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Abstract

This report describes the performance and evaluation of groundwater flow measurements in 28 borehole
sections in permanently installed boreholes within the site investigation at Oskarshamn (Simpevarp, Avrd
and Laxemar). The objective was to determine groundwater flow rates in a selection of borehole sections
instrumented for this purpose. This is the fifth test campaign performed in the monitoring program.

The groundwater flow rates were determined through dilution measurements during ambient hydraulic
conditions. Measured flow rates vary from 0.03 to 80 ml/min with Darcy velocities ranging from 7.2-10!!
to 6.4-1077 m/s. Hydraulic gradients were calculated according to the Darcy concept and range from
0.001 to 4.
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Sammanfattning

Denna rapport beskriver genomforandet och utvirderingen av grundvattenflodesmétningar i 28 borrhéls-
sektioner i permanent installerade borrhal i Oskarshamnsomradet (Simpevarp, Avrd och Laxemar).
Syftet var att bestimma grundvattenflodet i ett urval av for andamalet instrumenterade borrhélssektioner.
Denna métning var den femte som genomfordes i moniteringsprogrammet.

Grundvattenflodet 1 de utvalda borrhélssektionerna méttes med utspaddningsmetoden under naturliga
ostorda forhallanden. Uppmitta grundvattenfloden ligger i intervallet 0,03 till 80 ml/min med berdknade
Darcy-hastigheter mellan 7,210 till 6,4-107 m/s. Den hydrauliska gradienten beriknades till mellan
0,001 och 4.
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1 Introduction

This document reports the results obtained from groundwater flow measurements in permanently installed
boreholes, test campaign no. 5, 2009. This is one of the activities performed within the site investigation
program at Oskarshamn. The work was carried out in accordance with activity plan AP PS 400-09-006.
In Table 1-1 controlling documents for performing this activity are listed. Both activity plan and method
descriptions are SKB’s internal controlling documents.

Most of the field work was performed during September and October 2009 and the test campaign
included a total of 28 borehole sections. A map showing the investigation site at Oskarshamn and
the boreholes 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 PS 400-09-006 1.0
Method descriptions Number Version
Matsystembeskrivning (MSB) — Handhavande del: SKB MD 368.010 1.0

System for hydrologisk och metrologisk datainsamling.
Vattenprovtagning och utspadningsmatning i observationshal.
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Figure 1-1. General overview of Oskarshamn site investigation area.
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2 Objective and scope

The objective of this activity was to determine the groundwater flow in permanently installed borehole
sections. These boreholes are located in the site investigation area adjacent to the Oskarshamn nuclear
plant. A total of 28 instrumented borehole sections were included in this campaign, cf Table 2-1, which
is the fifth campaign performed within the monitoring program.

The groundwater flow in the selected borehole sections was determined through dilution measurements
during ambient hydraulic conditions.

Table 2-1. Borehole sections used for groundwater flow measurements in Oskarshamn, test
campaign no. 5, 2009.

Borehole/section Borehole length Transmissivity Measurement period

(m) (m?ls) (YYMMDD-YYMMDD)
HLX14:1 96-116 5.7E-05* 090908-090914
HLX20:2 71-80 8.7E-06* 090831-090904
HLX28:2 70-90 3.7E-04* 090929-091005
HLX35:2 120-130 2.3E-04* 090929-091005
HLX39:1 187-199 1.4E-04* 090922-090928
HLX43:1 135-146 4.6E-05* 090923-090928
KAV01:3 391-434 1.5E-05*** 090916-090921
KLX02:2 1,145-1,164 3.2E-07** 090901-090907
KLX02:5 452-494 1.0E-07** 090901-090907
KLX03:1 965-971 4 5E-07** 090929-091005
KLX03:4 729-751 4. 7E-06*** 090929-091005
KLX04:2 870-897 1.4E-07** 090908-090914
KLX04:5 507-530 2.0E-06*** 090908-090914
KLX06:3 554-570 5.2E-06*** 090901-090907
KLX06:6 256-275 2.0E-05*** 090901-090907
KLX07A:2 753-780 9.3E-06*** 091006-091014
KLX08:3 626-683 5.8E-07** 090907-090914
KLX08:4 594-625 3.8E-07*** 090908-090914
KLX10A:2 689-710 4 4E-08*** 090916-090922
KLX10A:5 351-368 7.6E-07** 090917-090922
KLX13A:2 490-507 3.8E-07*** 090923-090928
KLX15A:3 623-640 9.0E-07*** 091006-091010
KLX15A:6 260-272 3.7E-06*** 091006-091010
KLX17A:2 419-434 1.5E-05*** 090922-090928
KLX17A:6 180-219 1.1E-06™** 090922-090928
KLX18A:3 472-489 5.4E-08*** 091006-091010
KSH02:1 955-963 5.4E-07** 090917-090922
KSH02:4 411-439 1.1E-06** 090916-090922

*  From flow logging /1-2/.
** From injection tests /3-5/.
*** From differential flow logging /6—19/.
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3 Equipment

The boreholes involved in the tests are instrumented with one to eight packers sealing off two to nine
borehole sections. In Figure 3-1 a drawing of the instrumentation in core boreholes is presented. All
isolated borehole sections are connected to the HMS-system for pressure monitoring. In general the
sections intended for tracer tests are equipped with three polyamide tubes. Two are used for injection,
sampling and circulation in the borehole section and one is used for pressure monitoring.

The tracer dilution tests were performed using four to five identical equipment set-ups, i.e. allowing four
to five sections to be measured simultaneously. The tracer used was Amino-G Acid from Aldrich-Chemie.
A schematic drawing of the tracer test equipment is shown in Figure 3-2. The basic idea is to have

a continuous internal circulation in the borehole section in order to maintain a homogeneous tracer
concentration in the borehole section. The circulation also makes it possible 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 variable speed and measured using a flow meter.
Tracer injections are made 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.

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

Wire, 2 mm
Polyamide tube, 4/2 mm

Plastic standpipe, 66/53.5 mm —— | (& | (i | i |H P>
Polyamide tube, 8/6 mm 6 {1 | H -l o

Polyamide tube, 6/4 mm 8 {0 [ H L

Pressure transducer

Mini-packer

Weight

D ion unit

b T
Polyamide tube, 6/4 mm & \\ \

Stainless steel rod, 16 mm \\\ \

Borehole packer —————————— 1>

Polyamide tube, 8/6 mm

Pressure and circulation
section

R

Pressure section —— 3y

' I

Figure 3-1. An example of a permanently instrumented core borehole including one circulation section.
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Peristaltic pump Circulation Peristaltic pump Sampler
tracer injection unit sampling

Pump tube
Return tube
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—I Valve, deaeration tube

~ Standpipe
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- Filter unit
Deaeration unit for

S
N7 ~ circulation tube
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Dummy

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 flow through the section. The dilution
of the tracer is proportional to the water flow through the borehole section and the groundwater flow
rate is estimated from the decreasing tracer concentration with time, Figure 4-1.

4.2 Preparations

Before the field work started, a tracer stock solution of the fluorescent dye tracer Amino-G Acid
(1,000 mg/1) was mixed and the field equipment was checked and calibrated.

4.3 Execution of field work

Tracer dilution tests were performed in 28 borehole sections, which are listed in Table 4-1. The table also
includes all other sections instrumented for tracer dilution tests and the geologic character of the sections.
Some sections were excluded as they were used as monitoring sections in a long-term pumping test (LPT)
/20/ and some were excluded for other reasons (low priority).

