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Abstract

The first year of groundwater sampling within the long-term hydrogeochemical monitoring
programme for percussion drilled and core drilled boreholes is completed and is docu-
mented in the present report. The programme includes sampling twice a year in boreholes
with installed equipment for long-term pressure monitoring, for tracer tests and for water
sampling in packed off borehole sections. The first year comprised sampling of groundwater
in eight borehole sections corresponding to seven boreholes at the first sampling occasion
and two more sections in an additional borehole at the next occasion. The number of
boreholes in the programme will increase the next few years as more boreholes will be
equipped with the necessary installations.

Besides the main objective, to obtain long time series of chemical data, the monitoring
programme gives a good opportunity to investigate chemical issues arisen from earlier
investigations. Due to the high uranium concentrations that were observed at inter-mediate
depths in boreholes KFM02A and KFMO03A, a complementary uranium study was initiated.
Such high concentrations should be difficult to dissolve at reducing conditions. The first
step, to investigate if uranium is present as colloids in the ground-water, was taken during
2005. The next step during 2006 will be to determine the oxidation state of the uranium.

The results constituted groundwater chemistry data in accordance with SKB chemistry
class 3 including the isotopes *H, 6'30 and 8D (first sampling) as well as SKB chemistry
class 5 (second sampling). The results suggest that only a few borehole sections show
significant changes in the chloride concentration compared to earlier investigations.
Furthermore, uranium colloid data from different fractionation/filtration experiments were
obtained together with corresponding data for other major elements, trace elements and
DOC (Dissolved Organic Carbon). The uranium study in KFM02A and KFMO3A indicated
that a minor part of the uranium is present as a fraction > 1,000 D (1 Dahlton = 1 g/mol) in
the groundwaters. This part is, however, far too small to provide a final explanation of the
high uranium concentrations.



Sammanfattning

Forsta arets grundvattenprovtagning inom det hydrokemiska programmet for langtids-
overvakning av hammarborrhél och kérnborrhal &r slutférd och dokumenteras i denna
rapport. Programmet innefattar provtagning tva génger om &ret i borrhil med installerad
utrustning for 1dngtidsdvervakning av tryck, for sparforsok och for vattenprovtagning i
avmanschetterade borrhalssektioner. Forsta dret omfattade provtagning i atta borrhals-
sektioner och sju borrhél vid forsta provtagningstillfallet och ytterligare tva sektioner

i ett tillkommande borrhal vid nésta tillfdlle. Antalet borrhal kommer att 6ka under de
kommande aren vartefter fler borrhal forses med de nddvéndiga installationerna.

Forutom det huvudsakliga syftet, att erhdlla langa tidsserier av kemidata, ger monite-
ringsprogrammet goda mojligheter att undersoka kemiska fragestéllningar som uppstatt
vid tidigare undersokningar. P4 grund av de hdga urankoncentrationerna som observerades
i djupintervallet vid cirka 400-600 m i KFMO02A och KFMO03A, initierades en komplet-
terande uranundersokning. S& hoga halter borde vara svara att fa i 16sning under reduce-
rande forhallanden. Forsta steget, att undersoka om uranet forekommer som kolloidfas

1 grundvattnet, genomfordes under 2005. Nésta steg, under 2006, kommer att innebdra
undersokning av uranets oxidationstal.

Resultaten bestar av grundvattenkemiska data enligt SKB:s kemiklass 3 med isotop-tillvalen
3H, 8"0 och 8D (forsta provtagningstillfillet) och SKB:s kemiklass 5 (andra provtagnings-
tillfallet). Av resultaten framgér att endast nagra borrhalssektioner uppvisar signifikanta
skillnader 1 kloridhalt jamfort med tidigare undersokningar. Vidare erholls urandata for
kolloider vid olika fraktionerings/filtreringsforsok tillsammans med motsvarande data for
andra huvudelement och sparelement samt DOC (Dissolved Organic Carbon). Uranstudien

1 KFMO02A och KFMO3A indikerar att endast en mindre andel av uranet foreligger som en
kolloidfraktion > 1,000 D ( 1 Dahlton =1 g/mol) i grundvattnen. Denna andel dr emellertid
alltfor liten for att ge en fullstidndig forklaring till de hoga urankoncentrationerna.
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1 Introduction

This document reports the performance of and the results from the first year of the
hydrogeochemical monitoring program for percussion drilled and core drilled boreholes.
The sampling programme is one of the activities performed within the site investigation at
Forsmark and the work was carried out in accordance with activity plan AP PF 400-05-060.
The controlling documents for performing this activity are listed in Table 1-1. Both activity
plan and method descriptions are SKB’s internal controlling documents. The field work
was performed in June and November 2005. The obtained data are reported in the SICADA
database and are traceable by the activity plan number.

