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Abstract

This report documents the results from 14 interference tests performed in the Laxemar subarea
between February 2005 and May 2007. The boreholes used for pumping are KLX06, KLX14A,
KLX15A, KLX16A, KLX17A, KLX18A, KLX19A, KLX21B, KLX22A, KLX22B, KLX23A,
KLX23B, KLX26A and KLX26B. At each pumping the pressure response in a number of
observation boreholes have been evaluated.

The main purposes of the interference tests was to document how different fracture zones of the
rock are connected hydraulically, to quantify their hydraulic properties and to clarify whether
there are any hydraulic boundaries in the area.

The interference tests were performed by creating a drawdown in the pumping borehole while
registering the pressure responses in some adjacent observation sections. The drawdown in the
pumping boreholes was created by PFL (Posiva Flow Log) — pumping, air-lift pumping and
pumping with the PSS (Pipe String System) — equipment. Totally 14 boreholes were used as
pumping boreholes and totally 98 observation sections in 29 boreholes were monitored.

The flow period in the interference tests lasted for between 19h and 10days and several
responses were detected. All observation boreholes with a detected response as well as the
pumping boreholes were evaluated quantitatively using methods for transient evaluation. Due

to the sometimes long distances from, and/or relatively bad hydraulic connection to the pumping
borehole, the results from the transient evaluation of the observation sections may bee uncertain.
It is possible that the evaluated transmissivity values reflect the hydraulic conditions close to

the pumping borehole rather than the conditions around the evaluated observation boreholes.
However, the estimated hydraulic diffusivity based on the response times for the selected
sections was in good agreement with the corresponding estimates from the performed transient
analysis.

Several observation sections were influenced by tidal effects, and probably to some extent also
by changes of the sea level. Primarily due to the tidal effects the pressure data from certain
observation sections exhibit an oscillating behaviour. Many observation sections are also
influenced by precipitation which complicates the evaluation.



Sammanfattning

Denna rapport innehaller resultaten fran 14 interferenstest som har genomforts i
Laxemaromradet mellan februari 2005 och maj 2007. De borrhal som anvants som pumphal ar
KLX06, KLX14A, KLX15A, KLX16A, KLX17A, KLX18A, KLX19A, KLX21B, KLX22A,
KLX22B, KLX23A, KLX23B, KLX26A and KLX26B. Vid varje pumpning har ett antal
observationshal undersokts.

Syftet med de utférda interferenstesterna ar att dokumentera hur spricksystemen i berget hénger
ihop hydrauliskt, kvantifiera bergets hydrauliska egenskaper samt att klargéra om det finns
nagra hydrauliska granser inom omradet.

Interferenstesterna utférdes genom att en tryckavsankning skapades i pumphalet samtidigt
som tryckresponser registrerades i olika observationssektioner i ett flertal omgivande borrhal.
Tryckavsankningen genererades genom PFL (Posiva Flow Log)-pumpningar, mammut-
pumpning eller pumpning med PSS (Pipe String System)- utrustning. Totalt pumpades det

i 14 borrhal och sammanlagt 98 observationssektioner i 29 borrhal 6vervakades och ingick

i interfenstesten.

Pumpfasen pagick i mellan 19h och 10dagar for de olika pumpningarna och ett flertal responser
detekterades. Alla pumphal samt de observationssektioner dar respons detekterades har
utvarderats kvantitativt med metoder for transient utvéardering. Resultaten fran den transienta
utvarderingen av observationshalen kan vara osékra pa grund av de ibland langa avstanden till,
och/eller den relativt daliga hydrauliska kontakten med pumphalet. Det & majligt att de utvar-
derade transmissiviteterna aterspeglar de hydrauliska forhallandena i narheten av pumphalet
snarare an forhallandena runt de utvarderade observationshalen.

Manga observationssektioner ar paverkade av tidaleffekter, samt troligen aven effekter orsakade
av andrat vattenstand i havet. Vissa berdrda sektioner uppvisar ett oscillerande beteende
beroende pa framforallt tidaleffekterna. Manga observationssektioner &r ocksa paverkade

av nederbord under pumpperioden vilket forsvarar utvarderingen.
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1 Introduction

A general program for site investigations presenting survey methods has been prepared /25/,

as well as a site-specific program for the investigations in the Simpevarp area /26/. The interfer-
ence and tracer testing form part of the site characterization program under item 1.1.5.9 in the
work breakdown structure of the execution programme /27/.

This report documents the results from 14 hydraulic interference tests performed within the site
investigation in the subarea Laxemar at Oskarshamn. Interference test are performed in order

to study how different fracture zones are connected hydraulically, to quantify their hydraulic
properties and to clarify whether there are any major hydraulic boundaries in the area. The loca-
tions of the boreholes involved in the interference tests are shown in Figure 1-1. The tests were
carried out in between February 2005 and May 2007.
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Figure 1-1. The investigation area at Oskarshamn including part of the candidate area Laxemar
selected for more detailed investigations. The positions of the boreholes included in the interference tests
are displayed.



The interference tests and evaluations have been made according to the activity plans and
method descriptions listed in Table 1-1. Both the activity plans and method descriptions are
internal controlling documents of SKB.

The 14 boreholes used as pumping boreholes and the surrounding boreholes served as observa-
tion wells are listed in Table 1-2.

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

Pumping borehole Activity plan number (execution) Activity plan number (evaluation)

KLX14A AP PS 400-06-85 AP PS 400-07-25
KLX21B AP PS 400-06-120 AP PS 400-07-25
KLX26A AP PS 400-06-105 AP PS 400-07-25
KLX26B AP PS 400-06-105 AP PS 400-07-25
KLX22A AP PS 400-06-92 AP PS 400-07-25
KLX22B AP PS 400-06-92 AP PS 400-07-25
KLX23A AP PS 400-06-92 AP PS 400-07-25
KLX23B AP PS 400-06-92 AP PS 400-07-25
KLX16A AP PS 400-06-150 AP PS 400-07-25
KLX15A AP PS 400-06-151 AP PS 400-07-25
KLX19A AP PS 400-06-86 AP PS 400-07-25
KLX17A AP PS 400-06-73 AP PS 400-07-25
KLX06 AP PS 400-06-116 AP PS 400-06-116
KLX18A AP PS 400-06-11 AP PS 400-07-071
Method documents Number Version

Instruktion for analys av injektions- ~ SKB MD 320.004 1.0

och enhalspumptester

Metodbeskrivning for

interferenstester SKB MD 330.003 1.0

Table 1-2. Performed tests.

Test start date and time
(YYYY-MM-DD tt:mm)

Pumping borehole  Observation borehole Test stop date and time

(YYYY-MM-DD tt:mm)

KLX14A HLX38 2006-11-16 12:29 2006-11-19 09:49
KLX21B KLX07A, KLX07B, KLX12, KLX05, ~2007-03-11 13:37 2007-03-18 18:23
HLX22, HLX23, HLX18
KLX26A KLX268B 2007-02-16 15:30 2007-02-18 09:42
KLX26B KLX26A 2007-02-19 16:21 2007-02-20 11:31
KLX22A KLX228B 2006-07-18 15:37 2006-07-21 10:13
KLX22B KLX22A 2006-07-26 16:41 2006-07-29 13:59
KLX23A KLX23B 2006-08-03 15:25 2006-08-05 14:44
KLX23B KLX23A 2006-07-30 15:38 2006-08-01 13:02
KLX16A HLX42, KLX12A, KLX05, HLX15,  2007-02-24 15:20 2007-03-02 11:53
HLX26, HLX28
KLX15A KLX19A, HLX38, KLX05 2007-05-08 16:47 2007-05-17 18:41
KLX19A HLX38, HLX36, HLX37, KLX11A  2006-11-12 18:35 2006-11-18 12:36
KLX17A KLX13A 2006-10-28 09:58 2006-10-29 09:22
KLX06 HLX20 2005-02-18 16:52 2005-02-28 13:47
KLX18A KLX11A 2006-05-05 13:10 2006-05-08 08:34




2 Objectives

The main aim of hydraulic interference tests is to get support for interpretations of geologic
structures in regard to their hydraulic and geometric properties. Furthermore, an interference
test also provide information about the hydraulic connectivity and possibly hydraulic boundary
conditions within the tested area. Finally, interference tests make up the basis for calibration

of numerical models of the area.

The interference tests were performed by pumping in altering boreholes and monitoring pres-
sure responses in different observation sections in surrounding boreholes. All boreholes moni-
tored for responses are part of the Oskarshamn HMS, the Hydro Monitoring System. In total,

98 observation sections in 29 observation boreholes were included in the interference tests.
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3 Scope

3.1 Boreholes tested

Technical data of the boreholes tested are presented in Table 3-1. Some of the boreholes that,
according to the activity plans, were intended to be included in the interference tests did not
supply any pressure data and were therefore excluded from the tests. These boreholes are not
presented in this report except for in the listing in chapter 5.6.

The reference point in the boreholes is always top of casing (ToC). The Swedish National
coordinate system (RT90 2.5 gon V 0:-15) is used in the x-y-direction together with RHB70
in the z-direction. The coordinates of the boreholes at ground surface are shown in Table 3-2.
All section positions are given as length along the borehole (not vertical distance from ToC).
All times presented are Swedish summer times, i.e. adjustment for daylight saving time has
been made for any reported times.

Table 3-1. Pertinent technical data of the boreholes included in the interference tests.
(From Sicada).

Borehole data

Bh ID Elevation Borehole interval Casing/ Inclination- Dip-direction- Remarks  Drilling finished
of top of  from ToC Bh- top of bh top of borehole Date
casing (m) diam. (from horizon- (from local N) (YYYY-MM-DD)
(ToC) (m) tal plane) @)

(m.as.l.) ©)

KLX14A 16.35 0.30-3.20 0.116  -49.96 111.95 Borehole  2006-09-04

" 3.20-6.45 0.096 Borehole

" 6.45-176.27 0.076 Borehole

" 0.00-6.45 0.077 Casing ID

KLX21B 10.68 0.30-6.35 0.340 -70.86 225.05 Borehole  2006-11-29

" 6.35-11.85 0.248 Borehole

" 11.85-99.30 0.198 Borehole

" 99.30-99.41 0.158 Borehole

" 99.41-100.00 0.086 Borehole

" 100.85-858.78  0.076 Borehole

" 0.00-11.85 0.200 Casing ID

" 0.30-6.35 0.311 Casing ID

KLX26A 15.63 0.30-2.64 0.096 -60.45 93.47 Borehole  2006-08-11

" 2.64-101.14 0.076 Borehole

" 0.00-2.64 0.077 Casing ID

KLX26B 15.82 0.30-2.31 0.096 -60.01 137.42 Borehole  2006-08-17

i 2.31-50.37 0.076 Borehole

" 0.00-2.31 0.077 Casing ID

KLX22A 21.97 0.30-2.00 0.096  -59.93 179.19 Borehole  2006-05-12

” 2.00-100.45 0.076 Borehole

" 0.00-2.00 0.077 Casing ID

KLX22B 21.57 0.30-2.00 0.096 -61.25 343.97 Borehole  2006-05-18

” 2.00-100.25 0.076 Borehole

" 0.00-2.00 0.077 Casing ID

KLX23A 22.26 0.30-2.35 0.096 -61.24 28.73 Borehole  2006-05-27

13



Borehole data

Bh ID Elevation Borehole interval Casing/ Inclination- Dip-direction- Remarks  Drilling finished
of top of from ToC Bh- top of bh top of borehole Date
casing (m) diam. (from horizon- (from local N) (YYYY-MM-DD)
(ToC) (m) tal plane) @)

(m.a.s.l.) °)

" 2.35-100.15 0.076 Borehole

" 0.00-2.30 0.077 Casing ID

KLX23B 22.32 0.30-2.30 0.096 -60.54 121.36 Borehole  2006-05-31

" 2.30-50.27 0.076 Borehole

" 0.00-2.30 0.077 Casing ID

KLX16A 18.85 0.30-11.25 0.096 -64.98 294.37 Borehole  2007-01-09

" 11.25-433.55 0.076 Borehole

" 0.00-11.25 0.077 Casing ID

KLX15A 14.59 0.30-6.00 0.341 -54.42 198.83 Borehole  2007-02-25

" 6.00-11.65 0.233 Borehole

" 11.65-76.03 0.198 Borehole

" 76.03-76.13 0.165 Borehole

" 76.13-76.71 0.086 Borehole

" 76.71-77.58 0.086 Borehole

" 77.58-1,000.43 0.076 Borehole

" 0.00-11.65 0.210 Casing ID

" 0.30-6.00 0.310 Casing ID

KLX19A 16.87 0.20-6.30 0.339 -57.78 197.13 Borehole  2006-09-20

" 6.30-70.00 0.254 Borehole

" 70.00-99.33 0.253 Borehole

" 99.33-100.73 0.086 Borehole

" 100.73-800.07 0.076 Borehole

" 520.30-522.50  0.084 Borehole

" 0.00-92.75 0.200 Casing ID

" 0.20-6.20 0.310 Casing ID

" 6.20-6.30 0.280 Casing ID

" 92.75-98.70 0.200 Casing ID

" 98.70-98.75 0.170 Casing ID

" 520.40-522.40  0.076 Casing ID

KLX17A 27.63 0.15-2.60 0.339 -61.34 11.21 Borehole  2006-10-23

" 2.60-11.95 0.248 Borehole

" 11.95-65.35 0.197 Borehole

" 65.35-65.42 0.159 Borehole

65.42-66.76 0.086 Borehole
66.76-701.08 0.076 Borehole

" 0.00-11.95 0.200 Casing ID

0.15-2.50 0.310 Casing ID
2.50-2.60 0.280 Casing ID

KLX06  17.68 0.10-9.10 0.341  -65.02 330.21 Borehole  2004-11-25

" 9.10-11.88 0.253 Borehole

" 11.88-100.30 0.195 Borehole

100.29-101.88  0.086 Borehole
101.88-994.94  0.076 Borehole

" 0.00-11.88 0.200 Casing ID

" 0.10-9.10 0.310 Casing ID

14



Borehole data

Bh ID Elevation Borehole interval Casing/ Inclination- Dip-direction- Remarks  Drilling finished
of top of from ToC Bh- top of bh top of borehole Date
casing (m) diam. (from horizon- (from local N) (YYYY-MM-DD)
(ToC) (m) tal plane) @)

(m.a.s.l.) ®)

KLX18A 21.01 0.30-9.30 0.340 -82.04 271.40 Borehole  2006-05-02

" 9.30-11.83 0.254 Borehole

" 11.83-99.83 0.198 Borehole

" 99.83-99.93 0.163 Borehole

" 99.93-101.35 0.086 Borehole

101.35-611.28 0.076 Borehole
0.00-11.83 0.200 Casing ID
0.30-9.30 0.311 Casing ID

HLX38  11.53 0.00-15.10 0.190 -59.39 110.04 Borehole  2004-04-24

" 15.10-103.20 0.140 Borehole

" 103.20-199.50 0.139 Borehole

" 0.00-14.93 0.160 Casing ID

" 14.93-15.02 0.143 Casing ID

HLX28  13.42 0.00-6.10 0.190 -59.49 201.38 Borehole  2004-10-02

" 6.10-154.20 0.136 Borehole

" 0.00-5.94 0.160 Casing ID

" 5.94-6.03 0.147 Casing ID

KLX07A 18.47 0.20-8.90 0.343 -60.04 174.18 Borehole  2005-05-04

" 8.90-11.80 0.252 Borehole

" 11.80-100.30 0.198 Borehole

100.30-100.46  0.165 Borehole
100.46-101.98  0.086 Borehole
101.98.844.73 0.076 Borehole

" 0.00-11.80 0.200 Casing ID

" 0.20-8.90 0.310 Casing ID

KLX07B 18.38 0.00-9.64 0.096 -85.00 174.33 Borehole  2005-06-03

" 9.64-200.13 0.076 Borehole

" 0.00-9.64 0.077 Casing ID

KLX12A 17.74 0.15-15.10 0.343  -75.07 315.92 Borehole  2006-03-04

" 15.10-17.92 0.248 Borehole

" 17.92-100.40 0.197 Borehole

100.40-100.57 0.161 Borehole
100.57-102.13 0.086 Borehole
102.13-602.29 0.076 Borehole

" 0.00-17.92 0.200 Casing ID

" 0.15-15.10 0.310 Casing ID

KLX05  17.63 0.00.12.60 0.343 -65.12 189.72 Borehole  2005-01-22

" 12.60-15.00 0.250 Borehole

" 15.00-75.10 0.195 Borehole

" 75.10-108.01 0.086 Borehole

108.01-1,000.16 0.076 Borehole
0.00-15.00 0.200 Casing ID

" 0.10-12.60 0.310 Casing ID

HLX22  10.06 0.00-9.10 0.190 -59.44 13.45 Borehole  2004-08-26

" 9.10-163.20 0.138 Borehole

15



Borehole data

Bh ID Elevation Borehole interval Casing/ Inclination- Dip-direction- Remarks  Drilling finished
of top of from ToC Bh- top of bh top of borehole Date
casing (m) diam. (from horizon- (from local N) (YYYY-MM-DD)
(ToC) (m) tal plane) @)

(m.a.s.l.) °)

" 0.00-8.94 0.160 Casing ID

" 8.94-9.03 0.147 Casing ID

HLX23  14.69 0.00-6.10 0.190 -58.18 182.89 Borehole  2004-09-16

" 6.10-160.20 0.139 Borehole

" 0.00-5.94 0.160 Casing ID

" 5.94-6.03 0.147 Casing ID

HLX18  4.04 0.00-15.12 0.190 -57.60 135.91 Borehole  2004-07-06

" 15.12-181.20 0.139 Borehole

" 0.00-14.94 0.160 Casing ID

" 14.94-15.03 0.147 Casing ID

HLX42  12.88 0.30-9.10 0.180 -57.11 321.51 Borehole  2006-11-16

K 9.10-152.60 0.139 Borehole

" 0.00-9.01 0.160 Casing ID

" 9.01-9.10 0.143 Casing ID

HLX15 4.81 0.00-12.24 0.190 -58.37 184.65 Borehole  2004-04-29

" 12.24-151.90 0.137 Borehole

" 0.00-11.95 0.160 Casing ID

" 11.95-12.04 0.147 Casing ID

HLX26  6.48 0.00-9.10 0.190 -60.42 12.37 Borehole  2004-09-28

" 9.10-151.20 0.137 Borehole

" 0.00-8.94 0.160 Casing ID

" 8.94-9.03 0.147 Casing ID

HLX36  15.56 0.00-6.10 0.190 -59.30 270.61 Borehole  2005-09-22

" 6.10-121.50 0.140 Borehole

" 121.50-199.80  0.140 Borehole

i 0.00-5.94 0.160 Casing ID

" 5.94-6.03 0.142 Casing ID

HLX37  15.19 0.00-12.10 0.190 -59.25 86.18 Borehole  2005-09-28

” 12.10-121.50 0.140 Borehole

" 121.50-199.80  0.139 Borehole

" 0.00-11.94 0.160 Casing ID

" 11.94-12.03 0.142 Casing ID

KLX11A 27.14 0.43-9.60 0.343 -76.43 89.84 Borehole  2006-03-02

" 9.60-12.05 0.248 Borehole

" 12.05-99.96 0.195 Borehole

" 99.96-100.06 0.160 Borehole

" 100.06-101.53  0.086 Borehole

" 101.53-992.29  0.076 Borehole

" 0.00-12.05 0.200 Casing ID

" 0.43-9.60 0.310 Casing ID

KLX13A 24.15 0.15-6.15 0.341 -82.25 224.48 Borehole  2006-08-16

" 6.15-11.75 0.252 Borehole

" 11.75-99.76 0.197 Borehole

K 99.76-99.86 0.160 Borehole

" 99.86-101.21 0.086 Borehole
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Borehole data

Bh ID Elevation Borehole interval Casing/ Inclination- Dip-direction- Remarks  Drilling finished
of top of from ToC Bh- top of bh top of borehole Date
casing (m) diam. (from horizon- (from local N) (YYYY-MM-DD)
(ToC) (m) tal plane) ©)
(m.a.s.l.) @)

" 101.21-595.85 0.076 Borehole

" 0.00-11.75 0.200 Casing ID

" 0.15-6.15 0.301 Casing ID

HLX20  11.18 0.00-9.12 0.190 -60.38 0.41 Borehole  2004-06-21

" 9.12-202.20 0.138 Borehole

" 0.00-8.94 0.160 Casing ID

" 8.94-9.03 0.147 Casing ID

Table 3-2. Coordinates of the boreholes included in the interference tests. (From Sicada).

Borehole data

Bh ID Northing Easting
(m) ()

KLX14A 6,365,959.69 1,547,146.87
KLX21B 6,366,164.00 1,549,715.10
KLX26A 6,365,546.49 1,549,029.90
KLX26B 6,365,550.66 1,549,025.61
KLX22A 6,366,548.35 1,546,688.60
KLX22B 6,366,553.13 1,546,685.41
KLX23A 6,366,106.89 1,546,715.74
KLX23B 6,366,101.90 1,546,717.33
KLX16A 6,364,797.69 1,547,584.06
KLX15A 6,365,614.17 1,547,987.47
KLX19A 6,365,901.42 1,547,004.62
KLX17A 6,366,848.75 1,546,862.09
KLX06 6,367,806.64 1,548,566.88
KLX18A 6,366,413.39 1,547,966.35
HLX38 6,365,868.86 1,547,146.08
HLX28 6,365,861.70 1,546,834.47
KLXO7A 6,366,752.09 1,549,206.86
KLX07B 6,366,753.13 1,549,206.76
KLX12A 6,365,630.78 1,548,904.44
KLX05 6,365,633.34 1,548,909.41
HLX22 6,366,487.83 1,549,661.54
HLX23 6,366,578.00 1,548,888.67
HLX18 6,365,919.12 1,550,067.64
HLX42 6,364,827.04 1,547,446.73
HLX15 6,365,361.97 1,548,664.02
HLX26 6,365,278.71 1,548,600.52
HLX36 6,366,172.93 1,546,558.45
HLX37 6,366,183.66 1,546,406.21
KLX11A 6,366,339.72 1,546,608.49
KLX13A 6,367,547.14 1,546,787.36
HLX20 6,367,996.26 1,548,446.09
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3.2 Tests performed

12 separate hydraulic interference tests were actually performed and are presented in this report.
All borehole sections involved in the interference tests are listed in Table 3-3 to Table 3-16

and the times referred to in these tables are the chosen start and stop times of the flow period.
The amount of data extracted from HMS, the Hydro Monitoring System, from the observation
boreholes was chosen so as to receive an appropriate amount of data that would give adequate
information about the pressure conditions prior to as well as during and after the performed
interference test. HMS is registering pressure continuously.

The column “Test section” in Table 3-3 to Table 3-16 reports the hydraulically active section
length. In most boreholes the upper part of the upper section is cased to some depth and the
casing length is not included in the “Test section”. The casing length of each borehole can be
found in Table 3-1.

The interpreted points of application, see explanation below, and lengths of the borehole sec-
tions involved in the interference test are presented in Table 3-17 to Table 3-30. The distances
between the pumping borehole and the observation borehole sections are shown in Table 3-17
to Table 3-30. This distance is calculated as the distance between the points of application in
the pumping borehole and the points of application in respective observation section using the
Sicada database.

During these evaluations the estimations of the points of application in the pumping borehole
and in the different observation borehole sections respectively were selected as the midpoint
of the section. This is true for all boreholes except for the pumping borehole KLX06 and its
observation borehole HLX20, in these boreholes the point of application is an estimation of the
position of the anomaly that contributed to the major part of the transmissivity in the section.
Or, if several parts of the section have comparable values of transmissivity, a point of balance
calculation was made to estimate the point of application.

Table 3-3. Borehole sections involved in the interference test in KLX14A, see Figure 1-1.

Bh ID Test section (m) Test type! Test config.
KLX14A 6.5-176.3 1B Open borehole
HLX38 15.0-199.5 2 Open borehole

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.
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Table 3-4. Borehole sections involved in the interference test in KLX21B, see Figure 1-1.

Bh ID Test section (m) Test typet Test config.
KLX21B 11.9-858.8 1B Open borehole
KLXO07A:1 781.0-844.7 2 Below packer
KLX07A:2 753.0-780.0 2 Between packers
KLXO07A:3 612.0-752.0 2 Between packers
KLXO07A:4 457.0-611.0 2 Between packers
KLX07A:5 333.0-456.0 2 Between packers
KLXO07A:6 204.0-332.0 2 Between packers
KLXO7A:7 104.0-203.0 2 Between packers
KLXO07A:8 11.8-103.0 2 Above packer
KLX07B:1 95.0-200.0 2 Below packer
KLX07B:2 9.6-94.0 2 Above packer
HLX22 9.0-163.2 2 Open borehole
KLX12A:1 546.0-602.3 2 Below packer
KLX12A:2 535.0-545.0 2 Between packers
KLX12A:3 426.0-534.0 2 Between packers
KLX12A:4 386.0-425.0 2 Between packers
KLX12A:5 291.0-385.0 2 Between packers
KLX12A:6 160.0-290.0 2 Between packers
KLX12A:7 142.0-159.0 2 Between packers
KLX12A:8 104.0-141.0 2 Between packers
KLX12A:9 17.9-103.0 2 Above packer
KLX05:1 721.0-1,000.16 2 Below packer
KLX05:2 634.0-720.0 2 Between packers
KLX05:3 625.0-633.0 2 Between packers
KLX05:4 501.0-624.0 2 Between packers
KLX05:5 361.0-500.0 2 Between packers
KLX05:6 256.0-360.0 2 Between packers
KLX05:7 241.0-255.0 2 Between packers
KLX05:8 220.0-240.0 2 Between packers
KLX05:9 128.0-219.0 2 Between packers
KLX05:10 15.0-127.0 2 Above packer
HLX23:1 61.0-160.2 2 Below packer
HLX23:2 6.0-60.0 2 Above packer
HLX18:1 90.0-181.2 2 Below packer
HLX18:2 15.0-89.0 2 Above packer

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.
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Table 3-5. Borehole sections involved in the interference test in KLX26A, see Figure 1-1.

Bh ID Test section (m) Test type? Test config.
KLX26A 2.6-101.1 1B Open borehole
KLX26B:1 47.0-50.4 2 Below packer
KLX26B:2 21.0-46.0 2 Between packer
KLX26B:3 2.3-20.0 2 Above packer

b 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.

Table 3-6. Borehole sections involved in the interference test in KLX26B, see Figure 1-1.

Bh ID Test section (m) Test type! Test config.
KLX26B 2.3-50.4 1B Open borehole
KLX26A:1 48.0-101.1 2 Below packer
KLX26A:2 22.0-47.0 2 Between packers
KLX26A:3 2.6-21.0 2 Above packer

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.

Table 3-7. Borehole sections involved in the interference test in KLX22A, see Figure 1-1.

Bh ID Test section (m) Test type? Test config.
KLX22A 2.0-100.5 1B Open borehole
KLX22B 2.0-100.3 2 Open borehole

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.

Table 3-8. Borehole sections involved in the interference test in KLX22B, see Figure 1-1.

Bh ID Test section (m) Test type? Test config.

KLX22A 2.0-100.45 1B No test data due to
equipment failure

KLX22B 2.0-100.25 1B Open borehole

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.

Table 3-9. Borehole sections involved in the interference test in KLX23A, see Figure 1-1.

Bh ID Test section (m) Test type! Test config.
KLX23A 2.3-100.2 1B Open borehole
KLX23B 2.3-50.3 2 Open borehole

b 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.
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Table 3-10. Borehole sections involved in the interference test in KLX23B, see Figure 1-1.

