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Abstract

This report describes the performance and evaluation of groundwater flow measurements in 31 borehole
sections in permanently installed boreholes within the Forsmark site investigation area. The objective
was to determine groundwater flow rates in all, at the time available, borehole sections instrumented
for this purpose. This is the fifth test campaign performed within the monitoring program and measure-
ments are planned to be repeated once every year.

The groundwater flow rates were determined through dilution measurements during natural conditions.
Measured flow rates ranged from 0.03 to 30 ml/min with calculated Darcy velocities from 3.3-10°' to

1.6:107 m/s. Hydraulic gradients were calculated according to the Darcy concept and varied between
0.0004 and 22.
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Sammanfattning

Denna rapport beskriver genomforandet och utvérderingen av grundvattenflédesmétningar i 31 borrhals-
sektioner i permanent installerade borrhal inom Forsmarks platsundersékningsomrade. Syftet var
att bestimma grundvattenflodet i samtliga, vid denna tidpunkt och for detta andamal, instrumenterade
sektioner. Detta dr den femte méitkampanjen som genomforts i moniteringsprogrammet och métningarna
ar planerade att aterupprepas en gang per ar.

Grundvattenflodet méttes med utspddningsmetoden under naturliga férhéllanden i utvalda borrhéls-
sektioner. Uppmitta grundvattenfloden lag i intervallet 0,03—30 ml/min med beréknade Darcy hastig-
heter mellan 3,3-107'° och 1,6:107 m/s. Hydrauliska gradienter berdknades enligt Darcy-konceptet och
varierade mellan 0,0004 och 22.
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1 Introduction

This document reports the results gained from the groundwater flow measurements in permanently
installed boreholes, test campaign no. 5, 2009, which is part of the programme for monitoring of geo-
scientific parameters and biological objects within the Forsmark site investigation area /1/. Monitoring
commenced during the Forsmark site investigations 2002—2007, and a monitoring programme was
established as an independent project starting in July 2007, after completion of the Forsmark site
investigation in June 2007.

The work was carried out in accordance with activity plan AP PF 400-08-008 and the field work was
conducted during November—December 2009. In Table 1-1 controlling documents for performing this
activity are listed. The activity plan and the method description are SKB’s internal controlling documents.

A map of the site investigation area at Forsmark including borehole locations is presented in Figure 1-1.

The original results are stored in the primary data base Sicada and are traceable by the activity plan
number.

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

Activity plan Number Version
Monitering av grundvattenfléde 2009 AP PF 400-08-008 1.0
Method description Number Version
System for hydrologisk och meteorologisk datainsamling. SKB MD 368.010 1.0

Vattenprovtagning och utspadningsmatning i observationshal
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Figure I-1. Overview over the Forsmark site investigation area, showing locations of boreholes included

in this activity.
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2 Objective and scope

The objective of this activity was to determine the groundwater flow in permanently installed borehole
sections at Forsmark. A total of 31 borehole sections instrumented for this purpose were measured,
cf. Table 4-1. This was the fifth test campaign performed within the monitoring programme and
measurements are planned to be repeated once every year. The measurements will serve as a basis
to study undisturbed groundwater flow as well as to monitor changes caused by future activities in
the area such as underground construction and drilling.

The groundwater flow in the selected borehole sections was determined through tracer dilution
measurements. No other major investigations were in progress during the measurement campaign,
and the measurements may, on the whole, be regarded as performed during natural, i.e. undisturbed,
hydraulic conditions.
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3 Equipment

31 Borehole equipment

Each borehole involved is instrumented with 1-9 inflatable packers isolating 2—10 borehole sections.
Drawings of the instrumentation in core and percussion boreholes are presented in Figure 3-1.

All isolated borehole sections are connected to the HMS-system for pressure monitoring. In general,
the sections intended for tracer tests are each equipped with three polyamide tubes connecting the
borehole section in question with the ground surface. Two are used for injection, sampling and
circulation in the borehole section and one is used for pressure monitoring.

3.2  Dilution test equipment

The tracer dilution tests were performed using five identical equipment set-ups, allowing five sections
to be measured simultaneously. A schematic drawing of the tracer test equipment is shown in Figure 3-2.
The basic idea is to create an internal circulation in the borehole section. The circulation makes it
possible to obtain a homogeneous tracer concentration in the borehole section and to sample the
tracer concentration outside the borehole in order to monitor the dilution of the tracer with time.