The hydrogeochemical monitoring activity performed during 2005 included water sampling
and chemical analyses in the boreholes and borehole sections listed in Table 1-2.

Table 1-1. Controlling documents for performance of the activity.

Activity plan Number Version
Hydrokemiskt évervakningsprogram for hammarborrhal och karnborrhal AP PF 400-05-060 1.0
under 2005.

Measurement system descriptions Number Version

Matsystembeskrivning (MSB) — Handhavande del; System for hydrologisk och  SKB MD 368.010 1.0
metrologisk datainsamling. Vattenprovtagning och utspadningsmatning
i observationshal.

Méatsystembeskrivning (MSB) — Handhavande del; Fraktionering av humus- SKB MD 431.043 1.0
och fulvosyror med membranfiltrering.

Table 1-2. Boreholes, borehole sections and section transmissivities included in the
monitoring programme for percussion- and core drilled boreholes during 2005.

Borehole: Section borehole Transmissivity
section length [m] [m?/s]
KFMO1A:5 109.0-130.0 8.6 E-8*
KFMO02A:3 490.0-518.0 2.1 E-6*
KFMO02A:5 411.0-442.0 2.5 E-6*
KFMO03A:1 969.5-994.5 5.5 E-7*
KFMO03A:4 633.5-650.0 2.4 E-6*
HFMO02:2 38.0-48.0 5.9 E-4**
HFMO04:2 58.0-66.0 7.9 E-5**
HFM13:1 159.0-173.0 2.9 E-4*
HFM15:1 85.0-95.0 1.0 E-4**
HFM19:1 168.0-182.0 2.7 E-4**

* From injection tests /P-04-95, P-04-100, P-04-194, P-05-145/.
** From flow loggings /P-03-33, P-03-34, P-04-71, P-04-72/.



KFMO1A, KFM02A and KFMO3A are former SKB chemistry-type, subvertical, and
approximately 1,000 m long, telescopic boreholes, whereas HFM02, HFM04, HFM13,
HFM15 and HFM19 are percussion boreholes with lengths varying between 99.5 to

221.7 m. Technical descriptions and designs of the boreholes are presented in P-03-30,
P-03-32, P-03-51, P-03-52, P-03-59, P-04-85 and P-04-106 and the installations for
long-term monitoring of pressures and chemical compositions are described in
PIR-04-13/14/27 and PIR-05-17/18/20/23/24 (all PIR reports are SKB internal documents).
The site investigation area in Forsmark as well as the locations of the monitored boreholes
are shown in Figure 1-1.
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Figure 1-1. General overview over the Forsmark site investigation area. Sampled boreholes
within the monitoring program 2005 are marked with blue (percussion) and pink (telescopic)
infilled circles.



2  Objective and scope

The long-term hydrogeochemical monitoring programme for percussion drilled and core
drilled boreholes aims at creating long time series of data. The main objective is to observe
possible changes in the water composition for example due to that the initial conditions
might have been disturbed from drilling. The monitoring will also allow identification

of eventual perturbation effects from other ongoing investigations. Due to the extremely
high uranium concentrations that have been observed at intermediate depths in boreholes
KFMO02A and KFMO03A /P-04-70 and P-04-108/, a special uranium investigation was also
initiated. Such high concentrations should be difficult to dissolve at reducing conditions.
The first step during year 2005 was to investigate if the uranium is present as colloids.

The monitoring programme comprises groundwater sampling twice a year in borehole
sections delimited by “permanently” installed packers. In this context “permanently” means
that the equipment stays in the borehole for several years unlike other, short-term investiga-
tions where the equipment is lifted when the investigation is completed. The number of
monitored boreholes will increase the next few years when new borehole installations are
completed. Generally, only the so called circulation sections are sampled. These sections are
also used for groundwater flow measurements.

The monitoring includes sampling and analyses according to SKB chemistry class 3 and

5 as well as field measurements of pH, electric conductivity and temperature. Besides the
ordinary programme 2005, the colloid content was studied in KFMO02A at 411.0-442.0 m
and 490.0-518.0 m and in KFMO3A at 633.5-650.0 m, using fractionation and technique
(SKB MD 431.043) and filtration through 0.05 um filters. The focus was on uranium but
also other major and trace cations and dissolved organic carbon (DOC) were analysed in the
different fractions.



