. EPHE | G?R 030407 |? 1 20. | Fauy |N61 [011107 |3 2
2. ECB | CR-9F  [021008 |2 2 21. 0 0
3. | EPHIB | G25 021008 |2 3 22. CCY |Mcthrom011107 | 3 3
4, EREFB | R-20 021008 |2 4 23 EPTY |[H2-1 |011107 | 3 7
5. EPTB | EPTB  [011025 |2 5 24. | pperty [NS-3 |ninin7 |3 4
6. | auB | EAUB  [011003 |2 6 26. | EpHY [NG-1_ |030407 | 3 1
7. ECIB ny meth ych [U30407 |3 8 26. 0 0
. P  [TryC-sn [011003 |2 y - Q_ |Hidde [u11uu3) 4 9
- |vLarmB| - 011003 |7 20 VAVERE niinn | J e
- VB - 011107 |2 19 Sond 3: 1100111111101111
Sond 4: 1000000100000000
File Special : Development!
E—

Forcerad métn

2003-12-10 11:09:38

| ST L#ngd, |Avstind mellan mul- S
Barccichol Typ av enhet 1 mm  |tikoppling och tatning| Dummy Id L Al
— . Ta bort
Bormaagn Mul.tlslang Multlslang 53 | 1
Spardeleklor sSPD21 uhy
1 5. Manschell Burthalschemmac Eh chem ke0l1| 1250 ingen
1 0. Manschell Ovre mans S3 | 2100 500 ingen
Hydr.Pump Hydr.Pump Pump 011 2210 inyen
Vallenpruvlayare FYP UT1 2495 Vet ej
Vattenprovtagare Fx. Rehallare FYP_XU11 1450 Il
— Forldngning 2 meter 12885
Ex. Dehallare N. Manschett Nedre Mans 53 2100 400 ingen
Firléngning
LT Total sondlangd: 25500, mm
N. Manschett Langd till vre Manschett: 3808, mm
]

L#ngd till Nedre Manschett: 23808, mm
Sektionglingd: 20000, mm

Figure A3-14. Configuration of downhole equipment, section 980.0-1001.2 m.
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GivarKonf.

D.Utr.Konf.

Logga Ut

Kemkal.

LangdKal.

Forcerail méin

2003-12-10 111016

| Baskad sECUP: | 980.00

| Slangmarkering fior Gnskat djup:

974,19 |

[3nn.0n" | E—; [958 | [550.00 | E—j [543.18
[3sv.00 | L1 [3av.92 | [600.00 | ) [599.74
L L
[403.00 | El;rl |402.67 | [650.00 EEE [648.92
[453.00 |I;|:J|j |452.63 | [700.00 ] EEE [599.92
[500.00 | 49978 | [750.00 | =1 [748.65

—

[800.00

|snu_un |

i

|n5n_nn

L1

| |_I_I_| [aar.n |

|smn_nn | E |nnﬂ_nn |

|990_un | E |ssa_un |
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[1001.19]

|Hatets 1anga 100114

Figure A3-15. Length calibration, section 980.0-1001.2 m.

tapplikation -

SKB

= spenal

GivarKonl.

B.Utr.Kunl.

Larm

Kemkal.

LingdK.al.