Circulation is controlled via a down-hole pump with adjustable speed and measured by a flow meter.
Tracer injections are performed with a peristaltic pump and sampling is made by continuously extracting
a small volume of water from the system through another peristaltic pump (constant leak) to a fractional
sampler. The equipment and test procedure is described in detail in SKB MD 368.010, see Table 1-1.

The tracer used was a fluorescent dye tracer, Amino-G Acid from Aldrich (techn. quality).

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

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

Wire, 2 mm
Polyamide tube, 4/2 mm

Wire, 2 mm
Polyamide tube, 4/2 mm

Plastic standpipe, 66/53.5 mm
Polyamide tube, 8/6 mm

Plastic standpipe, 66/53.5 mm
Polyamide tube, 8/6 mm
Polyamide tube, 6/4 mm

Polyamide tube, 6/4 mm

Pressure transducer

Pressure transducer

Mini-packer

Mini-packer

Weight Weight

Deaeration unit Deaeration unit

Polyamide tube, 8/6 mm

Polyamide tube, 6/4 mm

Aluminium rod, 16 mm

Stainless steel rod, 16 mm

Boreholl ker
orehole packe Borehole packer

Polyamide tube, 8/6 mm

Pressure and circulation
section

Pressure and circulation

> —
section

Pressuresection — .
Pressure section

' I

Figure 3-1. Example of permanent instrumentation in core boreholes (left) and percussion boreholes
(right) with circulation sections.
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Figure 3-2. Schematic drawing of the equipment used in tracer dilution measurements.
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4 Execution

4.1 General

In the dilution method a tracer is introduced and homogeneously distributed into a borehole section.
The tracer is subsequently diluted by the ambient groundwater flowing through the borehole section.
The dilution rate is proportional to the water flow through the borehole section and the groundwater
flow rate is calculated as a function of the decreasing tracer concentration with time, Figure 4-1.

The method description used was “System for hydrologisk och meteorologisk datainsamling. Vatten-
provtagning och utspddningsmétning i observationshal,” (SKB MD 368.010), cf. Table 1-1.

4.2 Preparations

The preparations included mixing of the tracer stock solution, function checks of the equipment and
calibration of the peristaltic pumps used for sampling and tracer injections.

4.3 Execution of field work

The borehole sections included in the monitoring program during the autumn 2009 are listed in Table 4-1.

Groundwater flow measurements were made in 31 of the 34 sections. Sections KFM03A:1, KFM07A:2
and HFM32:3 were omitted for technical reasons. The duration of each test varied from 92 to 145 hours.

The tests were made by injecting a finite volume of tracer solution (Amino-G acid, 1,000 mg/1) into
the selected borehole sections and allowing the natural groundwater flow to dilute the tracer. The tracer
was injected during a time period equivalent to the time needed to circulate one section volume.

Principle of flow determination

Step one; Mative Groundwater Step two; Tracer Injection

i Boreliole
i Teot Section

n 10 20 30 40

o \\ Time {(hours)
\ Thearetical
1 ling
racture flow \
Lxperimental
-2 dala
In (CfCo)

Dilution proporional
o groundwater flov

Figure 4-1. General principles of dilution and flow determination.
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Table 4-1. Borehole sections included in the monitoring program, autumn 2009.

