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Summary

Hydrochemical logging has been performed in the borehole KFM04A. Hydrochemical
logging or so called tube sampling is a fast and simple sampling technique to obtain
information on the chemical composition of the water column along an open borehole.
The equipment consists of an approximately 1000-m long polyamide tube divided into
units of 50 m length.

In most cases the water content of one tube unit constituted one sample and each

second tube unit/sample was analysed. Three samples (in the beginning, in the middle
and at the end of the tube array) were concatenated from two tube units in order to allow
analyses of all SKB class 3 isotope options. The content of flushing water remaining

in the borehole after drilling was acceptable (below 25%) in the first 300 m and the
SKB class 3 isotopes will be determined in the first three samples. Beneath 300 m, the
flushing water content showed a steady increase and ended at 53% in the last sample
from 895-995 m. Accordingly, the isotope analyses were omitted in these samples. The
relative charge balance error did not exceed the acceptable limit of = 5% in any of the
nine samples.

Due to the high content of remaining flushing water, the analysis data obtained from
the activity will be less useful for chemical modelling work.



Sammanfattning

Hydrokemisk loggning har utforts i borrhdlet KFM04A. Hydrokemisk loggning eller sa
kallad slangprovtagning &r en snabb och enkel provtagningsteknik for att fa information
om den kemiska sammansittningen av vattenpelaren ldngs ett oppet borrhal. Utrustningen
bestar av en ungefiar 1000 m lang slang, uppdelad pa 50 m langa slang-enheter.

I de flesta fall utgjorde vattnet i en slangenhet ett prov och var annan slangenhet/prov
analyserades. Tre prov (i borjan, 1 mitten och 1 slutet av slangraden) bestod av vatten-
volymen fran tva slangenheter. Detta for att ge tillricklig volym for analys av samtliga
isotoptillval enligt SKB klass 3. Halten kvarvarande spolvatten i borrhélet efter borrning var
acceptabel (under 25 %) i de forsta 300 m och SKB klass 3 isotoper kommer att analyseras
i de tre forsta proven. Under 300 m, visade spollvattenhalten en stadig okning och slutade
vid 53 % i det sista provet fran 895-995 m. Isotopanalyserna fick déarfor utga for dessa prov.
Det relativa jonbalansfelet 6verskred inte godkdnnande-griansen pa =5 % i nagot av de

nio proven.

Pa grund av den hoga spolvattenhalten dr de analysdata som erhallits fran aktiviteten inte
fullt ut anvéndbara for hydrokemisk modellering.
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1 Introduction

This document reports performance of and results from the activity “Hydrochemical
logging in KFMO04A” performed within the site investigation at Forsmark /1/. The work
was conducted according to the Activity Plan AP PF 400-03-99 (SKB internal controlling
document).

Borehole KFMO4A is the fourth deep telescopic borehole drilled at the site investigations

in the Forsmark area /2/. The location of the borehole and the drilling site DS4 within

the investigation area is shown in Figure 1-1, whereas Figure 1-2 displays a zooming in
towards drilling site DS4 with KFM04A and nearby situated percussion drilled boreholes in
rock and soil. Borehole KFMO04A is inclined 60° from the horizontal plane and penetrates
the altered zone at the border of the candidate area. The borehole section 0-107.4 m is
percussion drilled, and at the logging occasion it was cased with a stainless steel casing
with the internal diameter 200 mm, whereas section 107.4—-1001.42 m is core drilled with

a diameter of 77 mm. The borehole is of the so called SKB chemical type, see method
descriptions MD 620.003 (Method description for drilling cored boreholes) and 610.003
(Method description for percussion drilling). A borehole being of SKB chemical type entails
cleaning procedures of all in-hole equipment to be used in the borehole during and after
drilling according to level 2 in the cleaning instructions in MD 600.004 (Instruction for
cleaning borehole equipment and certain surface equipment). The Method Descriptions and
Instructions mentioned are SKB internal controlling documents. Basic borehole information
is given in Table 1-1 below and the design of the borehole is presented in Appendix 1.

Table 1-1. Borehole information, KFM04A at drilling site DS4.

Activities performed Date of completion Length (m) Comment

Percussion drilling 2003-05-27 0-107.42 -

BIPS-logging 2003-06-02 0-106.5 -

Core drilling 2003-11-19 107.42-1001.42  HFM10 served as source of flushing

water for drilling the cored part of
KFMO04A. HFM10 is a SKB chemical
type of borehole The flushing water
volume used was 655 m®.