Bh ID Test section (m) Test typet Test config.
KLX23B 2.3-50.3 1B Open borehole
KLX23A 2.3-100.2 2 Open borehole

Y 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.

Table 3-11. Borehole sections involved in the interference test in KLX16A, see Figure 1-1.

Bh ID Test section (m) Test type? Test config.
KLX16A 11.3-433.5 1B Open borehole
HLX42:2 9.1-29.0 2 Above packer
KLX12A:1 546.0-602.3 2 Below packer
KLX12A:2 535.0-545.0 2 Between packers
KLX12A:3 426.0-534.0 2 Between packers
KLX12A:4 386.0-425.0 2 Between packers
KLX12A:5 291.0-385.0 2 Between packers
KLX12A:6 160.0-290.0 2 Between packers
KLX12A:7 142.0-159.0 2 Between packers
KLX12A:8 104.0-141.0 2 Between packers
KLX12A:9 17.9-103.0 2 Above packer
KLXO05:1 721.0-1,000.2 2 Below packer
KLX05:2 634.0-720.0 2 Between packers
KLX05:3 625.0-633.0 2 Between packers
KLX05:4 501.0-624.0 2 Between packers
KLX05:5 361.0-500.0 2 Between packers
KLX05:6 256.0-360.0 2 Between packers
KLX05:7 241.0-255.0 2 Between packers
KLX05:8 220.0-240.0 2 Between packers
KLX05:9 128.0-219.0 2 Between packers
KLX05:10 15.0-127.0 2 Above packer
HLX15 12.0-151.9 2 Open borehole
HLX26 11.0-151.2 2 Open borehole
HLX28 6.0-154.2 2 Open borehole

Y 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.
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Table 3-12. Borehole sections involved in the interference test in KLX15A, see Figure 1-1.

Bh ID Test section (m) Test type! Test config.
KLX15A 11.7-1,000.4 1B Open borehole
HLX38 15.0-199.5 2 Open borehole
KLX05:1 721.0-1,000.2 2 Below packer
KLX05:2 634.0-720.0 2 Between packers
KLX05:3 625.0-633.0 2 Between packers
KLX05:4 501.0-624.0 2 Between packers
KLX05:5 361.0-500.0 2 Between packers
KLX05:6 256.0-360.0 2 Between packers
KLX05:7 241.0-255.0 2 Between packers
KLX05:8 220.0-240.0 2 Between packers
KLX05:9 128.0-219.0 2 Between packers
KLX05:10 15.0-127.0 2 Above packer
KLX19A:1 661.0-800.1 2 Below packer
KLX19A:2 518.0-660.0 2 Between packers
KLX19A:3 509.0-517.0 2 Between packers
KLX19A:4 481.5-508.0 2 Between packers
KLX19A:5 311.0-480.5 2 Between packers
KLX19A:6 291.0-310.0 2 Between packers
KLX19A:7 136.0-290.0 2 Between packers
KLX19A:8 98.8-135.0 2 Above packer

Y 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.

Table 3-13. Borehole sections involved in the interference test in KLX19A, see Figure 1-1.

Bh ID Test section (m) Test typet Test config.
KLX19A 98.8-800.1 1B Open borehole
HLX37:1 149.0-199.8 2 Below packer
HLX37:2 118.0-148.0 2 Between packers
HLX37:3 12.0-117.0 2 Above packer
KLX11A 12.0-992.3 2 Open borehole
HLX36:1 50.0-199.8 2 Below packer
HLX36:2 6.0-49.0 2 Above packer
HLX38 15.0-199.5 2 Open borehole

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.
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Table 3-14. Borehole sections involved in the interference test in KLX17A, see Figure 1-1.

Bh ID Test section (m) Test type! Test config.
KLX17A 12.0-701.1 1A Open borehole
KLX13A:1 469.0-595.5 2 Below packer
KLX13A:2 340.0-468.0 2 Between packers
KLX13A:3 11.8-339.0 2 Above packer

Y 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.

Table 3-15. Borehole sections involved in the interference test in KLX06, see Figure 1-1.

Bh ID Test section (m) Test type! Test config.
KLX06 11.9-994.9 1B Open borehole
HLX20 9.1-202.2 2 Open borehole

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.

Table 3-16. Borehole sections involved in the interference test in KLX18A, see Figure 1-1.

Bh ID Test section (m) Test type? Test config.
KLX18A 312.0-611.3 1C Between packers
KLX11A:1 12.05-992.3 2 Open borehole

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.

Table 3-17. Points of application and lengths of the test sections in the interference test
in KLX14A.

Bh ID Test section (m) Point of application Section length Distance to KLX14A
(m below TOC) (m) (m)

KLX14A 6.5-176.3 91.4 169.8

HLX38 15.0-199.5 107.3 184.5 192.6
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Table 3-18. Points of application and lengths of the test sections in the interference test
in KLX21B.

Bh ID Test section (m) Point of application Section length Distance to KLX21B
(m below TOC) (m) (m)

KLX21B 11.9-858.8 435.3 846.9

KLXO07A:1 781.0-844.7 812.9 63.7 449
KLX07A:2 753.0-780.0 766.5 27.0 447
KLX07A:3 612.0-752.0 682.0 140.0 455
KLXO07A:4 457.0-611.0 534.0 154.0 504
KLX07A:5 333.0-456.0 394.5 123.0 585
KLX07A:6 204.0-332.0 268.0 128.0 675
KLXO7A:7 104.0-203.0 153.5 99.0 768
KLX07A:8 11.8-103.0 57.4 91.2 855
KLX07B:1 95.0-200.0 147.5 105.0 830
KLX07B:2 9.6-94.0 51.8 84.4 875
HLX22 9.0-163.2 86.1 154.2 581
KLX12A:1 546.0-602.3 574.2 56.3 896
KLX12A:2 535.0-545.0 540.0 10.0 887
KLX12A:3 426.0-534.0 480.0 108.0 874
KLX12A:4 386.0-425.0 405.5 39.0 864
KLX12A:5 291.0-385.0 338.0 94.0 859
KLX12A:6 160.0-290.0 225.0 130.0 863
KLX12A:7 142.0-159.0 150.5 17.0 874
KLX12A:8 104.0-141.0 1225 37.0 880
KLX12A:9 17.9-103.0 60.5 85.1 900
KLX05:1 721.0-1,000.2 860.5 279.0 1,205
KLX05:2 634.0-720.0 677.0 86.0 1,086
KLX05:3 625.0-633.0 629.0 8.0 1,059
KLX05:4 501.0-624.0 562.5 123.0 1,023
KLX05:5 361.0-500.0 430.5 139.0 964
KLX05:6 256.0-360.0 308.0 104.0 926
KLX05:7 241.0-255.0 248.0 14.0 913
KLX05:8 220.0-240.0 230.0 20.0 910
KLX05:9 128.0-219.0 173.5 91.0 904
KLX05:10 15.0-127.0 71.0 112.0 904
HLX23:1 61.0-160.2 110.6 99.2 -
HLX23:2 6.0-60.0 33.0 54.0 -
HLX18:1 90.0-181.2 135.6 91.2 -
HLX18:2 15.0-89.0 52.0 74.0 -
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Table 3-19. Points of application and lengths of the test sections in the interference test

in KLX26A.

Bh ID Test section (m) Point of application Section length Distance to KLX26A
(m below TOC) (m) (m)

KLX26A 2.6-101.1 49.3 98.5

KLX26B:1 47.0-50.4 48.7 3.4 17

KLX26B:2 21.0-46.0 33.5 25.0 21

KLX26B:3 2.3-20.0 11.15 17.7 42

Table 3-20. Points of application and lengths of the test sections in the interference test

in KLX26B.

Bh ID Test section (m) Point of application Section length Distance to KLX26B
(m below TOC) (m) (m)

KLX26B 2.3-50.4 26.4 48.1

KLX26A:1 48.0-101.1 74.6 53.1 57

KLX26A:2 22.0-47.0 34.5 25.0 19

KLX26A:3 2.6-21.0 11.8 184 13

Table 3-21. Points of application and lengths of the test sections in the interference test

in KLX22A.
Bh ID Test section (m) Point of application Section length Distance to KLX22A
(m below TOC) (m) (m)
KLX22A 2.0-100.45 51.2 98.5
KLX22B 2.0-100.25 51.1 98.3 55.5
Table 3-22. Points of application and lengths of the test sections in the interference test
in KLX22B.
Bh ID Test section (m) Point of application Section length Distance to KLX22B
(m below TOC) (m) (m)
KLX22B 2.0-100.25 51.1 98.3

Table 3-23. Points of application and lengths of the test sections in the interference test

in KLX23A.

Bh ID Test section (m) Point of application Section length Distance to KLX23A
(m below TOC) (m) (m)

KLX23A 2.3-100.2 51.25 97.9

KLX23B 2.3-50.3 26.3 48 37
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Table 3-24. Points of application and lengths of the test sections in the interference test
in KLX23B.

Bh ID Test section (m) Point of application Section length Distance to KLX23B
(m below TOC) (m) (m)

KLX23B 2.3-50.3 26.3 48

KLX23A 2.3-100.2 51.3 97.9 37

Table 3-25. Points of application and lengths of the test sections in the interference test
in KLX16A.

Bh ID Test section (m) Point of application Section length Distance to KLX16A
(m below TOC) (m) (m)

KLX16A 11.3-433.5 216.8 433.6

HLX42:2 9.1-29.0 19.1 19.9 187
KLX12A:1 546.0-602.3 574.2 56.3 1,604
KLX12A:2 535.0-545.0 540.0 10.0 1,599
KLX12A:3 426.0-534.0 480.0 108.0 1,593
KLX12A:4 386.0-425.0 405.5 39.0 1,588
KLX12A:5 291.0-385.0 338.0 94.0 1,587
KLX12A:6 160.0-290.0 225.0 130.0 1,593
KLX12A:7 142.0-159.0 150.5 17.0 1,600
KLX12A:8 104.0-141.0 122.5 37.0 1,603
KLX12A:9 17.9-103.0 60.5 85.1 1,614
KLX05:1 721.0-1,000.2 860.5 279.0 1,444
KLX05:2 634.0-720.0 677.0 86.0 1,457
KLX05:3 625.0-633.0 629.0 8.0 1,462
KLX05:4 501.0-624.0 562.5 123.0 1,473
KLX05:5 361.0-500.0 430.5 139.0 1,500
KLX05:6 256.0-360.0 308.0 104.0 1,531
KLX05:7 241.0-255.0 248.0 14.0 1,548
KLX05:8 220.0-240.0 230.0 20.0 1,553
KLX05:9 128.0-219.0 173.5 91.0 1,570
KLX05:10 15.0-127.0 71.0 112.0 1,606
HLX15 12.0-151.9 82.0 139.9 1,260
HLX26 11.0-151.2 80.1 142.2 1,210
HLX28 6.0-154.2 80.1 148.2 1,208
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Table 3-26. Points of application and lengths of the test sections in the interference test
in KLX15A.

Bh ID Test section (m) Point of application Section length Distance to KLX15A
(m below TOC) (m) (m)

KLX15A 11.7-1,000.4 506.1 988.7

HLX38 15.0-199.5 107.25 184.5 952
KLX05:1 721.0-1,000.2 860.5 279.0 912
KLX05:2 634.0-720.0 677.0 86.0 913
KLX05:3 625.0-633.0 629.0 8.0 926
KLX05:4 501.0-624.0 562.5 123 938
KLX05:5 361.0-500.0 430.5 139.0 974
KLX05:6 256.0-360.0 308.0 104.0 1,015
KLX05:7 241.0-255.0 248.0 14.0 1,038
KLX05:8 220.0-240.0 230.0 20.0 1,045
KLX05:9 128.0-219.0 1735 91.0 1,067
KLX05:10 15.0-127.0 71.0 112.0 1,119
KLX19A:1 661.0-800.1 730.5 139 1,046
KLX19A:2 518.0-660.0 589 142 1,031
KLX19A:3 509.0-517.0 513 8 1,030
KLX19A:4 481.5-508.0 494.5 27 1,031
KLX19A:5 311.0-480.5 395.75 169.5 1,039
KLX19A:6 291.0-310.0 300.5 19 1,056
KLX19A:7 136.0-290.0 213 154 1,078
KLX19A:8 98.8-135.0 116.9 36.2 1,112

Table 3-27. Points of application and lengths of the test sections in the interference test
in KLX19A.

Bh ID Test section (m) Point of application Section length Distance to KLX19A
(m below TOC) (m) (m)

KLX19A 98.8-800.1 449.4 701.2

HLX37:1 149.0-199.8 174.4 50.8 710

HLX37:2 118.0-148.0 133.0 30.0 737

HLX37:3 12.0-117.0 64.5 105.0 794

KLX11A 12.0-992.3 502.2 980.3 701

HLX36:1 50.0-199.8 124.9 149.8 728

HLX36:2 6.0-49.0 27.5 43.0 728

HLX38 15.0-199.5 107.3 184.5 425
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Table 3-28. Points of application and lengths of the test sections in the interference test
in KLX17A.

Bh ID Test section (m) Point of application Section length Distance to KLX17A
(m below TOC) (m) (m)

KLX17A 12.0-701.1 356.6 689.1

KLX13A:1 469.0-595.5 532.5 126.9 567

KLX13A:2 340.0-468.0 404.0 128.0 535

KLX13A:3 11.8-339.0 175.4 327.2 552

Table 3-29. Points of application and lengths of the test sections in the interference test
in KLX06.

Bh ID Test section (m) Point of application Section length Distance to KLX06
(m below TOC) (m) (m)

KLX06 11.9-994.9 503.4 983.0 -

HLX20 9.0-202.2 105.6 193.2 246

Table 3-30. Points of application and lengths of the test sections in the interference test
in KLX18.

Bh ID Test section (m) Point of application Section length Distance to KLX18
(m below TOC) (m) (m)

KLX18A 312.0-611.3 461.65 299.3 -

KLX11A:1 12.05-992.3 502.175 980.25 -
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4 Description of equipment

4.1 Overview

For all but KLX17A and KLX18A pumping was performed in conjunction with the PFL differ-
ence flow logging for each borehole, see /8/- /17/. The equipment and methodology is the same
for all of these boreholes, see e.g. /17/.

The test in KLX17A was done in conjunction with drilling through airlift pumping. Airlift
pumping is described in the drilling report for KLX17A /19/.

The test in KLX18A was done in conjunction with drilling through the wireline probe system.
Its methodology and equipment is described in /21/.

All the observation sections included in the interference test are part of the SKB hydro monitor-
ing system (HMS), where pressure is recorded continuously. Description of this system and its
equipment is found in /18/.

4.2 Measurement sensors

Groundwater level in the pumped borehole was measured with a pressure transducer with a
range of 0-0.1 MPa and an accuracy of +/— 1% full-scale. The pumped flow from the borehole
was measured manually by clocking the time to fill a container of known volume, 35L.

The boreholes connected to the HMS are fitted with stationary equipment for measuring
pressure in the different sections. Some observation boreholes were installed with MiniTroll
Advance, an integrated logger/absolute pressure transducer with a measurement range of
0-300 PSIA (In-Situ Inc.).
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5 Execution

5.1 Preparations

Before installation of the equipment in the pumped borehole, the equipment was cleaned and
dummy logging performed.

5.2 Procedure

The whole borehole was pumped for up to c. 10d with a constant drawdown of 5-10 m, depend-
ing of how permeable the aquifer was and the limited capacity of the pumps. It was occasionally
and briefly interrupted to allow change of logging equipment. Upon completion of pumping

a recovery of one day was allowed. The exception to this is the interference test performed in
KLX17A which was done in conjunction with the drilling through airlift pumping.

During the tests the pressure interference was recorded in totally 98 sections in 29 observation

boreholes, both cored and percussion drilled, using the HMS (Hydro Monitoring System). The

boreholes connected to the HMS are fitted with stationary equipment for measuring pressure in
the different sections. In some of the observation boreholes the stationary installations were set
to log more frequently than usual.

5.3 Data handling

Data from pressure gauges was corrected with respect to atmospheric pressure and converted
to hydraulic head expressed in metre above sea level with RHB70 as reference. All data and
field protocols are stored in the site characterisation database (SICADA) traceable through the
activity plan number.

For the observation sections, quality controlled data from the HMS were collected from the
SKB database Sicada. The pressure and flow data from the pumping boreholes were collected
from the HMS or DMS (Drilling monitoring system) or received from the activity leader in
form of .csv, .dat or .txt files.

5.4 Transient analysis and interpretation

54.1 General

When performed, both qualitative and quantitative analyses have been carried out in accordance
with the methodology descriptions for interference tests, SKB MD 330.003. Standard methods
for constant-flow rate tests in an equivalent porous medium were used by the transient analyses
and interpretation of the tests.

The main objective of the interference tests was to document how different conductive zones are
connected hydraulically; to quantify their hydraulic properties and to clarify whether there are
any major hydraulic boundaries in the area. Transient evaluation of all responding observation
sections was performed. All responding observation sections are also included in the response
analysis. In addition, the responses in the pumping boreholes were evaluated as single-hole
pumping tests according to the methods described in /1/.
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In the primary qualitative analyses, data from all observation sections included in each interfer-
ence test were studied in linear time versus pressure diagrams to deduce the responding sections.
Linear diagrams of pressure versus time are presented in Chapter 6 for each borehole included
in the interference tests.

The qualitative evaluation of the dominating transient flow regimes (pseudo-linear, pseudo-
radial and pseudo-spherical flow, respectively) and possible outer boundary conditions was
mainly based on the drawdown and recovery responses in logarithmic diagrams. In particular,
pseudo-radial flow is reflected by a constant (horizontal) derivative in the diagrams, whereas
no-flow- and constant head boundaries are characterized by a rapid increase and decrease of the
derivative, respectively. Based on the qualitative evaluation relevant models were selected for
the quantitative transient evaluation.

In the drawdown and recovery diagrams different values on the filter coefficient (step length)
by the calculation of the pressure derivative were applied to investigate the effect on the pres-
sure derivative. It is desired to achieve maximum smoothing of the derivative without altering
the original shape of the test data.

The quantitative transient analysis was performed by the test analysis software AQTESOLV
v4.0 /23/ except for the KLXO06 interference tests where software Saphir v4.0 /24/ was utilised.
This software enables both visual and automatic type curve matching. The transient evaluation
was carried out as an iterative process of type curve matching and automatic non-linear regres-
sion. The transient interpretation of the hydraulic test parameters is in most cases based on

the identified pseudo-radial flow regime appearing during the tests and plotted in log-log and
lin-log data diagrams.

5.4.2 Pumping boreholes

For the single-hole pumping tests the storativity was calculated using, see Equation 5-1, from
SKB (2006) /2/. Firstly, the transmissivity and skin factor were obtained by type curve matching
using a fixed storativity value of 10-% according to the instruction SKB MD 320.004. The
storativity was then re-calculated from an empirical regression relationship between storativity
and transmissivity according to Equation 5-1. The type curve matching was then repeated. In
most cases the change of storativity does not significantly alter the transmissivity value in the
new type curve matching, but only the estimated skin factor is altered correspondingly. This
described way of estimating the storativity is true for all pumping boreholes except for pumping
borehole KLX06 which was evaluated based on a constant storativity.

S =0.0007 - T°5 5-1

S = storativity (-)
T = transmissivity (m?/s)

In addition to the transient analysis, an interpretation based on the assumption of stationary
conditions in the pumping boreholes was performed as described by Moye (1967) /28/.

The wellbore storage coefficient (C) in the pumping borehole section can be obtained from the
parameter estimation of a fictive casing radius, r(c) in an equivalent open test system according
to Equation 5-2.

_7-r(c)?

C=
p-8 5-2

The radius of influence at a certain time during the test may be estimated from Jacob’s approxi-
mation of the Theis” well function according to Equation 5-3:

_ 2257
| S 53
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T = representative transmissivity from the test (m?/s)

S = storativity estimated from Equation 5-1
ri = radius of influence at time t (m)
t = time after start of pumping (s)

Furthermore, a ri-index (=1, 0 or 1) is defined to characterize the hydraulic conditions by the end
of the test. The ri-index is defined as shown below. It is assumed that a certain time interval of
PRF can be identified between t; and t, during the test.

» r-index = 0: The transient response indicates that the size of the hydraulic feature tested
is greater than the radius of influence based on the actual test time (t,=t,), i.e. the PRF is
continuing at stop of the test. This fact is reflected by a flat derivative at this time.

» r-index = 1: The transient response indicates that the hydraulic feature tested is connected
to a hydraulic feature with lower transmissivity or an apparent barrier boundary (NFB). This
fact is reflected by an increase of the derivative. The size of the hydraulic feature tested is
estimated as the radius of influence based on t,.

» r-index = —1: The transient response indicates that the hydraulic feature tested is connected
to a hydraulic feature with higher transmissivity or an apparent constant head boundary
(CHB). This fact is reflected by a decrease of the derivative. The size of the hydraulic feature
tested is estimated as the radius of influence based on t,.

If a certain time interval of PRF cannot be identified during the test, the ri-indices -1 and 1 are
defined as above. In such cases the radius of influence is estimated using the flow time t, in
Equation 5-3.

5.5 Response analysis and estimation of the
hydraulic diffusivity

5.5.1 Response analysis
Calculation of the response indices

In responding observation sections the response time (dt,) and the maximum drawdown (s,)
were calculated. The response time is defined as the time lag after start of pumping until a draw-
down response of 0.1 m respectively 0.01 m was observed in the actual observation section. The
maximum drawdown does not always occur at stop of pumping, e.g. due to heavy precipitation
by the end of the flow period. In such cases the transient analysis is based on the response prior
to the precipitation. The response time dt, is here defined as the time delay after start of pump-
ing when a drawdown of 0.1 m was observed in the actual observation section.

The 3D distances between the point of application in the pumping borehole and all the observa-
tion borehole sections (r;) were calculated. These parameters combined with the pumping

flow rate (Q,) are the variables used to calculate the response indices, which characterize the
hydraulic connectivity between the pumping and the observed section. The parameters and

the calculated hydraulic connectivity parameters are shown in the tables in Section 6 and
Appendix 1. The response indices are calculated as follows:

Index 1:

r2/dt. = normalised distance r, with respect to the response time (dp = 0.1m) [m?/s]
Index 2:

sp/Qp, = normalised drawdown s, with respect to the pumping rate [s/m?].

Additionally, a third index was calculated including drawdown and distance. This index is
calculated as follows:
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Index 2 new:

(Sp/Qp)*In(r/ro)
radius of 2.718.

The classification based on the indices is given as follows:

Index 1 (r/dt,)

assuming ro=1. For the pumped borehole rs=e* (i.e. a fictive borehole

Colour

code
r2/dt, > 100 m?/s Excellent _
10 < r&/dt < 100 m?/s High
1<rd/dt <10 m¥s Medium -
r2/dt, < 1 m?/s Low

Colour
Index 2 (5,/Qp) code
Sp/Qp > 1:10° s/m? Excellent _
3:10% < 5,/Q,< 1-10° s/m? High
1.10% < s5,/Q,< 3-10* s/m? Medium -
S/Qp < 1-10* s/m? Low

$,<0.1m

No response

Colour
Index 2 new (s,/Qp) - In(ry/ry) code
(sp/Qp) - In(rsfro) > 5:10° s/m2 Excellent
5:10% < (3,/Qp) - In(rs/ro) < 5-10° s/m? High
5.10% < (s,/Qp) - In(rs/ro) < 5-10* s/m? Medium
(Sp/Qp) - In(rs/ro) < 5-10° s/m? Low

$,<0.1m No response

In some cases it is not clear if the section responds to the pumping or if the drawdown is based
on natural processes solely. In uncertain cases, the data sets were regarded all together to

better differentiate between these effects. By looking at the pressure responses before and after
the pumping period, it may be possible to distinguish between natural fluctuations and those
induced by pumping. Furthermore, it should be pointed out, that some of the responses could be
caused by the drawdown in the section above or below in the same observation borehole.

All observation data are influenced by natural fluctuations of the groundwater level such as
tidal effects and long term trends. The pressure changes due to tidal effects are different for the
observation boreholes.

5.5.2 Estimation of hydraulic diffusivity

The distances r, between different borehole sections have been calculated as the spherical
distance using the co-ordinates for the midpoint of each section. The calculation of the hydraulic
diffusivity is based on radial flow according to /6/.

34



T/S=r2/[4-dt - (L+dt./tp)- In(L+tp/dt)] 5-4

The time lag dt, is here defined as the time when the pressure response in an observation section
is 0.01 m. The pumping time is included as tp. The estimates of the hydraulic diffusivity accord-
ing to above should be seen as approximate values of the hydraulic diffusivity.

5.6 Nonconformities

16 of the observation boreholes originally intended to be included in the interference test did for
various reasons not provide any pressure data and were therefore excluded from the interference
test. These boreholes are:

Observation borehole HLX28 and HLX32 during the pumping in KLX14A. No data were
sampled in these boreholes during the test period since SKB terminated the sampling prior
to the test.

Observation borehole HLX16, HLX17 and HLX33 during the pumping in KLX21B. No data
were sampled in these boreholes during the test period since SKB terminated the sampling
prior to the test.

Observation borehole KLX22A during the pumping in KLX22B. No data were sampled in
this borehole during the test period since the data logger in KLX22A failed during pumping
in borehole KLX22B.

Observation borehole HLX28 during the pumping in HLX27. No data were sampled in this
borehole during the test period.

Observation borehole HLX27 during the pumping in HLX28. No data were sampled in this
borehole during the test period since the logger was full.

Observation borehole HLX27 and Section 1 in observation borehole HLX42 during the
pumping in KLX16A. No data were sampled in these sections during the test period since
the logger in HLX27 was full and the logger in Section 1 of HLX42 had a breakdown.

Observation borehole HLX28, KLX14A and KLX16A during the pumping in KLX15A.
No data were sampled in these boreholes during the test period. KLX16A provided some
pressure data but was also vey disturbed by the pumping in HLX42.

Observation borehole KLX14A and KLX20A during the pumping in KLX19A. No data were
sampled in this borehole during the test period.

Observation borehole HLX43 during the pumping in KLX17A. No data were sampled in this
borehole during the test period.
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6 Results

6.1 General comments and assumptions

It is assumed that the flow rate is constant between two adjoining flow rate values. It is also
assumed that the start and stop of pumping is defined as the time of the first and last flow value,
respectively in the flow rate data file. The drawdown data files in all the observation sections are
terminated at stop of pumping although the drawdown continued in some sections.

All pressure data for observation boreholes presented in this report have been corrected for
atmospheric pressure changes by subtraction from the measured (absolute) pressure. The
pressure in several of the observation sections included in the interference test was displaying
an oscillating behaviour. This is naturally caused by so called tidal fluctuations or earth tides in
combination with changes of the sea water level. These phenomena have, to some extent, been
investigated previously in /3/. It should be observed that no further corrections of the measured
drawdown have been made, e.g. due to natural trends, precipitation or tidal effects.

In the transient evaluation of the responses in the pumping borehole and selected observation
sections, the models described in /4/, /5/ and /7/ respectively was used. The transient evaluation
of the tests were analysed as variable flow rate tests. The nomenclature and symbols used for
the results of the single-hole and interference test are according to the Instruction for analysis
of single-hole injection- and pumping tests (SKB MD 320.004) and the methodology descrip-
tion for interference tests (SKB MD 330.003), respectively (both are SKB internal controlling
documents). Additional symbols used are explained in the text.