Borehole:section  Depth (m) T (m?%s) Geologic character*** Test period (yymmdd)
KFMO1A:5 109-130 1.0 E-7* Single fracture, Fracture domain FFM02  091113-091118
KFM01D:2 429-438 8.0 E-7* Single fracture, Fracture domain FFM01  091204-091210
KFM01D:4 311-321 20E-7* Single fracture, Fracture domain FFM01  091204-091210
KFM02A:3 490-518 2.1E-6*  Zone ZFMF1 091111-091116
KFM02A:5 411-442 2.5E-6* Zone ZFMA2 091111-091116
KFMO02B:2 491-506 3.0 E-5* Not included in /27/ 091116-091120
KFM02B:4 410431 2.0 E-5* Not included in /27/ 091116-091120
KFMO3A:1 969.5-994.5 5.5 E-7* Single fracture, Fracture domain FFM0O3  Not measured
KFMO03A:4 633.5-650 24 E-6* Zone ZFMB1 091118-091123
KFMO04A:4 230-245 2.0E-5*  Zone ZFMA2 091123-091127
KFMO5A:4 254-272 1.4 E-8* Single fracture, Fracture domain FFM01 ~ 091127-091202
KFMO6A:3 738-748 1.2 E-7*  Zone ZFMNNEOQ725 091109-091113
KFMO6A:5 341-362 3.5E-6* Zone ZFMB7, Zone ZFMENEOOG0A 091109-091113
KFMO06C:3 647-666 5.3 E-8* Possible DZ (S-NNE/WNW) 091106-091110
KFMO06C:5 531-540 1.1 E-6*  Zone ZFMWNWO044 091106-091111
KFMO7A:2 962-972 5.0 E-7*  Zone ZFMB8, Zone ZFMNNWO0100 Not measured
KFMO08A:2 684-694 1.0 E-6* Possible DZ (S-WNW) 091125-091130
KFMO08A:6 265-280 1.0 E-6*  Zone ZFMENE1061A 091125-091130
KFMO08D:2 825-835 2.0 E-8* Not included in /27/ 091202-091207
KFMO08D:4 660-680 20E-7* Not included in /27/ 091207-091211
KFM10A:2 430-440 3.0E-5*  Zone ZFMA2 091120-091125
KFM11A:2 690-710 1.0 E-6* Not included in /27/ 091202-091207
KFM11A:4 446-456 6.0 E-7* Not included in /27/ 091204-091210
KFM12A:3 270-280 1.0 E-6* Not included in /27/ 091120-091125
HFMO01:2 33.5-455 4.0 E-5**  Zone ZFMA2 091207-091211
HFMO02:2 38-48 5.9 E-4**  Zone ZFM1203 091130-091204
HFMO04:2 58-66 7.9 E-5** Zone ZFM866 091118-091123
HFM13:1 159-173 29 E-4** Zone ZFMENEO0401A 091123-091127
HFM15:1 85-95 1.0 E-4**  Zone ZFMA2 091127-091202
HFM16:2 54-67 3.5 E-4** Zone ZFMA8 091109-091113
HFM19:1 168-182 2.7 E-4**  Zone ZFMA2 091130-091204
HFM21:3 22-32 4.0 E-5**  Single fracture, Fracture domain FFM02  091125-091130
HFM27:2 46-58 4.0 E-5**  Zone ZFM1203 091120-091125
HFM32:3 26-31 2.3 E-4**  Single fracture, Fracture domain FFM03  Not measured

*

*k

From PSS (Pipe String System) or PFL (Posiva Flow Logging) measurements, /2/—/18/.

From HTHB (HydroTester HammarBorrhal) measurements, /19/—/26/.
*** Deformation zones according to Forsmark, stage 2.2, /27/.

The injection/circulation flow ratio was set to 1/1,000, implying that the initial concentration in the
borehole section should be about 1 mg/l. Five sections were measured simultaneously. The tracer
solution was continuously circulated and sampled using the equipment described in Section 3.1.

After completion of each test, at least three section volumes were pumped from the measured section
in order to remove the remaining tracer.

The samples were analysed for dye tracer content at the Geosigma Laboratory using a Jasco FP 777
Spectrofluorometer.

4.4 Analyses and interpretations

Flow rates were calculated from the decay of tracer concentration versus time through dilution with
natural, unlabelled groundwater, cf. /28/. The so-called “dilution curves” were plotted as the natural
logarithm of concentration versus time. Theoretically, a straight-line relationship exists between the
natural logarithm of the relative tracer concentration (c/cy) and time, ¢ (s):

In (c/co) == (Om/V) - t (4-1)
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where QOp;, (m?/s) is the groundwater flow rate through the borehole section and V' (m?) is the volume
of the borehole section. By plotting In (¢/cy) or In ¢ versus ¢, and by knowing the borehole volume V,
O, may then be obtained from the straight-line slope.

The sampling procedure with a constant flow rate of approximately 0.1 ml/min also creates a dilution
of tracer. The sampling flow rate is therefore subtracted from the value obtained from Equation 4-1.

The flow, Opn, may be translated into a Darcy velocity by taking into account the distortion of the flow
caused by the borehole and the angle between the borehole and flow direction. In practice, a 90° angle
between the borehole axis and the flow direction is assumed and the relation between the flow in
the rock, the Darcy velocity, v (m/s), and the measured flow through the borehole section, Qpp, can
be expressed as:

Oph =V Ly 2rpy - @ (4-2)

where Ly is the length of the borehole section (m), 74 is the borehole radius (m) and a is the factor
accounting for the distortion of flow caused by the borehole.