3 Equipment

3.1 Sampling equipment

The monitored boreholes are equipped with packer installations in order to isolate different
borehole sections. Each section is connected to HMS which is a system for pressure
monitoring. Outlines of the instrumentation in percussion drilled and telescopic boreholes,
respectively, are presented in Figure 3-1.

Five identical pump equipments (GEOPUMP UV45) were used to retrieve the water
samples from the sampled sections. An outline of the sampling setup is presented in
Figure 3-2. The water passes through a coarse filter to eliminate large particles that may
be present in the water, then through the mini-packer isolating the section and thereafter
through the downhole pump on the way to the surface. The flow rate is controlled by
varying the speed of the downhole pump with a voltage regulator at the surface.

Plastic standpipe, 34/23.5 mm
Signal cable,8 mm

Plastic standpipe, 34/23.5mm 4
Signal cable,8 mm

Wire,2 mm

Wire,2 mm
Polyamide tube, 4/2 mm
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Figure 3-1. Instrumentation in core boreholes (left) and percussion boreholes (right) including
circulation sections.
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Figure 3-2. Equipment setup used for sampling of water from circulation sections in monitored
percussion drilled and telescopic boreholes. 1) voltage regulator (24 VDC), 2) battery cable (not
used), 3) pump regulator, 4) pump cable, 5) pump (GEOPUMP UV 45), 6) small inflatable packer
(PU 45), 7) filter (SF 45), 8) 8/6 mm polyamide tube to pump.

3.2 Equipment used for the uranium study

The equipment for fractionation consisted of membrane filters with a defined cut-off

(pore size), a membrane pump, flexible tubing and vessels. Generally, two portions of the
water sample are filtered through filters with pore sizes 1,000 D and 5,000 D, respectively
(D = Dalton, 1D =1 g/mol). However, only the 1,000 D filter was used in the present study.

Figure 3-3 shows the equipment setup and Figure 3-4 illustrates the path for the water
through the filter during fractionation. Furthermore, filtrations using ordinary polycarbonate
filters with pore size 0.05 um (Nucleopore polycarbonate filters) were performed. Besides
the uranium species, size distributions of other inorganic and organic constituents were
investigated.
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Figure 3-3. Equipment for fractionation of humic and fulvic acids and inorganic colloids.

Retentate B2 Filtrate

Figure 3-4. The black arrows show the water flow through the membrane filter during
filtration/fractionation.
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4 Performance

41 General

Monitored boreholes and borehole sections, sampling dates, collected samples and analyses
performed are presented in Table 4-1.

Table 4-1. Boreholes, borehole sections, sampling dates, collected samples and
analyses performed.

Idcode Section Sampling no. 1 Sampling no. 2
[m] Date Sample Analayses Date Sample Analayses
no. no.

HFMO02 38.0-48.0 05-06-10 8915 Class 3, Tr,?H, 80 05-11-09 12006 Class 5, options
HFMO04 58.0-66.0 05-06-29 8929 Class 3, Tr, 2H, '*0  05-11-07 12003 Class 5, options
HFM13 159.0-173.0 05-06-09 8916 Class 3+Tr, 2H, *0  05-11-09 12009 Class 5, options
HFM15 85.0-95.0 06-06-09 8917 Class 3+Tr, 2H, ®*0  05-11-09 12007 Class 5, options
HFM19 168.0-182.0 05-06-09 8914 Class 3+Tr, ?H, 0  05-11-09 12010 Class 5, options
KFMO1A  109.0-130.0 05-06-09 8913 Class 3+Tr, 2H, *0  05-11-09 12008 Class 5, options
KFMO02A 411.0-4420 - — 05-11-07 12002 Class 5,options*
KFMO2A  490.0-518.0 — - 05-11-07 12004 Class 5,options*
KFMO3A 633.5-650.5 05-06-23 8926 Class 5+options* 05-11-07 12001 Class 5, options
KFMO3A 969.5-994.5 05-06-23 8927 Class 3+Tr, 2H, *0  05-11-07 12005 Class 5, options

*Including uranium study (fractionation/filtration).

4.2 Water sampling and field measurements

Prior to sampling, the water volume in each section was exchanged at least three times to
obtain a representative water sample from the section. The total pumped volumes from each
section prior to sampling are given in Appendix 1.