The tests were made by injecting a finite volume of tracer solution (Amino-G Acid 1,000 mg/l) in
the selected borehole section. The injection flow rate was adjusted so that the entire tracer solution
volume would be injected over a time interval equal to the time it takes to circulate one section volume.

Principle of flow determination

Step one; Mative Groundwater Step two; Tracer Injection

“Borehole
! Test Section

0 10 20 20 40
I Y S S

kY Time (hours)

| heoretical

\

Exparimental
-2 1 data

In {CiCo)

Dilution proportional
to groundwatar flow

Figure 4-1. General principles of dilution and flow determination.
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Table 4-1. Borehole sections used for groundwater flow measurements at Oskarshamn site
investigation. Sections with grey shade are not measured as a part of this activity.

Borehole/section Depth (m) No of fractures* Geologic character** Comments

HLX14:1 96-116 - Deformation Zone EWO007A

HLX20:2 71-80 - Deformation Zone EW002A

HLX28:2 70-90 - Deformation Zone HLX28_DZzZ1

HLX32:2 20-30 - Deformation Zone NWO042A Measured during LPT /20/

HLX35:2 120-130 - Deformation Zone EW007A

HLX37:1 150-200 - Deformation Zone NS001C Measured during LPT /20/

HLX38:3 28-40 - Deformation Zone NS059A Measured during LPT /20/

HLX39:1 187-199 - Deformation Zone EW900B

HLX43:1 135-146 - Possible Deformation ZoneZ

KAV01:3 391-434 30 Deformation Zone NEO12A

KLX01:3 171-190 - Possible Deformation Zone Not prioritised

KLX02:2 1,145-1,164 — Possible Deformation Zone

KLX02:5 452-494 4 Possible Deformation Zone

KLX03:1 965-971 2 Possible Deformation Zone

KLX03:4 729-751 6 Deformation Zone EW946A

KLX04:2 870-897 2 Deformation Zone NW928A

KLX04:5 507-530 2 Fracture domain FSM_EWO007

KLX05:3 625-633 1 Single fracture in Fracture Domain Not possible to circulate
FSM_NEO005

KLX05:7 241-255 4 Fracture Domain FSM_NEO005 Not prioritised

KLX06:3 554-570 2 No Deformation Zone

KLX06:6 256-275 9 Deformation Zone NWO052A

KLX07A:2 753-780 15 Deformation Zone KLX07A_DZ12

KLX08:3 626—683 13 Fracture domain FSM_EWO007

KLX08:4 594-625 4 Fracture domain FSM_EWO007

KLX10A:2 689-710 3 Deformation Zone EW946A

KLX10A:5 351-368 10 Fracture domain FSM_EWO007

KLX11A:3 573-586 7 Fracture domain FSM_W Measured during LPT /20/

KLX11A:7 256-272 4 Fracture domain FSM_W Measured durinfg LPT /20/

KLX12A:2 535-545 3 Fracture domain FSM_NE005 Not prioritised

KLX13A:2 490-507 8 Deformation Zone EW128A

KLX15A:3 623-640 3 Fracture domain FSM_C

KLX15A:6 260-272 7 Fracture domain FSM_C

KLX17A:2 419-434 7 Fracture domain FSM_W

KLX17A:6 180-219 11 Deformation Zone EW900B

KLX18A:3 472-489 8 Fracture domain FSM_C

KLX19A:3 509-517 6 Deformation Zone KLX19A_DZ5-8 Measured during LPT /20/
dolerite

KLX20A:2 260-296 17 Fracture domain FSM_W Measured during LPT /20/

KLX20A:5 103-144 22 Fracture domain FSM_W Measured during LPT /20/

KLX21B:3 558-572 2 Deformation Zone KLX21B_DZ10-12 Not prioritised

KLX27A:1 640-651 3 Fracture domain FSM_W Measured during LPT /20/

KLX27A:6 220-259 7 Deformation Zone NWO042A Measured during LPT /20/

KSHO01A:4 532-572 9 Possible Deformation Zone Not prioritised

KSHO1A:7 238-277 12 Possible Deformation Zone Not prioritised

KSHO02:1 955-963 1 Single fracture, no Deformation Zone

KSHO02:4 411-439 5 No Deformation Zone

*  No of fractures from POSIVA Flow Log (PFL). Data from Sicada.
**  Geologic interpretation from /21/.
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Further, the injection flow rate and tracer concentration were selected so that a starting concentration
of approximately 1 mg/l in the borehole section would be obtained. Using the equipment described in
Chapter 3, the tracer solution in the borehole section was continuously circulated and sampled. Circulation
was maintained during the entire test and the sampler was set to change tubes every two hours.

4.4 Analysis and interpretation

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

4.41 Tracer dilution calculations

Flow rates were calculated from the decay of tracer concentration over time through dilution by the
ambient groundwater flow. The so-called “dilution curves” were plotted as the natural logarithm of
concentration versus time cf /22/. Theoretically, a straight-line relationship exists between the natural
logarithm of the relative tracer concentration (¢/cy) and time (¢):

In (c/co) =— (O /V) - t (4-1)

where QOp;, (m?/s) is the groundwater flow rate through the borehole section and V' (m?) is the mixing
volume including the borehole section and the tubing in the circulation system. By plotting In (¢/cy)
versus 7, and by knowing the mixing volume ¥, O, may be obtained from the straight-line slope. If
¢y 1s constant, it is sufficient to use In ¢ in the plot.

The sampling procedure with a constant flow rate of approximately 0.100 ml/min also creates a
dilution of tracer. The sampling flow rate is therefore subtracted from the value obtained from (4-1).

The flow Oy, 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 practise, 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 Qp; can be expressed as:

Op =V Lpp 2rpp - (4-2)

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

Hydraulic gradients may be estimated from Darcy’s law where the gradient / is calculated as the function
of the Darcy velocity v with the conductivity K:

_V _ Qbh 'Lbh _ Qbh 'Lbh (4_3)
K a-4-T, 2-d4,-L,-T,

where Ty, is the transmissivity of the section, 4 the cross section area between the packers and dpy,
the borehole diameter.

The factor a is commonly given the value 2 in the calculations, which is the theoretical value for

a homogeneous porous media. Since the rock is mostly heterogeneous and the angle between the
groundwater flow and borehole axis in the section not always is 90°, the calculation of the hydraulic
gradient should be regarded as a rough estimate.

4.5 Nonconformities

* The mobile diesel electric power stations affected the frequency of the sampler. When the sampler
was set up to change tubes every 120 minutes the actual sampling interval varied between app-
roximately 114 and 124 minutes. This was compensated for in the evaluation.

* The mobile electric power station at HLX35 stopped after about 17 hours, reason unknown. It was
re-started after one hour and this short stop should not affect the results.
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The sampling hose was tangled in the tube sampler in KLX04:5. Due to this, some tubes were not
filled. This should not affect the results.

Due to an erroneously adjusted tube sampler in KLX06:3 some sample tubes in the beginning of
the period were not filled. This should not affect the results.

To avoid work during the weekend, sampling in HLX20:2 was stopped after about 90 hours, which
was 6 hours before the minimum limit of a 4 day sampling period established in the AP. The results
from the evaluation, however, were not reliable, probably due to tracer contamination of the samples
and thereby excluded from this report.