Hydraulic gradients are roughly estimated from Darcy’s law where the gradient, /, is calculated as
the function of the Darcy velocity, v, with the hydraulic conductivity, K (m/s):

_vV _ Oy - Ly, _ Oy - Ly, (4-3)
K o-4-T, 2d,-L,-T,

where Tp;, (m?/s) is the transmissivity of the section, obtained from PSS or HTHB measurements,
A the cross section area between the packers, and dp, (m) the borehole diameter.

The factor o is commonly given the value 2 in the calculations, which is the theoretical value for
a homogeneous porous medium. Since the rock is mostly heterogeneous, and because the angles
between the borehole axis and the flow direction in the sections are not always 90°, the calculation
of the hydraulic gradient is a rough estimation.

4.5 Nonconformities

There are no nonconformities with respect to the activity plan or the method description.
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5 Results

5.1 General

Original data from the reported activity are stored in the primary database Sicada. Data are traceable
in Sicada by the Activity Plan number (AP PF 400-08-008). Only data in databases are accepted
for further interpretation and modelling. The data presented in this report are regarded as copies of
the original data. Data in the databases may be revised, if needed. However, such revision of the
database will not necessarily result in a revision of this report, although the normal procedure is
that major data revisions entail a revision also of the P-report. Minor data revisions are normally
presented as supplements, available at www.skb.se.

5.2 Test campaign 5, 2009

A summary of the results obtained is presented in Table 5-1 including measured groundwater flow rates,
Darcy velocities and hydraulic gradients together with transmissivities and volumes of injected tracer
solution used.

An example of a typical tracer dilution curve is shown in Figure 5-1. The flow rate is calculated from
the slope of the straight-line fit. Tracer dilution graphs for each borehole section are presented in
Appendix 1.

Table 5-1. Results from groundwater flow measurements, test campaign 5, 2009.

Borehole/ Depth (m) Transmissivity Vol.(I) Measured flow Darcy velocity Hydraulic
section (m?/s) (ml/min) (m/s) gradient (m/m)
KFMO1A:5  109-130 1.0E-7* 33.21 0.06 3.3E-10 0.070
KFM01D:2  429-438 8.0E-7* 38.33 0.06 6.8E-10 0.0076
KFM01D:4  311-321 2.0E-7* 31.27 0.7 8.2E-09 0.41
KFMO02A:3  490-518 2.1E-6* 66.33 1.6 6.3E-09 0.084
KFMO02A:5  411-442 2.5E-6* 60.78 0.5 1.6E-09 0.020
KFM02B:2  491-506 3.0E-5* 48.63 8.9 6.5E-08 0.033
KFM02B:4  410-431 2.0E-5* 47.58 30 1.6E-07 0.16
KFM03A:4  633.5-650 2.4E-6* 58.04 0.4 2.3E-09 0.016
KFMO04A:4  230-245 2.0E-5* 35.00 2.5 1.8E-08 0.014
KFMO5A:4  254-272 1.4E-8* 40.62 23 1.4E-08 18
KFMO6A:3  738-748 1.2E-7* 58.25 0.4 4.5E-09 0.37
KFMO6A:5  341-362 3.5E-6* 46.64 0.2 1.1E-09 0.0066
KFM06C:3  647-666 5.3E-8 64.00 0.3 1.6E-09 0.56
KFMO06C:5 531-540 1.1E-6* 43.61 0.4 5.1E-09 0.042
KFMO08A:2  684-694 1.0E-6* 55.15 0.7 7.2E-09 0.072
KFM08A:6  265-280 1.0E-6* 34.67 0.1 7.4E-10 0.011
KFM08D:2  825-835 2.0E-8* 63.44 41 4.4E-08 22
KFM08D:4  660-680 2.0E-7* 64.13 21 1.1E-07 11
KFM10A:2  430-440 3.0E-5* 39.52 1.2 1.3E-08 0.0044
KFM11A:2  690-710 1.0E-6* 68.91 0.5 2.8E-09 0.057
KFM11A:4  446-456 6.0E-7* 40.47 0.03 3.3E-10 0.0055
KFM12A:3  270-280 1.0E-6* 31.76 0.3 2.9E-09 0.029
HFMO01:2 33.5-45.5 4.0E-5** 39.83 5.7 2.8E-08 0.0085
HFMO02:2 38-48 5.9E-4** 28.53 22 1.3E-07 0.0022
HFMO04:2 58-66 7.9E-5** 27.52 1.4 1.0E-08 0.0010
HFM13:1 159-173 2.9E-4** 39.28 8.2 3.6E-08 0.0017
HFM15:1 85-95 1.0E-4** 35.74 1.8 1.1E-08 0.0011
HFM16:2 54-67 3.5E-4** 43.61 2.4 1.1E-08 0.0004
HFM19:1 168-182 2.7E-4* 44.65 9.9 4.3E-08 0.0022
HFM21:3 22-32 4.0E-5** 31.39 1.0 6.2E-09 0.0015
HFM27:2 46-58 4.0E-5** 40.29 0.4 1.9E-09 0.0006