In addition to sampling of ground water, field measurements of temperature, electric
conductivity and pH were conducted. Prior to collecting a sample, the water from the
borehole was led through a measurement cell in which the electrodes and the thermometer
were placed to measure field pH (pH_F), field electric conductivity (EC_F) and ground-
water temperature, Figure 4-1. The results from the field measurements are presented in
Appendix 3.

Sample portions intended for analysis of major constituents and trace metals (by ICP
technique), DOC and iron (by spectrometry) were filtered on-line. Disposable 0.40 um
filters were fitted directly to the 6/8 mm polyamide-tube leading the pumped water from the
borehole section. During the entire sampling, laboratory gloves were used to minimize the
risk of contaminating the samples.
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Figure 4-1. Water from the borehole is lead through a measurement cell (consisting of three
plastic bottles) to perform field measurements of pH, temperature and conductivity.

4.3 The uranium study; fractionations and filtrations

This study was primarily conducted in order to investigate eventual presence of colloidal
uranium which might explain the high uranium concentrations in the groundwaters at
intermediate depths in KFM02A and KFMO3A. However, analyses of other inorganic
constituents as well as humic and fulvic acids were also performed. The investigated
sections were 411.0—442.0 m and 490.0-518.0 m in KFMO02A and section 633.0-650.0 m
in KFMO3A. Two methods were applied; 1) fractionation using ultra-filtration technique
and 2) filtration through ordinary polycarbonate filters with pore size 0.05 um.

The fractionation procedure was as follows; the water samples (5SL) were first filtered
on-line through normal 0.40 um polycarbonate filters and then through a special membrane
filter with a cut off size of 1,000 D. The resulting retentate and permeate volumes following
the filtration runs were approximately one and four litres, respectively, giving an enrichment
factor of five in the retentate.

Water samples collected from 1) the retentate and 2) the permeate as well as filtrates
from 3) the 0.40 um and 4) the 0.05 pm filters together with 5) a non-filtered sample
were analysed for major constituents and uranium. Retentates, permeates and filtrates
from the 0.40 um filters were also analysed for other trace metals and dissolved organic
carbon (DOC).

4.4 Water sample treatment and analyses

An overview of sample treatment and analysis routines for major constituents, minor
anions, trace metals and isotopes is given in Appendix 2. The routines are applicable
independently of sampling method or sampling object.
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5

Nonconformities

At the first sampling occasion, online field measurements of electrical conductivity
(EC) were performed in only three out of eight sections. Online EC values are therefore
missing from KFMO1A, HFMO02, HFM13, HFM15 and HFM19.

Pumping in section KFMO03A:1 during the sampling in June caused pressure changes
in section KFMO03A:2 in the same borehole. A probable explanation is water leakage in
couplings between the sections. It is impossible to estimate the effect of the leakage on
the water composition in the collected sample from section KFMO03A:1.

At the second sampling occasion the pH-meter was out of function. Therefore online
field measurements of pH are available only from section 633.5-650.0 m in KFMO3A.

At the second sampling occasion, drowned mice were found in HFM04 and HFM13
when lifting the packers in order to install the sampling equipment. This may have
caused contamination of the collected water samples.

Between the first and second sampling occasion, ground flow measurements and tracer
tests (AP PF 400-05-037) were performed in the monitored sections. In HFM15 the
fluorescent dye tracer Rhodamine WT from Holiday Dyes Inc. (techn. quality) was used
in high concentration. Since the colour is very similar to the colour created in order to
analyse iron by spectrophotometry (after adding reagent), this may have affected the
iron analyses (Fe,, and Fell). In KFMO1A high concentrations of Uranine (Sodium
Flourescein, from Merck, purum quality) was added 2005-07-12. Since this tracer was
also used to mark the flushing water, the flushing water content cannot be determined
in water samples collected after that date. Approximately 180—-190 g of Rhodamine
WT and 20 g of Uranine were added to HFM15 and KFMO1A, respectively, during

the tracer tests.
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6 Data handling and interpretation

6.1 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.

Several constituents are determined by more than one method and/or laboratory. 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.

* Calculation of charge balance errors, equation (1). Relative errors within + 5% are
considered acceptable.

Relati ( )=100 2cations(equivalents)— Zanions(equivalents)
elative error( )=100x

(M

2 cations(equivalents) + 2 anions(equivalents)

* 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 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 6-1.
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Figure 6-1. Overview of data management for hydrogeochemical data.