Due to the start of the moose-hunting period in the area, measurements in KLX15A:3 and
KLX15A:6 were terminated 5 and 7 hours, respectively before the limit of 4 days. This should
not affect the results.
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5 Results

Original data from the reported activity are stored in the primary database Sicada. Data are traceable
in Sicada by the Activity Plan number (AP PS 400-09-006). 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 of P-reports. Minor data revisions are normally presented as supplements
available at www.skb.se.

The results obtained within this activity are groundwater flow rates in 27 borehole sections during

natural conditions. Borehole section HLX20:1 was omitted as described in Section 4.5. The calcu-

lated groundwater flow rate together with transmissivity and measurement volume gives the Darcy
velocity and hydraulic gradient for the section as additional results, see Table 5-1.

In Figure 5-6 an example of a typical tracer dilution curve is shown, in this case for HLX14:1. The
flow rate is calculated from the slope of the straight-line fit. The results show that the groundwater
flow during natural undisturbed conditions varied from 0.03 to 80 ml/min in the measured sections
with Darcy velocities ranging from 7.2-107"! to 6.4-10”” m/s. Hydraulic gradients are calculated
according to the Darcy concept and range from 0.001 to 4.

Tracer dilution graphs together with straight-line fits for each borehole section are presented in Appendix 1.
The straight-line fits to the experimental data are generally good with regression coefficients (R-squared)
between 0.725 and 0.999 for 23 of 27 borehole sections. For four of the borehole sections, data is
substantially scattered with regression coefficient values ranging between 0.050 and 0.452.

Table 5-1. Results from groundwater flow measurements in permanently installed
boreholes test campaign no. 5, 2009.

Borehole/section Borehole Transmissivity Volume (ml) Measured flow Darcy velocity Hydraulic
length (m) (m?/s) (ml/min) (m/s) gradient
HLX14:1 96-116 5.7E-05* 84,950 80 2.4E-07 0.084
HLX28:2 70-90 3.7E-04* 46,055 27 8.2E-08 0.0044
HLX35:2 120-130 2.3E-04* 38,460 39 2.3E-07 0.010
HLX39:1 187-199 1.4E-04* 66,982 1.9 9.6E-09 0.0008
HLX43:1 135-146 4. 6E-05* 42,820 4.6 2.5E-08 0.0060
KAV01:3 391-434 1.5E-05*** 47,757 61 8.4E-08 0.24
KLX02:2 1,145-1,164  3.2E-07** 90,589 0.93 2.9E-09 0.17
KLX02:5 452-494 1.0E-07** 70,197 2.2 3.1E-09 1.3
KLX03:1 965-971 4 5E-07*** 65,598 0.25 2.5E-09 0.033
KLX03:4 729-751 4.7E-06*** 66,610 1.8 4.8E-09 0.023
KLX04:2 870-897 1.4E-07*** 83,344 0.03 7.2E-11 0.014
KLX04:5 507-530 2.0E-06*** 54,119 0.51 1.3E-09 0.015
KLX06:3 554-570 5.2E-06*** 52,881 1.1 3.9E-09 0.012
KLX06:6 256-275 2.0E-05*** 35,861 6.8 2.1E-08 0.020
KLX07A:2 753-780 9.3E-06*** 77,028 15 3.3E-08 0.095
KLX08:3 626-683 5.8E-07*** 103,491 3.0 3.1E-09 0.31
KLX08:4 594-625 3.8E-07*** 68,440 22 4.2E-08 3.4
KLX10A:2 689-710 4 4E-08*** 66,620 0.36 1.9E-09 0.89
KLX10A:5 351-368 7.6E-07*** 39,875 24 1.6E-07 3.5
KLX13A:2 490-507 3.8E-07*** 51,210 0.33 2.1E-09 0.096
KLX15A:3 623-640 9.0E-07*** 57,606 33 2.1E-07 4.0
KLX15A:6 260-272 3.7E-06*** 29,384 70 6.4E-07 2.0
KLX17A:2 419-434 1.5E-05*** 44,880 4.0 2.9E-08 0.029
KLX17A:6 180-219 1.1E-06*** 50,800 0.72 2.0E-09 0.075
KLX18A:3 472-489 5.4E-08*** 49,343 2.0 1.3E-08 4.0
KSH02:1 955-963 5.4E-07** 67,328 0.16 2.3E-09 0.034
KSH02:4 411-439 1.1E-06** 54,136 0.35 1.4E-09 0.034

*  From flow loggings /1-2/.
** From injection tests /3-5/.
*** From differential flow logging /6—19/.

P-10-03 17



A comparison between test campaign no. 1, 2005 /23/, test campaign no. 2, 2006 /24/, test campaign
no. 3, 2007 /25/, test campaign no. 4, 2008 /26/ and test campaign no. 5, 2009 is shown in Table 5-2.
In this comparison results from the dilution measurements for the LPT project /20/ is included (within
brackets) as well. As seen in Table 5-2, the flow rate in the borehole sections displays increasing,
decreasing or constant trends over time. These results and trends are shown in Figure 5-3, Figure 5-4
and Figure 5-5. Some of the sections, for instance HLX43:1 and KLLX08:4, shows a varying hydraulic
gradient over time at a ratio of 113 and 22 respectively and seven sections has maximum ratios above
10. The reasons for these fluctuations are not fully understood but some of the sections in campaign
no. 5 might still have been affected by the long-term pumping (LPT) conducted in borehole HLX28
between 090119 and 090526. The pumping rate was about 300 1/min and had a large influence on
groundwater levels in some flow directions. During the pre-test to the LPT, some of the sections (see
Table 5-2 below), was measured in the summer 2009 and the results from this measurement was then
used in campaign 4.

A hydraulic gradient above 0.1 is unlikely to exist in a flat topography area like Laxemar. Notable is
that 9 out of 12 sections having a transmissivity below 1 E-06 m*/s, show hydraulic gradients above
0.1 compared to only 2 out of 15 sections having a transmissivity above 1 E-06 m?/s, see Table 5.1.
The relationship between transmissivity and hydraulic gradient was also noted in a separate study /27/
where also other sources of error such as convergence factors and fracture orientations are discussed.

Groundwater levels during the test period are shown for the selected boreholes in Appendix 2. The
groundwater levels are generally decreasing during the measurement period which was in late summer
in 2009, a relatively dry period. The previous test campaigns have been conducted between November
and February. Generally the groundwater levels can have a big effect on the flow rate and the differences
between the summer period and the winter with rain and snowfall are factors that might have affected the
results. One example is section KLX08:4 whose flow rate increased over 40 times from 2008 to 2009 and
which might have been affected by a decreasing groundwater level. The result from KLX08:4 however
is a bit uncertain as seen in Appendix 1 since the dilution graph is very unstable. The changes in flow
rate are plotted in Figure 5-1.

As seen in Figure 5-1 the change between 2008 and 2009 is generally small but some of the sections
have changed with a factor 5 to 10. The shallower sections display a somewhat higher but not significant
ratio of change. The outlier with a ratio of 40 is from section KLX08:4 which result is seen as a bit
uncertain as discussed above.