The linear plots of the pumping and observation sections are presented in this chapter The
measured drawdown (s,) at the end of the flow periods and the estimated response time lags
(dt.) in responding observation sections are shown in Tables 6-53 and 6-54, respectively. Test
summary sheets of all responding observation boreholes are presented in Appendix 1. Transient,
quantitative interpretation of the drawdown and recovery period is shown in log-log and lin-log
diagram in Appendix 2. The results are also summarized in Table 6-58. The locations of all
boreholes are shown in Figure 1-1. Abbreviations of flow regimes and hydraulic boundaries that
may appear in the text are listed below.

WBS = Wellbore storage

PRF = Pseudo-radial Flow regime
PLF = Pseudo-linear flow regime
PSF = Pseudo-spherical flow regime
PSS = Pseudo-stationary flow regime
NFB = No-flow boundary

CHB = Constant —head boundary

6.2 Interference test in KLX14A

The test was performed with only one observation borehole as shown in Figure 6-1. The objec-
tive was to test and characterise deformation zone NSO59A.
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6.2.1 Pumping borehole KLX14A

General test data for the pumping test in KLX14A are presented in Table 6-1. The borehole

is cased to 6.5 m. The uncased interval of the borehole is thus c. 6.5-176.3 m.

Table 6-1. General test data for the pumping test in KLX14A: 6.5-176.3 m.

General test data

Pumping borehole KLX14A

Test type? Constant Drawdown and recovery test

Test section (open borehole/packed-off section): open borehole

Test No 1
Field crew SKB
Test equipment system

General comment Interference test

Nomenclature

Borehole length L
Casing length L.

Test section- secup Secup
Test section- seclow Seclow
Test section length Ly
Test section diameter? 21y

Test start (start of flow period)
Packer expanded

Start of flow period

Stop of flow period

Test stop (stop of flow period)
Total flow time t
Total recovery time te

Pressure data

Relative pressure in test section before start of flow period
Relative pressure in test section before stop of flow period
Relative pressure in test section at stop of recovery period
Pressure change during flow period (p; —p,)

Flow data

Flow rate from test section just before stop of flow period
Mean (arithmetic) flow rate during flow period

Total volume discharged during flow period

P
Po
pF
dpp

Qv
Qnm
\

Unit

3 3 3 3 3

mm

yymmdd hh:mm

yymmdd hh:mm:ss
yymmdd hh:mm:ss
yymmdd hh:mm:ss

yymmdd hh:mm

min
min

kPa
kPa
kPa
kPa

m?/s
m3/s
m3

Value
176.3
6.5
6.5
176.3
169.8
76
061116 12:29

061116 12:29:02
061119 09:49:01

061119 09:49
4,160
1,295

58.4

8.2
55.6
50.2

0.000523
0.000523
131

9 Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and

recovery.
2 Nominal diameter.

3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Comments on the test

The test was performed as a constant drawdown pumping test with slightly decreasing flow

rate in conjunction with difference flow logging. The mean flow rate was c. 31 L/min and the
duration of the flow period was c. 3 days. About 24 hours into the flow period the pumping is
being interrupted and the evaluation is made on the first part of the curve. A total drawdown
during the flow period of 5.12 m and a total recovery at the end of the recovery period of 4.83 m
was observed. Several flow rate changes occurred during the flow period. Only a few flow rate
data are available. Pressure data are lacking between c. 1,800-3,000 min during the flow period
(cf. Figure 6-2).

Flow regime and calculated parameters

After initial WBS during the first ¢. 1 min of the flow period a period of approximate PRF was
developed between c. 2-30 min. At c. 30 min the flow rate was increased c. 3 times. A second
PRF developed between c. 50-600 min. A nearly pseudo-stationary pressure (PSS) was
achieved after c. 1,400 min. After initial WBS during the first c. 1 min a first PRF is developed
between c. 1-30 min of equivalent time during the recovery period. A second PRF is indicated
between c. 100-1,000 min. Alternatively, an apparent no-flow boundary (NFB) may be assumed
after c. 30 min.
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Figure 6-2. Linear plot of flow rate and pressure versus time in the pumping borehole KLX14A.

40



Selected representative parameters

The representative parameters were selected from the flow period. Evaluation was performed
by applying the Moench (Case 1) solution to a leaky aquifer model. Selected representative
transmissivity value is 5.5-10-° m?s for an estimated storativity of 5.2-:10°.

6.2.2 Observation borehole HLX38

In Figure 6-3 an overview of the pressure response in observation borehole HLX38 is
shown. General test data from the observation section HLX38, 15.0-199.5 m, are presented
in Table 6-2. The borehole is cased to 15.0 m. The uncased interval of this section is thus

c. 15.0-199.5 m.

Comments on the test

The disturbance of the flow rate from the pumping section can clearly be seen as a distinct
response in the pressure data in the observation section. A total drawdown during the flow
period of 1.90 m was observed but the evaluation is based on a drawdown of 1.8 m since the

Table 6-2. General test data from the observation section HLX38: 15.0-199.5 m during the
interference test in KLX14A.

Pressure data Nomenclature  Unit Value
Hydraulic head in test section before start of flow period hi m.a.s.l. 5.56
Hydraulic head in test section before stop of flow period h, m.a.s.l. 3.66
Hydraulic head in test section at stop of recovery period he m.a.s.l. 5.69
Hydraulic head change during flow period (h; —h;) dh, m 1.8
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Figure 6-3. Linear plot of pressure versus time in the observation borehole HLX38 during pumping
in borehole KLX14A.
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head is disturbed after the time of that drawdown. At the end of the recovery period the total
recovery exceeded the total drawdown due to influences of external effects. Total recovery at
the end of the recovery period was 2.03 m. The calculated Index 1 (r2/t.) is rated as “high”,
Index 2 (s,/Qp) as “medium” and the new Index 2 (S,/Qy)-In(rs/ro) as “medium”.

Flow regime and calculated parameters

The flow period is dominated by PRF during c. 200-600 min, transitioning to PSF by the end.
The recovery period also shows PRF during c. 200-600 min, transitioning to PSF by the end.
The responses during the flow and recovery period respectively are consistent. Initial WBS

is indicated during both periods in this long section.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected
representative transmissivity value is 6.7-10° m?/s and representative storativity of 1.3-10°.

6.3 Interference test in KLX15A

The objective with this interference test was to test and characterise deformation zone
NWO042A. A borehole response map is shown in Figure 6-4.

6.3.1 Pumping borehole KLX15A

General test data for the pumping test in KLX15A are presented in Table 6-3. The borehole
is cased to 11.7 m. The uncased interval of this section is thus c¢. 11.7-1,000.4 m.

Comments on the test

The test was performed as a constant drawdown pumping test with slightly decreasing flow
rate in conjunction with difference flow logging. The mean flow rate was c. 29.4 L/min and the
duration of the flow period was c. 9 days. A total drawdown during the flow period of 7.07 m
and a total recovery at the end of the recovery period of 5.34 m was observed.

Flow regime and calculated parameters

During both the flow and recovery period, wellbore storage effects are followed by dominating
pseudo-radial flow. By the end of the flow period an almost pseudo-steady state occurred.
During the recovery period an approximate pseudo-radial flow regime was indicated. The test
was evaluated as a variable flow rate test. The agreement in evaluated parameter values between
the flow and recovery period is good.

Selected representative parameters

The parameter values from the flow period are selected as the most representative. Evaluation
of the flow period was performed by applying the Moench (Case 1) solution to a leaky aquifer
model. Selected representative transmissivity value is 4.1-10° m?s for an estimated storativity
of 4.5:10°°.
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Table 6-3. General test data for the pumping test in KLX15A: 11.7-1,000.4 m.

General test data

Pumping borehole KLX15A
Test type? Constant Drawdown and recovery test
Test section (open borehole/packed-off section): open borehole
Test No 1
Field crew SKB
Test equipment system
General comment Interference test
Nomenclature Unit Value
Borehole length L m 1,000.4
Casing length Lc m 11.7
Test section- secup Secup m 11.7
Test section- seclow Seclow m 1,000.4
Test section length Ly m 988.7
Test section diameter? 21y, mm 76-198
Test start (start of flow period) yymmdd hh:mm 070508 16:47
Packer expanded yymmdd hh:mm:ss
Start of flow period yymmdd hh:mm:ss 070508 16:47:00
Stop of flow period yymmdd hh:mm:ss 070517 18:41:00
Test stop (stop of flow period) yymmdd hh:mm 070517 18:41
Total flow time t min 13,074
Total recovery time te min 907
Pressure data
Relative pressure in test section before start of flow period pi kPa 66.2
Relative pressure in test section before stop of flow period Po kPa -3.0
Relative pressure in test section at stop of recovery period Pe kPa 49.4
Pressure change during flow period (pi—pp) dp, kPa 69.2
Flow data
Flow rate from test section just before stop of flow period Qp mé/s 0.00049
Mean (arithmetic) flow rate during flow period Qm m3/s 0.00049
Total volume discharged during flow period V, m? 388

Y Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and
recovery.

2 Nominal diameter.
3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Figure 6-5. Linear plot of flow rate and pressure versus time in the pumping borehole KLX15A.

6.3.2 Observation borehole HLX38

In Figure 6-6 an overview of the pressure responses in observation borehole HLX38 is
shown. General test data from the observation section HLX38: 15.0-199.5 m, are presented
in Table 6-4. The borehole is cased to 15.0 m. The uncased interval of this section is thus

c. 15.0-199.5 m.

Table 6-4. General test data from the observation section HLX38: 15.0-199.5 m during the

interference test in KLX15A.

Pressure data Nomenclature  Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 5.7
Hydraulic head in test section before stop of flow period h, m.a.s.l. 5.6
Hydraulic head in test section at stop of recovery period he m.a.s.l. 5.7
Hydraulic head change during flow period (h;—hy) dh, m 0.1
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Figure 6-6. Linear plot of pressure versus time in the observation borehole HLX38 during pumping in
borehole KLX15A.

Comments on the test

Only a very small response is deduced during the flow period in this section. The response
during the recovery period is regarded as very uncertain and affected by tidal effects. A total
drawdown during the flow period of ¢. 0.1 m and a total recovery at the end of the recovery
period of less than 0.1 m was observed. The calculated Index 1 (r:2/t,) is rated as “medium”,
Index 2 (s,/Qp) as “low” and the new Index 2 (s,/Q,):In(ry/ro) as “low”.

Flow regime and calculated parameters

The transient evaluations during both the flow and recovery period are considered as very
uncertain due to the weak response in combination with external effects.

Selected representative parameters

The parameter values estimated from the flow period are selected as the most representative.
Evaluation was performed by applying the Theis solution to a confined aquifer model. Selected
representative transmissivity value is 7.7-10° m?/s and a representative storativity of 1.9-:10.

6.3.3 Observation borehole KLX05A

All the ten sections in this borehole appear to be virtually unaffected by the pumping in
KLX15A, Figure 6-7. The oscillating behaviour, discussed previously, makes it hard to distin-
guish any influence from the pumping. The borehole is cased to 15.0 m, the uncased interval
of the borehole is thus c. 15.0-1,000.2 m.

6.3.4 Observation borehole KLX19A

All the eight sections in this borehole appear to be virtually unaffected by the pumping in
KLX15A, Figure 6-8. The oscillating behaviour, discussed previously, makes it hard to distin-
guish any influence from the pumping. The borehole is cased to 98.75 m, the uncased interval
of the borehole is thus c. 98.75-800.0 m.
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Figure 6-7. Linear plot of ground water level in the observation borehole KLX05 during pumping in
borehole KLX15A. The figure shows that the levels in KLX05 seems to be unaffected by the pumping
in KLX15A, performed 2007-05-08-2007-05-17.
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Figure 6-8. Linear plot of ground water level in the observation borehole KLX19A during pumping in
borehole KLX15A. The figure shows that the levels in KLX19A seems to be unaffected by the pumping
in KLX15A, performed 2007-05-08-2007-05-17.
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6.4 Interference test in KLX16A

The objective with this interference test was to assess the contact between the KLX16A and
HLX42. The Former if drilled through a north east trending deformation zone, NE107A and the
latter is sited in a zone free rock unit. A borehole response map is shown in Figure 6-9.

1548800 1547000 1547200 1547400 1547600 1547800 1548000 1548200 1548400 1548800 1548800 1549000 1548200
L L 1 1

1
e
f

6364400 6364600 6364800 6365000 6365200 6365400 6365600 6365800 6366000
L
6364200 6364400 6364600 6364800 6365000 6365200 6365400 6365600 6365800 6366000

6364200

1546800 1547000 1547200 1547400 1547600 1547800 1548000 1548200 1548400 1548800 1548800 1548000 1548200

® Source 0 250 500 Meters N
— A
fk  No response ® Lantmiteriverket Gavle 2007.
- Consent | 2007/1092.
- Dolerite
. . . Swedish Nuclear Fuel & Waste Management Co

- Fine-grained granite 2007-12-28, 12:12
- Fine-grained diorite-gabbro
- Granite

- Avrd granite (granite to quartz monzodiorite)
[ Avro quartz mozodiorite

[ Quartz monzodiorite

[ Diorite -gabbro

[ Fine-grained dioritoid

—— DZ, High confidence

——— DZ, Medium confidence

—— DZ, Low confidence

Figure 6-9. Borehole response map when pumping KLX16A.
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6.4.1 Pumping borehole KLX16A

General test data for the pumping test in KLX16A are presented in Table 6-5. The borehole
is cased to 11.3 m. The uncased interval of this section is thus c. 11.3-433.5 m.

Table 6-5. General test data for the pumping test in KLX16A: 11.3-433.5 m.

General test data

Pumping borehole
Test type?

Test section (open borehole/packed-off section):

Test No

Field crew

Test equipment system
General comment

Borehole length

Casing length

Test section- secup

Test section- seclow

Test section length

Test section diameter?

Test start (start of flow period)
Packer expanded

Start of flow period

Stop of flow period

Test stop (stop of flow period)

KLX16A

Constant Drawdown and recovery test
open borehole

1

SKB

Interference test

Nomenclature Unit
L

L.
Secup
Seclow
Lu

2:1y, mm

3 3 3 3 3

yymmdd hh:mm
yymmdd hh:mm:ss
yymmdd hh:mm:ss
yymmdd hh:mm:ss
yymmdd hh:mm

Total flow time tp min

Total recovery time te min
Pressure data

Relative pressure in test section before start of flow period pi kPa
Relative pressure in test section before stop of flow period o8 kPa
Relative pressure in test section at stop of recovery period Pe kPa
Pressure change during flow period (p;—pp) dp, kPa
Flow data

Flow rate from test section just before stop of flow period ® Qo mé/s
Mean (arithmetic) flow rate during flow period Qn mé/s
Total volume discharged during flow period Vo m?

84.2
35.5
75.1
48.7

0.00
0.00
237

Value
433.5
11.3
11.3
433.5
422.2
76
070224 15:20

070224 15:20:00
070302 11:53:00
070302 11:53
8,433

1,515

0468
0468

Y Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and

recovery.
2 Nominal diameter.

® The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Comments on the test

The test was performed as a constant drawdown pumping test with a slightly decreasing flow
rate in conjunction with difference flow logging. The mean flow rate was c. 28.1 L/min and the
duration of the flow period was c. 6 days. Several changes of flow rate occurred during the flow
period. A total drawdown during the flow period of 4.96 m and a total recovery at the end of the
recovery period of 4.04 m was observed.

Flow regime and calculated parameters

After initial WBS during the first ¢. 0.5 min a period of approximate PRF was developed
between c¢. 5-300 min. A nearly pseudo-stationary pressure (PSS) was achieved after

c. 1,400 min. After initial WBS during the first c. 0.5 min a first PRF is developed between

¢. 10-80 min of equivalent time during the recovery period. A second PRF is weakly indicated
between c. 500-1,100 min. Alternatively, an apparent no-flow boundary (NFB) may be assumed
after c. 100 min.

Selected representative parameters

The representative parameters were selected from the flow period. Evaluation of the flow period
was performed by applying the Moench (Case 1) solution to a leaky aquifer model. Selected
representative transmissivity value is 4.3-10° m¥/s for an estimated storativity of 4.6-107°.
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Figure 6-10. Linear plot of flow rate and pressure versus time in the pumping borehole KLX16A.
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6.4.2 Observation borehole HLX42

Section 2 in the observation borehole HLX42 appear to be virtually unaffected by the pumping
in KLX16A, Figure 6-11 (no data available from Section 1). The oscillating behaviour, dis-
cussed previously, makes it hard to distinguish any influence from the pumping. The borehole is
cased to 9.1 m, the uncased interval of the upper section of this borehole is thus c. 9.1-29.0 m.
No data was available from Section 1.

6.4.3 Observation borehole KLX12A

All the nine sections of this borehole appear to be virtually unaffected by the pumping in
KLX16A, Figure 6-12. The oscillating behaviour, discussed previously, makes it hard to
distinguish any influence from the pumping.

6.4.4 Observation borehole KLX05

All the ten sections in this borehole appear to be virtually unaffected by the pumping in
KLX16A, Figure 6-13. The oscillating behaviour, discussed previously, makes it hard to
distinguish any influence from the pumping.

6.4.5 Observation borehole HLX15

This borehole appears to be virtually unaffected by the pumping in KLX16A, Figure 6-14.

The oscillating behaviour, discussed previously, makes it hard to distinguish any influence
from the pumping. The borehole is cased to 12.0 m, the uncased interval of this borehole is thus
c.12.0-151.9 m.
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Figure 6-11. Linear plot of ground water level in Section 1 in the observation borehole HLX42 during
pumping in borehole KLX16A. The figure shows that the level variations in HLX42 seems to be unaf-

fected by the pumping in KLX16A, performed 2007-02-24-2007-03-02.
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Figure 6-12. Linear plot of ground water level in the observation borehole KLX12 during pumping
in borehole KLX16A. The figure shows that the level variations in KLX12 are part of a pressure trend
which seems to be unaffected by the pumping in KLX16A, performed 2007-02-24-2007-03-02.
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Figure 6-13. Linear plot of ground water level in the observation borehole KLX05 during pumping
in borehole KLX16A. The figure shows that the level variations in KLX05 are part of a pressure trend
which seems to be unaffected by the pumping in KLX16A, performed 2007-02-24-2007-03-02.
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Figure 6-14. Linear plot of ground water level in the observation borehole HLX15 during pumping
in borehole KLX16A. The figure shows that the level variations in HLX15 are part of a pressure trend
which seems to be unaffected by the pumping in KLX16A, performed 2007-02-24-2007-03-02.

6.4.6 Observation borehole HLX26:1

This borehole appears to be virtually unaffected by the pumping in KLX16A, Figure 6-15.
The oscillating behaviour, discussed previously, makes it hard to distinguish any influence
from the pumping. The borehole is cased to 9.0 m, the uncased interval of this borehole is
thus c. 9.0-151.2 m. Observation borehole HLX26 had two sections separated by a packer at
10.0-11.0 m. Only the lower section, HLX26:1 (11.0-151.2 m) was monitored by HMS and
included in interference test.

6.4.7 Observation section HLX28

This borehole appears to be virtually unaffected by the pumping in KLX16A, Figure 6-16.
The oscillating behaviour, discussed previously, makes it hard to distinguish any influence
from the pumping. The borehole is cased to 6.0 m, the uncased interval of this borehole is thus
c.6.0-154.2 m.

6.5 Interference test in KLX17A

This test was specifically designed to test the connectivity between a fracture at ¢. 435 m in
KLX17A and borehole KLX13A. It was performed in conjunction with the drilling where airlift
pumping was utilised. A borehole response map is shown in Figure 6-17.
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Figure 6-15. Linear plot of ground water level in the observation borehole HLX26 during pumping
in borehole KLX16A. The figure shows that the level variations in HLX26 are part of a pressure trend
which seems to be unaffected by the pumping in KLX16A, performed 2007-02-24-2007-03-02.
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Figure 6-16. Linear plot of ground water level in the observation borehole HLX28 during pumping
in borehole KLX16A. The figure shows that the level variations in HLX28 are part of a pressure trend
which seems to be unaffected by the pumping in KLX16A, performed 2007-02-24-2007-03-02.
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Figure 6-17. Borehole response map when pumping KLX17A.

6.5.1 Pumping borehole KLX17A

General test data for the pumping test in KLX17A are presented in Table 6-6. The borehole
is cased to 12.0 m. The uncased interval of this section is thus c. 12.0-701.1 m.
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Table 6-6. General test data for the pumping test in KLX17A: 12.0-701.1 m.

General test data

Pumping borehole KLX17A
Test type? Constant Rate withdrawal and recovery test
Test section (open borehole/packed-off open borehole
section):
Test No 1
Field crew SKB
Test equipment system
General comment Interference test
Nomenclature Unit Value
Borehole length L m 701.1
Casing length Le m 12.0
Test section- secup Secup m 12.0
Test section- seclow Seclow m 701.1
Test section length Ly m 689.1
Test section diameter? 2Ty mm 76-197
Test start (start of flow period) yymmdd hh:mm 061028 09:58
Packer expanded yymmdd hh:mm:ss
Start of flow period yymmdd hh:mm:ss 061028 09:58:00
Stop of flow period yymmdd hh:mm:ss 061029 09:22:00
Test stop (stop of flow period) yymmdd hh:mm 061029 09:22
Total flow time tp min 1,404
Total recovery time te min 877
Pressure data
Relative pressure in test section before start of flow period pi kPa 393.5
Relative pressure in test section before stop of flow period Po kPa 157.5
Relative pressure in test section at stop of recovery period Pe kPa 373.4
Pressure change during flow period (p;—pp) dp, kPa 236
Flow data
Flow rate from test section just before stop of flow period Qp m3/s 0.0004
Mean (arithmetic) flow rate during flow period Qn m?3/s 0.0004
Total volume discharged during flow period V, m? 33.7

D Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and
recovery.

2 Nominal diameter.

3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.

Comments on the test

The test was performed as a constant- rate pumping test in conjunction with air-lift pumping. The
flow rate was uncertain during the beginning of the flow period. A rather constant flow rate of c.
24 L/min was maintained during the rest of the period. Pumping was conducted during c. 1 day.

Flow regime and calculated parameters

Both the flow and recovery period exhibit effects of initial WBS rapidly transitioning to a
pseudo-steady state by the end. No unambiguous transient evaluation could be made on either
the flow or recovery period. Examples of possible transient evaluations are shown.
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Figure 6-18. Linear plot of flow rate and pressure versus time in the pumping borehole KLX17A.

Selected representative parameters

No representative parameters selected, only examples of possible evaluation are shown in
Appendix 1 and Appendix 2.

6.5.2 Observation borehole KLX13A

Section 1 and 2 in this borehole appear to be virtually unaffected by the pumping in KLX15A.
Section 3 shows a quite clear response, Figure 6-19.

Unaffected observation sections in KLX13A

Both Section 1, 469.0-595.5 m and Section 2, 340.0-468.0 m appear to be virtually unaffected
by the pumping in KLX17A, Figure 6-15. The oscillating behaviour, discussed previously,
makes it hard to distinguish any influence from the pumping.

Observation section KLX13A:3

In Figure 6-19 an overview of the pressure responses in observation borehole KLX13A is
shown. General test data from the observation section KLX13A:3: 11.8-339.0 m, are presented

in Table 6-7.

Comments on the test

Rather distinct responses were obtained in this section during the flow and recovery period.

A total drawdown during the flow period of 0.5 m and a total recovery at the end of the recovery
period of 0.2 m was observed. The calculated Index 1 (r%/t,) is rated as “high”, Index 2 (s,/Qp,)
as “low” and the new Index 2 (s,/Qp)-In(rs/ro) as “medium”.
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Figure 6-19. Linear plot of pressure versus time in the observation borehole KLX13A during pumping
in borehole KLX17A. The levels in KLX13A:1 and KLX13A:2 seems to be unaffected by the pumping

in KLX17A.

Table 6-7. General test data from the observation section KLX13A:3: 11.8-339.0 m during

the interference test in KLX17A.

Pressure data Nomenclature  Unit Value
Hydraulic head in test section before start of flow period i m.a.s.l. 14.3
Hydraulic head in test section before stop of flow period b m.a.s.l. 13.8
Hydraulic head in test section at stop of recovery period he m.a.s.l. 14.0
Hydraulic head change during flow period (hi—hy) dh, m 0.5

Flow regime and calculated parameters

Both the flow and recovery period is dominated by nearly pseudo-radial flow transitioning
to pseudo-spherical (leaky) flow by the end. Rather consistent results of evaluated parameter
values are obtained from the flow and recovery period respectively.

Selected representative parameters

The parameter values estimated from the flow period are selected as the most representative for
the test section. Evaluation was performed by applying the Hantush-Jacob solution to a leaky
aquifer model. Selected representative transmissivity value is 4.3-:10° m?/s and representative

storativity is 1.0-1075.
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6.6 Interference test in KLX18A

This test was specifically designed to test whether a reflector, M1, seen with refraction seismic
120/ have any structural and hydraulic relevance. It was performed in conjunction with the core
drilling of KLX18A and utilised the wireline probe system. A borehole response map is shown

in Figure 6-20.
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Figure 6-20. Borehole response map when pumping KLX18A.
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6.6.1 Pumping borehole KLX18A

General test data for the pumping test in KLX18A are presented in Table 6-8. The borehole is cased
to 11.8 m. The interval of the pumped section is ¢. 312.0-611.3 m.

Comments on the test

The test was performed as a pumping test with constant drawdown. The mean flow rate was

c. 4.5 L/min and the duration of the flow period was c. 3 days, Figure 6-20a. The packers were
released shortly after the stop of pumping and therefore the recovery data are unreliable. There is
a change of flow at 2006-05-07 which causes a slightly increased pressure.

Table 6-8. General test data for the pumping test in KLX18A: 312.0-611.3 m.

General test data

Pumping borehole KLX18A

Test type? Constant Drawdown and recovery test
Test section (open borehole/packed-off section):  packed-off section

Test No 1

Field crew SKB

Test equipment system

General comment Interference test

Nomenclature

Borehole length L
Casing length L.

Test section- secup Secup
Test section- seclow Seclow
Test section length Ly
Test section diameter? 21y

Test start (start of flow period) (start of pressure
registration)

Packer expanded
Start of flow period
Stop of flow period

Test stop (stop of flow period) (stop of pressure
registration)

Total flow time tp
Total recovery time te

Pressure data

Relative pressure in test section before start of flow period
Relative pressure in test section before stop of flow period
Relative pressure in test section at stop of recovery period
Pressure change during flow period (pi—pp)

Flow data

Flow rate from test section just before stop of flow period ®
Mean (arithmetic) flow rate during flow period

Total volume discharged during flow period

Pi
Po
Pe
dp,

Qv
Qm
VP

Unit

3 3 3 3 3

mm

Value
611.3
11.8
312.0
611.3
299.3
76

yymmdd hh:mm 060505 13:09:58

yymmdd hh:mm:ss

yymmdd hh:mm:ss 060505 13:09:58
yymmdd hh:mm:ss 060508 08:34:36
yymmdd hh:mm 060508 08:34:36

min
min

kPa
kPa
kPa
kPa

m?3 /s
mé /s
mS

4,045

2,952
2,808

144

0.000077
7.42E-5
17.99

Y Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and recovery.

2 Nominal diameter.

3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Figure 6-20a. Linear plot of flow rate and pressure versus time in the pumping borehole KLX18A.

Flow regime and calculated parameters

During the flow period initial wellbore storage effects are followed by a short period of pseudo-
radial flow transitioning to pseudo-spherical flow by the end. No representative response was
obtained during the recovery period. Transient evaluation from the flow period was based on
variable flow rate. No transient evaluation could be made from the recovery period.