6.2 Fractionation of inorganic colloids and humic and

fulvic acids

The concentrations of organic and inorganic constituents in the retentate and permeate are
re-calculated to concentration values for each one of the two fractions, i.e. species with
molecular weights 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, SKB internal controlling document

(cf Table 1-1).
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7 Results

7.1 Water analysis
7.1.1 Basic water analyses

The basic analyses include the major constituents Na, K, Ca, Mg, Fe, Li, Mn, S, Sr, SO,*,
CI, Si, HCOj;, Br and F. Samples collected according to SKB chemistry class 5 include
also P, I, HS-, NH,", NO,, NO;", TOC and DOC. Furthermore, both laboratory data and
field measurement data on pH and electrical conductivity (EC) were obtained and the water
temperature was recorded in the field.

For samples collected in core drilled telescopic boreholes, the flushing water content is

an important parameter, see Figure 7-1 (data from the previously performed chemical
characterisations in the corresponding sections /P-03-94, P-04-70, P-04-108/ are presented
for comparison). However, in borehole KFMO0O1A groundwater flow measurements

and tracer tests were performed in the period between the two sampling occasions and
additional Uranine was used. Therefore, the only relevant flushing water content from this
borehole is the one obtained from the first sampling in June. This value is also very high,
most probably due to inflow of flushing water used for core drilling of the nearby situated
borehole KFMO1B (drilling period 2003-07-29 to 2004-01-15) /P-04-302/.

The charge balance errors provide an indication of the quality and uncertainty of the
analyses of major constituents. The errors did not exceed the acceptable limit of + 5%
in any of the cases. One sample at each sampling occasion was analysed by a second
laboratory. Generally, the difference in concentrations between laboratories/methods
for each analysed constituent is less than 10% except for low concentrations close to
the detection limits. The basic water analysis data and relative charge balance errors are
compiled in Appendix 3, Table A3-1.

Chloride concentrations are presented in Figure 7-2 together with earlier results from
chemical characterisations with SKB’s mobile field laboratory in cored boreholes /P-03-94,
P-04-70, P-04-108/ and water samplings conducted during pump test in percussion
boreholes /P-03-47, P-03-48, P-04-92/.
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Figure 7-1. Amounts of flushing water in the water samples from boreholes KFM01A4, KFM02A
(two borehole sections) and KFM03A (two sections). The contents at previous chemical investiga-
tions (chemical characterisations) in corresponding borehole sections are given for comparison.

12000
O Previous
B June 2005
10000 O November 2005
)
[<2)
.E. 8000
o
S 6000
o —
by _
K=l
O 4000 + — 1 u B
£
(&)
2000 + mlm mEE u B
0 : : : : TIZHST_r lejT L
v 5 o & A 9 > o & o
 F F K F S F N
T IFT IS K
5 < < < <
& E ¢
Borehole

Figure 7-2. Chloride concentrations in samples collected within the monitoring program. Results
from earlier chemical investigations (chemical characterisations in KFM-boreholes and water
sampling during pumping tests in HFM-boreholes are given for comparison. For the HFM-bore-
holes the initial and the present concentrations are not quite comparable as the early sampling
was performed at open hole conditions from the entire borehole and not from packed off sections.
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7.1.2 Trace elements (rare earth metals and others)

The sample collected in section 633.5-650.0 m in KFMO3A as well as all samples collected
in November were analysed for trace elements. The analyses of trace elements include U,
Th, As, Sc, Cd, Hg, V, Rb, Y, Zr, In, Cs, Ba, La, Hf, TI, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb as well as Lu and are compiled in Appendix 3, Table A3-2.

7.1.3 Stable and radioactive isotopes

The isotope determinations include the stable isotopes oD, 8'%0, °B/!''B, &**S, 8'*C and
87Sr/*Sr as well as the radioactive isotopes *H (TU), “C (pmC), 2**U, U, #*°Th, ***Ra and
222Rn. All samples were analysed for 8D, 6'*0 and *H. The other isotopes were determined

only for SKB class 5 samples. Available isotope data at the time of reporting are compiled
in Appendix 3, Table A3-3 and A3-4.

A comparison between re-calculated uranium isotope determinations and ICP-analyses
are given in Table 7-1. The isotope **U is converted to element concentrations using the
expressions given in Appendix 2. Generally, results within the same order of magnitude
indicate a satisfactory agreement.

Table 7-1. Comparison of isotope determinations of 233U and ICP-analyses of the
element uranium.