In order to explain the diverging results of the flow rate in some sections, some comparisons were made.
It is noticeable that the boreholes with a varying flow ratio exceeding 10 are all situated in the eastern
part of Laxemar subarea. These sections are: HLX43:1, KLX02:2, KLX04:2, KLX05:7, KLX08:4,
KLX15A:6 and KLX18A:3. To see if there are any long-term correlations between depth and flow
changes the logarithm of the ratio of change was plotted against the mean depth of each section and is
seen in Figure 5-2. There is no clear relation between the two variables even though the shallower sec-
tions display a somewhat higher ratio of the present flow changes similar to the one seen in Figure 5-1.
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Table 5-2. Results from groundwater flow measurements in permanently installed boreholes.
Comparison between test campaign no. 1, 2005, no. 2, 2006, no. 3, 2007, no. 4, 2008 and no. 5, 2009.
Values within brackets from LPT measurements 2008 and 2009.

Borehole/ Measured flow (ml/min)

Darcy velocity (m/s)

Hydraulic gradient

section 005 2006 2007 2008 2009 2005 2006 2007 2008 2009 2005 2006 2007 2008 2009
HLX14:1 11 80 34E-08 2.4E-07 0.012 0.084
HLX20:2 057 031 - 3.8E-09 2.1E-09 - 0.0039 0.0020 —
HLX27:1 2.60 1.3E-08 0.0041
HLX28:2 11 27 3.4E-08 8.2E-08 0.0018 0.0044
HLX32:2 15 83 7.1 8.7E-08 [4.9E-08] [4.2E-08] 013 0.071 0.061
HLX35:2 73 71 39 44E-07 4.2E-07 2.3E-07 0019 0019 0.010
HLX37:1 25 18 [3.0E-09] [2.2E-09] 0.0030 0.0020
HLX37:3 1.2 4.8E-09 0.0049
HLX38:3 46 094 [2.3E-08] [4.7E-09] 0.0050 0.0010
HLX39:1 14 1.9 7.1E-09 9.6E-09 0.00060 0.00082
HLX43:1 83 07 46 45E-07 4.0E-09 2.5E-08 0.11  0.0010 0.0060
KAVO1:3 61 42 68 61 21E-07 1.4E-07 1.7E-07 84E-08 | 059 040 0.48 0.24
KLX01:3 59 4.1 48 34E-08 2.4E-08 2.8E-08 0.018 0.013 0.015 0.015
KLX02:2 21 077 072 020 093 | 1.2E-08 4.4E-09 4.1E-09 1.2E-09 2.9E-09 | 0.71 026 024 0071 047
KLX025 31 25 16 31 22 8.0E-09 6.6E-09 4.2E-09 8.0E-09 3.1E-09 | 34 28 18 34 13
KLX03:1 0.93 020 077 025 1.7E-08 3.7E-09 1.4E-08 2.5E-09 0.23 0049 019  0.033
KLX03:4 065 040 17 1.8 3.2E-09 2.0E-09 8.7E-09 4.8E-09 0.015 0.0095 0.041 0.023
KLX04:2 073 070 0.57 0.03 | 3.0E-09 2.8E-09 2.3E-09 72E-11 | 058 054 045 0.014
KLX04:5 0.67 0.55 0.70 0.51 | 3.2E-09 2.6E-09 3.4E-09 1.3E-09 | 0.036 0.029 0.038 0.015
KLX05:3 0.25 3.4E-09 4.9
KLX05:7 058 022 14 4.6E-09 1.7E-09 1.1E-07 0.034 0013  0.81
KLX06:3 0.88 0.78 0.82 1.1 6.1E-09 5.4E-09 5.6E-09 3.9E-09 | 0.019 0.016 0.017 0.012
KLX06:6 22 20 17 6.8 1.3E-08 1.2E-08 9.7E-09 2.1E-08 | 0.012 0.011 0.0090 0.020
KLX07A:2 18 19 17 15 7.2E-08 7.9E-08 6.9E-08 3.3E-08 021 023 020 0.095
KLX08:3 26 35 30 5.0E-08 5.8E-08 3.1E-09 4.9 065  0.31
KLX08:4 075 054 22 27E-09 1.9E-09 4.2E-08 022 015 34
KLX10A:2 23 060 027 0.36 1.2E-08 3.1E-09 4.5E-09 1.9E-09 57 15 0.66  0.89
KLX10A:5 18 19 13 24 1.2E-07 1.2E-07 8.2E-08 1.6E-07 27 27 18 35
KLX11A:3 32 26 141 2.7E-08 [2.2E-08] [9.6E-09)] 0.023 0.019 0.0080
KLX11A:7 067 070 0.38 4.6E-09 [4.8E-09] [2.6E-09] 0.0029 0.0030 0.0020
KLX12A:2 017 0.60 1.8E-09 6.5E-09 014 051
KLX13A:2 062 0.33 4.0E-09 2.1E-09 0.18  0.096
KLX15A:3 18 44 33 1.2E-07 2.9E-07 2.1E-07 2.3 55 40
KLX15A:6 30 30 70 2.7E-08 2.8E-07 6.4E-07 0087 090 20
KLX17A:2 56 4.0 4.1E-08 2.9E-08 0.040  0.029
KLX17A:6 065 0.72 1.8E-09 2.0E-09 0.066 0.075
KLX18A:3 028 15 20 1.9E-09 1.0E-07 1.3E-08 059 31 4.0
KLX19A:3 12 061 0.36 1.6E-08 [8.3E-09] [5.0E-09] 013  0.065 0.039
KLX20A:2 070 069 52 2.1E-09 [2.3E-09] [1.7E-08] 0.034 0.037 0.28
KLX20A:5 42 63 63 1.1E-08 [1.7E-08] [1.7E-08] 0.055 0.085 0.085
KLX21B:3 170 1.3E-06 36
KLX27A:1 0.32 0.067 [3.1E-09] [6.6E-10] 0.010  0.0020
KLX27A:6 42 48 [1.2E-08] [1.3E-08] 12 13
KSHO1A:4 90 7.4 46 2.5E-08 2.0E-08 1.2E-08 29 23 14
KSHO1A:7 1.9 20 16 5.3E-09 5.6E-09 4.4E-09 013 0.14 0.1
KSH02:1 0.82 055 0.10 0.16 | 1.1E-08 7.6E-09 1.3E-09 23E-09 | 016 0.1 0.019 0.034
KSH02:4 065 033 0.18 0.35 | 2.6E-09 1.3E-09 6.9E-10 1.4E-09 | 0.065 0.032 0.017 0.034
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Figure 5-1. Comparison of the ratio ([2009-2008]/min[2008:2009]) between tested flow rates 2008 and
2009 plotted against mean depth for all sections measured in these two test campaigns.
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Figure 5-2. Comparison of the logarithm of the ratio between tested max and min flow rates plotted
against mean depth for all sections measured in at least two test campaigns.
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Figure 5-3. Comparison of flow rates determined from all measurement campaigns performed for borehole

sections having flow rates above 10 ml/min.
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Figure 5-4. Comparison of flow rates determined from all measurement campaigns for borehole sections

having flow rates in the range 1—10 ml/min.
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Figure 5-5. Comparison of flow rates determined from all measurement campaigns for borehole sections

having flow rates in the range 0—1 ml/min.
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test campaign 5, 2009
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Figure 5-6. Example of a tracer dilution graph for borehole HLX14:1, including straight — line fit.

22

P-10-03



6 References

SKB'’s (Svensk Karnbranslehantering AB) publications can be found at www.skb.se/publications.

/1/° Rohs S, van der Wall R, Wolf P, 2007. Flow logging in boreholes HLX 14, HLX20, HLX27,
HLX28, HLX32, HLX33, HLX37, HLX39 and HL.X43 Subarea Laxemar. Oskarshamn site
investigation. SKB P-06-319, Svensk Kérnbrénslehantering AB.