Forcerad mitn

Develnpament
—
A
!J.
Svensk Kimbranslehantering AR
200312 10 11:06:01

Enhetsidentiteter BorrhilsChemmac/PVP/OP YiChemmac
y YLChenmmae 53 ETB PT100 Qo Fliie
Utskrift Multislang Multislang 53 EPHB 628 EKONDY | EKOND
L Spardetektor 5P 021 ECB CG-90
Export s mitiler Borrhalse bh chem keu11 EPHIB u2s
0. Manschett Ovre mans 53 EREFB R 20 coz2y 317
Hyrir Pump Pump ni 1 EFIB EHIB
Allmant Vattenprovtagare | PVP 011 EAUB EAUB BTV tomp 02
Burrt il KF103a Ex. Behillare PYP_KD11 FLIR ny meth yih EPHIY P9-3
Operatdr th) Forlingning 2 meter re Try C-50
SECUP 980.00 N. Manschetl Nedre Mans 53 P1v ePy
SECLOW 1000.00 [ ePh
Starl il 2003-12-10 10:39:19 INTEMP | in56
Stopptid 2003-12-10 10:36:10 ulEMe | ul?s EAUY NB-1
Kennlala KFr03a1210980K.MRB ATMP ate?
DPData ML 33 12109800 MRE GYNIY havG798 FOY methrom
KFM03a1210980K M1 PUMPP pu?g PTY 2 1
D:\Mitfiler, KEMD3a0310',0080-1000 [MANSCHP | mag0 ERFF1Y NS-3
EPHY NG-1
Filer - inkalibrerin Filer - utkalibrerin
CHEMMAC 9 9
Data Kommentar Data Kommentar
pHA  [KF03a10311pH4Y.CRE  KFMD3a1031IpH4Y.CI KHMUZal210UpHAY LRE KFMN3a1 2 100DpHAY 0T
y |PH/ _|KFM03al1031IpH7Y.CRB  [KFMD3a1031IpH7¥.CT KFMDFa1210UpH7Y.CRE KFMU3a1210UpH /¥ L1
T [pH10 |KFM03a1031IpH10Y.CRE |KFMD3a1031IpH10¥.C1  |KFMO03a1210UpH10¥.CRE  |KFMO3al210UpH10Y.CI
0.01M|[KFM03210311kelD1Y.CR_ |[KFMO3a10311kcl01¥.CI |KFM0321210Ukd01¥.CR |KFMD3a1210Ukd01Y.CI
0.1M |[KI™M03a10011kel1Y.CRD |KrMEl]a1l]Z]l.Ik|:I1\'.DI KMM0Ja1210Ukel1¥.CRD ]l(rm:laizmukcuv.m
B I.i pll4  [KFM03a1030IpH4B.CRE  |KFMO3a1030IpH4B.CI KFM03a1Z09UpH4B.CRB  |KFMD3a1209UpH4B.CI
g & [p117_ [KFMO3a1030IpH7B.CRB |KFME[3¢1I]3[]IDH?B.EI KFM03a1209UpHTE CRE IKFMZIEIalZDBUDH?B.C[
R | [pH10 [KFMN3aIN30IDHINRCRR  [KFMN3AI1N30IDHINR.CT  [KFMN3a17001RHINRCRR | KFMN3a120900H 10R.CT

Figure A3-16. Administration (031210), section 980.0-1001.2 m.
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Appendix 4

Flow and pressure measurements in KFM03A

Borehole: KFM0O3A Pumping Test Constant Absolute Pressure
Section: 386.0 -391.0 m Start : 2003-09-11 15:00:30
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0 T T o 3920
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Start: 2003-09-11 00:00:00 month-day

Figure A4-1. Pressure (P) and flow rate (Q) measurements from within borehole section
386.0-391.0 m. The variations in flow rate are due to the automatic control system which is
set to maintain a constant pressure in the section. When the pressure is altered, the system
will change the flow rate to maintain the pressure at a constant level.
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Figure A4-2. Pressure measurements from above (Pa) and below (Pb) borehole
section.386.0-391.0 m.
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Borehole: KFM03A A0 Pumping Test Constant Absolute Pressure

Section: 448.0 -453.0 m Start : 2003-10-08 15:35:29
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Start: 2003-10-08 00:00:00 month-day

Figure A4-3. Pressure (P) and flow rate (Q) measurements from within borehole section
448.0-453.0 m.