Borehole: = Sample no. Date =3y [mBq/L] U u*
Section [yyyy-mm-dd] [ug/L] [ug/L]
KFM02A:3 12004 2006-11-07 1,478 122 119
KFMO02A:5 12002 2006-11-07 319 259 25.7
KFM03A:4 8926 2005-06-23 490 46.3 39.5
KFMO03A:4 12001 2005-11-09 530 45.2 42.7

* Recalculated from 238U [mBq/L].
A = Analysis results to be reported.

7.2 Colloid fractions of uranium and other trace metals

The presence of uranium colloids was investigated in groundwaters from KFM02A and
KFMO3A by fractionation/ultra filtration using a cylindrical filter with a cut-off of 1,000 D
and also by filtration through ordinary polycarbonate filters.

The uranium results constitute fractions < 1,000 D and > 1,000 D as well as uranium
concentrations in filtrates through 0.4 um and 0.05 pum filters and in unfiltered samples,

see Table 7-2 and Figure 7-3. From the results it can be concluded that a minor part of the
uranium is present as a size fraction with a molecular weight larger than 1,000 D. This
fraction is, however, much too small to explain the high uranium concentrations observed

in the waters. The uranium concentrations in the filtered and unfiltered samples agree within
the error of the analysis and no detectable amount of uranium particles/colloids seems to be
caught in these filters.

Besides uranium, Ca, Fe, K Mg, Na, S, Si, Al, Ba, Cd, Co, Cr, Cu, Hg, Li, Mn, Mo, Ni,
Pb, Sr, V and Zn were determined in the samples from the fractionation experiments.
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Table 7-2. Summary of results from the uranium study.

Section/ KFMO03A KFMO02A KFMO02A
Fraction 633.5-650.0 m 411.0-442.0 m 490.0-518.0 m
U [pg/L] U [pg/L] U [pg/L]
<1,000D 37.6+6.0 23.3+4.0 106 + 18
> 1,000 D 53+27 21+1.2 9.2+6.1
Non filtered 453+7.3 26.6 +4.3 119+ 20
Filtrate 0.40 um 44.8+7.2 25.9+4.1 122 + 20
Filtrate 0.05 um 423 +7.4 26.6+4.3 121 +£19
160
140 O Unfiltered water
W< 0.45 ym
120 O< 0.05 ym
_ O< 1000 D
$ 100 L @>1000D
‘e
2
T 80
€
8
S 60
o
40 %
20
0 Bl l=l_'7

KFMO02A 411.0-442.0 m KFMO02A 490.0-518.0 m KFMO3A 633.5-650.0 m

Borehole and section

Figure 7-3. Uranium study in KFM02A4 at 411.0-442.0 m and 490.0-518.0 m and in KFM034 at
633.5-650.0 m. Uranium concentrations are presented for 1) unfiltered water, 2) filtrate through
0.40 um filter, 3) filtrate through 0.05 um filter, 4) fraction < 1,000 D, 5) fraction > 1,000 D.

From these elements, only iron, silicon, sulphur, aluminium, calcium and manganese were
considered important as colloid species. The aluminium results were inconsistent and
impossible to interpret and are therefore rejected. The results are presented in Tables 7-3,
7-4 and 7-5 and indicate that all investigated elements except sulphur exist preferably as
species with a molecular weight less than 1,000 D (g/mol). Such species are too small to

be referred to as colloids. Minor colloidal fractions of sulphur have been indicated also in
earlier investigations and they are not unlikely to appear. Calcite was not precipitated to any
significant extent in any of the fractionation cases.

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 all
species except aluminium were insignificant (within the error of the analyses).
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Table 7-3. Inorganic fractions in KFM02A at section 411.0—-442.0 m.

Fraction Fe Si S Mn

[mg/L] [mgiL] [mgiL] [bglL]
<1,000D 0.99+0.13 76+1.1 135+13.5 1,760 + 299
>1,000 D - - 41+34 -
Adsorption 0.14 £ 0.20 - - -
— = Not found.

Table 7-4. Inorganic fractions in section 490.0-518.0 m in KFMO02A.

Fraction Fe Si S Mn

[mg/L] [mg/L] [mg/L] [pg/L]
<1,000D 1.31+£0.17 58+09 148 £+ 14.8 2,010 £ 342
>1,000D - - 6.3+4.5 -
Adsorption 0.58 + 0.31 - - -
— = Not found.

Table 7-5. Inorganic fractions in section 633.5-650.0 m in KFMO03A.

Fraction Fe Si S Mn
[mg/L] [mg/L] [mg/L] [wg/L]

< 1,000 D 0.84 +£0.15 74+11 772277 525 + 89

> 1,000 D - - - -

Adsorption 0.12 +£0.22 - - -

— = Not found.