*

From PSS (Pipe String System) or PFL (Posiva Flow Logging) measurements, /2/—/11/, /13/-/18/.
** From HTHB (HydroTester HammarBorrhal) measurements, /19/-/25/.
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Figure 5-1. Example of a tracer dilution graph (logarithm of concentration versus time) for borehole
KFM104, section 2, including straight-line fit.

In Appendix 2 the groundwater level during the entire test period is presented for the selected boreholes,
see also Table 4-1 for actual measurement period for each section.

The results show that the groundwater flow during natural conditions varies from 0.03 to 30 ml/min
in the measured sections with Darcy velocities ranging from 3.3-10'°to 1.6-:107 m/s.

Hydraulic gradients are calculated according to the Darcy concept and are within the expected range in
the majority of the measured sections. It should be noted that the Darcy concept is built on assumptions
of a homogeneous porous medium and values for a fractured medium should therefore be treated with
great care. In borehole sections KFM01D:4, KFM02B:4, KFM05A:4, KFMO06A:3, KFM06C:3,
KFMO08D:2 and KFM08D:4 the hydraulic gradient is very large. In KFM05A:4 and in both sections

in KFMO08D the measured flow rates are much higher than expected considering the transmissivity
of the sections. Also, the groundwater levels in all three sections were strongly affected during the
measurements, as seen in Appendix 2, which may have influenced the flow rate and calculated
hydraulic gradient. The large gradients may also be due to rough estimates of the correction factor,
a, and/or the hydraulic conductivity of the fracture. KFM01D:4 and KFMO05A:4 also represent single
fractures (cf. Table 4-1) where the Darcy concept may be questioned.

In general, the equipment has worked well and no major hydraulic disturbance has occurred during
the tests, cf. Appendix 2. However, in borehole KFMO05A and KFMOSD the groundwater levels in
the measured sections were apparently strongly affected during the measurements. This was probably
caused by the circulation of section water. The unusual pressure responses previously noticed in
borehole KFMO0O8D were seen also this year, however less pronounced. Even though the two sections
were measured at different times, the measurement in section 4 also affected the groundwater level
in section 2. This indicates that there is some kind of connection between the sections, which also
could explain the unexpectedly high flow rates.

The sampling in both sections in borehole KFM08A was interrupted for about twenty-four hours due
to a power failure. However, this has not affected the results.

In several of the measured borehole sections, early data are believed to be influenced by the mixing
procedure, see Appendix 1. Consequently, the late time slope of the dilution curve is judged to
represent the most reliable data.
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5.3 Flow rate comparison

A comparison with flow rates obtained from previously performed test campaigns is compiled in
Table 5-2 and graphically shown in Figures 5-2 to 5-5.

The comparison between years 2008 and 2009 shows relatively small changes in most of the 31 sections.
However, six sections, KFMO01D:4, KFM02A:5, KFM05A:4, KFMO06A:3, KFM06C:3 and KFM11A:4,
demonstrate significantly increased flow (more than a factor 2) for 2009 compared with the previous
year, whereas four sections, KFM03A:4, KFM04A:4, KFM08D:4 and KFM12A:3 display significantly
decreased flow. In some of these sections, KFM02A:5, KFM03A:4, KFM06A:3, KFM11A:4 and
KFM12A:3, the flow rate measured in 2009 is more consistent with the results from 2005-2007
instead of the rather diverging result from 2008. Also, as mentioned earlier, the groundwater levels
in KFM05A:4 and KFM08D:4 were strongly influenced during the measurements, probably caused
by the circulation of section water. This behavior has occurred during all test campaigns performed,
but in 2009 the groundwater level in KFM05A:4 was decreased by about 7 m compared to 0.5-1 m
during previous measurements. This could explain the higher flow rate measured in 2009. In KFMO08D:4
on the other hand, the decrease during the measurement 2009 was about 1 m compared to around 7 m
during previous measurements and a lower flow rate was measured in 2009.