/2/ " Rohs S, 2006. Flow logging in boreholes HLX21, HLX35 and HLX38, Subarea Laxemar.
Oskarshamn site investigation. SKB P-06-147, Svensk Kérnbréanslehantering AB.

/3/ Nilsson L, 1989. Hydraulic tests at Aspo and Laxemar, evaluation. SKB PR 25-88-14, Svensk
Kérnbréanslehantering AB.

/4/ Rahm N, Enachescu C, 2004. Hydraulic injection tests in borehole KL.X02, 2003. Sub-area
Laxemar. Oskarshamn site investigation. SKB P-04-288, Svensk Karnbrinslehantering AB.

/5/ Ludvigson J, Levén J, Killgarden J, Jonsson S, 2004. Single hole injection test in borehole
KSHO02. Oskarshamn site investigation.SKB P-04-247, Svensk Kérnbranslehantering AB.

/6/ Rouhiainen P, Polliinen J, 2004. Difference flow measurements in borehole KAVO1 at Avro.
Oskarshamn site investigation. SKB P-04-213, Svensk Kérnbréanslehantering AB.

/7/ Rouhiainen P, Péllinen J, Sokolnicki M, 2005. Difference flow logging of borehole KLXO03.
Subarea Laxemar. Oskarshamn site investigation. SKB P-05-67, Svensk Kérnbrinslehantering AB.

/8/  Rouhiainen P, Sokolnicki M, 2005. Difference flow logging of borehole KLX04. Subarea
Laxemar. Oskarshamn site investigation. SKB P-05-68, Svensk Kérnbrinslehantering AB.

/9/  Sokolnicki M, Rouhiainen P, 2005. Difference flow logging of borehole KLLX06. Subarea
Laxemar. Oskarshamn site investigation. SKB P-05-74, Svensk Kérnbranslehantering AB.

/10/ Sokolnicki M, Rouhiainen P, 2005. Difference flow logging of borehole KL.X05. Subarea
Laxemar. Oskarshamn site investigation. SKB P-05-160, Svensk Kérnbranslehantering AB.

/11/ Sokolnicki M, Rouhiainen P, 2005. Difference flow logging of boreholes KLX07A
and KLX07B. Subarea Laxemar. Oskarshamn site investigation. SKB P-05-225, Svensk
Kérnbréinslehantering AB.

/12/ Sokolnicki M, Péolianen J, 2005. Difference flow logging of borehole KLX08. Subarea
Laxemar. Oskarshamn site investigation. SKB P-05-267, Svensk Karnbrinslehantering AB.

/13/ Sokolnicki M, 2007. Difference flow logging of borehole KLX10. Subarea Laxemar.
Oskarshamn site investigation. SKB P-06-58, Svensk Kérnbrénslehantering AB.

/14/ Viisidsvaara J, Heikkinen P, Kristiansson S, Pollinen J, 2006. Difference flow logging of
borehole KLX12. Subarea Laxemar. Oskarshamn site investigation. SKB P-06-185, Svensk
Kérnbréanslehantering AB.

/15/ Viisisvaara J, Pekkanen J, 2007. Difference flow logging of borehole KLX13A. Subarea
Laxemar. Oskarshamn site investigation. SKB P-06-245, Svensk Karnbrinslehantering AB.

/16/ Poolidnen J, Sokolnicki M, Viisdsvaara J, 2007. Difference flow logging of borehole KLX15A.
Subarea Laxemar. Oskarshamn site investigation. SKB P-07-176, Svensk Kérmnbrinslehantering AB.

/17/ Poodlanen J, Kristiansson S, 2007. Difference flow logging of borehole KLX17A. Subarea
Laxemar. Oskarshamn site investigation. SKB P-07-34, Svensk Kérnbranslehantering AB.

/18/ Sokolnicki M, Kristiansson S, 2006. Difference flow logging of borehole KLX18A. Subarea
Laxemar. Oskarshamn site investigation. SKB P-06-184, Svensk Kéarnbrinslehantering AB.

/19/ Sokolnicki M, Pé6linen J, 2007. Difference flow logging of borehole KLX21B. Subarea
Laxemar. Oskarshamn site investigation. SKB P-07-116, Svensk Kérnbrénslehantering AB.

/20/ Thur P, Hjerne C, Ludvigson J-E, Svensson T, Nordqvist R, 2010. HLX28 large-scale con-
firmatory multiple-hole tracer test and hydraulic interference test. Oskarshamn site investigation.
SKB P-09-62, Svensk Karnbranslehantering AB.

P-10-03 23



/21/ Wahlgren C-H, Curtis P, Hermanson J, Forssberg O, Ohman J, Fox A, LaPointe P,
Drake H, Triumf C-A, Mattsson H, Thunehed H, Juhlin C, 2008. Geology Laxemar. Site
descriptive modelling SDM-Site Laxemar. SKB R-08-54, Svensk Karnbranslehantering AB.

/22/ Gustafsson E. 2002. Bestdmning av grundvattenflodet med utspddningsteknik — Modifiering
av utrustning och kompletterande métningar. SKB R-02-31 (in Swedish), Svensk
Kéarnbréanslehantering AB.

/23/ Askling P, Andersson P, 2006. Groundwater flow measurements in permanently installed
boreholes. Test campaign no. 1. 2005. Oskarshamn site investigation. SKB P-06-61, Svensk
Kérnbréanslehantering AB.

/24/ Askling P, Andersson P, 2007. Groundwater flow measurements in permanently installed
boreholes. Test campaign no. 2. 2006. Oskarshamn site investigation. SKB P-07-181, Svensk
Kéarnbrénslehantering AB.

/25/ Thur P, 2008. Groundwater flow measurements in permanently installed boreholes. Test campaign
no. 3. 2007. Oskarshamn site investigation. SKB P-08-31, Svensk Kérnbrénslehantering AB.

/26/ Harrstrom J, Thur P, 2009. Groundwater flow measurements in permanently installed
boreholes. Test campaign no. 4. 2008. Oskarshamn site investigation. SKB P-09-56, Svensk
Kéarnbrénslehantering AB.

/27/ Nordqvist R, Gustafsson E, Andersson P, Thur P, 2008. Groundwater flow and hydraulic
gradients in fractures and fracture zones at Forsmark and Oskarshamn. SKB R-08-103, Svensk
Kéarnbrénslehantering AB.