Borehole: KFM03A A3 Pumping Test Constant Absolute Pressure
Section: 448.0 -452.0 m Start : 2003-10-08 15:35:29
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Figure A4-4. Pressure measurements from above (Pa) and below (Pb) borehole section
448.0-453.0 m.
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Figure A4-5. Pressure (P1V, P2V and PB) and flow rate (Q) measurements from borehole
section 448.5-455.6 m. The P1V and P2V pressure sensors are placed in the in-situ sampling
unit and measure the pressure in the section. PB is the sensor in the borehole chemmac and
measures the pressure above the section.
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Figure A4-6. Pressure (P1V, P2V and PB) and flow rate (Q) measurements from borehole
section 639.0-646.1 m. P1V and P2V are pressure sensors placed in the in-situ sampling unit
and measure the pressure in the section. PB is the sensor in the borehole chemmac and
measures the pressure above the section.
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Figure A4-7. Pressure (P1V, P2V and PB) and flow rate (Q) measurements from borehole
section 939.5-946.6 m. P1V and P2V are pressure sensors placed in the in-situ sampling unit
and measure the pressure in the section. PB is the sensor in the borehole chemmac and
measures the pressure above the section.
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Figure A4-8. Pressure (P1V, P2V and PB) and flow rate (Q) measurements from the
borehole section 980.0-1001.2 m. P1V and P2V are pressure sensors placed in the in-situ
sampling unit and measure the pressure in the section. PB is the sensor in the borehole
chemmac and measures the pressure above the section.
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Appendix 5
Chemmac measurements in KFM03A, section 386.0-391.0 m
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Figure A5-1. Measurements of pH by two glass electrodes at the surface (PHY and PHIY). The
laboratory pH in each collected sample (PHL) is given for comparison. The arrow shows the
chosen representative pH values for the borehole section.
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Figure A5-2. Electric conductivity measurements in the surface measurement cell
(KONDY). The electric conductivity measured in each collected sample (KONDL) is given

for comparison. The arrow shows the chosen representative electric conductivity value for
the borehole section.
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Borehole: KFM03A A4 Pumping Test Constant Absolute Pressure
Section : 386.0 -391.0 m Start : 2003-09-11 15:00:30
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Figure A5-3. Temperature within the borehole section, measured with the PSS3 equipment.
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Appendix 6

Chemmac measurements in KFMO03A, section 448.0-453.0 m
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Figure A6-1. Measurements of pH by two glass electrodes at the surface (PHY and PHIY). The
laboratory pH in each collected sample (PHL) is given for comparison. The arrow shows the
chosen representative pH values for the borehole section.
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Figure A6-2. Dissolved oxygen measurements (O2Y) in the surface measurement cell. The
arrow shows the chosen representative value for dissolved oxygen in the borehole section.
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Borehole: KFM03A A4 Pumping Test Constant Absolute Pressure
Section : 448.0 -452.0 m Start : 2003-10-08 15:35:29
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Figure A6-3. Temperature within the borehole section, measured with the PSS3 equipment.
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Appendix 7

Chemmac measurements in KFM03A, section 448.5-455.6 m
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Figure A7-1. Redox potential measurements (Eh) by platinum, gold and glassy carbon
electrodes in the borehole section (EHPTB, EHAUB and EHCB) and at the surface (EHPTY,
EHAUY and EHCY). The arrow shows the chosen representative Eh values for the borehole
section.
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Figure A7-2. Measurements of pH by two glass electrodes in the borehole section (PHB and
PHIB) and two glass electrodes at the surface (PHY and PHIY). The arrow shows the chosen
representative pH values for the borehole section.
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Figure A7-3. Electric conductivity measurements in the surface measurement cell (KONDY).
The arrow shows the chosen representative electric conductivity value for the borehole section.
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Figure A7-4. Dissolved oxygen measurements (O2Y) in the surface measurement cell.

The arrow shows the chosen representative value for dissolved oxygen in the borehole
section.
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Figure A7-5. Temperature of the groundwater in the borehole section (TB).
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Appendix 8

Chemmac measurements in KFM03A, section 639.0-646.1 m
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Figure A8-1. Redox potental measurements (Eh) by platinum, gold and glassy carbon
electrodes in the borehole section (EHPTB, EHAUB and EHCB) and at the surface (EHPTY,
EHAUY and EHCY). The arrow shows the chosen representative Eh values for the borehole
section.
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Figure A8-2. Measurements of pH by two glass electrodes in the borehole section (PHB and
PHIB) and one glass electrode at the surface (PHIY). The respons from PHY was not stable
and was therefore rejected. The laboratory pH in each collected sample (PHL) is given for
comparison. The arrow shows the chosen representative pH values for the borehole section.
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Figure A8-3. Electric conductivity measurements in the surface measurement cell (KONDY) .
The laboratory conductivity in each collected sample (KONDL) is given for comparison. The
arrow shows the chosen representative electric conductivity value for the borehole section.
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Figure A8-4. Dissolved oxygen measurements (O2Y) in the surface measurement cell. The
arrow shows the chosen representative value for dissolved oxygen in the borehole section.
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Figure A8-5. Temperature of the groundwater in the borehole section (TB).
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Appendix 9
Chemmac measurements in KFM03A, section 939.5-946.6 m
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Figure A9-1. Redox potental measurements (Eh) by platinum, gold and glassy carbon
electrodes in the borehole section (EHPTB, EHAUB and EHCB) and at the surface (EHPTY,