Selected representative parameters

The parameter values from the flow period are selected as the most representative for the test.
Evaluation was performed by applying the Moench (Case 1) solution to a leaky aquifer model.
Selected representative transmissivity value is 7.6-10-° m?/s for an estimated storativity of
1.9:10°%,

6.6.2 Observation borehole KLX11A

The borehole is cased to 12.05 m, the uncased interval of this borehole is thus ¢. 12.05-992.3 m.
The borehole appear to be unaffected by the pumping in KLX18A, Figure 6-21.
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Figure 6-21. Linear plot of pressure versus time in the observation borehole KLX11A:1 during pumping
in borehole KLX18A. The levels in KLX11A:1 seems to be unaffected by the pumping in KLX18A.

6.7 Interference test in KLX19A

This test was performed in conjunction with the PFL difference flow logging with the purpose to
provide generall information about hydraulic connectivity in this area. The borehole responses
are shown in Figure 6-22.

6.7.1 Pumping borehole KLX19A

General test data for the pumping test in KLX19A are presented in Table 6-9. The borehole is
cased to 98.8 m. The uncased interval of this section is thus c. 98.8-800.1 m.

Comments on the test

The test was performed as a pumping test with constant drawdown and with slightly decreasing
flow rate in conjunction with difference flow logging. The mean flow rate was c. 58.1 L/min
and the duration of the flow period was c. 6 days. The flow rate curve is uncertain with several
changes of flow rate. A total drawdown during the flow period of 9.88 m and a total recovery at
the end of the recovery period of 9.32 m was observed.

Flow regime and calculated parameters

During the flow period initial effects of WBS occurred. The drawdown curve was distorted
by an increase of flow rate after c. 5 min. After c. 20 min a pseudo-steady state flow regime
was achieved and indicated throughout the flow period. The recovery was not consistent with
the response during the flow period. After initial WBS a short period of PRF occurred. After
c. 60 min an apparent no-flow boundary (NFB) was indicated.
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Figure 6-22. Borehole response map when pumping KLX19A.

Selected representative parameters

The estimated parameter values from the flow period are selected as representative for the
test. Evaluation was performed by applying the Moench (Case 1) solution to a leaky aquifer
model. Selected representative transmissivity value is 1.6:10* m*/s for an estimated storativity
of 8.8-10°.
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Table 6-9. General test data for the pumping test in KLX19A: 98.8—-800.1 m.

General test data

Pumping borehole KLX19A
Test type? Constant Drawdown and recovery test
Test section (open borehole/packed-off section): open borehole
Test No 1
Field crew SKB
Test equipment system
General comment Interference test
Nomenclature Unit Value
Borehole length L m 800.1
Casing length Lc m 98.8
Test section- secup Secup m 98.8
Test section- seclow Seclow m 800.1
Test section length Ly m 701.3
Test section diameter? 21y mm 76
Test start (start of flow period) yymmdd hh:mm 061112 18:35
Packer expanded yymmdd hh:mm:ss
Start of flow period yymmdd hh:mm:ss 061112 18:35:04
Stop of flow period yymmdd hh:mm:ss 061118 12:36:00
Test stop (stop of flow period) yymmdd hh:mm 061118 12:36
Total flow time t min 8,281
Total recovery time te min 5,522
Pressure data
Relative pressure in test section before start of flow period  p; kPa 126.0
Relative pressure in test section before stop of flow period  p, kPa 29.0
Relative pressure in test section at stop of recovery period  pr kPa 120.5
Pressure change during flow period (pi—pp) dp, kPa 97
Flow data
Flow rate from test section just before stop of flow period ®  Q, mé/s 0.000968
Mean (arithmetic) flow rate during flow period Qm m3/s 0.000968
Total volume discharged during flow period Vo m? 481

Y Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and
recovery.

2 Nominal diameter.
3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.

6.7.2 Observation borehole HLX37

In Figure 6-24 an overview of the observed head versus time in the sections in observation bore-
hole HLX37 is shown. Clear responses were observed in sections 1 and 2. No responses from the
pumping in KLX19A can be detected in sections 3 and no analysis is performed in this section.

Observation section HLX37:1: 149.0-199.8 m

In Figure 6-19 an overview of the pressure responses in observation borehole HLX37 is shown.
General test data from the observation section HLX37:1: 149.0-199.8 m, are presented in
Table 6-10.
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Figure 6-23. Linear plot of flow rate and pressure versus time in the pumping borehole KLX19A.

Table 6-10. General test data from the observation section HLX37: 1: 149.0-199.8 m during

the interference test in KLX19A.

Pressure data Nomenclature  Unit Value
Hydraulic head in test section before start of flow period i m.a.s.l. 12.9
Hydraulic head in test section before stop of flow period b m.a.s.l. 9.5
Hydraulic head in test section at stop of recovery period he m.a.s.l. 13.6
Hydraulic head change during flow period (h;—hy) dh, m 3.4

Comments on the test

Distinct response were obtained during the flow and recovery period. A total drawdown during
the flow period of 3.4 m and a total recovery at the end of the recovery period of 4.1 m was
observed. The fact that the total recovery is larger than total drawdown is explained by external
effects. The calculated Index 1 (r/t.) is rated as “excellent”, Index 2 (s,/Q,) as “low” and the

new Index 2 (s,/Q,):In(rs/ro) as “medium”.
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Figure 6-24. Linear plot of pressure versus time in the observation borehole HLX37 during pumping
in borehole KLX19A.

Flow regime and calculated parameters

The flow period is dominated by nearly pseudo-radial flow transitioning to pseudo-spherical
(leaky) flow. During the recovery period a transition to pseudo-radial flow occurred. Consistent
results of evaluated parameter values are obtained from the flow and recovery period respectively.

Selected representative parameters

The parameter values estimated from the flow period are selected as the most representative for
the test section. Evaluation was performed by applying the Hantush-Jacob solution to a leaky
aquifer model. Selected representative transmissivity value is 5.9-:10-° m?/s and representative
storativity is 2.6-107.

Observation section HLX37:2: 118.0-148.0 m

In Figure 6-24 an overview of the pressure responses in observation borehole HLX37 is shown.
General test data from the observation section HLX37:2: 118.0-148.0 m, are presented in
Table 6-11.

Table 6-11. General test data from the observation section HLX37:2: 118.0-148.0 m during
the interference test in KLX19A.

Pressure data Nomenclature  Unit Value
Hydraulic head in test section before start of flow period h; m.a.sl. 129
Hydraulic head in test section before stop of flow period h, m.asl 94
Hydraulic head in test section at stop of recovery period he m.a.s.l. 13.5
Hydraulic head change during flow period (hi—hy) dh, m 35
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Comments on the test

Distinct respons were obtained during the flow and recovery period. A total drawdown during
the flow period of 3.5 m and a total recovery at the end of the recovery period of 4.1 m was
observed. The fact that the total recovery is larger than total draw down is explained by external
effects. The calculated Index 1 (r?/t,) is rated as “excellent”, Index 2 (s,/Q,) as “low” and the
new Index 2 (s,/Q,):In(rs/ro) as “medium”.

Flow regime and calculated parameters

The flow period is dominated by nearly pseudo-radial flow transitioning to pseudo-spherical
(leaky) flow. During the recovery period a transition to pseudo-radial flow occurred. Consistent
results of evaluated parameter values are obtained from the flow and recovery period respectively.

Selected representative parameters

The parameter values estimated from the flow period are selected as the most representative for
the test section. Evaluation was performed by applying the Hantush-Jacob solution to a leaky
aquifer model. Selected representative transmissivity value is 5.8:10-° m?/s and representative
storativity is 2.4-10°5.

Observation section HLX37:3; 12.0-117.0 m

This section appears to be virtually unaffected by the pumping in KLX19A, Figure 6-24.
The oscillating behaviour, discussed previously, makes it hard to distinguish any influence from
the pumping.

6.7.3 Observation borehole KLX11A

In Figure 6-25 an overview of the pressure response in observation borehole KLX11A is
shown. General test data from the observation section KLX11A: 12.0-992.3 m, are presented
in Table 6-12. The borehole is cased to 12.0 m, the uncased interval of this borehole is thus
c. 12.0-992.3 m.

Comments on the test

Only limited pressure data are available from the flow period. The pressure recovery data record
for evaluation was terminated at the peak value on 06/11/21 when a total recovery of 1.9 m was
observed. Response indexes were calculated assuming an initial head of 13.2 m and a response
time estimated from recovery data. The calculated Index 1 (r?/t.) is rated as “high”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qy)-In(rs/ro) as “medium”.

Table 6-12. General test data from the observation section KLX11A: 12.0-992.3 m during the
interference test in KLX19A.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l.
Hydraulic head in test section before stop of flow period h, m.a.s.l. 11.3
Hydraulic head in test section at stop of recovery period he m.a.s.l. 13.2
Hydraulic head change during flow period (hi—hy) dh, m
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Figure 6-25. Linear plot of ground water level in the observation borehole KLX11A during pumping in
borehole KLX19A.

Flow regime and calculated parameters

A preliminary evaluation was made including available data from the flow period together
with recovery data (assuming an initial head of c. 13.2 m). An individual evaluation was also
made from the recovery period solely. Due to lack of data no separate transient evaluation can
be made from the flow period. An evaluation with data from the flow and recovery period was
made. Sparse data were available from the recovery period. The latter period indicates a transi-
tion period towards possible pseudo-radial flow.

Selected representative parameters

The parameter values estimated from the recovery period are selected as representative.
Evaluation was performed by applying the Hantush-Jacob solution to a leaky aquifer model.
Selected representative transmissivity value is 5.1:10-° m?/s and representative storativity

is 1.5:10°,

6.7.4 Observation borehole HLX36

In Figure 6-26 an overview of the observed head versus time in the sections in observation bore-
hole HLX36 is shown. A response was observed in sections 1. No responses from the pumping
in KLX19A can be detected in sections 2 and no analysis is performed in this section.

Observation section HLX36:1: 50.0-199.8 m

In Figure 6-26 an overview of the pressure responses in observation borehole HLX36 is shown.
General test data from the observation section HLX36:1: 50.0-199.8 m, are presented in
Table 6-13.

68



RAAD HIL X361 RAADO HIL X302

masl masl
LAST CALIBRATION LAST CALIBRATION.
07/05/01 00:00:00 07/0501 00:00:00
140
135
3
4
120
125
120 |

"s M

] I Se—
ws | Rd—_

| | I 1 I I I | | | 1 I
15 7 v n 13 i i 1 21 z3 e 21 = 1zo 3 5 7 g

[sTarT :06/11505 vOWO00 | [inTERVAL: Al readings | [sTOP ez 1 zasuss |

Figure 6-26. Linear plot of ground water level in the observation borehole HLX36 during pumping in
borehole KLX19A. The pressure disturbance 2006-11-13 is due to installation of a packer in the bore-
hole. The figure shows that the level in HLX36:2 is unaffected by the pumping in KLX19A, performed
2006-11-12—-2006-11-18.

Table 6-13. General test data from the observation section HLX36:1: 50.0-199.8 m during
the interference test in KLX19A.

Pressure data Nomenclature  Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l.
Hydraulic head in test section before stop of flow period h, m.a.s.l. 114
Hydraulic head in test section at stop of recovery period he m.a.s.l. 13.9
Hydraulic head change during flow period (hi—hy) dh, m

Comments on the test

Only limited and partly disturbed pressure data are available from the flow period. A total
recovery at the end of the recovery period of 2.5 m was observed. Response indexes were
calculated assuming a total drawdown of 2.53 m and a response time based on time for recovery
data. The calculated Index 1 (r?/t,) is rated as “medium”, Index 2 (5,/Q,) as “low” and the new
Index 2 (s,/Qp)-In(rd/ro) as “medium”.

Flow regime and calculated parameters

Due to lack of data no individual transient evaluation can be made from the flow period.
A combined evaluation with data from the flow and recovery period was made. The latter period
indicates a transition period towards possible pseudo-radial flow.
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Selected representative parameters

The parameter values estimated from the recovery period are selected as representative. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected
representative transmissivity value is 1.8:10° m%/s and representative storativity is 1.7-105.

Observation section HLX36:2: 6.0-49.0 m

This section appears to be virtually unaffected by the pumping in KLX19A, Figure 6-26. The oscil-
lating behaviour, discussed previously, makes it hard to distinguish any influence from the pumping.

6.7.5 Observation borehole HLX38

This section appears to be virtually unaffected by the pumping in KLX19A, Figure 6-27. The
oscillating behaviour, discussed previously, makes it hard to distinguish any influence from
the pumping. The borehole is cased to 15.0 m, The uncased interval of this borehole is thus
c. 15.0-199.5 m.

6.8 Interference test in KLX21B

This test was performed in conjunction with the PFL difference flow logging with the purpose
to provide general information about hydraulic connectivity in this area. The borehole responses
are shown in Figure 6-28.

The pressure responses during both the flow and recovery period are considered as uncertain
in several observation sections due to natural pressure variations including precipitation
and tidal effects during the test period. Shortly before start of pumping, precipitation caused
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Figure 6-27. Linear plot of ground water level in the observation borehole HLX38 during pumping in
borehole KLX19A. The figure shows that the level in HLX38 is unaffected by the pumping in KLX19A,
performed 2006-11-12—-2006-11-18.
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Figure 6-28. Borehole response map when pumping KLX21B.

increased heads in all boreholes. An example from sections 6-8 in borehole KLXO07A is
shown in Figure 6-30. The natural decline of heads after precipitation almost coincided with
start of pumping. This fact makes it difficult to separate the head decline due to pumping
from the natural head decline after the precipitation in several observation sections. Similar
diagrams for selected observation boreholes are shown at the end of the Test diagram section
(Figures 93-96). The pressure continued to decrease after stop of pumping in several observa-
tion sections. Only a small pressure recovery (c. 0.1 m) was generally achieved after stop of
pumping in these sections.
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Due to these facts, both the magnitude of the responses and thus the transient evaluations of
both the flow period, and particularly the recovery period, are considered as uncertain for this
interference test. Specific comments to each test section are given in the Test Summary Sheets.

6.8.1 Pumping borehole KLX21B

General test data for the pumping test in KLX21B are presented in Table 6-14. The borehole
is cased to 11.9 m. The uncased interval of this section is thus c. 11.9-858.8 m.

Table 6-14. General test data for the pumping test in KLX21B: 11.9-858.8 m.

General test data

Pumping borehole KLX21B

Test type? Constant Drawdown and recovery test
Test section (open borehole/packed-off section): open borehole

Test No 1

Field crew SKB

Test equipment system

General comment Interference test

Nomenclature Unit Value
Borehole length L m 858.8
Casing length L. m 11.9
Test section- secup Secup m 11.9
Test section- seclow Seclow m 858.8
Test section length Ly m 846.9
Test section diameter? 21y, mm 76-198
Test start yymmdd hh:mm 070311 13:37
Packer expanded yymmdd hh:mm:ss
Start of flow period yymmdd hh:mm:ss 070311 13:37:00
Stop of flow period yymmdd hh:mm:ss 070318 18:23:00
Test stop yymmdd hh:mm 070318 18:23
Total flow time tp min 10,366
Total recovery time te min 5,225
Pressure data
Relative pressure in test section before start of flow period pi kPa 70.2
Relative pressure in test section before stop of flow period Po kPa 35.8
Relative pressure in test section at stop of recovery period Pe kPa 67.2
Pressure change during flow period (p;—pp) dp, kPa 34.4
Flow data
Flow rate from test section just before stop of flow period Qp m3/s 0.000908
Mean (arithmetic) flow rate during flow period Qn mé/s 0.000908
Total volume discharged during flow period V, m? 565

D Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and

recovery.
2 Nominal diameter.

3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Comments on the test

The test was performed as a pumping test with a constant drawdown and slightly decreasing
flow rate in conjunction with difference flow logging. The mean flow rate was c. 54.5 L/min
and the duration of the flow period was c. 7 days. A total drawdown during the flow period of
3.51 m and a total recovery at the end of the recovery period of 3.20 m was observed. Pressure
data are lacking from the beginning of the flow period.

Flow regime and calculated parameters

Due to lack of data no transient evaluation of the flow period is possible. After initial WBS a first
PRF is developed between ¢. 1-50 min of equivalent time during the recovery period. After a
transition period a second PRF is weakly indicated between c. 300-1,100 min. Alternatively, an
apparent no-flow boundary (NFB) may be assumed after ¢. 50 min. The first PRF is assumed to
represent the hydraulic properties of the rock in the vicinity of the borehole. The second PRF (or
NFB) is considered as representative of the rock conditions at a certain distance from the borehole.

Selected representative parameters

The first PRF is selected as representative for the test. Evaluation was performed by applying
the Dougherty-Babu solution to a confined aquifer model. Selected representative transmissivity
value is 4.5 -10~* m?s for an estimated storativity of 1.5-:10-5.
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Figure 6-29. Linear plot of flow rate and pressure versus time in the pumping borehole KLX21B.
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6.8.2 Observation borehole KLX07A

In Figure 6-30 an overview of the observed head versus time in the sections in observation
borehole KLX07A is shown. All sections show a more or less clear response to the pumping
in borehole KLX21B.

The response in this borehole is partly disturbed by precipitation which may affect both the
drawdown and recovery as discussed above, se Figure 6-31.

Observation section KLX7A:1: 781.0-844.7 m

In Figure 6-30 an overview of the pressure responses in observation borehole KLX7A is shown.
General test data from the observation section KLX7A:1, 781.0-844.7 m, are presented in
Table 6-15.

Comments on the test

A total drawdown during the flow period of 1.09 m and a total recovery at the end of the recov-
ery period of 0.84 m was observed. The calculated Index 1 (r:2/t) is rated as “high”, Index 2
(s/Qp) as “low” and the new Index 2 (S,/Q,)-In(rs/ro) as “medium”.

Table 6-15. General test data from the observation section KLX07A:1: 781.0-844.7 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 5.83
Hydraulic head in test section before stop of flow period h, m.a.s.l. 4.74
Hydraulic head in test section at stop of recovery period he m.a.s.l. 5.58
Hydraulic head change during flow period (hi—hy) dh, m 1.09
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Figure 6-30. Linear plot of pressure versus time in the observation borehole KLX07A during pumping
in borehole KLX21B.

74



BAZ4G KLTAD BAZ47 KLXTAT BAZ48 HLXTAS BHO47 PT Prec

[y gresumma
masl masl masl 3 min

LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION LAST CALIBRATION
VU Lo oU 071001 DU0D VI Y01 QUi Two101 DU

10 —

108

108

104

10.2

100

FITERTYR] FEETRRTIVI [RRTRRTRR| (RTTVTTENINEI RN TON) FRRTRR TN

o8

a6

a4

az

2.0

02-20 25 03-02 7 12 17 22 & 04-01 G

[ START :07/02/20 00:00:00 | |INTERVAL: All readings | | STOP :07/04/10 23:58:58 |

Figure 6-31. Linear plot of precipitation and ground water level in the observation borehole KLX07A
sections 6, 7 and 8 during pumping in borehole KLX21B.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. A transition to a possible PRF
is indicated. The transient evaluation of the recovery period is uncertain.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 1.1-10* m?s and selected representative storativity is 8.4-10-°.

Observation section KLX7A:2: 753.0-780.0 m

In Figure 6-30 an overview of the pressure responses in observation borehole KLX7A is shown.
General test data from the observation section KLX7A:2: 753.0-780.0 m, are presented in
Table 6-16.

Table 6-16. General test data from the observation section KLX07A:2: 753.0-780.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 5.5
Hydraulic head in test section before stop of flow period h, m.a.s.l. 4.5
Hydraulic head in test section at stop of recovery period he m.a.s.l. 5.3
Hydraulic head change during flow period (hi—hy) dh, m 1.02
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Comments on the test

A total drawdown during the flow period of 1.02 m and a total recovery at the end of the recov-
ery period of 1.1 m was observed. The calculated Index 1 (r/t.) is rated as “medium”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qy)-In(rs/ro) as “medium™.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. A transition to a possible PRF
is indicated. The transient evaluation of the recovery period is uncertain.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 8.8-10-° m?s and selected representative storativity is 1.0-10.

Observation section KLX07A:3: 612.0-752.0 m

In Figure 6-30 an overview of the pressure responses in observation borehole KLXO07A is
shown. General test data from the observation section KLX07A:3: 612.0-752.0 m, are presented
in Table 6-17.

Comments on the test

A total drawdown during the flow period of 1.01 m and a total recovery at the end of the recov-
ery period of 0.8 m was observed. The calculated Index 1 (r?/t,) is rated as “medium”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qy)-In(rs/ro) as “medium™.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. A transition to a possible PRF
is indicated. The transient evaluation of the recovery period is uncertain.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 7.3-10° m?/s and selected representative storativity is 1.0-10.

Table 6-17. General test data from the observation section KLX07A:3: 612.0-752.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 5.2
Hydraulic head in test section before stop of flow period h, m.a.s.l. 4.2
Hydraulic head in test section at stop of recovery period he m.a.s.l. 5.0
Hydraulic head change during flow period (h;—hy) dh, m 1.01
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Observation section KLX07A:4: 457.0-611.0 m

In Figure 6-30 an overview of the pressure responses in observation borehole KLX07A is
shown. General test data from the observation section KLX07A:4: 457.0-611.0 m, are presented
in Table 6-18.

Comments on the test

A distinct response occurred in this observation section. A total drawdown during the flow
period of 2.1 m and a total recovery at the end of the recovery period of 2 m was observed. The
calculated Index 1 (r2/t,) is rated as “excellent”, Index 2 (s,/Q;) as “low” and the new Index 2
(Sp/Qp)-In(rs/1o) as “medium”.

Flow regime and calculated parameters
Both the flow and recovery period are dominated by PRF transitioning to PSF by the end.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 1.2:10~ m?/s and selected representative storativity is 6.2:107°.

Observation section KLX07A:5: 333.0-456.0 m

In Figure 6-30 an overview of the pressure responses in observation borehole KLXO07A is
shown. General test data from the observation section KLX07A:5: 333.0-456.0 m, are presented
in Table 6-19.

Table 6-18. General test data from the observation section KLX07A:4: 457.0-611.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.as.l. 7.9
Hydraulic head in test section before stop of flow period h, m.a.s.l. 5.8
Hydraulic head in test section at stop of recovery period he m.asl. 7.8
Hydraulic head change during flow period (h;—h,) dh, m 2.17

Table 6-19. General test data from the observation section KLX07A:5: 333.0-456.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 8.2
Hydraulic head in test section before stop of flow period h, m.a.s.l. 6.5
Hydraulic head in test section at stop of recovery period he m.a.s.l. 8.0
Hydraulic head change during flow period (hi—hy) dh, m 1.75
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Comments on the test

A distinct response occurred in this observation section. A total drawdown during the flow
period of 1.75 m and a total recovery at the end of the recovery period of 1.5 m was observed.
The calculated Index 1 (r2/t,) is rated as “excellent”, Index 2 (s,/Q,) as “low” and the new
Index 2 (s,/Qp)-In(rs/ro) as “medium”.

Flow regime and calculated parameters
Both the flow and recovery period are dominated by PRF transitioning to PSF by the end.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 1.4-10* m?/s and selected representative storativity is 6.5-10-°.

Observation section KLX07A:6: 204.0-332.0 m

In Figure 6-30 an overview of the pressure responses in observation borehole KLXO07A is
shown. General test data from the observation section KLX07A:6: 204.0-332.0 m, are presented
in Table 6-20.

Comments on the test

A weak response is indicated in this section. A total drawdown during the flow period of 0.61
m and a total recovery at the end of the recovery period of 0.1 m was observed. The calculated
Index 1 (r2/t.) is rated as “high”, Index 2 (s,/Q,) as “low” and the new Index 2 (s,/Qp):In(rs/ro)
as “low”.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. A transition to a possible PSF
is indicated. The transient evaluation of the recovery period is uncertain.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 2.7-10* m?/s and selected representative storativity is 5.5-10-°.

Table 6-20. General test data from the observation section KLX07A:6: 204.0-332.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 9.8
Hydraulic head in test section before stop of flow period h, m.a.s.l. 9.2
Hydraulic head in test section at stop of recovery period he m.a.s.l. 9.3
Hydraulic head change during flow period (hi—hy) dh, m 0.61

78



Observation section KLX07A:7: 104.0-203.0 m

In Figure 6-30 an overview of the pressure responses in observation borehole KLX07A is
shown. General test data from the observation section KLX07A:7: 104.0-203.0 m, are presented
in Table 6-21.

Comments on the test

A weak response is indicated in this section. A total drawdown during the flow period of 0.54 m.
During the recovery period a small recovery of c. 0.1 m was followed by an abrupt drop in head
(cf. Figure 6-24).

The pressure drop was equipment related and not a reflection of the properties of the rock
formation. The calculated Index 1 (r?/t,) is rated as “high”, Index 2 (s,/Q,) as “low” and the new
Index 2 (s,/Qp)-In(ry/ro) as “low™.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to the instrumental failure. No unambiguous transient evalua-
tion could be made on the recovery period.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 2.5-10 m?s and selected representative storativity is 5.1-:10-°.

Observation section KLX07A:8: 11.8-103.0 m

In Figure 6-30 an overview of the pressure responses in observation borehole KLXO07A is
shown. General test data from the observation section KLX07A:8: 11.8-103.0 m, are presented
in Table 6-22. The borehole is cased to 11.8 m, the uncased interval of this upper section is thus
c. 11.8-103.0 m.

Table 6-21. General test data from the observation section KLX07A:7: 104.0-203.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.0
Hydraulic head in test section before stop of flow period h, m.as.l. 95
Hydraulic head in test section at stop of recovery period he m.a.sl. 89
Hydraulic head change during flow period (hi—hy) dh, m 0.54

Table 6-22. General test data from the observation section KLX07A:8: 11.8-103.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.8
Hydraulic head in test section before stop of flow period h, m.a.s.l. 10.4
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.3
Hydraulic head change during flow period (hi—hy) dh, m 0.38

79



Comments on the test

A weak response is indicated in this section. A total drawdown during the flow period of 0.38 m.
A further decrease in hydraulic head after the end of the flow period is due to a natural declining
head coinciding with the test. The calculated Index 1 (r/t,) is rated as “high”, Index 2 (s,/Q;)

as “low” and the new Index 2 (s,/Qp)-In(rs/ro) as “low”.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. No unambiguous transient
evaluation could be made on the recovery period.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 1.4-10* m?/s and selected representative storativity is 2.5-10-°.

6.8.3 Observation borehole KLX07B

In Figure 6-32 an overview of the observed head versus time in the sections in observation
borehole KLX07B is shown. Both sections show a possible response to the pumping in borehole
KLX21B. The response in this borehole is partly disturbed by precipitation which may affect
both the drawdown and recovery as discussed above, se Figure 6-33.
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Figure 6-32. Linear plot of pressure versus time in the observation borehole KLX07B during pumping
in borehole KLX21B.
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Figure 6-33. Linear plot of precipitation and ground water level in the observation borehole KLX07B
during pumping in borehole KLX21B.

Observation section KLX07B:1: 95.0-200.0 m

In Figure 6-32 an overview of the pressure responses in observation borehole KLX07B is
shown. General test data from the observation section KLX07B:1: 95.0-200.0 m, are presented
in Table 6-23.

Comments on the test

A total drawdown during the flow period of 0.43 m was registered. A further decrease in hydrau-
lic head after the stop of the flow period is due to a natural declining head coinciding with the
test. The calculated Index 1 (r/t,) is rated as “medium”, Index 2 (s,/Q,) as “low” and the new
Index 2 (s,/Qp)-In(rd/ro) as “low™.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. No unambiguous transient
evaluation could be made on the recovery period.

Table 6-23. General test data from the observation section KLX7B:1: 95.0-200.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.3
Hydraulic head in test section before stop of flow period h, m.as.l. 9.9
Hydraulic head in test section at stop of recovery period he m.a.sl. 9.7
Hydraulic head change during flow period (h;—h,) dh, m 0.43
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Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 1.6-10~ m2/s and selected representative storativity is 6.7-107°.