Tracer dilution graphs

Appendix 1
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Y = -0.008348704522 * X — 0.2622207477 Y =-0.001094401175 * X — 0.3805272968
Number of data points used = 76 -0.55 — Number of data points used = 75
R-squared = 0.998591 R-squared = 0.892587
|V =44880 ml V = 50800 ml +
Qsample = 0.085 ml/min . ~] Qsample = 0.096 ml/min
Q =4.00 ml/min + Q=0.72 ml/min
16 0.6
\ \ \ ‘ \ \ \ \ \
0 40 80 120 160 0 40 80 120 160
Elapsed time (h) Elapsed time (h)
P-10-03



-0.56 —

Oskarshamn site investigation
Groundwater flow measurement,
test campaign 5, 2009
b KLX18A section 3 (472-489 m)
H- Amino-G acid
0.6 —|
o |
< -0.64
-0.68 —|
Y = -0.002434047597 * X — 0.4784218152
Number of data points used = 24
R-squared = 0.984412
-V =49343 ml
Qsample = 0.074 ml/min —+
Q= 1.99 mi/min
0.72
I I |
40 60 80 100
Elapsed time (h)
-0.24 — Oskarshamn site investigation
Groundwater flow measurement,
test campaign 5, 2009
8 KSHO02 section 4 (411-439 m)
Amino-G acid
+ o+
-0.26 —|
Jr
(8]
c -0.28 —|
Jr
Jr
03—
Y = -0.0004008829705 * X — 0.2573848927
Number of data points used =
R-squared = 0.768212 * + ++ +
4 v=54136 ml +
Qsample = 0.105 ml/min +
Q= 0.35 mi/min +
-0.32
I I I ! |
0 40 80 120 160
Elapsed time (h)
P-10-03

InC

-0.28

-0.29

-0.31

-0.32

Oskarshamn site investigation
Groundwater flow measurement,

Y =-0.0003431897746 * X — 0.2655040772
Number of data points used = 24
R-squared = 0.611219

V =67328 ml

Qsample = 0.118 ml/min

Q=0.16 ml/min

-+test campaign 5, 2009

Amino-G acid

+

KSHO02 section 1 (955-963 m)

20

\
40

\
60

\ \
80 100

Elapsed time (h)

\
120

140
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Groundwater levels (metres above sea level)

HLX14

Appendix 2

PLOT TIME :08/11/25 09:50:42 HMS PO
PLOT FILE :HLX14
Adjusted for DST
BAIAS HLX 401 BA136 HLG14:2
mast masl
LAST CALIBRATION LAST CALIBRATION
05 10/01 000000 O 10/01 DOUO000
e o e
E ey ¥
E T~ P
1zs ] ¥ L ¥ia
E ’ i
e 3 i
E 7 [ Pr.»
E A,
123 _; B a % % L Vg *
E b LA TR TN SV o N
E + & L . F
122 ==
E Measurement
E period HLX14:1
121 _E
] —>
120 ] &
19 _E {
1 1 T 1 I I
28 7 2 7 = = o002 7 2 7
08 0902 1 1 1 1 1
|START :0a/08/28 00:00:00 | |INTERVAL: All readings | |sTOP :08/10/17 23:50:59 ]

Measured section: HLX14:1 (green)

HLX20

PLOT TIME :0911/25 09:51:43
PLOT FILE i >_<rzé HMS PO
Adjusted for
BA174 HLX20:1 BAITS HI..ﬁZD:Z BA1ITE Hl:ﬁm
masl| masl| masl
P SaNooT aparon a0 e
10,00 |
0,05
Measurement
o0 period HLX20:2
2.85 -
°.80 :
o975 _:
270 -:
.65 :
es0 8
.55 —
X i
E /
LY -
o460 ]
08-28 09-02 7 12 17 = o 10-02 T 1 17
manth-clay
[sTART :09/08/28 00:00:00 ] |INTERVAL: Al readings | [sTOP :09/10/17 23:50:50 |

Measured section: HLX20:2 (blue)

P-10-03
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HLX28

PLOT TIME :09/11/25 09:52:05
PLOT FILE :H
Adjustad for DST

Lx28

HMS PO

BAz3E4 HL.X28:4

BA3E HLX2EA BAZS2 HLY28:2 BA3SS HLX %3
masl masl mas| masl
LAST CALIBRATION LAST C%EFMTIDN LAST CALIBRATION LAST CALIBRATION
0007 00000 ONONOT 0000000 REAOT OO0 0N 0000000
190
135
130 |

Measurement
period HLX28:2

128 : “M
1zo - . T e W x
i WWM
11.5 ]
08-28 00-02 7 12 17 a2 Er 1002 7 12 - 17
|START -09/08/28 00:00:00 | [ INTERVAL: All readings | |sTOP (0911017 23:59:59 |
Measured section: HLX28:2 (blue)
HLX35
BEST AR R oo Hus PO
Adjusted for DST
BAZ251 HLX351 BAazsz HLIX3522 BA253 HEX!SS:S
masl mas| masi
Ao o a000 Bt AT AL
160 ]
155 _:
o ]
14,5 :
o Measurement
] period HLX35:2
135 __WMW 3
] e TN e it i i P e e
130 T —" e ey — -
] e R el st i
125 _:
120 _:
1.5 ]
1.0 _:
10.5 _:
08-28 09-02 7 12 17 22 Er 1002 7 12 17
month-deay
| START :09/08/28 00:00:00 | |INTERVAL: Al readings | |sTOP (00/10/17 23:59:59 |
Measured sections: HLX35:2 (blue)
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HLX39

PLOT TIME :09/11/25 09:52:46
PLOT FILE ‘HLX30 HMS PO
Adjusted tor DST
BAZ7S HLX39:1 BAZTS HLX39:2 BAz77 HiXa0:3
rasl masl masl
LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION
01001 00:00:00 O 10/01 00000000 O 10/01 000000
19.0 ] —

=
n
FEERE T TR

5
i
T

Measurement
period HLX39:1

a
in
FETRTRI B

160

0828 0002 7 12 17 a2z & 1002 7 12 do‘l:
[START :09/08/28 00:00:00 | [INTERVAL: All readings | STOP :09/10/17 23:59:59 |
Measured sections: HLX35:2 (green)
PLOT TIME :09/11/25 09:53:08
PLOT FILE ‘HLX43 HMS PO
Adjusted tor DST
BAzos HLXa3:1 BA207 HLXa2:2 BAzas HUXa33 BA200 HLX43:4
s sl sl s
LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION
0&10/01 00:00:00 OR/10/01 0000:00 01001 00:00:00 O 10/01 O0:00:00

210

205 ] M/ mm

200

215 \ ?\

1o Measurement
] period HLX43:1

17
monh-clay

| START :09/08/28 00:00:00 | |INTERVAL: Al readings | |sTOP :09/10/17 23:59:59 |

Measured section: HLX43:1 (green)

P-10-03 35



36

KAV01

PLOT TIME :09/11/25 09:53:43 HMS PO
PLOT FILE :KAVO1
Adjusted for DST
. .
BAG1 KAVO1: BAZZ KAVD1:2 BASS KAVD1:3 BAS4 KAVD1H BAGS KAVD1:S
masl rmsd masl sl sl
LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION
010407 0020000 01001 0000200 0610401 00200200 00T 00:00:00 O 10701 0000700
6
T i :
¥ w'-__rm,‘“ﬂ?‘r‘_‘_*__ . :

s 3 T g W N 5 2 res S P o AT e A

4

a 4

2

1

o

-1 Measurement

period KAVO1
-2

OB.28 0902 7 12 7 22 v 1002 7 1 Inmmdl‘m'?
|sTART :00/08/28 00:00:00 | |INTERVAL: All readings | |sTOP :00/10/17 23:59:59 |
Measured section: KAVO01:3 (red)
PLOT TIME :00/11/25 06:54:14
PLOT FILE K HMS PO
Ad|ust9d tor
BAGT KLXO2:1 852 KLX02:2 BAS3 KL;(D@.'S Basd K&O@:d BAGS KLX02:S5 BASS KLXO2:6 BAGT ru.‘;(m:? BaGa w.;m:s
masl mas| mas| mas| masl mas| mas| mas|
LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIEFIATICN LAST CALIEFIATICN LAST CALIEFU\TICN LAST CALIEQATICN LAST CALI&QATICIN
09 10/01 00200200 09 10/01 00200200 09 10/01 00200200 09 10/01 000000 09 10/01 000000
10 .'
1 4 i 1
| T
| | X
p IEE—— | S T—————— g . 5
S ] i S S
N 3 T L T P 5 T SR RO iy 3
| Measurement
i period KLX02:5
| L
5 -
| Measurement
10 1 period KLX02:2
15
0B-28 09-02 7 12 17 2 a 10-02 7 12 d:‘l;
[START -08/08/28 00:00:00 | [INTERVAL: All readings | [sTOP 08110117 23:50:59