EHAUY and EHCY). The arrow shows the chosen representative Eh values for the borehole
section.
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Figure A9-2. Measurements of pH by two glass electrodes in the borehole section (PHB and
PHIB) and one glass electrode at the surface (PHIY). The laboratory pH in each collected
sample (PHL) is given for comparison. The arrow shows the chosen representative pH values
for the borehele section.
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Figure A9-3. Electric conductivity measurements in the surface measurement cell (KONDY) .
The laboratory conductivity in each collected sample (KONDL) is given for comparison. The
arrow shows the chosen representative electric conductivity value for the borehole section.
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Figure A9-4. Dissolved oxygen measurements (O2Y) in the surface measurement cell. The
arrow shows the chosen representative value for dissolved oxygen in the borehole section.
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Figure A9-5. Temperature of the groundwater in the borehole section (TB).
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Appendix 10

Chemmac measurements in KFM03A, section 980.0-1001.2 m
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Figure A10-1. Redox potental measurements (Eh) by platinum, gold and glassy carbon
electrodes in the borehole section (EHPTB, EHAUB and EHCB) and at the surface
(EHPTY and EHCY). EHAUY was omitted due to non-stable results. The arrow shows the
chosen representative Eh values for the borehole section.
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Figure A10-2. Measurements of pH by two glass electrodes in the borehole section (PHB and
PHIB) and one glass electrodes at the surface (PHY). The results from PHIY was not stable
and was therefore omitted. The laboratory pH in each collected sample (PHL) is given for
comparison. The arrow shows the chosen representative pH values for the borehole section.
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Figure A10-3. Electric conductivity measurements in the surface measurement cell
(KONDY). The electric conductivity measured in each collected sample (KONDL) is given

for comparison. The arrow shows the chosen representative electric conductivity value for
the borehole section.

0.2
'‘o2y’ °
0.15 - *
2
c
<y
0.1 - i
g
g
Q
&
A
0.05 - i
0 l
11-21 26 12-01 6 11

Start: 2003-11-19 00:00:00 month-day

Figure A10-4. Dissolved oxygen measurements (O2Y) in the surface measurement cell.

The arrow shows the chosen representative value for dissolved oxygen in the borehole
section.
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Figure A10-5. Temperature of the groundwater in the borehole section (TB).
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Appendix 11

Sampling and analysis methods

Table A11-1. Sample handling routines and analyses methods
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Table A11-2. Reporting limits and measurement uncertainties

Component | Method Detection | Reporting limit | Unit Measurement |”Total”
limit or range uncertainty2 uncertainty3
HCO; Alkalinity 0.2 1 mg/L 4% <10 %
titration
cr Mohr titration |5 70 mg/L 5% <10 %
cr IC 0.2 0.5 6 % 10 %
SO, IC 0.2 0.5 mg/L 6 % 15 %
Br IC 0.2 0.7 mg/L 9 % 20 %
Br ICP - 0.001-0.010" 15 %
F IC 0.2 0.6 mg/L 10 % 20 %
F Potentiometry |- - - -
I ICP - 0.001-0.010" | mg/L 15 % 20 %
Na ICP - 0.1 mg/L 4% 10 %
K ICP - 0.4 mg/L 6 % 15 %
Ca ICP - 0.1 mg/L 4% 10 %
Mg ICP - 0.09 mg/L 4% 10 %
S(tot) ICP - 0.160 mg/L 10 % 15 %
Si(tot) ICP - 0.03 mg/L 4 % 15 %
Sr ICP - 0.002 mg/L 4% 15 %
Li ICP - 02-2' ug/L 10 % 20 %
Fe ICP - 0.4-4" ug/L 6 % 10 %
Mn ICP - 0.03-0.1" ng/L 8 % 10 %
Fe (), Spectrophoto- | 5 20 ug/L 15 % 20 %
Fe(tot) metry (>30 pg/L)
s* Spectrophoto- | 0.02 0.03 mg/L 10 % -
metry
DOC See tab. 1 - 0.5 mg/L 8 % 30 %
TOC See tab. 1 - 0.5 mg/L 10 % 30 %
5°H MS - 2 %o 1.0 %o -
smow*
5'°%0 MS - 0.1 %o 0.2 %o -
sMow*
°H LSC - 0.8 or 0.1 TU® 0.80r0.1TU -
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Component | Method Detection | Reporting limit | Unit Measurement | ”Total”
limit or range uncertainties > | uncertainties *
5cl ICP MS - 0.2 %o (20 %o - -
mg/L) sSMoc®