Observation section KLX07B:2: 9.6-94.0 m

In Figure 6-32 an overview of the pressure responses in observation borehole KLXO07B is
shown. General test data from the observation section KLX07B:2: 9.6-94.0 m, are presented
in Table 6-24.

Comments on the test

A total drawdown during the flow period of 0.34 m. A further decrease in hydraulic head after
the stop of the flow period is due to a natural declining head coinciding with the test. The
calculated Index 1 (rs/t,) is rated as “medium”, Index 2 (s,/Q,) as “low” and the new Index 2
(Sp/Qp)-In(ry/ro) as “low™.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. No unambiguous transient
evaluation could be made on the recovery period.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 1.2-10* m?/s and selected representative storativity is 6.4-10-°.

6.8.4 Observation borehole HLX22

In Figure 6-34 an overview of the pressure responses in observation borehole HLX22 is
shown. General test data from the observation section HLX22: 9.0-163.2 m, are presented in
Table 6-25. The borehole is cased to 9.0 m, the uncased interval of this upper section is thus
c.9.0-163.2 m.

Comments on the test

A total drawdown during the flow period of 1.13 m and a total recovery at the end of the
recovery period of 1.0 m was observed. The calculated Index 1 (r&/t.) is rated as “high”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qp)-In(rs/ro) as “medium”.

Table 6-24. General test data from the observation section KLX70B:2: 9.6-94.0 m during the
interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.7
Hydraulic head in test section before stop of flow period h, m.a.s.l. 10.4
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.2
Hydraulic head change during flow period (hi—hy) dh, m 0.34
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Figure 6-34. Linear plot of pressure versus time in the observation borehole HLX22 during pumping in
borehole KLX21B.

Table 6-25. General test data from the observation section HLX22: 9.0-163.2 m during the
interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 7.1
Hydraulic head in test section before stop of flow period h, m.a.s.l. 6.0
Hydraulic head in test section at stop of recovery period he m.a.s.l. 7.0
Hydraulic head change during flow period (h;—hy) dh, m 1.13

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. During the recovery
period a transition to PSF is indicated. The transient evaluation of the recovery period is
uncertain.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 2.0-10* m?s and selected representative storativity is 1.8:10-°.

6.8.5 Observation borehole KLX12A

In Figure 6-35 and Figure 6-36 an overview of the observed head versus time in the sections in
observation borehole KLX12A is shown. No responses were observed in sections 1, 2, 3 and 5.
In sections 4, 6, 7, 8 and 9 a response to the pumping in borehole KLX21B was indicated.
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Figure 6-35. Linear plot of ground water levels in the observation borehole KLX12A sections 1, 2,
3 and 5 during pumping in borehole KLX21B. The figure shows that the levels in these sections in
KLX12A seems to be unaffected by the pumping in KLX21B, performed 2007-03-11-2007-03-18.
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Figure 6-36. Linear plot of pressure versus time in the observation borehole KLX12A, sections 4, 6, 7, 8
and 9, during pumping in borehole KLX21B.
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The response in this borehole is partly disturbed by precipitation which may affect both the
drawdown and recovery as discussed above, se Figure 6-36.

Unaffected sections in borehole KLX12A

The three sections 1, 2, 3 and 5 (546.0-602.29 m, 535.0-545.0 m, 426.0-535.0 m and
291.0-385.0 m respectively) in this borehole appear to be virtually unaffected by the pumping
in KLX21B, Figure 6-29. The oscillating behaviour, discussed previously, makes it hard to
distinguish any influence from the pumping.

Observation section KLX12A:4: 386.0-425.0 m

In Figure 6-36 an overview of the pressure response in observation borehole KLX12A:4 is
shown. General test data from the observation section KLX12A:4: 386.0-425.0 m are presented
in Table 6-26.

Table 6-26. General test data from the observation section KLX12A:4: 386.0-425.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.2
Hydraulic head in test section before stop of flow period h, m.asl. 9.9
Hydraulic head in test section at stop of recovery period he m.asl. 9.8
Hydraulic head change during flow period (hi—hy) dh, m 0.34
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Figure 6-37. Linear plot of precipitation and ground water level in the observation borehole KLX12A
during pumping in borehole KLX21B.
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Comments on the test

The total drawdown during the flow period was 0.34 m. After an initial rise of the hydraulic
head after the end of the flow period a decrease in hydraulic is observed due to a natural declin-
ing head coinciding with the test. The calculated Index 1 (r&/t.) is rated as “medium”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qp)-In(rs/ro) as “low”.

Flow regime and calculated parameters

The flow period is dominated by a transition to PSF by the end. The responses during both the
flow and recovery period are considered as very uncertain due to precipitation and tidal effects.
No unambiguous transient evaluation could be made on the recovery period.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 1.5-10° m?/s and selected representative storativity is 2.9-107°.

Observation section KLX12A:6: 160.0-290.0 m

In Figure 6-36 an overview of the pressure response in observation borehole KLX12A:6 is
shown. General test data from the observation section KLX12A:6: 160.0-290.0 m are presented
in Table 6-27.

Comments on the test

A total drawdown during the flow period of 0.54 m was registred. The calculated Index 1 (rs/t,)
is rated as “medium”, Index 2 (s,/Q,) as “low” and the new Index 2 (s,/Qp)-In(r/ro) as “low”.

Flow regime and calculated parameters

The flow period is dominated by a short PRF transitioning to PSF by the end. The recovery
period is considered as very uncertain due to precipitation and tidal effects. No unambiguous
transient evaluation could be made on the recovery period.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 4.8-10-° m?/s and selected representative storativity is 4.5-10-°.

Table 6-27. General test data from the observation section KLX12A:6: 160.0-290.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.2
Hydraulic head in test section before stop of flow period h, m.asl. 9.6
Hydraulic head in test section at stop of recovery period he m.a.sl. 9.7
Hydraulic head change during flow period (hi—hy) dh, m 0.54
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Observation section KLX12A:7: 142.0-159.0 m

In Figure 6-36 an overview of the pressure response in observation borehole KLX12A:7 is
shown. General test data from the observation section KLX12A:7: 142.0-159.0 m are presented
in Table 6-28.

Comments on the test

A total drawdown during the flow period of 0.37 m and a total recovery at the end of the
recovery period of 0.03 m was observed. The calculated Index 1 (r;?/t,) is rated as “medium”,
Index 2 (s,/Qp) as “low” and the new Index 2 (s,/Q,):In(ry/ro) as “low™.

Flow regime and calculated parameters

The flow period is dominated by a short PRF transitioning to PSF by the end. The recovery
period is considered as very uncertain due to precipitation and tidal effects. No unambiguous
transient evaluation could be made on the recovery period.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 6.3-:10-° m?/s and selected representative storativity is 8.4-10°.

Observation section KLX12A:8: 104.0-141.0 m

In Figure 6-36 an overview of the pressure response in observation borehole KLX12A:8 is
shown. General test data from the observation section KLX12A:8: 104.0-141.0 m are presented
in Table 6-29.

Table 6-28. General test data from the observation section KLX12A:7: 142.0-159.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 11.0
Hydraulic head in test section before stop of flow period h, m.a.s.l. 10.6
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.6
Hydraulic head change during flow period (hi—hy) dh, m 0.37

Table 6-29. General test data from the observation section KLX12A:8: 104.0-141.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.6
Hydraulic head in test section before stop of flow period h, m.a.s.l. 10.1
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.2
Hydraulic head change during flow period (h;—h,) dh, m 0.57
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Comments on the test

A total drawdown during the flow period of 0.57 m and a total recovery at the end of the
recovery period of 0.1 m was observed. The calculated Index 1 (r?/t,) is rated as “high”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qp)-In(rs/ro) as “low”.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. A transition to a possible PRF
is indicated. The transient evaluation of the recovery period is uncertain.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 1.4-10* m?/s and selected representative storativity is 6.4-10-°.

Observation section KLX12A:9: 17.9-103.0 m

In Figure 6-36 an overview of the pressure response in observation borehole KLX12A:9 is
shown. General test data from the observation section KLX12A:9: 17.9-103.0 m are presented
in Table 6-30. The borehole is cased to 17.9 m, The uncased interval of this upper section is thus
c. 17.9-103.0 m.

Comments on the test

A total drawdown during the flow period of 0.50 m and a total recovery at the end of the recov-
ery period of 0.1 m was observed. The calculated Index 1 (r/t,) is rated as “medium”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qp)-In(rs/ro) as “low”.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. A transition to a possible PRF
is indicated. The transient evaluation of the recovery period is uncertain.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 7.5-10-° m?s and selected representative storativity is 5.5-10-°.

Table 6-30. General test data from the observation section KLX12A:9: 17.9-103.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 11.0
Hydraulic head in test section before stop of flow period h, m.a.s.l. 10.5
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.6
Hydraulic head change during flow period (hi—hy) dh, m 0.50
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6.8.6 Observation borehole KLX05

In Figure 6-38 and Figure 6-39 an overview of the observed head versus time in the sections in
observation borehole KLXO05 is shown. No responses were observed in sections 1, 2, 3 and 4.
In sections 5, 6, 7, 8, 9 and 10 a response to the pumping in borehole KLX21B was indicated.

The response in this borehole is partly disturbed by precipitation which may affect drawdown
and recovery as discussed above, se Figure 6-34.

Unaffected sections in borehole KLX05

The four sections 1, 2, 3 and 4 (721.0-1,000.2 m, 634.0-720.0 m, 625.0-633.0 m and
501.0-624.0 m respectively) in this borehole appear to be virtually unaffected by the pumping
in KLX21B, Figure 6-38. The oscillating behaviour, discussed previously, makes it hard to
distinguish any influence from the pumping.

Observation section KLX05:5: 361.0-500.0 m

In Figure 6-39 an overview of the pressure responses in observation borehole KLXO05 is shown.
General test data from the observation section KLX05:5: 361.0-500.0 m are presented in
Table 6-31.

Comments on the test

A total drawdown during the flow period of 0.69 m and a total recovery at the end of the
recovery period of 0.3 m was observed. The calculated Index 1 (r?/t,) is rated as “high”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qp)-In(rs/ro) as “medium.
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Figure 6-38. Linear plot of ground water level in the observation borehole KLX05 sections 1, 2, 3 and
4 during pumping in borehole KLX21B. The figure shows that the levels in these sections in KLX05
seems to be unaffected by the pumping in KLX21B, performed 2007-03-11-2007-03-18.
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Figure 6-39. Linear plot of pressure versus time in the observation borehole KLX05, sections 5, 6, 7, 8,
9 and 10, during pumping in borehole KLX21B.
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Figure 6-40. Linear plot of precipitation and ground water level in the observation borehole KLX05
during pumping in borehole KLX21B.
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Table 6-31. General test data from the observation section KLX05:5: 361.0-500.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.4
Hydraulic head in test section before stop of flow period h, m.a.s.l. 9.8
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.1
Hydraulic head change during flow period (hi—hy) dh, m 0.69

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. A transition to a possible PRF
is indicated. The transient evaluation of the recovery period is uncertain.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 7.0-10-° m?/s and selected representative storativity is 3.0-10-°.

Observation section KLX05:6: 256.0-360.0 m

In Figure 6-39 an overview of the pressure responses in observation borehole KLXO05 is
shown. General test data from the observation section KLX05:6: 256.0-360.0 m are presented
in Table 6-32.

Comments on the test

A total drawdown during the flow period of 0.26 m was registered. A further decrease in hydrau-
lic head after stop of the flow period is due to a natural declining head coinciding with the

test. The calculated Index 1 (r/t,) is rated as “medium”, Index 2 (s,/Q;) as “low” and the new
Index 2 (s,/Qp):In(ry/ro) as “low™.

Flow regime and calculated parameters

The flow period is dominated by a transition to PSF by the end. The responses during both the
flow and recovery period are considered as very uncertain due to precipitation and tidal effects.
No unambiguous transient evaluation could be made on the recovery period.

Table 6-32. General test data from the observation section KLX05:6: 256.0-360.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.3
Hydraulic head in test section before stop of flow period h, m.a.s.l. 10.0
Hydraulic head in test section at stop of recovery period he m.a.s.l. 9.9
Hydraulic head change during flow period (hi—hy) dh, m 0.26
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Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 1.2-10-° m?s and selected representative storativity is 2.2:10-°.

Observation section KLX05:7: 241.0-255.0 m

In Figure 6-39 an overview of the pressure responses in observation borehole KLXO05 is
shown. General test data from the observation section KLX05:7: 241.0-255.0 m are presented
in Table 6-33.

Comments on the test

The total drawdown during the flow period was 0.42 m. A further decrease in hydraulic head
after the stop of the flow period is due to a natural declining head coinciding with the test. The
calculated Index 1 (rs/t,) is rated as “medium”, Index 2 (s,/Q,) as “low” and the new Index 2
(Sp/Qp)-In(ry/ro) as “low™.

Flow regime and calculated parameters

The flow period is dominated by a short PRF transitioning to PSF by the end. The recovery
period is considered as very uncertain due to precipitation and tidal effects. No unambiguous
transient evaluation could be made on the recovery period.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 4.0-10-° m?s and selected representative storativity is 4.2-:10-°.

Observation section KLX05:8: 220.0-240.0 m

In Figure 6-39 an overview of the pressure responses in observation borehole KLXO05 is shown.
General test data from the observation section KLX05:8: 220.0-240.0 m are presented in
Table 6-34.

Comments on the test

A total drawdown during the flow period of 0.59 m and a total recovery at the end of the recov-
ery period of 0.2 m was observed. The calculated Index 1 (r/t,) is rated as “medium”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qp)-In(rs/ro) as “low”.

Table 6-33. General test data from the observation section KLX05:7: 241.0-255.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.3
Hydraulic head in test section before stop of flow period h, m.a.s.l. 9.9
Hydraulic head in test section at stop of recovery period he m.a.s.l. 9.8
Hydraulic head change during flow period (hi—hy) dh, m 0.42
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Table 6-34. General test data from the observation section KLX05:8: 220.0-240.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.4
Hydraulic head in test section before stop of flow period h, m.asl. 9.8
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.0
Hydraulic head change during flow period (hi—hy) dh, m 0.59

Flow regime and calculated parameters

The flow period is dominated by a short PRF transitioning to PSF by the end. The recovery
period is considered as very uncertain due to precipitation and tidal effects. No unambiguous
transient evaluation could be made on the recovery period.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 4.0-10-° m?/s and selected representative storativity is 4.2:105.

Observation section KLX05:9: 128.0-219.0 m

In Figure 6-39 an overview of the pressure responses in observation borehole KLXO05 is shown.
General test data from the observation section KLX05:9: 128.0-219.0 m are presented in
Table 6-35.

Comments on the test

A total drawdown during the flow period of 0.60 m and a total recovery at the end of the
recovery period of 0.2 m was observed. The calculated Index 1 (r&/t.) is rated as “high”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qy)-In(rs/ro) as “low”.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. A transition to a possible PRF
is indicated. The transient evaluation of the recovery period is uncertain.

Table 6-35. General test data from the observation section KLX05:9: 128.0-219.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.4
Hydraulic head in test section before stop of flow period h, m.a.sl. 9.8
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.0
Hydraulic head change during flow period (h;—hy) dh, m 0.60
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Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 6.3-10° m2/s and selected representative storativity is 4.2:107.

Observation section KLX05:10: 15.0-127.0 m

In Figure 6-39 an overview of the pressure responses in observation borehole KLXO05 is shown.
General test data from the observation section KLX05:10: 15.0-127.0 m are presented in

Table 6-36. The borehole is cased to 15.0 m, the uncased interval of this upper section is thus

c. 15.0-127.0 m.

Comments on the test

A total drawdown during the flow period of 0.72 m and a total recovery at the end of the
recovery period of 0.3 m was observed. The calculated Index 1 (r?/t,) is rated as “high”, Index 2
(sp/Qp) as “low” and the new Index 2 (S,/Qp)-In(rs/ro) as “medium™.

Flow regime and calculated parameters

The flow period is dominated by PRF transitioning to PSF by the end. The recovery period is
considered as very uncertain due to precipitation and tidal effects. A transition to a possible PRF
is indicated. The transient evaluation of the recovery period is uncertain.

Selected representative parameters

The transient evaluation of the flow period is selected as representative for the test. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected rep-
resentative transmissivity value is 7.6-10-° m?/s and selected representative storativity is 3.4-10-°.

6.8.7 Observation borehole HLX23

Both the sections in this borehole (61.0-160.2 m and 6.0-60.0 m appear to be virtually
unaffected by the pumping in KLX21B, Figure 6-41. The oscillating behaviour, discussed
previously, in combination with other external effects makes it hard to distinguish any influence
from the pumping.

6.8.8 Observation borehole HLX18

Both sections in this borehole (90.0-181.2 m and 15.0-89.0 m) appears to be virtually
unaffected by the pumping in KLX21B, Figure 6-42. The oscillating behaviour, discussed
previously, in combination with other external effects makes it hard to distinguish any influence
from the pumping.

Table 6-36. General test data from the observation section KLX05:10: 15.0-127.0 m during
the interference test in KLX21B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.5
Hydraulic head in test section before stop of flow period h, m.a.s.l. 9.8
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.1
Hydraulic head change during flow period (hi—hy) dh, m 0.72
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Figure 6-41. Linear plot of ground water level in the observation borehole HLX23 during pumping in
borehole KLX21B. The figure shows that the levels in HLX23 seems to be unaffected by the pumping in
KLX21B, performed 2007-03-11-2007-03-18.
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Figure 6-42. Linear plot of ground water level in the observation borehole HLX18 during pumping in
borehole KLX21B. The figure shows that the levels in HLX18 seems to be unaffected by the pumping in
KLX21B, performed 2007-03-11-2007-03-18.
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6.9

Interference test in KLX22A

This borehole was drilled in the framework of a programme to investigate local minor deforma-
tion zones (MDZ) /22/. The objective with this interference tests form part of the characteriza-
tion of zone XSMO000008 and its connectivity with zone XSM000009 where KLX22B is
drilled. The test was permorde in conjunction with the PFL difference flow logging. A borehole

response map is shown in Figure 6-43.
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Figure 6-43. Borehole response map when pumping KLX22A.
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6.9.1 Pumping borehole KLX22A
General test data for the pumping test in KLX22A are presented in Table 6-37. The borehole

is cased to 2.0 m. The uncased interval of this section is thus c. 2.0-100.45 m.

Comments on the test

The test was performed as a pumping test with constant drawdown and slightly decreasing flow
rate in conjunction with difference flow logging. The mean flow rate was c. 8.7 L/min and the
duration of the flow period was c. 3 days. The flow rate history during the flow period is rather
uncertain. A total drawdown during the flow period of 10.03 m and a total recovery at the end
of the recovery period of 9.47 m was observed.

Table 6-37. General test data for the pumping test in KLX22A: 2.0-100.45 m.

General test data

Pumping borehole
Test type?

Test section (open borehole/packed-off section):

Test No

Field crew

Test equipment system
General comment

KLX22A

Constant Drawdown and recovery test

open borehole
1
SKB

Interference test

Nomenclature Unit Value
Borehole length L m 100.45
Casing length L¢ m 2.0
Test section- secup Secup m 2.0
Test section- seclow Seclow m 100.45
Test section length Ly m 98.45
Test section diameter? 21y mm 76
Test start (start of flow period) yymmdd hh:mm 060718 15:37
Packer expanded yymmdd hh:mm:ss
Start of flow period yymmdd hh:mm:ss 060718 15:37:00
Stop of flow period yymmdd hh:mm:ss 060721 10:13:00
Test stop (stop of flow period) yymmdd hh:mm 060721 10:13
Total flow time tp min 3,996
Total recovery time te min 2,981
Pressure data
Relative pressure in test section before start of flow period pi kPa 133.7
Relative pressure in test section before stop of flow period Pe kPa 35.3
Relative pressure in test section at stop of recovery period Pe kPa 128.2
Pressure change during flow period (p;—pp) dpp kPa 98.4
Flow data
Flow rate from test section just before stop of flow period Qv m3/s 0.000145
Mean (arithmetic) flow rate during flow period Qnm m3/s 0.000145
Total volume discharged during flow period V, m? 35.8

D Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and
recovery.

2 Nominal diameter.
3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Figure 6-44. Linear plot of flow rate and pressure versus time in the pumping borehole KLX22A.

Flow regime and calculated parameters

The transient evaluation is based on varying flow rate during the flow period initial wellbore
storage effects are followed by a distinct transition to a pseudo-steady state after c. 5 min.
During the recovery period initial wellbore storage effects are followed by a transition to
approximate pseudo-radial flow regime between c. 20-600 min.

Selected representative parameters

The parameter values from evaluation of the recovery period are selected as the most repre-

sentative. Evaluation was performed by applying the Dougherty-Babu solution to a confined
aquifer model. Selected representative transmissivity value is 3.3-:10° m?/s for an estimated

storativity of 4.0-10°5.

6.9.2 Observation borehole KLX22B

In Figure 6-45 an overview of the pressure responses in observation borehole KLX22B is
shown. General test data from the observation section KLX22B: 2.0-100.25 m, are presented
in Table 6-38. The borehole is cased to 2.0 m, the uncased interval of this borehole is thus

c. 2.0-100.25 m.

Comments on the test

A total drawdown during the flow period of 0.8 m and a total recovery at the end of the recovery
period of 0.6 m was observed. Some abrupt flow changes causes the head variations. The total
drawdown is in this section the evaluated maximal head which in this case not is equal to the
difference between the head at flow stop and head at flow start. The calculated Index 1 (r:/t.)

is rated as “low”, Index 2 (s,/Q,) as “medium” and the new Index 2 (S,/Qy)-In(r./ro) as “medium”.
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Figure 6-45. Linear plot of pressure versus time in the observation borehole KLX22B during pumping

in borehole KLX22A. Flow data for the pumping borehole KLX22A are also plotted to highlight the

quick pressure response.

Table 6-38. General test data from the observation section KLX22B: 2.0-100.25 m during the

interference test in KLX22A.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 154
Hydraulic head in test section before stop of flow period h, m.a.s.l. 14.8
Hydraulic head in test section at stop of recovery period he m.a.s.l. 154
Hydraulic head change during flow period (h;—h,) dh, m 0.8

Flow regime and calculated parameters

The transient evaluation is based on varying flow rate. During both the flow and recovery
period a transition towards a possible pseudo-radial flow regime occurred. The agreement of the

estimated transmissivity from the flow and recovery period respectively is good.

Selected representative parameters

The parameter values from the flow period are selected as the most representative. Evaluation

was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected
representative transmissivity value is 5.2:10° m?/s and representative storativity of 2.9-10.
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6.10 Interference test in KLX22B

This test was performed with KLX22A as observation borehole. However, data from KLX22A
could not be analysed since no data was sampled in this borehole during the test period due to
failure of the data logger.

6.10.1 Pumping borehole KLX22B

General test data for the pumping test in KLX22B are presented in Table 6-39. The borehole is
cased to 2.0 m. The uncased interval of this section is thus c. 2.0-100.25 m.

Table 6-39. General test data for the pumping test in KLX22B: 2.0-100.25 m.

General test data

Pumping borehole KLX22B
Test type? Constant Drawdown and recovery test
Test section (open borehole/packed-off section): open borehole
Test No 1
Field crew SKB
Test equipment system
General comment Interference test
Nomenclature Unit Value
Borehole length L m 100.25
Casing length Le m 2.0
Test section- secup Secup m 2.0
Test section- seclow Seclow m 100.25
Test section length Lw m 98.25
Test section diameter? 21, mm 76
Test start (start of flow period) yymmdd hh:mm 060726 16:41
Packer expanded yymmdd hh:mm:ss
Start of flow period yymmdd hh:mm:ss 060726 16:41:00
Stop of flow period yymmdd hh:mm:ss 060729 13:59:00
Test stop (stop of flow period) yymmdd hh:mm 060729 13:59
Total flow time t min 4,158
Total recovery time te min 1,184
Pressure data
Relative pressure in test section before start of flow period pi kPa 159.9
Relative pressure in test section before stop of flow period Po kPa 59.8
Relative pressure in test section at stop of recovery period Pe kPa 149.6
Pressure change during flow period (pi—pp) dpp, kPa 100.1
Flow data
Flow rate from test section just before stop of flow period Qp m3/s 0.0000583
Mean (arithmetic) flow rate during flow period Qm mi/s 0.0000583
Total volume discharged during flow period Vp m? 14.5

Y Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and
recovery.

2 Nominal diameter.
3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Comments on the test

The test was performed as a drawdown pumping test with slightly decreasing flow rate in
conjunction with difference flow logging. The mean flow rate was c. 3.5 L/min and the duration
of the flow period was c. 3 days. The reported flow rate is very uncertain especially at the end
of the flow period and pressure data are lacking for some periods (cf. Figure 6-39). A total
drawdown during the flow period of 10.20 m and a total recovery at the end of the recovery
period of 9.15 m was observed.

Flow regime and calculated parameters

The transient evaluation is based on variable rate. During the flow period, initial wellbore
storage effects are transitioning to a near pseudo-steady state after c. 10 minutes. During the
recovery period initial wellbore storage effects are transitioning to pseudo-radial flow regime.
The agreement in estimated parameter values is good between the flow and recovery period.

Selected representative parameters

The parameter values from the recovery period are selected as the most representative.
Evaluation was performed by applying the Dougherty-Babu solution to a confined aquifer
model. Selected representative transmissivity value is 3.4 -10-5 m?/s for an estimated storativity
of 1.1.10°°.
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Figure 6-46. Linear plot of flow rate and pressure versus time in the pumping borehole KLX22B.
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6.11 Interference test in KLX23A

This borehole was drilled in the framework of a programme to investigate local minor deforma-
tion zones (MDZ) /22/. The objective with this interference tests form part of the characteriza-
tion of zone XSMO000001 and its connectivity with zone XSM000003 where KLX23B is
drilled. The test was performed in conjunction with the PFL difference flow logging. A borehole
response map is shown in Figure 6-47.
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Figure 6-47. Borehole response map when pumping KLX23A.
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6.11.1 Pumping borehole KLX23A

General test data for the pumping test in KLX23A are presented in Table 6-40. The borehole is
cased to 2.3 m. The uncased interval of this section is thus c. 2.3-100.2 m.

Comments on the test

The test was performed as a drawdown pumping test with slightly decreasing flow rate in
conjunction with difference flow logging. The mean flow rate was c. 6.6 L/min and the duration
of the flow period was c. 2 days. In the middle of the flow period the drawdown increased due
to increasing flow rate and the flow rate varied throughout the flow period. A total drawdown
during the flow period of 10.35 m and a total recovery at the end of the recovery period of

9.51 m was observed.

Table 6-40. General test data for the pumping test in KLX23A: 2.3-100.2 m.

General test data

Pumping borehole KLX23A
Test type? Constant Drawdown and recovery test
Test section (open borehole/packed-off section): open borehole

Test No 1
Field crew SKB
Test equipment system
General comment Interference test
Nomenclature Unit Value
Borehole length L m 100.2
Casing length L. m 2.3
Test section- secup Secup m 2.3
Test section- seclow Seclow m 100.2
Test section length Lu m 97.9
Test section diameter? 21y, mm 76
Test start (start of flow period) yymmdd hh:mm 060803 15:25
Packer expanded yymmdd hh:mm:ss
Start of flow period yymmdd hh:mm:ss 060803 15:25:02
Stop of flow period yymmdd hh:mm:ss 060805 14:44:00
Test stop (stop of flow period) yymmdd hh:mm 060805 14:44
Total flow time tp min 2,839
Total recovery time te min 1,089

Pressure data

Relative pressure in test section before start of flow period pi kPa 109.3
Relative pressure in test section before stop of flow period Po kPa 7.7
Relative pressure in test section at stop of recovery period Pe kPa 101.0
Pressure change during flow period (p;—pp) dpp kPa 101.6
Flow data

Flow rate from test section just before stop of flow period 2 Qv m?3/s 0.00011
Mean (arithmetic) flow rate during flow period Qnm mé/s 0.00011
Total volume discharged during flow period Vp m? 18.9

Y Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and
recovery.