Measured sections: KLX02:2 (blue) and KLX02:5 (turquoise)
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KLX03

PLOT TIME :09/11/25 13:16:36
PLOT FILE :KLE?(UG
Adjusted for DST
BAI61 KLX030 BATEZ KLX03:2 M\ele:mz:a
masl sl sl

BATE4 KN4 BA1ES KLX02S

masl

HMS PO

masl masl

a
BAlES KLX03:6  BAIST KLX03:T

masl

v
BA16S KXo
sl

e
BA169 KLX03:9
masl

*
BATT0 KLXo3X
masl

LAST CALIBRATIONLAST CALIBRATIORNAST CALIBRATIONLAST CALIBRATION AST CALIBRATICRLAST GlLlEIRATIOMAST CALIBRATICMAST CALIBRATIONAST CALIBRATICELAST CALIBRATION
OO0 000000 OW0H0T 00:00:00  ODV0D01 000000 0W0NDT DOUD0ND0

0DDNDT 000000 OHON0T 000000

15,0,

oo

000000  O0N0R01 000000 DROR0

1000000 O90N0T 00:00000

Measurement
period KLX03

4

= s S e e e = e ——— Sl S
] 135 _: Measurement 1
] : period KLX03:1
1 130 -

_- 125 —: ‘

: 120 _i

115 _:
11.0 _E

-15
08-28 0802 10-02 7 mnnﬂl-da‘i)?
| START :08/08/28 00:00:00 | |INTERVAL: Al readings | |sTOP :00/10/17 23:59:59 |
Measured sections: KLX03:1 (green) and KLX03:4 (pink)
PLOT TIME 09;11;'25 09:56:45
PLOT FILE :KLX04 HMS PO
Adjustad for DST
BA141 KLX0D4:1 BAtaz Kleﬂd'a? BA143 KCXD‘.? BAT44 KLXEM." BA145 KLX04S EA146 KLX04% BA147 n:xod!? BA148 KEXD"B
mas| mas| sl miasl masl mas| masl
LAST CALIBRATION LAST CALIBRATION LAST CAUBFIATIDN LAST CALIBRATION LAST CALIBRATION LAST CALIEQA“CN LAST CALIBRATION LAST CH\I.IEFIATIDN
0910/01 00200200 091001 00200000 09 10/01 00200 081001 00:00:00 01001 000000 1 00200200 OF10°01 00000200 01001 000000
s 3 idiihaseiiiiias o0 4 g e
e 3 DMt is it e abiion o P
E j-- N ,.,""f e :
4 .3 %
] A A AT Lo L e A AT N
" T e W ]
1 i . Measurement
0 J ey period KLX04:5 e —- —— - .
]
s
E T | Fay 3 F
. E;“Lﬁ,,ﬁ_:"wr‘g."'ﬂ- e B s e an S WS T e MY T we, “’__VWM‘*-&.
] i
] 4 Measurement
» 3 y period KLX04:2
0828 09-02 7 12 17 2 - 10-02 7 12 17
month-day
| START :09/08/28 00:00:00 | [INTERVAL: All readings | [sTOP :00/10/17 23:59:59 |

Measured sections: KLX04:2 (blue) and KLX04:5 (turquoise)
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KLX06

PLOT TIME :09/11/25 09:57:19
PLOT ALE 8% HMS PO
Adjusted for DST
BA151 KLX06A BA152 KLI)<062 BA153 KL’X(S:? BA154 KL)((SA BA155 KLX06:5 BA156 KLX065 BA1ST KI(.IXOG:? BA158 Kls(oeﬁ
masl masl mas! mas! mas! mas! mas| mas|
O30T U b000 | 0ATN01 COB000 " 03100T 050080 | 0BG GBBOD | OBTO0 COBO0D | 6WiD0TCO0B08 | OMGAnS0BDO0D | Oinol Sen0n
13 I
{ et P g P §
2 - - R S A ol A e ey
] Measurement
] period KLX06:6
n E
10 _f
=
8
. 3 Measurement
] oo mns period KLX06:3 e
E_ﬁr“*" VY ‘-r"’y_;q&m".'l"ﬂ'?'c"'.",‘.‘.,_"3"3"*;"‘»."":"‘-4"‘!_;-“--!"a“'%“*’i"'d‘-fu“’" i&‘#}-‘\hgﬁ"'gmm‘au:”(_: )
= .
—_tYt——7r
0828 0902 7 12 17 &= & 1002 7 12 d&;
[START :09/08/28 00:00:00 ] [INTERVAL: Al readings | [sTOP 09110117 23:50:59 |
Measured sections: KL.X06:3 (red) and KLX06:6 (beige).
PLOT TIME :09/11/25 09:57:40 HMS PO
PLOT FILE :KLX07A
Adjusted for DST
BAZ41 KLXTAN BA2aZ Kl.‘)ﬁ"l:? BAZ43 KI:XT-N-'! BAZa4 K!.;(ﬂ\:l BA245 KLXTAS BA24G KLXTAS BAZ4T K&?ﬂ? BAZa8 fo?-l:ﬂ
s sl masl sl sl masl mas! sl

LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION
09'09/02 00:00:00 0002 000000 C0GE30 000000 0HON02 00200000 090902 00:00:00 OE0R02 000000 0002 000000 0N 0N02 0000000

10 3

P o SlL s B

. T

o 1. A_E o el -

E - - R S _ F

. s » e P I A

E - R Y g g R i

7 by TN & R S o o
o
7 3 .

Jrobadn i =ane P . B _ 3

E : e e i i s -
[

3 i
5 3 :
. Measurement

] :Lw period KLX07A:2

o

3

08-28 0902 7 12 17 a2

| START :08/08/28 00:00:00 | |INTERVAL: Al readings | | sTOP :00/10/17 23:59:50 |

Measured section: KLX07A:2 (blue)
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KLX08