Table 5-2. Results from groundwater flow measurements in November—December 2009 compared
with results from previously performed test campaigns.

Borehole: sec Depth (m) T (m?s) Nov-Dec Nov 2006 Nov/Jan Nov-Dec Nov-Dec
2005 130/ (ml/min) 2007-08 2008 2009
129/ (ml/min) 131/ (ml/min) /32/ (ml/min) (ml/min)
KFMO1A:5 109-130 1.0 E-7* - 0.1 0.2 0.1 0.06
KFM01D:2 429-438 8.0 E-7* - - 0.3 0.04 0.06
KFM01D:4 311-321 2.0E-7* - - 0.2 0.2 0.7
KFMO02A:3 490-518 2.1 E-6* 21 0.8 0.8 1.2 1.6
KFMO02A:5 411-442 2.5 E-6* 1.0 0.4 0.7 0.1 0.5
KFMO02B:2 491-506 3.0 E-5* - - 4.6 12 8.9
KFM02B:4 410-431 2.0 E-5* - - 23 35 30
KFMO3A:1 969.5-994.5 5.5 E-7* 1.7 - - — —
KFMO03A:4 633.5-650 2.4 E-6* 0.5 0.5 0.6 1.1 0.4
KFMO4A:4 230-245 2.0 E-5* - - 16.4 8.0 2.5
KFMO5A:4 254-272 1.4 E-8* 0.5 1.4 0.1 0.1 2.3
KFMO6A:3 738-748 1.2 E-7* 0.3 0.6 0.2 0.05 0.4
KFMO6A:5 341-362 3.5 E-6* 0.5 0.6 5.7 0.2 0.2
KFMO06C:3 647-666 5.3 E-8* - 0.4 0.05 0.03 0.3
KFMO06C:5 531-540 1.1 E-6* - 0.3 0.2 0.4 0.4
KFMO8A:2 684-694 1.0 E-6* - - 0.8 0.7 0.7
KFMO8A:6 265-280 1.0 E-6* - - 0.2 0.06 0.1
KFMO08D:2 825-835 2.0 E-8* - - 2.6 1.8 4.1
KFMO08D:4 660-680 2.0 E-7* - - 91 123 21
KFM10A:2 430-440 3.0 E-5* - - 2.7 1.6 1.2
KFM11A:2 690-710 1.0 E-6* - - 0.2 0.3 0.5
KFM11A:4 446-456 6.0 E-7* - - 0.04 0.01 0.03
KFM12A:3 270-280 1.0 E-6* - - 0.3 1.8 0.3
HFMO01:2 33.56-45.5 4.0 E-5** - - 7.8 6.3 5.7
HFMO02:2 38-48 5.9 E-4** 38 8.9-38 33 23 22
HFMO04:2 58-66 7.9 E-5** 2.2 10.4 0.8 2.6 1.4
HFM13:1 159-173 2.9 E-4** 24 4.3 12.6 17 8.2
HFM15:1 85-95 1.0 E-4** 0.8 5.2 8.5 4.0 1.8
HFM16:2 54-67 3.5 E-4** — 1.6-6.6 1.0 2.8 2.4
HFM19:1 168-182 2.7 E-4* 9.7 3.4 24 18 9.9
HFM21:3 22-32 4.0 E-5* — - 1.9 21 1.0
HFM27:2 46-58 4.0 E-5* - 0.4 0.5 0.8 0.4
HFM32:3 26-31 2.3 E-4** - 0.5 - 1.2 -