Mammoth pumping during/  — - Pumped volume: 3466 m®.
after core drilling

BIPS logging 2003-12-06 108-1000 -

Radar logging 2003-12-07 100-998 -

Hydrochemical logging 2003-12-08 100-1000 Described in this report.
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Figure 1-1. The investigation area at Forsmark (approximately the area inside the black square)
including the candidate area selected for more detailed investigations. The six drilling sites for
deep boreholes, DS1-6 are marked with blue circles. Borehole KFMO04A is situated at drilling site
DS4. Map design: Helena Nyman.
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boreholes and a shallow monitoring well at drilling site DS4. Map design: Helena Nyman.



2  Objective and scope

Hydrochemical logging is performed in order to obtain an overview of the initial
chemical composition of the water column along the open borehole KFMO04A. The
sampling technique is fast and simple even at great depth.

The analysis program is carried out according to SKB chemistry class 3 including isotope
options. However, if the content of drilling water in a sample exceeds 25%, the isotope
determinations are omitted.



3 Sampling equipment

The sampling equipment used for the hydrochemical logging consists of an approximately
1000-m long polyamide tube divided into units of 50 m length. The equipment is described
in the method description SKB MD 422.001 (Metodbeskrivning for hydrokemisk loggning,
SKB internal controlling document).

A schematic illustration of the equipment used for hydrochemical logging is shown in
Figure 3-1. The tube units are connected with metal couplings. The length of each tube
unit is given in Table 3-1. The external and internal diameters of the tube units are 10 and
8 mm respectively. The water content in each tube unit will constitute one sample and the
volume of each sample will amount to at least two litres. A check valve and a weight are
mounted at the bottom of the tube array to prevent water outflow and to keep it stretched in
the borehole. At both ends of each tube unit there is a manual shut off valve.

Table 3-1. Length of tube units.

Unit Length [m]
1 49.71
2 50.08
3 49.77
4 49.28
5 49.97
6 50.01
7 49.85
8 49.87
9 49.57
10 49.72
11 49.67
12 50.25
13 50.62
14 49.70
15 49.22
16 49.20
17 49.30
18 49.63
19 49.62
20 49.87
Sum: 994.91
Coupling length: 2.812
Weight length 0.817
Total tube length: 998.539
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Figure 3-1. Equipment for hydrochemical logging in boreholes. At the lower end of the tube array
there is a check valve and a weight connected. Each tube unit is approximately 50 m long.
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4 Performance

4.1 Hydrochemical logging

Sampling of the telescopic borehole KFMO04A was performed according to activity plan AP
PF 400-03-99 (SKB internal controlling document) following the method described in SKB
MD 422.001 (Metodbeskrivning fér hydrokemisk loggning).

The hydrochemical logging was performed on the 8:th of December to a borehole length
of 995 m. The tube array was not lowered all the way down to the bottom at 1001.42 m

in order to decrease the risk of getting stuck and also to avoid suspending drilling debris
sedimented at the bottom of the borehole. The lowering of the tubes started at 09:12 and
the retrieval of the tube units started at 13:50. The first tube unit at the top of the array was
lowered to 45 m of its length. Since the ground water table was situated about 7 m below
top of casing, altogether about 12 m of the upper tube unit was not water filled. The tube
units were emptied using pressurized nitrogen gas and the water was portioned into plastic
bottles to be analysed at different laboratories. In most cases one tube unit constitutes one
sample. However, SKB samples number 8171, 8177 and 8185 were concatenated from two
tube units in order to allow analyses of all SKB class 3 isotope options.

The exact level of the ground water table in the borehole prior to logging was 7.04 m below
top of casing.

4.2 Sample treatment and chemical analyses

An overview of sample treatment and analysis routines is given in Appendix 2. The routines
are applicable independent of sampling method or sampling object. An overview showing
the filled sample portions at the logging occasion is given in Table 4-1. The samples SKB
no 8175 to 8185 were collected but not sent to the laboratories for isotope analyses due to
their high content of flushing water remaining from drilling (more than 25%). The data from
the hydrochemical logging are stored in the database SICADA in field note no Forsmark
243. The SKB sample numbers are 8169-8185.

13



Table 4-1. Overview of samples collected at hydrochemical logging in KFMO04A. Filled

cells represent collected samples.
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samples were collected but not analysed due to high flushing water content.
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4.3 Data handling

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

Several components are determined by more than one method and/or laboratory. Moreover,
control analyses by an independent laboratory are performed as a standard procedure on
each fifth or tenth collected sample.

All analytical results were 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 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%).

e (Calculation of charge balance errors. Relative errors within + 5% are considered
acceptable (in surface waters = 10%).

Rel. Error (%) = 100x (3" cations(equivalents) — > anions(equivalents))
(2 cations(equivalents) + 2. anions(equivalents))

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

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 4-1.