7.3 Organic fractions

In addition to ICP-analysis the samples from the fractionations were also analysed for

organic constituents, DOC. The results from fractionation of organic acids are summarised

in Table 7-6.

As shown, the water in the two sections in KFMO02A contain a small fraction of organic
acids with a molecular weight larger than 1,000 D. This fraction was not detected in

the groundwater of KFMO3A at 633.5-650.0 m. This indicates that most of the organic
constituents are present as fulvic acids and possibly other low molecular weight organic
acids such as citric acid and oxalic acid. The results are consistent with previous
fractionation experiments performed in these boreholes /P-04-70, P-04-108/.

Table 7-6. Summary of fractionation results in KFM02A and KFMO03A.

Section/ KFMO02A KFMO02A KFMO03A

Fraction 411.0-442.0 m 490.0-518.0 m 633.5-650.0 m
DOC [mg/L] DOC [mg/L] DOC [mg/L]

<1,000D 1.0+ 0.1 1.2+0.2 1402

>1,000 D 0.2+0.05 0.3+0.1 -

Adsorption - - -

— = Not found.
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8 Summary and discussions

The first year of groundwater sampling within the long-term hydrogeochemical monitoring
programme for percussion drilled and core drilled boreholes is completed and ten borehole
sections in eight boreholes have been sampled (most of them at two occasions). The
monitoring programme offers a good opportunity to investigate chemical issues arisen from
earlier investigations as for example the high uranium concentrations that were observed at
intermediate depths in boreholes KFM02A and KFMO3A. The results and conclusions from
the ordinary analysis programme as well as from the special uranium study are summarised
below.

* Generally, the changes in flushing water content since the initial investigations in the
core drilled boreholes are small. Borehole KFMO1A is the only exception. The increased
flushing water content in this borehole in June is most probable due to inflow of flushing
water used for core drilling of the nearby situated borehole KFMO01B. Further, prior
to the sampling occasion in November, ground water flow measurements and tracer
tests had been performed in the same borehole and after that occasion it was no longer
possible to estimate the flushing water content from the Uranine concentration.

* Only minor changes in the water composition are observed in the cored boreholes since
previous investigations except for the groundwaters from the fractures at 113—-119 m in
KFMO1A and at 940 m in KFMO03A. KFMO1A shows a decrease in chloride concentra-
tion (from 4,500 to 3,500 mg/L since February 2003) due to flushing water intrusion,
while the chloride concentration in KFMO03A has increased (from 9,700 to 10,500 mg/L
since December 2003). In KFMO3A a so called up-coning effect was observed after
drilling. This effect was caused by the heavy pumping during and after drilling and it
is reasonable to believe the conditions were disrupted at the first chemical sampling
in December 2003. The present results from the percussion boreholes are not quite
comparable with the initial results as the later represent open borehole conditions.

* From the uranium study it can be concluded that a minor part of the uranium is present
in the groundwater as a fraction > 1,000 D, but no detectable amount of uranium
particles/colloids were caught in the ordinary disposable filters. Uranium containing
colloid phases does not seem to be the explanation to the high uranium concentration at
intermediate depths in KFM02A and KFMO3A.

* The fractionation results for organic constituents are consistent with earlier results.
The sections in KFMO02A reveal a minor fraction > 1,000 D but this fraction is not
present in KFMO3A.
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Table A2-2. Reporting limits and measurement uncertainties.

Component Method Reporting limits Unit Measurement ”Total”
or range uncertainty? uncertainty®
HCO, Alkalinity titration 1 mg/L 4% <10%
Cl- Mohr-titration >70 mg/L 5% <10%
Cl- IC 1-100 6% 10%
SO4 IC 1 mg/L 10% 15%
Br IC 0.2 mg/L 9% 20%
Br ICP 0.001 15%
F- IC 0.1 mg/L 10% 20%
F- Potentiometric - -
I- ICP 0.001 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 21% 15%
Si(tot) ICP 0.03 mg/L 4% 15%
Sr ICP 0.002 mg/L 4% 15%
Li ICP 0.2 2 mg/L 10% 20%
Fe ICP 0.4 mg/L 6% 10%
Mn ICP 0.03! 0.1 pg/L 8% 10%
Fe(ll), Fe(tot) Spectrophotometry 0.02 mg/L 15% (> 30 pg/L) 20%
(DL = 0.005 mg/L)
HS- Spectrophotometry SKB 0.03 mg/L 10% 30%
(DL = 0.02)
NO, as N Spectrophotometry 0.1 pg/L 2% 20%
NO; as N Spectrophotometry 0.2 pg/L 5% 20%
NO,+NO; as N Spectrophotometry 0.2 pg/L 0.2 20%
(0.2-20 pg/L)
2% (> 20 pg/L)
NH, as N Spectrophotometry 0.8 pg/L 0.8 20%
(0.8—-20 pg/L)
5% (> 20 pg/L)
50 (SKB) 20%
PO, as P Spectrophotometry 0.7 pg/L 0.7 20%