2 Nominal diameter.
3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Figure 6-48. Linear plot of flow rate and pressure versus time in the pumping borehole KLX23A.

Flow regime and calculated parameters

The transient evaluation is based on a varying flow rate. During both the flow and recovery
period, initial wellbore storage effects are followed by a transition to pseudo-spherical (leaky)
flow after c. 20 minutes. The agreement in evaluated parameter values between the flow and
recovery period is good.

Selected representative parameters

The parameter values from the flow period are selected as the most representative. Evaluation
was performed by applying the Moench (Case 1) solution to a leaky aquifer model. Selected
representative transmissivity value is 3.0-10° m?/s for an estimated storativity of 3.8-10°.

6.11.2 Observation borehole KLX23B

In Figure 6-49 an overview of the pressure responses in observation borehole KLX23B is
shown. General test data from the observation section KLX23B: 2.3-50.3 m, are presented
in Table 6-41.

Comments on the test

A total drawdown during the flow period of 2.1 m and a total recovery at the end of the recovery
period of 2.2 m was observed. The calculated Index 1 (r/t,) is rated as “medium”, Index 2
(sp/Qp) as “medium” and the new Index 2 (s,/Q,):In(ry/ro) as “high”.
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Figure 6-49. Linear plot of pressure versus time in the observation borehole KLX23B during pumping
in borehole KLX23A.

Table 6-41. General test data from the observation section KLX23B 2.3-50.3 m during the
interference test in KLX23A.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 15.1
Hydraulic head in test section before stop of flow period hy m.a.s.l. 13.0
Hydraulic head in test section at stop of recovery period he m.a.s.l. 15.2
Hydraulic head change during flow period (hi—hy) dh, m 2.1

Flow regime and calculated parameters

The transient evaluation is based on varying flow rate. During the flow period an apparent
pseudo-radial flow regime is indicated although large variations in the flow rate occurred by the
end. The recovery period indicates a pseudo-radial flow regime between c. 200-800 min. By the
end a slight leakage flow is indicated.

Selected representative parameters

The parameter values from the recovery period are selected as the most representative in this
case due to the variations in the flow rate during the flow period. Evaluation was performed by
applying the Hantush-Jacob solution to a leaky aquifer model. Selected representative transmis-
sivity value is 1.9:10-° m?/s and representative storativity of 1.0-10-5.
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6.12 Interference test in KLX23B

This borehole was drilled in the framework of a programme to investigate local minor deforma-
tion zones (MDZ) /22/. The objective with this interference tests form part of the characteriza-
tion of zone XSMO000003 and its connectivity with zone XSM000001 where KLX23A is
drilled. The test was performed in conjunction with the PFL difference flow logging. A borehole
response map is shown in Figure 6-50.

1546600 1546700 1546800
1 1

6366200
L
T
6366200

(=1 Q
(= o
@ - - &
w @0
o} o«
i KLX23B i
| \
T T T
1546600 1546700 1546800
® Source ] 50 100 Meters N
T e
A Response ® Lantmiteriverket Gévie 2007,
) Consent | 2007/1092,
- Dolerite
. i . Swedish Nuclear Fuel & Waste Management Co
|:| Fine-grained granite 2008-01-02, 12:53
- Fine-grained diorite-gabbro
Granite

\_] Avré granite (granite to quartz monzodiorite)
\_I Avré quartz mozodiorite

: Quartz monzodiorite

|| Diorite -gabbro

|| Fine-grained dioritoid

—— DZ, High confidence

—— DZ, Medium confidence

—— DZ, Low confidence

Figure 6-50. Borehole response map when pumping KLX23B.
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6.12.1 Pumping borehole KLX23B

General test data for the pumping test in KLX23B are presented in Table 6-42. The borehole is
cased to 2.3 m. The uncased interval of this section is thus c. 2.3-50.3 m.

Comments on the test

The test was performed as a drawdown pumping test with slightly decreasing flow rate in
conjunction with difference flow logging. The mean flow rate was c. 1.0 L/min and the duration
of the flow period was c. 2 days. The flow rate varied during the flow period. A total drawdown
during the flow period of 13.32 m and a total recovery at the end of the recovery period

of 9.83 m was observed.

Table 6-42. General test data for the pumping test in KLX23B: 2.3-50.3 m.

General test data

Pumping borehole KLX23B

Test type? Constant Drawdown and recovery test
Test section (open borehole/packed-off section): open borehole

Test No 1

Field crew SKB

Test equipment system

General comment Interference test

Nomenclature Unit Value
Borehole length L m 50.3
Casing length L¢ m 2.3
Test section- secup Secup m 2.3
Test section- seclow Seclow m 50.3
Test section length Lw m 48.0
Test section diameter? 21, mm 76

Test start (start of flow period)
Packer expanded

Start of flow period

Stop of flow period

Test stop (stop of flow period)

yymmdd hh:mm
yymmdd hh:mm:ss
yymmdd hh:mm:ss
yymmdd hh:mm:ss
yymmdd hh:mm

060730 15:38

060730 15:38:02
060801 13:02:00
060801 13:02

Total flow time ty min 2,724
Total recovery time te min 1,148
Pressure data

Relative pressure in test section before start of flow period pi kPa 128.9
Relative pressure in test section before stop of flow period Pe kPa 27.6
Relative pressure in test section at stop of recovery period Pe kPa 124.1
Pressure change during flow period (p;—pp) dpp kPa 101.3

Flow data

Flow rate from test section just before stop of flow period Qv m3/s 0.000017
Mean (arithmetic) flow rate during flow period Qnm m3/s 0.000017
Total volume discharged during flow period V, m? 2.73

D Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and
recovery.

2 Nominal diameter.
3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Figure 6-51. Linear plot of flow rate and pressure versus time in the pumping borehole KLX23B.

Flow regime and calculated parameters

The transient evaluation is based on varying flow rate. During both the flow and recovery
period, initial wellbore storage effects are followed by a transition to nearly pseudo-steady state
flow by the end. No unambiguous transient evaluation during the flow period.

Selected representative parameters

The parameter values from the recovery period are selected as the most representative.
Evaluation was performed by applying the Moench (Case 1) solution to a leaky aquifer
model. Selected representative transmissivity value is 4.5-10-% m?/s for an estimated storativity
of 1.6-10°.

6.12.2 Observation borehole KLX23A

In Figure 6-52 an overview of the pressure responses in observation borehole KLX23A is
shown. General test data from the observation section KLX23A: 2.3-100.2 m, are presented
in Table 6-43.

Comments on the test

Only a small drawdown response was observed in this section. A total drawdown during

the flow period of ca 0.1 m was observed. Another pumping started in the nearby borehole
HLX28 which may have caused the disturbance that can be seen before the stop of pumping
at 2006-08-01 13:02 (cf. Figure 6-52). No representative recovery data are available from
KLX23A.
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Figure 6-52. Linear plot of pressure versus time in the observation borehole KLX23A during
pumping in borehole KLX23B. At 2006-08-01 09:00, another pumping started in the nearby borehole
HLX28 which may have caused the disturbance that can be seen before the stop of pumping at
2006-08-01 13:02. No representative recovery data are available from KLX23A.

Table 6-43. General test data from the observation section KLX23A: 2.3-100.2 m during the
interference test in KLX23B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 16.2
Hydraulic head in test section before stop of flow period h, m.a.s.l.
Hydraulic head in test section at stop of recovery period he m.a.s.l.
Hydraulic head change during flow period (hi—h;) dh, m 0.1

Flow regime and calculated parameters

The transient evaluation is based on varying flow rate. An apparent pseudo-spherical (leaky)
flow regime is indicated during the flow period. No representative data from the recovery period
are available.

Selected representative parameters

Transient evaluation from the flow period was considered as the most representative. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected
representative transmissivity value is 1.3-:10° m?/s and representative storativity is 8.8:10°°.

109



6.13 Interference test in KLX26A

This borehole was drilled in the framework of a programme to investigate local minor deforma-
tion zones (MDZ) /22/. The objective with this interference tests form part of the characteriza-
tion of zone XSM000015 and XSM000016. The test was performed in conjunction with the PFL
difference flow logging. A borehole response map is shown in Figure 6-53.
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Figure 6-53. Borehole response map when pumping KLX26A.
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6.13.1 Pumping borehole KLX26A

General test data for the pumping test in KLX26A are presented in Table 6-44. The borehole
is cased to 2.6 m. The uncased interval of this section is thus c. 2.6-101.1 m.

Comments on the test

The test was performed as a drawdown pumping test with slightly decreasing flow rate in
conjunction with difference flow logging. The mean flow rate was c. 1.1 L/min and the duration
of the flow period was c. 2 days. Uncertain flow rate history during the flow period and data
are available from the recovery period. A total drawdown during the flow period of 5.0 m was
observed. Pressure data are lacking between c. 2,000 min to stop of pumping at 2,532 min.

Table 6-44. General test data for the pumping test in KLX26A: 2.6-101.1 m

General test data

Pumping borehole KLX26A

Test type? Constant Drawdown and recovery test
Test section (open borehole/packed-off section):  open borehole

Test No 1

Field crew SKB

Test equipment system

General comment Interference test

Nomenclature Unit Value
Borehole length L m 101.1
Casing length Le m 2.6
Test section- secup Secup m 2.6
Test section- seclow Seclow m 101.1
Test section length Ly m 98.5
Test section diameter? 2Ty mm 76

Test start (start of flow period)
Packer expanded

Start of flow period

Stop of flow period

Test stop (stop of flow period)

yymmdd hh:mm
yymmdd hh:mm:ss
yymmdd hh:mm:ss
yymmdd hh:mm:ss
yymmdd hh:mm

070216 15:30

070216 15:30:00
070218 09:42:00
070218 09:42

Total flow time tp min 2,532
Total recovery time te min

Pressure data

Relative pressure in test section before start of flow period pi kPa 113.0
Relative pressure in test section before stop of flow period Pe kPa 63.9
Relative pressure in test section at stop of recovery period Pe kPa

Pressure change during flow period (p;—pp) dpp, kPa 49.1
Flow data

Flow rate from test section just before stop of flow period Qv m3/s 0.0000175
Mean (arithmetic) flow rate during flow period Qnm m3/s 0.0000175
Total volume discharged during flow period Vp m? 2.6

D Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and

recovery.
2 Nominal diameter.

3 The flow meter was out of order for the last days and the number given is an estimation of the actual flow.
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Figure 6-54. Linear plot of flow rate and pressure versus time in the pumping borehole KLX26A.

Flow regime and calculated parameters

A constant flow rate was assumed by the transient evaluation of the flow period. After initial
effects of WBS a distinct transition to a pseudo-steady state occurred. No unambiguous transient
evaluation could be made on the flow period.

Selected representative parameters
The steady-state evaluation of transmissivity, TM, of 4.6-10-° m?s is selected as representative.

6.13.2 Observation borehole KLX26B

In Figure 6-55 an overview of the observed head versus time in the sections in observation
borehole KLX26B is shown. Responses to the pumping in borehole KLX26A were observed
in all three sections.

Observation section KLX26B:1: 47.0-50.4 m

In Figure 6-55 an overview of the pressure responses in observation borehole KLX26B is
shown. General test data from the observation section KLX26B:1: 47.0-50.4 m, are presented
in Table 6-45.
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Figure 6-55. Linear plot of pressure versus time in the observation borehole KLX26B during pumping
in borehole KLX26A.

Table 6-45. General test data from the observation section KLX26B:1: 47.0-50.4 m during
the interference test in KLX26A.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 11.06
Hydraulic head in test section before stop of flow period h, m.a.sl. 7.81
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.54
Hydraulic head change during flow period (hi—hy) dh, m 3.25

Comments on the test

A total drawdown during the flow period of 3.25 m and a total recovery at the end of the recov-
ery period of 2.73 m was observed. The calculated Index 1 (r2/t.) is rated as “medium”, Index 2
(s,/Qp) as “excellent” and the new Index 2 (S,/Q,)-In(rs/ro) as “excellent”.

Flow regime and calculated parameters

During the flow period, pseudo-radial flow is dominating between c¢. 50-400 min transitioning
to pseudo-spherical (leaky) flow by the end. The recovery period is dominated by pseudo-radial
flow between c. 200-2,000 min. The agreement of the estimated transmissivity from the flow
and recovery period respectively is good.

Selected representative parameters

The parameter values from the flow period are selected as the most representative. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected
representative transmissivity value is 2.9-10° m?/s and representative storativity is 5.6:10°.
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Observation section KLX26B:2: 21.0-46.0 m

In Figure 6-55 an overview of the pressure responses in observation borehole KLX26B is
shown. General test data from the observation section KLX26B:2: 21.0-46.0 m, are presented
in Table 6-46.

Comments on the test

A total drawdown during the flow period of 3.45 m and a total recovery at the end of the recov-
ery period of 2.94 m was observed. The calculated Index 1 (r:/t.) is rated as “medium”, Index 2
(sp/Qp) as “excellent” and the new Index 2 (S,/Q,)-In(rs/ro) as “excellent”.

Flow regime and calculated parameters

During the flow period, pseudo-radial flow is dominating between c. 20-200 min transitioning
to pseudo-spherical (leaky) flow by the end. The recovery period is dominated by pseudo-radial
flow between c. 200-2,000 min. The agreement of the estimated transmissivity from the flow
and recovery period respectively is good.

Selected representative parameters

The parameter values from the flow period are selected as the most representative. Evaluation
was performed by applying the Hantush-Jacob solution to a leaky aquifer model. Selected
representative transmissivity value is 2.8:10° m?/s and representative storativity is 2.5-10°,

Observation section KLX26B:3: 2.3-20.0 m

In Figure 6-55 an overview of the pressure responses in observation borehole KLX26A is
shown. General test data from the observation section KLX26B:3: 2.3-20.0 m, are presented
in Table 6-47. The borehole is cased to 2.3 m, the uncased interval of this upper section is thus
c. 2.3-20.0 m.

Table 6-46. General test data from the observation section KLX26B:2: 21.0-46.0 m during
the interference test in KLX26B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 11.13
Hydraulic head in test section before stop of flow period h, m.a.s.l. 7.68
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.62
Hydraulic head change during flow period (hi—hy) dh, m 3.45

Table 6-47. General test data from the observation section KLX26B:3: 2.3-20.0 m during
the interference test in KLX26B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h m.a.s.l. 11.84
Hydraulic head in test section before stop of flow period h, m.a.s.l. 10.31
Hydraulic head in test section at stop of recovery period he m.a.s.l. 11.34
Hydraulic head change during flow period (h;—h,) dh, m 1.53
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Comments on the test

A total drawdown during the flow period of 1.53 m and a total recovery at the end of the recov-
ery period of 1.03 m was observed. The calculated Index 1 (r/t.) is rated as “high”, Index 2
(sp/Qp) as “high” and the new Index 2 (S,/Qp)-In(rs/ro) as “high”.

Flow regime and calculated parameters

During the flow period, pseudo-radial flow is dominating between c¢. 20—100 min transitioning
to pseudo-spherical (leaky) flow by the end. The recovery period is dominated by pseudo-radial
flow between c. 500-2,000 min.

Selected representative parameters

The estimated parameter values from the flow period are selected as the most representative.
Evaluation was performed by applying the Hantush-Jacob solution to a leaky aquifer model.
Selected representative transmissivity value is 6.1-:10° m?/s and representative storativity
i$9.9-107".

6.14 Interference test in KLX26B

This borehole was drilled in the framework of a programme to investigate local minor deforma-
tion zones (MDZ) /22/. The objective with this interference tests form part of the characteriza-
tion of zone XSMO000015. The test was performed in conjunction with the PFL difference flow
logging. A borehole response map is shown in Figure 6-56.

6.14.1 Pumping borehole KLX26B

General test data for the pumping test in KLX26B are presented in Table 6-48. The borehole
is cased to 2.3 m. The uncased interval of this section is thus c. 2.3-50.4 m.

Comments on the test

The test was performed as a drawdown pumping test with slightly decreasing flow rate in
conjunction with difference flow logging. The mean flow rate was c. 1.4 L/min and the dura-
tion of the flow period was c. 19 hours. A total drawdown during the flow period of 5.01 m
and a total recovery at the end of the recovery period of 3.23 m was observed. An extra data
point (t=3 min, Q=1.5 L/min) was inserted in the flow rate data file to accommodate with
the observed drawdown curve. The flow rate varied during the flow period and is uncertain.
Pressure data are lacking between c¢. 40-60 min and c. 200-1,100 min.

Flow regime and calculated parameters

After initial WBS during the first c. 3 min a distinct transition to a pseudo-stationary pressure
(PSS) occurred during the flow period. The pressure recovery was not entirely consistent
with the drawdown response. After initial effects of WBS during the first c. 5 min a transition
towards a pseudo-radial flow regime was indicated.

Selected representative parameters

The transient evaluation from the recovery period was selected as representative for KLX26B.
Evaluation was performed by applying the Dougherty-Babu solution to a confined aquifer
model. Selected representative transmissivity value is 5.5 -10-° m?/s and representative storativ-
ity is 1.6-10°C.
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Figure 6-56. Borehole response map when pumping KLX26B.




Table 6-48. General test data for the pumping test in KLX26B: 2.3-50.4 m.

General test data

Pumping borehole
Test type?

Test section (open borehole/packed-off section):

Test No

Field crew

Test equipment system
General comment

Borehole length

KLX26B

Constant Drawdown and recovery test

open borehole
1
SKB

Interference test

Nomenclature
L

Casing length Lc

Test section- secup Secup

Test section- seclow Seclow

Test section length Ly

Test section diameter? 2Ty

Test start (start of flow period)

Packer expanded

Start of flow period

Stop of flow period

Test stop (stop of flow period)

Total flow time tp

Total recovery time te

Pressure data

Relative pressure in test section before start of flow period pi
Relative pressure in test section before stop of flow period [
Relative pressure in test section at stop of recovery period Pe

Pressure change during flow period (pi—pp)

Flow data

dpy

Flow rate from test section just before stop of flow period Q

Mean (arithmetic) flow rate during flow period
Total volume discharged during flow period

Qnm
VP

Unit

3 3 3 3 3

mm
yymmdd hh:mm
yymmdd hh:mm:ss
yymmdd hh:mm:ss
yymmdd hh:mm:ss
yymmdd hh:mm

Value
50.4
2.3
2.3
50.4
48.1
76
070219 16:21

070219 16:21:00
070220 11:31:47
070220 11:31

min 1,150
min 149
kPa 112.2
kPa 63.0
kPa 94.7
kPa 49.2
m3/s 0.0000233

m2/s 0.0000233

m3 1.61

Y Constant Head injection and recovery, Constant Rate withdrawal and recovery or Constant Drawdown and

recovery.
2 Nominal diameter.
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Figure 6-57. Linear plot of flow rate and pressure versus time in the pumping borehole KLX26B.

6.14.2 Observation borehole KLX26A

In Figure 6-58 an overview of the observed head versus time in the sections in observation
borehole KLX26A is shown. No responses were observed in Section 1. In sections 2 and 3
responses to the pumping in borehole KLX26B was indicated.

Observation section KLX26A:1: 48.0-101.1 m

This section appears to be virtually unaffected by the pumping in KLX26A, Figure 6-58. It is
possible to identify a very small pressure response to pumping in KLX26A in the section but
other effects are dominating making quantitative evaluation impossible.

Observation section KLX26A:2: 22.0-47.0 m

In Figure 6-58 an overview of the pressure responses in observation borehole KLX26A is
shown. General test data from the observation section KLX26A:2: 22.0-47.0 m, are presented
in Table 6-49.
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Figure 6-58. Linear plot of pressure versus time in the observation borehole KLX26A during pumping
in borehole KLX26B.

Table 6-49. General test data from the observation section KLX26A:2: 22.0-47.0 m during
the interference test in KLX26B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h m.a.s.l. 10.9
Hydraulic head in test section before stop of flow period h, m.asl. 7.6
Hydraulic head in test section at stop of recovery period he m.a.s.l. 10.9
Hydraulic head change during flow period (hi—hy) dh, m 3.3

Comments on the test

A total drawdown during the flow period of 3.3 m and a total recovery at the end of the recovery
period of 3.3 m was observed. The calculated Index 1 (r:/t,) is rated as “medium”, Index 2
(s,/Qp) as “excellent” and the new Index 2 (s,/Q,)-In(r/ro) as “high”.

Flow regime and calculated parameters

The transient evaluation is based on variable flow rate during the flow period. A pseudo-radial
flow regime developed after c. 10 min to the end of the flow period. By the end a pseudo-spheri-
cal flow regime was developed. After a transition period a pseudo-radial flow regime developed
after ¢. 150 min to the end of the recovery period. Consistent results of evaluated parameter
values are obtained from the flow and recovery period respectively.
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Selected representative parameters

The parameter values estimated from the flow period are selected as the most representative

for the test section. Evaluation was performed by applying the Hantush-Jacob solution to a leaky
aquifer model. Selected representative transmissivity value is 2.0-10-° m%/s and representative
storativity is 8.3:107.

Observation section KLX26A:3: 2.6-21.0 m

In Figure 6-58 an overview of the pressure responses in observation borehole KLX26A is
shown. General test data from the observation section KLX26A:3: 2.6-21.0 m, are presented
in Table 6-50. The borehole is cased to 2.6 m, the uncased interval of this upper section is thus
C. 2.6-21.0 m.

Comments on the test

The responses during both the flow and recovery period are distorted and thus uncertain.
The transient evaluations of both periods should thus be regarded as approximate. The calcu-
lated Index 1 (r/t.) is rated as “medium”, Index 2 (s,/Q,) as “excellent” and the new Index 2
(Sp/Qp)-In(rs/ro) as “high”.

Flow regime and calculated parameters

The transient evaluation is based on variable flow rate during the flow period. An apparent
pseudo-radial flow regime is indicated between c. 200-400 min during the flow period. During
the recovery period a pseudo-radial flow regime is indicated between c. 200-800 min.

Selected representative parameters

The parameter values estimated from the flow period are selected as the most representative.
Evaluation was performed by applying the Hantush-Jacob solution to a leaky aquifer model.
Selected representative transmissivity value is 3.5:10-% m?/s and representative storativity

is 6.0-10°°.

6.15 Interference test in KLX06

This test was performed in conjunction with the PFL difference flow logging with the purpose
to provide general information on the connectivity of deformations zone EWO002A that was
encountered in KLX06The borehole responses are shown in Figure 6-59.

Table 6-50. General test data from the observation section KLX26A:3: 2.6-21.0 m during
the interference test in KLX26B.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h m.a.s.l. 11.5
Hydraulic head in test section before stop of flow period h, m.a.sl. 8.0
Hydraulic head in test section at stop of recovery period he m.a.s.l. 11.5
Hydraulic head change during flow period (h;—h,) dh, m 35
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Figure 6-59. Borehole response map when pumping KLX06.

The test was performed as a constant drawdown pumping test in conjunction with the difference
flow logging. A drawdown of 6.8 m was established and the flow rate decreased during the

8 day pumping from 100 L/min to 75 L/min which also included three pump stops of relative
short duration necessitated by the changing of the logging tools. Several flow rate changes
occurred during the flow period. Recovery was measured during a day in the pumped borehole
KLXO06 and during 12 days in the observation hole HLX20. Flow rate was measured manually
at a few occasions.
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6.15.1 Pumping borehole KLX06

General test data for the pumping test in KLXO06 are presented in Table 6-51. The borehole
is cased to 11.9 m. The uncased interval of this section is thus c. 11.9-994.9 m.

Flow regime and calculated parameters

The evaluation is only done for the recovery phase only. The initial WBS period was followed
by a radial flow regime from 5 min to 15 min after pumpstop after. The radial flow period is
followed by a period where flow is restricted by two intersecting impermeable boundaries with
an angle of about 130 degrees. Other geometries were tried; radial composite and parallel faults,
but the chosen geometry of intersecting “faults” provided the best match with measured data.

Table 6-51. General test data for the pumping test in KLX06: 11.9-994.9 m.

General test data

Pumping borehole KLX06
Test type? Constant Rate withdrawal and recovery test
Test section (open borehole/packed-off section):  open borehole
Test No 1
Field crew Petri Heikkinen, Jari Pdllanen, PRG Tec Oy
Test equipment system
General comment Interference test
Nomenclature Unit Value
Borehole length L m 994.9
Casing length L. m 11.9
Test section- secup Secup m 11.9
Test section- seclow Seclow m 994.9
Test section length Ly m 983.0
Test section diameter? 21y, mm 76
Test start (start of flow period) (start of pressure yymmdd hh:mm 050218 16:52:00
registration)
Packer expanded yymmdd hh:mm:ss
Start of flow period yymmdd hh:mm:ss 050218 16:52:00
Stop of flow period yymmdd hh:mm:ss 050228 13:47:00
Test stop (stop of flow period) (stop of pressure yymmdd hh:mm 050228 13:47:00
registration)
Total flow time t min 14,215
Total recovery time te min

Pressure data

Relative pressure in test section before start of flow period pi m.a.s.l. 12.9
Relative pressure in test section before stop of flow period Po m.a.s.l. 6.1
Relative pressure in test section at stop of recovery period Pe m.a.s.l.

Pressure change during flow period (pi—py) dp, m.a.s.l. 6.8
Flow data

Flow rate from test section just before stop of flow period ® Qp m3/s 0.00125
Mean (arithmetic) flow rate during flow period Qm mé/s

Total volume discharged during flow period Vp m?

Y Constant Head injection and recovery or Constant Rate withdrawal and recovery.
2 Nominal diameter.
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Figure 6-60. Linear plot of flow rate and pressure versus time in the pumping borehole KLX06.

Selected representative parameters

The parameter values estimated from the recovery period are selected as the most representa-
tive. Selected representative transmissivity value is 3.1-10~* m?/s utilising a storativity of 8-:10-°
derived from the HLX20 observation borehole. A skin of —6 was obtained.

Observation section HLX20

In Figure 6-61 an overview of the pressure responses in observation borehole HLX20 is shown.
General test data from the observation section HLX20 9.0-202.2 m, are presented in Table 6-52.

Flow regime and calculated parameters

Both drawdown and recovery phase were evaluated where both were best fitted to a homogene-
ous infinite acting aquifer with radial flow. Similar T-values were obtained of 1-10~* m?/s for the
drawdown and 2-10- m?/s for the recovery.

Selected representative parameters

The parameter values estimated from the recovery period are selected as the most representative
since they provide slightly better match to the measured data when simulating the complete test
history.

Table 6-52. General test data from the observation section HLX20 9.0-202.2 m during the
interference test in KLXO06.

Pressure data Nomenclature Unit Value
Hydraulic head in test section before start of flow period h; m.a.s.l. 10.9
Hydraulic head in test section before stop of flow period h, m.a.s.l. 8.2
Hydraulic head in test section at stop of recovery period he m.a.s.l.
Hydraulic head change during flow period (hi—hy) dh, m 2.7
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Figure 6-61. Linear plot of pressure versus time in the observation borehole HLX20 during pumping in
borehole KLX06.