PLOT TIME :09/11/25 09:57:57
PLOT FILE #Lx08 HMS PO
Adjusted for DST
BA2GT KLXOB:1 MZW;XDQ'? EQESJKI:XO!'Q BAZE4 Kt‘(ﬁ!'d BAZES KLXOB:5 BAZEE KLXOAE BAzZET K&ﬁ&? MK&M'! MKISVD!'H BAZMKL‘;(DG-.‘K
masl sl ] masl sl masl sl sl
LAST CALIBRATIONLAST CALIBRATION.AST CALIBRATIONLAST CALIBRATIONLAST CALIBRATIONLAST CALIBRATIONAST CALIBRATICNLAST CALIBRATIONAST CALIBRATIONAST CALIBRATION
OR10/01 00:0000 091001 00:00:00 010401 0000 O 10/01 0000000 0W/10/01 00:00:00 OR/01 00:00:00 O 10/01 00:00: 01001 000000 01001 00:00:00 O 10/01 000000
135
130
125 ]
120
15
noe
s e
woe
a5 Measurement
period KLX08:3
2.0 -, 5 S i - z P T
a5 ]
LY -
0828 Of-02 T 12 17 2 F-oa 1002 T 12 17
manth-
|START :09/08/28 00:00:00 | [INTERVAL: Al readings | STOP :09/10/17 23:59:59 |
Measured sections: KLX08:3 (red) and KLX08:4 (pink)
PLOT TIME :00/11/25 09:58:20
BT E D% HMS PO
Adjusted for
BAZAT KLX10:1 Eﬁmﬁl;‘!‘d:z Bazad KGHD:Q BAZAd KLX10:4 EAZAS KLX10:5 BAZDE KLX10:6 BAzZaT KEKIO:? MK&‘O!
masl sl masl sl sl masl masl sl
LASTCALIBRATION  LASTCALIBRATION  LASTCAUIBRATION  LASTCALIBRATION  LASTCAUIBRATION  LASTCALIBRATION  LAST CALIBRATION  LAST CALIBRATION
09 10/01 000000 oo 0a10/01 00:00:00 0 10/01 00:00:00 0 10'01 0020000 1 00000200 1 00200200 09 10/01 000000
12 |
3
e b
B e g |
2
¥ Jemren e
" Measurement
] . period KLX10:5
E i i TP el
o 3 T %MMW“P“
a ]
=
7 3
. ] i
] $ Measurement
] : period KLX10:2
1 T T T T T T T T T ™ T T T LA T L T T T L T T T T T T T T T T T T L T T
0e-28 00-02 7 12 17 2 a7 10-02 7 12 17
merith-chay
[sTART 08108728 00:00:00 ] [INTERVAL: All readings | [sTOP :00/10/17 23:59:50 |

Measured sections: KLX10A:2 (blue) and KLX10A:5 (turquoise)

P-10-03
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40

KLX13A

BEST FIVE i€

'09.-'1 1."25 09:58:41

Ad]usmd for D'§

HMS PO

BA351 K{13A0 BA3sz2 IOE‘ISA2 BA353 Kxxlﬂﬂ BA354 !O:(:ﬂil:l BA3SS KX{13A:5 BA356 KX123AE
mas| mas] mas| mas] masl masl
C.QIRQ‘I'I T I Tl T CALIBRATI T | THON LAST CAl T T IBRATION
aoTcoseme i iaee ot tosen oAt 633050 o tnas o400 60 200
20 3
it _§
18 3
17 =
18 i, o et e | e e iy e R P ——— p——
15
14 =
13 _§
E Measurement
122 4 .
E period KLX13A:2
LI phunpayayy g i g eSS p—
Mwm"wmhfm*mrm- - Mﬂm
10 =
08-28 002 7 12 17 22 = 0oz 7 12 17
month-day
| START :08/08/28 00:00:00 | |INTERVAL: Al readings | |sTOP :00/10/17 23:59:59 |
Measured section: KLX13A:2 (blue)
PLOT TIME 09/11/25 09:59:09 HMS PO
Adju&lﬂd far DST
[ ® [ < A4 b
BA4Z1 KX15A:1 BA4Z2 KX15A:2 BA4Z3 KX15A:3 BAdzd KX15A8 BALZS KX15AS BALDE KX15A5 BALZT KX15AT BA4ZE KX15A8 BA429 KX15A:0
mas| sl mas| sl mas! rmasl mas| sl masl

LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATICN
CHON0T 0DDO0D0 0001 0000000 0001 000000 0H0H0T 0000000 0R0A01 O0O000 090901 000000 ORO01 000000 DROHD1 000000 OO0 000000

7.0

65

8.0

4.5

4.0

S

Measurement
periods KLX15A:3
and KLX15A:6

s g

(St g P

:

e gy VS . e LY T P
L L L N L B v L
09-02 7 12 17 a2 a 10-02 7 2 17
morntheclay
| START :09/08/28 00:00:00 | |INTERVAL: Al readings | | sTOP :08/10/17 23:59:59 |
Measured sections: KLX15A:3 (red) and KLX15A:6 (beige)
P-10-03




KLX17A

PLOT TIME :09/11/25 09:59:26
PLOT FILE KLX17A HMS PO
Adjusted tor DST
BA3g1 KX17AN BA3D2 KX1TAZ BAzos nEm;; BAzo4 KX17A:4 BAE9s KX17AS BA306 KX17AS BaAzgT K;(I\?A:? BAzos K;l TA®E
mas| mas| meaxsl mas] mash mias! mias| mas|
LAST GALIBRATION  LASTGALIBRATION  LASTCALIBRATION  LAST GALIBRATION  LAST GALIBRATION  LAST CALIBRATION  LAST CALIBRATION  LAST GALIBRATION
O 10/01 00:00:00 O 10/:01 00200200 O 10/:01 00:00:00 01001 00:00:00 0 10/01 00:00:00 O 10/01 000000 O 1001 000000 O 10/01 00:00:00
1w ] — ‘_g\ p—
1 Measurement periods
v for KLX17A:2 and
] KLX17A:6
16 1
15 _:
14 1
1 ]
1z
1 T T T T I T T T T T T T T I T T T T T T T T I T T T T T T T l T T T T T T T T I T T T
08-28 09-02 12 17 2 b 1002 7 12 17
month-diay
[sTART 0010828 00:00:00 | [INTERVAL: Al readings | [sTOP :09/10/17 23:59:50 |
Measured section: KLX17A:2 (blue) and KLX17A:6 (beige)
PLOT TIME :0911/25 09:59:40 HMS PO
PLOT FILE :KLX18A
Adjusted for DST
BA321 KXX18AN BA3z2 IQ(IISA:Q BA3Z3 KJE!SA:.! BAZZ4 Kx.mn:a BAZZE KX1BAS BAIZE KX18A% BAazy K::!m::'
sl | mas| masl rmans] mas] |
LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION
090901 00:00:00 000 00200:00 O0R/01 000000 OW0/01 000000 090901 00:00:00 09001 00:002:00 09001 000000
W‘-—v

125

Measurement s

period KLX18A:3 %
08-28 0902 12 17 22 = 0oz 7 12 17
menth-diy

[sTART :09/08/28 00:00:00

| |INTERVAL: All readings

Measured section: KLX18A:3 (red)

P-10-03
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42

KSHO02

PLOT TIME :09/11/25 10:00:06
PLOT FILE :KSHo2 HMS PO
Adjusted for DST

» ] )
BA231 KSHOZ!1 BA232 KSHOZ:2 BA233 KSHO2:3 BAZ34 KSHO24 BAZ35 KSHOZ'S BAZ3 KSHOZS BA237 KSHOZT
masl masl mas| masl masl masl masl
LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION ST CALIBRATION LAST CALIBRATION
0100 000000 0910V D000 0910/01 00 o810/ 0000 900 000000 10/ D000 0910407 0000100
I S A — T O U N R e =
M‘B‘- S S
L e P .
] ! o - -
] Measurement
a7 period KSH02:4
E-'* i e o S e e, s o it T e e o ey e
-6 E
& ]
-10 E
e Measurement
1 period KSH02:1
rx e
-14 1

0B-28 09-02 7 12 17 22 a

|START :00/08/28 00:00:00 | |INTERVAL: All readings |

Measured sections: KSHO02:1 (green) and KSH02:4 (pink).

17
monith-clay

|sTOP :00/10/17 23:59:50
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