(0.7-20 ug/L)
3% (> 20 ug/L)

36



Component Method Reporting limits or Unit Measurement "Total”
range uncertainty? uncertainty®
SiO, Spectrophotometry 1 pg/L 3% (> 200 pg/L) -
O, Jodometrisc titration 0.2-20 mg/L 5% -
Chlorophylla, ¢ See table A1-2 0.5 pg/L 5% -
pheopigment*
PON* See table A1-2 0.5 pg/L 5% -
POP* See table A1-2 0.1 pg/L 5% -
POC* See table A1-2 1 pg/L 4% -
Tot-N* See table A1-2 10 pg/L 4% -
Tot-P* See table A1-2 0.5 pg/L 6% -
Al, Zn ICP 0.2 pg/L 12% 20%*
Ba, Cr, Mo, Pb  ICP 0.01 pg/L 7-10% 20%*
Cd, Hg ICP 0.002 pg/L 9 resp 5% 20%*
Co,V ICP 0.005 pg/L 8 resp 5% 20%*
Cu ICP 0.1 pg/L 8% 20%*
Ni ICP 0.05 Mg/l 8% 20%*
P ICP 1 pg/L 6% 10%
As ICP 0.01 pg/L 20% Correct order of
size(low conc.)
La, Ce, Pr,Nd, ICP 0.005" 0.05 pg/L 10% Correct order of
Sm, Eu, Gd, Tb, size (low conc.)
Dy, Ho, Er, Tm,
Yb
Sc, In, Th ICP 0.05" 0.5 Mg/l 10% Correct order of
size (low conc.)
Rb, Zr, Sb, Cs, ICP 0.025" 0.25 pg/L 10% Correct order of
TI size (low conc.)
Y, Hf ICP 0.005! 0.05 pg/L 10% Correct order of
size (low conc.)
U ICP 0.001" - pg/L 12% Correct order of
size (low conc.)
DOC See table A1-1 0.5 mg/L 8% 30%
TOC See table A1-1 0.1 mg/L 10% 30%
o°H MS 2 Yoo 1%o -
SMOWs
5'®0 MS 0.1 %o 0.2%o -
SMOWs?
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Component Method Reporting limits or Unit Measurement ”Total”
range uncertainty? uncertainty®
°H LSC 0.8 eller 0.1 TU® 0.8 eller 0.1 Correct order
of size
S7Cl ICP MS 0.2%o (20 mg/L) Y0 - -
SMOC’
o"3C A (MS) - %0 PDB®  — -
4C pmc A (MS) - PMC?® - -
oS ICP MS 0.2%o %0 CDT™  0.3%0 -
87Sr/®Sr TIMS - Nounit - -
(ratio)!
1°B/""'B ICP MS - No unit - -
(ratio)
244, 235U, 238y, Alfa spectr. 0.0005 Bq/L™ 5% -
232Th, 230Th
222Rn, 2%Rn LSC 0.03 Bq/L 5% -

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

2 Measurement uncertainty reported by consulted laboratory, generally 95% confidence interval.
3 Estimated total uncertainty by experience (includes effects of sampling and sample handling).

4 Determined only in surface waters and near surface groundwater.

5 Per mille deviation® from SMOW (Standard Mean Oceanic Water).
6 TU = Tritium Units, where one TU corresponds to a Tritium/hydrogen ratio of 108 (1 Bg/L Tritium = 8.45 TU).
7 Per mille deviation™ from SMOC (Standard Mean Oceanic Chloride).

8 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((1:950-y-1.0308.274) where y = the year of the C-14 measurement and t = C-14 age.

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

" |sotope ratio without unit.

2 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 Bq/kg®2Th.

3 Isotopes are often reported as per mill deviation from a standard. The deviation is calculated as:
0¥l = 1,000% (Ksampie—Kstandara )/ Kstandara, Where K = the isotope ratio and ¥l = 2H, 180, ’Cl, *C or *S etc.
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