*  From PSS (Pipe String System) or PFL (Posiva Flow Logging) measurements, /2/—/11/, /13/-/18].
** From HTHB (HydroTester HammarBorrhal) measurements, /19/-/26/.
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Figure 5-2. Comparison of flow rates determined from all measurement campaigns performed for borehole

sections having flow rates in the range 0.05—0.8 ml/min.
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Figure 5-3. Comparison of flow rates determined from all measurement campaigns performed for borehole
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Some major investigation activities that most likely caused more or less pronounced hydraulic
disturbances in the area and thus may have affected the ongoing groundwater flow measurements
are compiled in Table 5-3. In most cases though, the activities have probably not had any considerable
influence on the flow rate measurements. In 2006 however, the measurement in HFM04:2 was strongly
affected by the rock stress measurements with the overcoring method performed in KFMO02B. As a result
the measured flow rate was probably overestimated, cf. Figure 5-4. In addition, other events performed
between the test campaigns, such as drilling and pumping tests, may have caused changes in the hydraulic
gradients and flow distribution. For example, two major pumping tests were performed in borehole
HFM14 during July 2006 and also during June—October 2007. Pressure responses were seen in many
of the borehole sections included in the monitoring program.

Table 5-3. Various activities performed in the Forsmark area during the test campaigns with
groundwater flow measurements, 2005-2009 (excerpt from Sicada).

Start date Stop date Borehole Activity

Test campaign no. 1, 2005-11-16—-2005-12-12

2005-11-05  2005-11-29  HFMO1 Flush water source borehole
2005-11-05  2005-11-29  KFMO1C Core drilling

2005-11-10  2005-11-18  HFM26 Percussion drilling
2005-11-11 2006-01-15  KFMO8A Borehole probe dilution test,natural gradient
2005-11-16  2005-12-19  KFMO09B Core drilling

2005-11-17  2005-12-21 KFMO09A Injection test

2005-11-21  2005-11-29  HFM24 Percussion drilling
2005-11-21  2005-12-05 KFMO01D Percussion drilling
2005-11-23  2005-11-25  KFMO09B Injection test

2005-11-25  2006-01-03  KFMO8A SWIW-test

2005-12-06  2006-02-19  KFM10A Percussion drilling
2005-12-12  2005-12-19  HFM29 Percussion drilling

Test campaign no. 2, 2006-11-06-2006-12-01

2006-06-06  2007-02-13  KFMO02B Core drilling

2006-08-29  2006-11-20 HFM33 Flush water source borehole
2006-08-29  2006-11-20 KFM11A Core drilling

2006-09-04  2007-04-23  KFMO02B Rock stress meas with overcoring method
2006-11-02  2006-11-28  KFM10A Chemmac measurement
2006-11-13  2006-11-13  HFM38 Capacity test

2006-11-14  2006-11-14  HFM38 Water sampling, class 3
2006-11-15  2006-11-16 HFM38 Pumping test-submersible pump
2006-11-20  2006-11-20  HFM37 Capacity test

2006-11-21 2006-11-22  HFM37 Pumping test-submersible pump
2006-11-22  2006-12-05  KFMO7A Core drilling

2006-11-22  2006-11-22  HFM36 Capacity test

2006-11-23  2006-11-24 HFM36 Pumping test-submersible pump
2006-11-23  2006-12-04  KFMO08D Percussion drilling

Test campaign no. 3, 2007-11-09-2007-11-26, 2008-01-08—2008-02-08
2007-11-01 2007-11-15 HFM33 Pumping test-submersible pump
2007-11-12  2007-11-12  HFM32:3  Water sampling, class 5
2007-11-27  2007-12-13  HFM14 Pumping test-submersible pump
2008-01-15  2008-02-04  HFM27 HMS — Maintenance
2008-01-22  2008-01-22  KFMO8A:6 Water sampling, class 4
2008-01-22  2008-01-22  KFMO8A:2 Water sampling, class 4, class 5
2008-01-22  2008-01-24 KFMO08D:4 Water sampling, class 4
2008-01-30  2008-01-31 KFMO01D:2 Water sampling, class 4

Test campaign no. 4, 2008-11-17-2008-12-22, 2009-03-16—20

2008-11-10  2008-11-17  KFR102A  Percussion drilling

2008-11-15  2008-11-21 KFR104 Pumping test-submersible pump
2008-11-23  2008-11-27  KFR27 Pumping test-submersible pump
2008-11-25  2008-12-12  KFR102A  Core drilling

Test campaign no. 5, 2009-11-06-2009-12-11
2009-11-03  2009-11-06  KFMO7A:2 Water sampling, class 5
2009-11-05  2009-11-06  KFMO3A:1 Water sampling, class 5
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Percussion boreholes
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