5"c A (MS) - >20 mg Carbon |%. PDB’ |- -
pmC (“C) |A(MS) - >20 mg Carbon | pmC? - -
5*s ICP MS - 0.2 %o %o CDT® | 0.2 %o -
¥sr/fesr MS - - No unit | 0.000020 -

(ratio)
%8/'"'B ICP MS - - No unit  |0,0020 -

(ratio) 10
234y, By, Alfa spectr. |- 0.05 (0.0005™) |Bq/L'®  |0.05 Bq/L Right order of
28 2321, magnitude
230Th
222pn, 225Rp | LSC - 0.1 (0.0005"™) |Bg/L 0.05 Bq/L

! Reporting limits at salinity < 0.4 % (520 mS/m) and < 3.5 % (3810 mS/m)
respectively.

Measurement uncertainty reported by consulted laboratory, generally 95 %
confidence interval.

Estimated total uncertainty by experience (includes effects of sampling and
sample handling).

% Per mille deviation'' from SMOW (Standard Mean Oceanic Water).
TU=Tritium Units, where one TU corresponds to a Tritium/hydrogen ratio of
107"® (1 Bg/L Tritium = 8.45 TU).

6 Per mille deviation'' from SMOC (Standard Mean Oceanic Chloride).

Per mille deviation'' from PDB (the standard PeeDee Belemnite).

The following relation is valid between pmC (percent modern carbon) and
Carbon-14 age: pmC = 100 x e((1930¥-1.030/8279)

where y = the year of the C-14 measurement and t = C-14 age

Per mille deviation'? from CDT (the standard Canyon Diablo Troilite).

Isotope ratio without unit.

Isotopes are often reported as per mill deviation from a standard. The deviation
is calculated as:

8T = 1000%(K sample-Kstandard)/Kstandard, Where K= the isotope ratio and *1 =2H, 180,
3¢l C or S ete.

The following expressions are applicable to convert activity to concentration, for
uranium-238 and thorium-232:

1 ppm U = 12.4 Bq/kg™*U

1 ppm Th = 3.93 Bg/kg***Th

The consulted laboratory is changed recently and the new laboratory reports
lower detection limits.

11.

12.

117




Table A11-3. Participant laboratories

Aspé water chemical laboratory (SKB)
Mobile field laboratory, Forsmark (SKB)

Inaindoritoimisto

Paavo Ristola Oy
Teollisuus-ja
Voimalaitoskemia
Rajantorpantie 8, C-talo
01600 Vantaa
FINLAND

Dept. of System ecology
Stockholm University
10691 Stockholm

Analytica AB
Aurorum 10

977 75 Lulea
(Nytorpsvagen 16
Box 511

183 25 Taby)

Environmental Isotope Laboratory
Dep. Of earth sciences

University of Waterloo

Waterloo, Ontario

N2L 3G1 CANADA

Institutt for energiteknik (IFE)
Insituttveien 18

P.O Box 40

2027 Kjeller

NORGE

AnalyCen Nordic AB
Box 905
531 19 Lidkdping

The Angstrém laboratory
Box 534
Se-751 21 Uppsala

East Kilbride, G75 0QF, Scotland, UK.

Scottish Universities Environmental Research Centre (SUERC)
Rankin Avenue, Scottish Enterprise Technology Park,
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Table A12-3. Trace elements
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Table A12-4. Isotopes Il (U-, Th-, Ra- and Rn-isotopes)
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Table A12-5. Dissolved gases
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