15



Water sample
Comments on sampling
Insertion of sampling activity & sample no. SICADA

l )

Basic water analysis by Basic water analysis by Special analysis by
SKB external laboratory external laboratory

Mobile field laboratory or
Aspé chemical laboratory

[ R [ s [ doceas r

SICADA

- Insertion of raw data H
(- Calculation of result, SKB analysis) 'Storage of raw data |
(- Selection of best determ. or aver. calc. SKB analyses) - File system ;
- Storage in raw data tables i- Binders ;

A A 4
SICADA

- Charge balance calculation

- Quality control

- Selection of dataset for sample

- Insertion of comments on control
and evaluation

- Transfer of data to primary data
table

A 4

SICADA
- Storage in primary data table
-QC

Figure 4-1. Overview of data management for hydrogeochemical data.

4.4 Nonconformities

The activity was performed according to the Activity Plan AP PF 400-03-99 and the Method
Description SKB MD 422.001 without any deviations that can affect the quality of the data.
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5 Results

5.1 Analysis results

The analysis data from the hydrochemical logging in borehole KFM04A are presented

in Appendix 3 and 4. Diagrams showing the flushing water content and the electric
conductivity plotted versus borehole length are presented in Figure 5-1 and 5-2 below.

The results have been plotted for the mid-point of each tube unit, for example tube number
1 from borehole length 0—45 m is plotted at 22.5 m and so on. Isotope results are not
available from 300 m and downwards to the bottom of the borehole as the flushing water
content in these samples exceeded the acceptable level of 25%, see Figure 5-1.
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Figure 5-1. Flushing water content versus borehole length.
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Figure 5-2. Electric conductivity versus borehole length.
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5.2 Quality of the analyses

The relative charge balance errors give an indication of the quality and uncertainty of the
analyses of the major components. The calculated relative charge balance errors for the
selected sets of data do not in any case exceed the acceptable level of + 5%, see Appendix 3.
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6 Conclusions

The hydrochemical logging in KFMO4A revealed the high content of flushing water in the
water column along the open borehole. Accordingly, the analysis data obtained, will be
less useful for chemical modelling work due to this fact. The main conclusions that can be
drawn from the activity are:

* The content of flushing water remaining in the borehole after drilling was acceptable in
the first 300 m and due to this, class 3 isotope options were included for the first three
samples. Beneath 300 m, the flushing water content showed a steady increase and ended
at 53% in the last sample from 895-995 m.

* The relative charge balance error did not exceed the acceptable limit of = 5% in any case.

* At the sampling occasion, the difference flow logging was not performed yet. The
electric conductivity and the flushing water content along the borehole indicate that the
water yielding fractures are located in the upper part of the borehole (down to approx.
300 or 400 m).

* In order to obtain representative samples during the chemical characterisation activity, it
may be necessary to conduct extra “clean up” pumping in the borehole prior to sampling.
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Appendix 1
Design of the telescopic borehole KFM04A

Technical data
Borehole KFM04A

Drilling reference point

Northing: 6698921.74 (m), R190 2,5 gon V 0:-15
Easting: 1630978.96 (m), R190 2,5 gon V0:-15
Hevation: 8.77 (m), RHB70

Drilling period

Drilling start date: 2003-05-20
Drilling stop date: 2003-11-19
Bore hole

Lenght: 1001.42 m

21
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Table A2-2. Reporting limits and measurement uncertainties.

Component | Method Detection | Reporting limit | Unit Measurement |”Total”
limit or range uncertalinty2 uncertainty3
HCO; Alkalinity 0.2 1 mg/L 4% <10 %
titration

Ccr 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 Potentiometri |- - - -

r 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 - 0.2-2' ug/L 10 % 20 %

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® 080r01TU |-

5°'Cl ICP MS - 0.2 %0 (20 %o - -

mg/L) SMOC®
5"c A (MS) - >20 mg Carbon | %o PDB’ -
pmC (*C) |A(MS) - >20 mg kol PmcC® - -
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Component | Method Detection | Reporting limit | Unit Measurement |”Total”
limit or range uncertainties > | uncertainties *
5*s ICP MS - 0.2 %o %0 CDT® | 0.2 %o -
¥Sr/%sr MS - - No unit  |0.000020 -
(ratio) 10
“B/"'B ICP MS - - No unit | 0,0020 -
(ratio) "°

1.

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

respectively.

Measurement uncertainty reported by consulted laboratory.
Estimated total uncertainty by experience (includes effects of sampling and
sample handling).

Per mill 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).
Per mill deviation'' from SMOC (Standard Mean Oceanic Chloride).
Per mill 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((1950-y-l.03t)/8274)

where y = the year of the C-14 measurement and t = C-14 age.
Per mill 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:

T = 1000 (K sampie-Kstandard)/Kstandard, Where K= the isotope ratio and *I =2H, 180,

37¢1, BC or S ete.
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Table A2-3. Participant laboratories

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

InainGoritoimisto

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

AlnalyCen Nordic AB
Box 905
531 19 Lidkdping

The Angstrém laboratory
Box 534
Se-751 21 Uppsala
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