6.16 Response analysis

A response analysis including a response matrix (Appendix 3) according to the methodology
description for interference tests was made. The estimated response time lags (dt.) in the
observation sections during the different interference tests are shown in Table 6-54. The lag
times were derived from the drawdown curves in the observation borehole sections at an actual
drawdown of 0.1 m. No corrections of the drawdown for natural trends caused by e.g. drought
or precipitation have been made. Because of the oscillating behaviour of the measured pressure
in some of the observation sections, it was difficult to determine the exact time to reach a 0.1 m
drawdown. It was possible, however, to make an approximate estimate from the drawdown
curves.

Only observation sections with an assumed, relatively clear, pressure response are included in
the response analysis. In Tables 6-53 and 6-54, all observation sections are presented.

The inverse normalized response time with respect to the distance to the pumping borehole
was calculated. This parameter is directly related to the hydraulic diffusivity (T/S) of the
formation. In addition, the normalized drawdown with respect to the flow rate was calculated
(se Table 6-53). From these parameters different response indices were calculated according
to Section 5.5.1.
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In the figures below, response diagrams showing the distribution of the presumptive responding
observation sections are presented. In the diagrams Index 1 has been plotted versus Index
2-new as defined in Section 5.5.1. Clearly, sections located towards the upper right corner in
the diagrams correspond to sections which are well connected to the pumping borehole with
high hydraulic diffusivities and distinct responses. On the other hand, sections with delayed and
small responses and poorly connected to the pumping sections with lower hydraulic diffusivity
are located towards the lower left corner.

The following response parameters are used in Tables 6-53 and 6-54 as well as in
Figures 6-50-6-60:

r2/dt [s=0.1m] = inverse normalized response time with respect to the distance (m?/s)

dt, [s=0.1m] = time after start of pumping (s) at a drawdown s = 0.1 m in the observation
section

s = 3D-distance between the hydraulic point of application (hydr. p.a.) in the

pumping borehole and observation borehole (m)

S/Qp = normalized drawdown with respect to the pumping flow rate (s/m2)
Sp = maximal drawdown in the actual observation borehole/section (m)
Qp = pumping flow rate by the end of the flow period (m?s)

The interpreted inverse normalized response time lags must be considered as rough estimates
for many of the observation sections. The main reason for this fact is, as mentioned above, the
difficulty to estimate this parameter due to oscillating pressure. The maximal drawdown is not
always at stop of pumping, e.g. due to precipitation or other disturbances by the end of the tests.
Furthermore, in some cases the drawdown must be corrected, e.g. due to natural pressure trends,
e.g. during draught periods.

The response diagrams can be used to group observation sections by the strength and lag times
of their responses. Observation sections with the most distinct responses can thus be identified.
In some of the interference tests only one observation section responded to the pumping. These
tests are also included in the figures below.
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Table 6-53. Calculated response lag times and normalized response time lags for the
observation sections included in the interference tests.

Pumping Observation  Section dt, [s=0.1m] rs dt, [s=0.1 m]/rs? rs2/dt, [s=0.1 m]
borehole borehole (m) (s) (m) (s/m?) (m?/s)
Index 1
KLX14A HLX38 15.00-199.50 1,920 192.6 5.18E-02 1.93E+01
KLX21B KLX07A:1 781.00-844.73 16,200 449 8.04E-02 1.24E+01
KLX21B KLX07A:2 753.00-780.00 24,000 447 1.20E-01 8.33E+00
KLX21B KLX07A:3 612.00-752.00 40,800 455 1.97E-01 5.07E+00
KLX21B KLX07A:4 457.00-611.00 2,520 504 9.92E-03 1.01E+02
KLX21B KLX07A:5 333.00-456.00 3,240 585 9.47E-03 1.06E+02
KLX21B KLXO07A:6 204.00-332.00 27,000 675 5.93E-02 1.69E+01
KLX21B KLX07A:7 104.00-203.00 31,200 768 5.29E-02 1.89E+01
KLX21B KLX07A:8 11.80-103.00 72,000 855 9.85E-02 1.02E+01
KLX21B KLX07B:1 95.00-200.00 69,000 830 1.00E-01 9.98E+00
KLX21B KLX07B:2 9.60-94.00 81,000 875 1.06E-01 9.45E+00
KLX21B KLX12:1 546.00-602.29 - - - 0
KLX21B KLX12:2 535.00-545.00 - - - 0
KLX21B KLX12:3 426.00-534.00 - - - 0
KLX21B KLX12:4 386.00-425.00 156,000 864 2.09E-01 4.79E+00
KLX21B KLX12:5 291.00-385.00 - - - 0
KLX21B KLX12:6 160.00-290.00 96,000 863 1.29E-01 7.76E+00
KLX21B KLX12:7 142.00-159.00 165,000 874 2.16E-01 4.63E+00
KLX21B KLX12:8 104.00-141.00 72,000 880 9.30E-02 1.08E+01
KLX21B KLX12:9 17.90-103.00 96,000 900 1.19E-01 8.44E+00
KLX21B KLX05:1 721.00-1000.16 - - - 0
KLX21B KLX05:2 634.00-720.00 - - - 0
KLX21B KLX05:3 625.00-633.00 - - - 0
KLX21B KLX05:4 501.00-624.00 - - - 0
KLX21B KLX05:5 361.00-500.00 61,200 964 6.59E-02 1.52E+01
KLX21B KLX05:6 256.00-360.00 168,000 926 1.96E-01 5.10E+00
KLX21B KLX05:7 241.00-255.00 120,000 913 1.44E-01 6.95E+00
KLX21B KLX05:8 220.00-240.00 117,000 910 1.41E-01 7.08E+00
KLX21B KLX05:9 128.00-219.00 78,000 904 9.54E-02 1.05E+01
KLX21B KLX05:10 15.00-127.00 63,000 904 7.71E-02 1.30E+01
KLX21B HLX22 9.00-163.20 9,600 581 2.84E-02 3.52E+01
KLX21B HLX23:1 61.00-160.20 - - - 0
KLX21B HLX23:2 6.00-60.00 - - - 0
KLX21B HLX18:1 90.00-181.20 - - - 0
KLX21B HLX18:2 15.00-89.00 - - - 0
KLX26A KLX26B:1 47.00-50.40 66 17 2.28E-01 4.38E+00
KLX26A KLX26B:2 21.00-46.00 60 21 1.36E-01 7.35E+00
KLX26A KLX26B:3 2.30-20.00 60 42 3.40E-02 2.94E+01
KLX26B KLX26A:1 48.00-101.10 - - - 0
KLX26B KLX26A:2 22.00-47.00 90 19 2.49E-01 4.01E+00
KLX26B KLX26A:3 2.60-21.00 48 13 2.84E-01 3.52E+00
KLX22A KLX22B 2.00-100.25 3,900 55.5 1.27E+00 7.90E-01
KLX23A KLX23B 2.30-50.30 1,350 37 9.86E-01 1.01E+00
KLX23B KLX23A 2.30-100.20 5,040 37 3.68E+00 2.72E-01
KLX16A HLX42:2 9.10-29.00 - - - 0
KLX16A KLX12A:1 546.00-602.29 - - - 0
KLX16A KLX12A:2 535.00-545.00 - - - 0
KLX16A KLX12A:3 426.00-534.00 - - - 0
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Pumping Observation  Section dt, [s=0.1m] rs dt, [s=0.1 m)/r? rs?/dt [s=0.1 m]
borehole borehole (m) (s) (m) (s/m?) (m?/s)
Index 1
KLX16A KLX12A:4 386.00—425.00 - - - 0
KLX16A KLX12A:5 291.00-385.00 - - - 0
KLX16A KLX12A:6 160.00-290.00 - - - 0
KLX16A KLX12A:7 142.00-159.00 - - - 0
KLX16A KLX12A:8 104.00-141.00 - - - 0
KLX16A KLX12A:9 17.90-103.00 - - - 0
KLX16A KLX05:1 721.00-1000.20 - - - 0
KLX16A KLX05:2 634.00-720.00 - - - 0
KLX16A KLX05:3 625.00-633.00 - - - 0
KLX16A KLX05:4 501.00-624.00 - - - 0
KLX16A KLX05:5 361.00-500.00 - - - 0
KLX16A KLX05:6 256.00-360.00 - - - 0
KLX16A KLX05:7 241.00-255.00 - - - 0
KLX16A KLX05:8 220.00-240.00 - - - 0
KLX16A KLX05:9 128.00-219.00 - - - 0
KLX16A KLX05:10 15.00-127.00 - - - 0
KLX16A HLX15 12.00-151.90 - - - 0
KLX16A HLX26 11.00-151.20 - - - 0
KLX16A HLX28 6.00-154.20 - - - 0
KLX15A HLX38 15.00-199.50 522,000 952 5.76E-01 1.74E+00
KLX15A KLX05:1 721.00-1000.2 — - - 0
KLX15A KLX05:2 634.00-720.00 - - - 0
KLX15A KLX05:3 625.00-633.00 - - - 0
KLX15A KLX05:4 501.00-624.00 - - - 0
KLX15A KLX05:5 361.00-500.00 - - - 0
KLX15A KLX05:6 256.00-360.00 - - - 0
KLX15A KLX05:7 241.00-255.00 - - - 0
KLX15A KLX05:8 220.00-240.00 - - - 0
KLX15A KLX05:9 128.00-219.00 - - - 0
KLX15A KLX05:10 15.00-127.00 - - - 0
KLX15A KLX19A:1 661.00-800.10 - - - 0
KLX15A KLX19A:2 518.00-660.00 - - - 0
KLX15A KLX19A:3 509.00-517.00 - - - 0
KLX15A KLX19A:4 481.50-508.00 - - - 0
KLX15A KLX19A:5 311.00-480.50 - - - 0
KLX15A KLX19A:6 291.00-310.00 - - - 0
KLX15A KLX19A:7 136.00-290.00 - - - 0
KLX15A KLX19A:8 98.80-135.00 - - - 0
KLX19A HLX36:1 50.00-199.80 67,800 728 1.28E-01 7.82E+00
KLX19A HLX36:2 6.00—49.00 - - - 0
KLX19A HLX37:1 149.00-199.80 3,960 710 7.86E-03 1.27E+02
KLX19A HLX37:2 118.00-148.00 4,080 737 7.51E-03 1.33E+02
KLX19A HLX37:3 12.00-117.00 - - - 0
KLX19A HLX38 15.00-199.50 - - - 0
KLX19A KLX11A 12.00-992.30 12,000 701 2.44E-02 4.10E+01
KLX17A KLX13A:1 469.00-595.50 - - - 0
KLX17A KLX13A:2 340.00-468.0 - - - 0
KLX17A KLX13A:3 11.80-339.00 14,400 5562 4.73E-02 2.12E+01
KLX06 HLX20 9.00-202.20 52 246 8.56E—4 1.17E+03
KLX18A KLX11A:1 12.05-992.30 - - - 0
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Table 6-54. Drawdown and normalized drawdown for the observation sections included

in the interference test.

Pumping Flow rate Q, Observation Section Sp Sp/Qp (sp/Qp)-In(rsfro)
borehole (m3/s) borehole (m) (m) (s/m?) (s/m?)
Index 2 Index 2 new
KLX14A 5.23E-04 HLX38 15.00-199.50 1.80 3.44E+03 1.81E+04
KLX21B 9.08E-04 KLXO07A:1 781.00-844.73 1.09 1.20E+03 7.33E+03
KLX21B 9.08E-04 KLXO07A:2 753.00-780.00 1.02 1.12E+03 6.85E+03
KLX21B 9.08E-04 KLXO07A:3 612.00-752.00 1.01 1.11E+03 6.80E+03
KLX21B 9.08E-04 KLX07A:4 457.00-611.00 2.17 2.39E+03 1.49E+04
KLX21B 9.08E-04 KLX07A:5 333.00-456.00 1.75 1.93E+03 1.23E+04
KLX21B 9.08E-04 KLX07A:6 204.00-332.00 0.61 6.73E+02 4.39E+03
KLX21B 9.08E-04 KLXO07A:7 104.00-203.00 0.54 5.95E+02 3.95E+03
KLX21B 9.08E-04 KLX07A:8 11.80-103.00 0.38 4.15E+02 2.80E+03
KLX21B 9.08E-04 KLX07B:1 95.00-200.00 0.43 4.71E+02 3.17E+03
KLX21B 9.08E-04 KLX07B:2 9.60-94.00 0.34 3.70E+02 2.51E+03
KLX21B 9.08E-04 KLX12:1 546.00-602.29 - 0 0
KLX21B 9.08E-04 KLX12:2 535.00-545.00 - 0 0
KLX21B 9.08E-04 KLX12:3 426.00-534.000 - 0 0
KLX21B 9.08E-04 KLX12:4 386.00-425.00 0.34 3.70E+02 2.50E+03
KLX21B 9.08E-04 KLX12:5 291.00-385.00 - 0 0
KLX21B 9.08E-04 KLX12:6 160.00-290.00 0.54 5.95E+02 4.02E+03
KLX21B 9.08E-04 KLX12:7 142.00-159.00 0.37 4.04E+02 2.74E+03
KLX21B 9.08E-04 KLX12:8 104.00-141.00 0.57 6.28E+02 4.26E+03
KLX21B 9.08E-04 KLX12:9 17.90-103.00 0.50 5.50E+02 3.74E+03
KLX21B 9.08E-04 KLX05:1 721.00-1000.16 - 0 0
KLX21B 9.08E-04 KLX05:2 634.00-720.000 - 0 0
KLX21B 9.08E-04 KLX05:3 6250.0-633.00 - 0 0
KLX21B 9.08E-04 KLX05:4 501.00-624.00 - 0 0
KLX21B 9.08E-04 KLX05:5 361.00-500.00 0.69 7.63E+02 5.24E+03
KLX21B 9.08E-04 KLX05:6 256.00-360.00 0.26 2.92E+02 1.99E+03
KLX21B 9.08E-04 KLX05:7 241.00-255.00 0.42 4.60E+02 3.14E+03
KLX21B 9.08E-04 KLX05:8 220.00-240.00 0.59 6.51E+02 4.43E+03
KLX21B 9.08E-04 KLX05:9 128.00-219.00 0.60 6.62E+02 4 51E+03
KLX21B 9.08E-04 KLX05:10 15.00-127.00 0.72 7.97E+02 5.42E+03
KLX21B 9.08E-04 HLX22 9.00-163.20 1.13 1.25E+03 7.93E+03
KLX21B 9.08E-04 HLX23:1 61.00-160.20 - 0 0
KLX21B 9.08E-04 HLX23:2 6.00-60.00 - 0 0
KLX21B 9.08E-04 HLX18:1 90.00-181.20 - 0 0
KLX21B 9.08E-04 HLX18:2 15.00-89.00 - 0 0
KLX26A 1.75E-05 KLX26B:1 47.00-50.40 3.25 1.86E+05 5.26E+05
KLX26A 1.75E-05 KLX26B:2 21.00-46.00 3.45 1.97E+05 6.00E+05
KLX26A 1.75E-05 KLX26B:3 2.30-20.00 1.53 8.74E+04 3.27E+05
KLX26B 2.33E-05 KLX26A:1 48.00-101.10 - 0 0
KLX26B 2.33E-05 KLX26A:2 22.00-47.00 3.25 1.39E+05 4.10E+05
KLX26B 2.33E-05 KLX26A:3 2.60-21.00 3.52 1.51E+05 3.87E+05
KLX22A 1.45E-04 KLX22B 2.00-100.25 0.80 5.52E+03 2.22E+04
KLX23A 1.11E-04 KLX23B 2.30-50.30 2.13 1.92E+04 6.92E+04
KLX23B 1.67E-05 KLX23A 2.30-100.20 0.10 5.99E+03 2.16E+04
KLX16A 4.68E-04 HLX42:2 9.10-29.00 - 0 0
KLX16A 4.68E-04 KLX12A:1 546.00-602.30 - 0 0
KLX16A 4.68E-04 KLX12A:2 535.00-545.00 - 0 0
KLX16A 4.68E-04 KLX12A:3 426.00-534.00 - 0 0
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Pumping Flow rate Q, Observation Section Sp Sp/Qp (Sp/Qp)-In(rslro)
borehole (m?/s) borehole (m) (m) (s/m?) (s/m?)
Index 2 Index 2 new
KLX16A 4.68E-04 KLX12A:4 386.00-425.00 - 0 0
KLX16A 4.68E-04 KLX12A:5 291.00-385.00 - 0 0
KLX16A 4.68E-04 KLX12A:6 160.00-290.00 - 0 0
KLX16A 4.68E-04 KLX12A:7 142.00-159.00 - 0 0
KLX16A 4.68E-04 KLX12A:8 104.00-141.00 - 0 0
KLX16A 4.68E-04 KLX12A:9 17.90-103.00 - 0 0
KLX16A 4.68E-04 KLXO05:1 721.00-1000.20 - 0 0
KLX16A 4.68E-04 KLX05:2 634.00-720.00 - 0 0
KLX16A 4.68E-04 KLXO05:3 625.00-633.00 - 0 0
KLX16A 4.68E-04 KLX05:4 501.00-624.00 - 0 0
KLX16A 4.68E-04 KLX05:5 361.00-500.00 - 0 0
KLX16A 4.68E-04 KLXO05:6 256.00-360.00 - 0 0
KLX16A 4.68E-04 KLX05:7 241.00-255.00 - 0 0
KLX16A 4.68E-04 KLX05:8 220.00-240.00 - 0 0
KLX16A 4.68E-04 KLX05:9 128.00-219.00 - 0 0
KLX16A 4.68E-04 KLX05:10 15.00-127.00 - 0 0
KLX16A 4.68E-04 HLX15 12.00-151.90 - 0 0
KLX16A 4.68E-04 HLX26 11.00-151.20 - 0 0
KLX16A 4.68E-04 HLX28 6.00-154.20 - 0 0
KLX15A 4.94E-04 HLX38 15.00-199.50 0.11 2.27E+02 1.56E+03
KLX15A 4.94E-04 KLX05:1 721.00-1000.20 - 0 0
KLX15A 4.94E-04 KLX05:2 634.00-720.00 - 0 0
KLX15A 4.94E-04 KLX05:3 625.00-633.00 - 0 0
KLX15A 4.94E-04 KLX05:4 501.00-624.00 - 0 0
KLX15A 4.94E-04 KLX05:5 361.00-500.00 - 0 0
KLX15A 4.94E-04 KLX05:6 256.00-360.00 - 0 0
KLX15A 4.94E-04 KLX05:7 241.00-255.00 - 0 0
KLX15A 4.94E-04 KLX05:8 220.00-240.00 - 0 0
KLX15A 4.94E-04 KLX05:9 128.00-219.00 - 0 0
KLX15A 4.94E-04 KLX05:10 15.00-127.00 - 0 0
KLX15A 4.94E-04 KLX19A:1 661.00-800.10 - 0 0
KLX15A 4.94E-04 KLX19A:2 518.00-660.00 - 0 0
KLX15A 4.94E-04 KLX19A:3 509.00-517.00 - 0 0
KLX15A 4.94E-04 KLX19A:4 481.50-508.00 - 0 0
KLX15A 4.94E-04 KLX19A:5 311.00-480.50 - 0 0
KLX15A 4.94E-04 KLX19A:6 291.00-310.00 - 0 0
KLX15A 4.94E-04 KLX19A:7 136.00-290.00 - 0 0
KLX15A 4.94E-04 KLX19A:8 98.80-135.00 - 0 0
KLX19A 9.68E-04 HLX36:1 50.00-199.80 2.53 2.61E+03 1.72E+04
KLX19A 9.68E-04 HLX36:2 6.00-49.00 - 0 0
KLX19A 9.68E-04 HLX37:2 118.00-148.00 3.53 3.64E+03 2.40E+04
KLX19A 9.68E-04 HLX37:1 149.00-199.80 3.48 3.60E+03 2.36E+04
KLX19A 9.68E-04 HLX37:3 12.00-117.00 - 0 0
KLX19A 9.68E-04 HLX38 15.00-199.50 - 0 0
KLX19A 9.68E-04 KLX11A 12.00-992.30 1.87 1.93E+03 1.27E+04
KLX17A 4.00E-04 KLX13A:1 469.00-595.50 - 0 0
KLX17A 4.00E-04 KLX13A:2 340.00-468.00 - 0 0
KLX17A 4.00E-04 KLX13A:3 11.80-339.00 0.54 1.35E+03 8.52E+03
KLX06 1.25E-03 HLX20 9.00-202.20 2.7 2.16E+03 1.19E+04
KLX18A 7.70E-05 KLX11A:1 12.05-992.30 - 0 0
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Figure 6-62 shows the response diagram during the interference test in KLX14A. Only borehole
HLX14 responded to the pumping in KLX14A. The response was distinct and relatively large
placing it in the middle of the response diagram. For index classification of the responses see
Section 5.

Figure 6-63 shows the response diagram during the interference test in KLX21A. Several
observation sections responded to this pumping. The most distinct responses occurred in sec-
tions KLX07A:4 and KLX07A:5. Good responses were also observed in sections KLX07B:1,
KLXO05A:9 and 10 and some other sections in KLXO07A.

Figure 6-64 shows the response diagram during the interference test in KLX26A. Good
responses were indicated in all three sections in the observation borehole KLX26B. Sections
KLX26B:1 and KLX26B:2 show very similar behaviour. Observation section KLX26B:3 show
a weaker response than the two underlying sections with respect to total drawdown.

Figure 6-65 shows the response diagram during the interference test in KLX26B. In the obser-
vation borehole KLX26A sections KLX26A:3 and KLX26A:2 show similar, distinct, responses.
This is also clearly reflected in the response diagram.

Figure 6-66 shows the response diagram during the interference test in KLX22A. The observa-
tion borehole KLX22B: 2.0-100.25 m shows a relatively quick, but not very large, pressure
response. The response is positioned to the left in the response diagram due to the proximity
of the boreholes.

Figure 6-67 shows the response diagram during the interference test in KLX23A. The pressure
response in KLX23B: 2.3-50.3 m is distinct and relatively large and in combination with the
proximity of the boreholes, the response is placed in the left side of the response diagram.

Figure 6-68 shows the response diagram during the interference test in KLX23B. The pressure
response in the observation borehole KLX23A: 2.3-100.2 m is very small (estimated to 0.1 m)
but in combination with a low flow of 1.0 L/min in the pumping borehole KLX23B the response
is classified as “medium” with respect to new index2 placing the response in the mid range and
to the left in the response diagram.

Figure 6-69 shows the response diagram during the interference test in KLX15A. Only one of
the observation boreholes HLX38, KLX05A and KLX19A showed a response strong enough for
response index calculation. In HLX38: 15.0-199.5 m a response of 0.1 m was registered. The
response is classified as “medium” and “low” for new index 2 and index 1 respectively.

Figure 6-70 shows the response diagram during the interference test in KLX19A. In HLX37
almost identical, distinct, responses was observed in Section 1 and 2 with a total drawdown
of ¢. 3.5 m. In HLX37:3 no response was indicated. Observation borehole KLX11A was not
affected at all of the pumping in KLX19A. Observation borehole HLX36:2 did not respond
to the pumping in KLX19A but HLX36:1 showed a response classified as “medium” for both
response index1 and new index 2.

Figure 6-71 shows the response diagram during the interference test in KLX17A. The
lower sections KLX13A:1 and KLX13A:2 are unaffected of the pumping in KLX17A.
In KLX13A:3: 11.8-339.0 m a total drawdown of 0.5 m is observed.

Figure 6-72 shows the response diagram during the interference test in KLXO06A. The response
in HLX20 is distinct and total drawdown relatively large. The response is classified as “excel-
lent” for response index 1 and “medium” for the new index 2.
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Figure 6-62. Response diagram showing the responding observation section during the interference

test in KLX14A.
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Figure 6-63. Response diagram showing the responses in the responding observation sections

during the interference test in KLX21B.
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Figure 6-64. Response diagram showing the responses in the responding observation sections
during the interference test in KLX26A.
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Figure 6-65. Response diagram showing the responses in the responding observation sections
during the interference test in KLX26B.
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Figure 6-66. Response diagram showing the responses in the responding observation sections

during the interference test in KLX22A.
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Figure 6-67. Response diagram showing the responses in the responding observation sections

during the interference test in KLX23A.
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Figure 6-68. Response diagram showing the responses in the responding observation sections
during the interference test in KLX23B.
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Figure 6-69. Response diagram showing the responses in the responding observation sections
during the interference test in KLX15A.
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Figure 6-70. Response diagram showing the responses in the responding observation sections
during the interference test in KLX19A.
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Figure 6-71. Response diagram showing the responses in the responding observation sections

during the interference test in KLX17A.
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Figure 6-72. Response diagram showing the responses in the responding observation sections
during the interference test in KLX06.

6.17 Estimation of the hydraulic diffusivity

The hydraulic diffusivity of observation sections can be estimated from the observed response
time lag in the section according to Section 5.5.2. The time lag dt, is here based on a drawdown
s =0.01 m in the observation section. The estimated time lags based on the drawdown in the
observation sections are shown in Table 6-55 together with the estimated hydraulic diffusivity
T/S of the sections. For comparison, the ratio of the estimated transmissivity and storativity
To/So from the transient evaluation of the responses in these sections from the interference tests
are also presented.

Table 6-55 shows that the estimated hydraulic diffusivities from the time lags in general are
much higher compared to the ratio of To/So from the transient evaluation of the test sections.
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Table 6-55. Estimated response lag times and hydraulic diffusivity for the selected observa-
tion sections from the interference tests.

Pumping Observation Section measured rs T/S To IS,
borehole borehole (m) dt [s=0.01 m] (S) (m) (m?/s) (m?/s)
KLX14A HLX38 15.00-199.50 600 192.6 2.56 5.15
KLX21B KLX07A:1 781.00-844.73 3,000 449 3.13 131
KLX21B KLX07A:2 753.00-780.00 2,400 447 3.73 0.80
KLX21B KLX07A:3 612.00-752.00 3,600 455 2.77 0.73
KLX21B KLX07A:4 457.00-611.00 1,200 504 8.45 19.35
KLX21B KLX07A:5 333.00-456.00 1,440 585 9.76 2154
KLX21B KLX07A:6 204.00-332.00 6,000 675 4.04 491
KLX21B KLX07A:7 104.00-203.00 3,600 768 7.90 4.90
KLX21B KLX07A:8 11.80-103.00 20,400 855 2.51 2.15
KLX21B KLX07B:1 95.00-200.00 24,000 830 2.10 2.39
KLX21B KLX07B:2 9.60-94.00 36,000 875 1.73 1.88
KLX21B KLX12:4 386.00—425.00 81,000 864 0.94 0.52
KLX21B KLX12:6 160.00-290.00 27,000 863 2.08 1.07
KLX21B KLX12:7 142.00-159.00 75,000 874 1.02 0.75
KLX21B KLX12:8 104.00-141.00 12,000 880 3.99 2.19
KLX21B KLX12:9 17.90-103.00 24,000 900 2.47 1.36
KLX21B KLX05:5 361.00-500.00 18,000 964 3.51 2.33
KLX21B KLX05:6 256.00-360.00 63,000 926 1.29 0.55
KLX21B KLX05:7 241.00-255.00 60,000 913 1.30 0.95
KLX21B KLX05:8 220.00-240.00 60,000 910 1.29 0.95
KLX21B KLX05:9 128.00-219.00 39,000 904 1.74 1.50
KLX21B KLX05:10 15.00-127.00 12,000 904 4.21 2.24
KLX21B HLX22 9.00-163.20 3,000 581 5.24 11.11
KLX26A KLX26B:1 47.00-50.40 15 17 0.52 0.52
KLX26A KLX26B:2 21.00-46.00 3 21 3.39 1.12
KLX26A KLX26B:3 2.30-20.00 9 42 5.03 6.16
KLX26B KLX26A:2 22.00-47.00 25.8 19 0.44 0.24
KLX26B KLX26A:3 2.60-21.00 12 13 0.41 0.70
KLX22A KLX22B 2.00-100.25 60 55.5 154 0.18
KLX23A KLX23B 2.30-50.30 540 37 0.11 1.90
KLX23B KLX23A 2.30-100.20 180 37 0.28 0.15
KLX15A HLX38 15.00-199.50 120,000 952 0.81 0.41
KLX19A HLX36:1 50.00-199.80 6,000 728 4.93 1.06
KLX19A HLX37:2 118.00-148.00 1,500 737 15.55 24.17
KLX19A HLX37:1 149.00-199.80 1,440 710 14.93 22.69
KLX19A KLX11A 12.00-992.30 12,000 701 2.67 3.40
KLX17A KLX13A:3 11.80-339.00 6,000 552 4.37 4.30
KLX06 HLX20 9.00-202.20 246 27.50
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6.18 Summary of the results of the interference test

A compilation of measured test data from the interference test is shown in Tables 6-56 and 6-57.
In Tables 6-58 and 6-59 calculated hydraulic parameters for the pumping boreholes and the
evaluated observation sections are presented.

Nomenclature used:

Q/s = specific flow for the pumping/injection borehole

Tm = steady state transmissivity from Moye”s equation

T+ = transmissivity from transient evaluation of single-hole test
T, = transmissivity from transient evaluation of interference test
S, = storativity from transient evaluation of interference test

TS, = hydraulic diffusivity (m?s)

K’/b® = leakage coefficient from transient evaluation of interference test

S* = assumed storativity by the estimation of the skin factor in single hole tests
C = wellbore storage coefficient

& = skin factor

The estimated transmissivity of the observation section may be more weighted towards the
hydraulic properties close to the pumping borehole. In addition, the estimated transmissivity in
the observation sections may be overestimated from the interference test due to poor hydraulic
connection to the pumping borehole.

The results of the interference tests show a rather good agreement between the estimated
hydraulic diffusivity of the sections based on the response time lags and from the results of the
transient evaluation, respectively, also at long distances from the pumping borehole.

Table 6-56. Summary of test data from the pumping borehole during the interference tests.

Pumping Section Test  h; hy he Qp Qn V,
borehole (m) Type? (m) (m) (m) (m?3/s) (mé3/s) (m?3)

ID

KLX14A 6.50-176.30 1B 5.95 0.84 5.67 5.23E-04 5.23E-04 130.54
KLX21B 11.90-858.80 1B 7.15 3.65 6.85 9.08E-04 9.08E-04 564.74
KLX26A 2.60-101.10 1B 11.51 6.51 0.00 1.75E-05 1.75E-05 2.66
KLX26B 2.30-50.40 1B 11.43 6.42 9.65 2.33E-05 2.33E-05 1.61
KLX22A 2.00-100.45 1B 13.63 3.59 13.06 1.45E-04 1.45E-04 35.81
KLX22B 2.00-100.25 1B 16.29 6.09 1497  5.83E-05 5.83E-05 14.54
KLX23A 2.30-100.20 1B 11.14 0.78 10.29 1.11E-04 1.11E-04 18.94
KLX23B 2.30-50.30 1B 13.13 2.81 12.65 1.67E-05 1.67E-05 2.73
KLX16A 11.25-433.50 1B 8.58 3.62 7.65  4.68E-04 4.68E-04 236.80
KLX15A 11.65-1,000.43 1B 6.75 -0.31 5.03  4.94E-04 4.94E-04 387.51
KLX19A 98.80-800.07 1B 12.84 2.96 12.28  9.68E-04 9.68E-04 480.96
KLX18A 312.00-611.28 1A 300.79 286.18 - 7.70E-5 7.42E-5 17.99
KLX06 11.88-998.94 1B 12.9 6.1 - 1.25E-3 - -

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.
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Table 6-57. Summary of test data from the observation sections involved in the
interference tests.

Pumping borehole Borehole Section Test hi(m.a.s.l.) h,(m.as.l) he

ID ID (m) Type? (m.as.l.)
KLX14A HLX38 15.00-199.50 2 5.56 3.66 5.69
KLX21B KLX07A:1 781.00-844.73 2 5.83 4.74 5.58
KLX21B KLX07A:2 753.00-780.00 2 5.50 4.48 5.26
KLX21B KLXO07A:3 612.00-752.00 2 5.25 4.24 5.00
KLX21B KLX07A:4 457.00-611.00 2 7.94 5.77 7.85
KLX21B KLX07A:5 333.00-456.00 2 8.22 6.47 8.02
KLX21B KLXO07A:6 204.00-332.00 2 9.78 9.17 9.25
KLX21B KLX07A:7 104.00-203.00 2 10.05 9.51 8.86
KLX21B KLX07A:8 11.80-103.00 2 10.82 10.44 10.34
KLX21B KLX07B:1 95.00-200.00 2 10.33 9.90 9.70
KLX21B KLX07B:2 9.60-94.00 2 10.74 10.40 10.20
KLX21B KLX12:4 386.00—425.00 2 10.20 9.86 9.79
KLX21B KLX12:6 160.00-290.00 2 10.18 9.64 9.71
KLX21B KLX12:7 142.00-159.00 2 10.98 10.62 10.59
KLX21B KLX12:8 104.00-141.00 2 10.63 10.06 10.22
KLX21B KLX12:9 17.90-103.00 2 10.97 10.48 10.59
KLX21B KLX05:5 361.00-500.00 2 10.50 9.80 10.08
KLX21B KLX05:6 256.00-360.00 2 10.26 10.00 9.88
KLX21B KLX05:7 241.00-255.00 2 10.27 9.85 9.82
KLX21B KLX05:8 220.00-240.00 2 10.39 9.80 9.96
KLX21B KLX05:9 128.00-219.00 2 10.40 9.80 9.96
KLX21B KLX05:10 15.00-127.00 2 10.53 9.80 10.07
KLX21B HLX22 9.00-163.20 2 7.12 5.99 6.98
KLX26A KLX26B 47.00-50.40 2 11.06 7.81 11.17
KLX26A KLX26B 21.00-46.00 2 11.13 7.68 11.20
KLX26A KLX26B 2.30-20.00 2 11.84 10.31 11.34
KLX26B KLX26A 22.00-47.00 2 10.90 7.65 10.92
KLX26B KLX26A 2.60-21.00 2 11.54 8.02 11.49
KLX22A KLX22B 2.00-100.25 2 15.36 14.77 15.42
KLX23A KLX23B 2.30-50.30 2 15.13 13.00 15.21
KLX23B KLX23A 2.30-100.20 2 16.20

KLX15A HLX38 15.00-199.50 2 5.73 5.61 5.66
KLX19A HLX36:1 50.00-199.80 2 11.36 13.90
KLX19A HLX37:2 118.00-148.00 2 12.94 9.42 13.54
KLX19A HLX37:1 149.00-199.80 2 12.94 9.46 13.55
KLX19A KLX11A 12.00-992.30 2 11.33 13.20
KLX17A KLX13A:3 11.80-339.00 2 14.31 13.77 14.02
KLX06 HLX20 9.00-202.20 2 10.9 8.2

D 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.
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Table 6-58. Summary of calculated hydraulic parameters from the single-hole tests.

Pumping Section Test QIs Tu Tr 13 C S*
borehole (m) type (m?s) (m?/s) (m?/s) =) (m?/Pa) )

ID

KLX14A 6.50-176.30 1B 1.02E-04 1.42E-04  5.50E-05 -7 3.2E-06 5.20E-06
KLX21B 11.90-858.80 1B 2.60E-04 4.30E-04  4.50E-04 -6 3.2E-06 1.50E-05
KLX26A 2.60-101.10 1B 3.50E-06 4.60E-06

KLX26B 2.30-50.40 1B 4.70E-06 5.50E-06  5.50E-06 156 3.7E-07 1.60E-06
KLX22A 2.00-100.45 1B 1.40E-05 1.20E-05  3.30E-05 0.2 3.6E-07 4.00E-06
KLX22B 2.00-100.25 1B 5.72E-06 7.43E-06  3.40E-06 -6.2 4.0E-07 1.10E-06
KLX23A 2.30-100.20 1B 1.10E-05 1.40E-05  3.00E-05 6.7 5.7E-07 3.80E-06
KLX23B 2.30-50.30 1B 1.60E-06 1.90E-06  4.50E-06 10.3 3.6E-07 1.60E-06
KLX16A 11.25-433.50 1B 9.44E-05 1.45E-04  4.32E-05 -0.99 6.2E-07 4.60E-06
KLX15A 11.65-1,000.43 1B 7.01E-05 1.17E-04  4.10E-05 -7.4 4.1E-07 4.50E-06
KLX19A 98.80-800.07 1B 9.80E-05 1.60E-04  1.60E-04 3.8 3.7E-06 8.80E-06
KLX17A 12.00-701.10 1C 1.60E-04 2.60E-04

KLX18A 312.00-611.28 1A 5.3E-6 7.8E-6 7.6E-6 0.5 3.3E-7 1.9E-6
KLX06 11.88-998.94 1B 1.84E-4 3.06E-4 3.0E-4 -6 2.51E-6 9E-6

b 1A: Wireline test, 1B: Pumping test-submersible pump, 1C: Air lift pumping, 2: Interference test.
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Table 6-59. Summary of calculated hydraulic parameters from the interference tests
between pumping boreholes and observation boreholes.

Pumping Observation Section Test T, S, To/So K'/b’
borehole borehole (m) type (m?/s) -) (m?/s) (s

ID ID

KLX14A HLX38 15.00-199.50 2 6.70E-05 1.30E-05 5.15 7.77E-11
KLX21B KLX07A:1 781.00-844.73 2 1.10E-04 8.40E-05 131 9.30E-11
KLX21B KLX07A:2 753.00-780.00 2 8.80E-05 1.10E-04 0.80 1.58E-10
KLX21B KLX07A:3 612.00-752.00 2 7.30E-05 1.00E-04 0.73 1.84E-10
KLX21B KLX07A:4 457.00-611.00 2 1.20E-04 6.20E-06 19.35 1.49E-11
KLX21B KLX07A:5 333.00-456.00 2 1.40E-04 6.50E-06 21.54 1.52E-11
KLX21B KLX07A:6 204.00-332.00 2 2.70E-04 5.50E-05 491 3.57E-11
KLX21B KLXO07A:7 104.00-203.00 2 2.50E-04 5.10E-05 4.90 5.13E-11
KLX21B KLX07A:8 11.80-103.00 2 1.40E-04 6.50E-05 2.15 1.74E-10
KLX21B KLX07B:1 95.00-200.00 2 1.60E-04 6.70E-05 2.39 1.43E-10
KLX21B KLX07B:2 9.60-94.00 2 1.20E-04 6.40E-05 1.88 2.06E-10
KLX21B KLX12:4 386.00-425.00 2 1.50E-05 2.90E-05 0.52 1.57E-10
KLX21B KLX12:6 160.00-290.00 2 4.80E-05 4.50E-05 1.07 1.38E-10
KLX21B KLX12:7 142.00-159.00 2 6.30E-05 8.40E-05 0.75 1.99E-10
KLX21B KLX12:8 104.00-141.00 2 1.40E-04 6.40E-05 2.19 6.72E-11
KLX21B KLX12:9 17.90-103.00 2 7.50E-05 5.50E-05 1.36 1.46E-10
KLX21B KLX05:5 361.00-500.00 2 7.00E-05 3.00E-05 2.33 8.51E-11
KLX21B KLX05:6 256.00-360.00 2 1.20E-05 2.20E-05 0.55 1.42E-10
KLX21B KLX05:7 241.00-255.00 2 4.00E-05 4.20E-05 0.95 1.63E-10
KLX21B KLX05:8 220.00-240.00 2 4.00E-05 4.20E-05 0.95 1.62E-10
KLX21B KLX05:9 128.00-219.00 2 6.30E-05 4.20E-05 1.50 1.16E-10
KLX21B KLX05:10 15.00-127.00 2 7.60E-05 3.40E-05 2.24 8.91E-11
KLX21B HLX22 9.00-163.20 2 2.00E-04 1.80E-05 11.11 3.06E-11
KLX26A KLX26B:1 47.00-50.40 2 2.90E-06 5.60E-06 0.52 4.20E-11
KLX26A KLX26B:2 21.00-46.00 2 2.80E-06 2.50E-06 1.12 2.60E-11
KLX26A KLX26B:3 2.30-20.00 2 6.10E-06 9.90E-07 6.16 2.11E-11
KLX26B KLX26A:2 22.00-47.00 2 2.00E-06 8.30E-06 0.24 2.76E-10
KLX26B KLX26A:3 2.60-21.00 2 3.50E-06 6.00E-06 0.70 2.95E-21
KLX22A KLX22B 2.00-100.25 2 5.20E-05 2.90E-04 0.18 5.06E-15
KLX23A KLX23B 2.30-50.30 2 1.90E-05 1.00E-05 1.90 5.58E-14
KLX23B KLX23A 2.30-100.20 2 1.30E-05 8.80E-05 0.15 5.44E-09
KLX15A HLX38 15.00-199.50 2 7.70E-05 1.90E-04 0.41 3.23E-18
KLX19A HLX36:1 50.00-199.80 2 1.80E-05 1.70E-05 1.06 3.40E-29
KLX19A HLX37:1 149.00-199.80 2 5.90E-05 2.60E-06 22.69 1.09E-11
KLX19A HLX37:2 118.00-148.00 2 5.80E-05 2.40E-06 24.17 1.05E-11
KLX19A KLX11A 12.00-992.30 2 5.10E-05 1.50E-05 3.40 1.24E-10
KLX17A KLX13A:3 11.80-339.00 2 4.30E-05 1.00E-05 4.30 9.37E-11
KLX06 HLX20 9.00-202.20 2 2.20E-04 8.00E-06 27.50
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Appendix 1

Test summary sheets



Test Summary Sheet — Pumping borehole KLX14A

Project: PLU Test type: 1B
Area: Oskarshamn Test no: 1
Borehole ID: KLX14A Test start: 2006-11-16 12:29:02
Test section (m): 6.5-176.3 Responsible for | SKB field crew
test execution:
Section diameter, 2-ry, (mM): 0.076 Responsible for | GEOSIGMA AB
test evaluation: | Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
. _ ..k Cw Indata Indata
po (kPa)
| pi (kPa) 58.4
pp(kPa) 8.2 pr (kPa) 55.6
’3° Q, (m%s) 523-10°
‘7 t, (min) 4160 te_(min) 1295
B = S () 5.2-10° S (9) 8.9-10°
g mos ECw (mS/m)
Tew(°C)
2 Derivative 0.1 Derivative | 0.1
: 10 fact. fact.
| A W r (m) - r (m) -
o . . Results Results
| | | | | Qls (m%s)  |1.0107
06/11/15 06/11/16 06/11/17 06/11/18 06/11/19 06/11/20 06/11/21
date
Log-Log plot incl. derivates- flow period Tu (M°/s) 1.4-10*
1000, e e B B 8 o Flow regime: | WBS->PRF1-> | Flow WBS->PRF1-
1w PRF2->PSS regime: >PRF2
8 ] e dty (min) 50 dt, (min) 1
100 E I oo case dt, (min) 600 dt, (min) 30
i 1 e | T (M7/S) 5.5-10° T (m%/s) 1.6-10°*
o ¢ P S () S()
€ F S Ks (m/s) Ks (m/s)
N I S, (1/m) S. (1/m)
B C (m°/Pa) 3.2:10° C (m°/Pa) |8.1-10”
s ] Co (1) Co ()
o1 . § E € () -7.0 € (-) 4.2
001 £ \‘E TGRF(m‘/s) TGRF(m‘/s)
& ] Sare(-) Sare(-)
0001 e vl v vl e S Darer (-) Darer (-)
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
1000 g rerm RS LKA, pompR oo dts (min) 50 C (m’Pa) [3.2:10°
i 1 ekixie dt> (min) 600 Co ()
oL | Aaerioce Tr (m?/s) 55107 ) -7.0
g 3 souton S* (9) 5.2-10°
C ] Dougherty-Babu Ks (m/s)
1o E E T - 00001629 m2iec Ss (1/m)
e ’,,,,_--/4””’73 Koo 3 A8 Comments:
% E /ﬁ‘" TN T - oossem Several flow rate changes occurred during the flow period. Only a few
¢ F e el ] @ -ooomm flow rate data are available. Pressure data are lacking between c. 1800-
o L 1 3000 min during the flow period. After initial WBS during the first c.
2 1 min of the flow period a period of approximate PRF was developed
- 1 between c. 2-30 min. At c. 30 min the flow rate was increased c. 3
il times. A second PRF developed between c. 50-600 min. A nearly
r ] pseudo-stationary pressure (PSS) was achieved after c. 1400 min.
000t Lol vl vl vl v pl i After initial WBS during the first c. 1 min a first PRF is developed
o o A;;rwal Equi\jal:einmmezz?n') 1000 ToRd between c. 1-30 min of equivalent time during the recovery period. A
second PRF is indicated between c. 100-1000 min. Alternatively, an
apparent no-flow boundary (NFB) may be assumed after c. 30 min.
The representative parameters were selected from the flow period.




Test Summary Sheet — Observation borehole HLX38 (pumping borehole KLX14A)

Project: PLU Test type: 2
Area: Oskarshamn Test no: 1
Borehole ID: HLX38 Test start: 2006-11-16 12:29:02
Test section (m): 15.0-199.5 Responsible for SKB field crew
test execution:
Section diameter, 2-ry, (mM): 0.139 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
s Indata Indata
po (kPa)
e [pikPa) 54.6
po(kPa) 359 pr (kPa) 55.8
- Qo (M°/s)
tp (Min) tr (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.1 Derivative fact. 0.1
r (m) 192.6 r (m) 192.6
- | Results Results
: - Q/s (m°/s)
[ErarT o110 svon | [FrervaL At readngs ] [Eror certvze samaee ]
Log-Log plot incl. derivates- flow period Tm (M°/s)
10, e e obe. Wells Flow regime: PRF—PSF | Flow regime: PRE—PSF
F ToHLX38 dty (min) 200 dt; (min) 200
] %f“‘ dt> (min) 600 dt> (min) 600
T Sotuton T (m?/s) 6.710° [T (m°/s) 6.2:107
I E Hantush-Jacob S () 1.3-10° S(-) 1.6-10°
M{{a/%) - ™ E %74355 meisec | Ks (m/s) Ks (m/S)
€ S R aEe [Sam) Ss (1/m)
E o1l I/ — e C (m°/Pa) C (m°/Pa)
v/ \] Co () Co()
/) x &0 £0)
0.01 ‘ v >
// Tare(M/s) Tare(M/s)
Sare(-) Sare(-)
Darr (-) Darr (-)
0.001 L L L
1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
ot cpn it dty (min) 200 C (m/Pa)
F oHIX38 dt> (mjn) 600 . Co (v)
| Pouerliodel Tr (m“/s) 6.7-10° E()
ul coon S () 13107
T Hantush-Jacob Ks (m/s)
o7 Ss (1/m)
. /// TaSese Comments:

Kz/Kr=1.

0.1

Recovery (m)

M o~ | Parameters
3 . ] T -6.178E-5 m2isec
) s
j ) "B =0.1853
H
+
i
“
.
:

b =1928m

1. 10.

L
100.
Agarwal Equivalent Time (min)

T
1000.

T
1.0E+4

The flow period is dominated by PRF during c. 200-600 min,
transitioning to PSF by the end. The recovery period also

shows PRF during c. 200-600 min, transitioning to PSF by the
end. The responses during the flow and recovery period
respectively are consistent. Initial WBS is indicated during both
periods in this long section.

The transient evaluation of the flow period is selected as
representative for the test.




Test Summary Sheet — Pumping borehole KLX21B

0.1 = T e AT

001 |

0.001

L L L L
0.1 1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

Project: PLU Test type: 1B
Area: Oskarshamn Test no: 1
Borehole ID: KLX21B Test start: 2007-03-11 13:37:00
Test section (m): 11.9- 858.8 Responsible for test | SKB field crew
execution:
Section diameter, 2-r, (m): 0.076 Responsible for test | GEOSIGMA AB
evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
o D4 Indata Indata
. Po (kPa)
7 . . L pi (kPa) c.70.2
;| po(kPa) 35.8 pr (kPa) 67.2
. 60 Q, (m%/s) 9.08-10
7 e Lt tp (Min) 10366 te_ (min) 5225
6| o, - S () S () 1.5-10°
= * 5 ECw (mS/m)
e —® 2 [Teu(C)
5 Derivative fact. Derivative fact. 0.1
I r (m) r (m)
— 20
4 — Results Results
— — L Q/s (m?/s) 2.6-10%
3 T °
07/03/09 07/03/11 07/03/13 07/03/15 07/03/17 07/03/19 07/03/21 07/03/23
date
Log-Log plot incl. derivates- flow period Tu (M°/s) 4.3-10"
Flow regime: Flow regime: WBS>PRF1
>PRF2?
dty (min) dt; (min) 1
dtz (min) dtz (min) 50
T (m?/s) T (m°/s) 4510
S () S ()
No pressure data Ks (M/s) Ks (M/s)
Ss (1/m) Ss (1/m)
C (m°/Pa) C (m°/Pa) 3.2:10°
Co (9) Co (1)
g() £ () 6.0
TGRF(m‘/s) TGRF(mZ/S)
Sare(-) Sare(-)
Darer (-) Darer (5)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
0. e e v dt: (min) 1 C (m7/Pa) 32107
3 o KLX21B dt> (min) 50 Co ()
fgn e Tr (m?/s) 4510"  [E() -6.0
10. Solution S* (') 1510-5
Dougherty-Babu KS (m/s)
- Parameters
A = | T -ooossmniec Ss (1/m)
£ g P M/\{ 1 Koot Comments:
> F = /| ] Sw =-5.955 T " B p
: Pt ol 1w -003308m After initial WBS a first PRF is developed between c. 1-50 min
8 A e fe) =0im

of equivalent time. After a transition period a second PRF is
weakly indicated between c. 300-1100 min. Alternatively, an
apparent no-flow boundary (NFB) may be assumed after c. 50

min.

The first PRF is assumed to represent the hydraulic properties
of the rock close to the borehole. The second PRF (or NFB) is
considered as representative of the rock conditions at a certain
distance from the borehole. The first PRF is selected as

representative for the test.




Test Summary Sheet — Observation borehole KLX07A:1

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX07A:1 Test start: 2007-03-11 13:37:00

Test section (m):

781.0-844.7

Responsible for SKB field crew

test execution:

Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Wiy e wenbee. Wil Wbk weides  wedw e | Indata Indata
ST WA WIS SR S SRS sRnm e | oo (kPa)
] — ~ — pi (kPa) 57.2
. | ! == po(kPa) 46.5 pr (kPa) 54.8
‘ 3
: o Qp (m’/s)
| | T [hmn te_(min)
. | . 5 () S°()
- ekl ¥
‘ ! ECy (mS/m)
\ ‘ Tew(°C)
. Aol e Derivative fact. 0.2 Derivative fact. | 0.2
1 m%‘w r (m) 449 r (m) 449
] HMT’F Results Results
| e e e e e e [Qfs (mPfs)
[EranT wmos01 czas oo | [TERvAL A resangs ] [STor oroani ozmizs ]
Log-Log plot incl. derivates- flow period Tu (M°/s)
0, T e e s Flow regime: PRF-PSF | Flow regime: | Transiion
F & Il dty (min) 1000 dty (min)
i T Tty dtz (min) 5000 dtz (min)
10. L 1 Semaniscod T (m?/s) 1.1-107 T (m?/s) 8.4-10”
; E FkarLe‘jr:.uoumwm2/sec S (‘) 841075 S (‘) 171074
i ,7: ZZKE;E:%SVS KS (m/S) Ks (m/S)
R — > e Ss (1/m) Ss (1/m)
5 g : C (m°/Pa) C (m°/Pa)
£ i 1 Co () Co ()
i £() £()
i \ 1 Tore(m?/s) Tere(m?/s)
. E Sare(-) Sare(-)
i 4 Darr (-) Darr (-)
0001 el Ll o
1. 10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o e GRS, ST e K0 dits (min) 1000 [C (m’/Pa)
F ] o dtz (min) 5000 Co (5)
i ] e Tr (m?/s) L1107 [E()
I 1 Semetizcos S(-) 8.4-10°
T E = P?ametj’;,usss m2sec Ks (m/S)
: o s TS ()
= [ ~ AN 100 e Comments:
R ; AV S The flow period is dominated by PRF transitioning to PSF by
3 g ;"g;" ‘: o the end. The recovery period is considered as very uncertain
r - :// / ] due to precipitation and tidal effects. A transition to a
r Jf / 7 possible PRF is indicated.
0.01 ] 3
/ f 7] The transient evaluation of the flow period is selected as
I [/ ] representative for the test. The transient evaluation of the
0.001 L N R Y A C recovery period is uncertain.
1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX07A:2

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLXO07A:2 Test start: 2007-03-11 13:37:00
Test section (m): 753.0-780.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
s S Indata Indata
ol po (kPa)
pi (kPa) 54.0
! ! e pp(kPa) 44.0 pr (kPa) 51.7
! m Q, (m%/s)
‘ ‘ -'---4‘--—-—-- t, (min) te (min)
i . s () s()
‘ ! ECy (mS/m)
' \ Tew(C)
‘ oA Derivative fact. 0.2 Derivative fact. [ 0.2
= \ Py [rm) 447 r (m) 447
] :::W i/
] Results Results
o S A S Qls (mi/s)
[STant wros01 oo | [WTERVAL: Allrenaings ] [Eror wroani czmizs |
Log-Log plot incl. derivates- flow period Tu (M°/s)
o e v o Flow regime: PRF-PSF | Flow regime: | Transiton
F < KLX07A2 dty (min) 1000 dty (min)
AgL\;i;iryMode\ dtz (min) 5000 dtz (min)
0T souon T (m?/s) 8.8.10° T (m?/s) 55107
" HantusirJacob S () 1.0-10" S () 1.8-10°
ﬁ% 1 e e | Ks (M/S) K (m/s)
AV s e [sam) S. (1/m)
T af i I C (m°Pa) C (m°/Pa)
g E 7] % \ 1 Co () Co ()
£() £()
al: Tore(m/s) Tore(m/s)
Sare(-) Sare(-)
| Darr (-) Darr (-)
0.001 SR i i
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o R dits (min) 1000 [C (m"/Pa)
1 ° KLX07A:2 dtz (min) 5000 Co (1)
] e Tr (m7/s) 88105 |&()
] soun S () 1.0-10°
" T T Ks (m/s)
?”LET:E’SSAQE-S m2/sec SS (1 /m)
B Rar 2 30001887 Comments:
£ o1 o cEm The flow period is dominated by PRF transitioning to PSF by
2 the end. The recovery period is considered as very uncertain
due to precipitation and tidal effects. A transition to a
001 L possible PRF is indicated.
The transient evaluation of the flow period is selected as
woor Ll oLl el representative for the test. The transient evaluation of the
10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)

recovery period is uncertain.




Test Summary Sheet — Observation borehole KLX07A:3

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX07A:3 Test start: 2007-03-11 13:37:00
Test section (m): 612.0-752.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
s S Indata Indata
ol po (kPa)
pi (kPa) 515
! ! e pp(kPa) 41.6 pr (kPa) 49.1
! m Q, (m%/s)
‘ -'---4‘--—-—-- tp (min) tr (min)
i . s () s()
' ‘ ! ECy (mS/m)
\ Tew(C)
‘ oA Derivative fact. 0.2 Derivative fact. [ 0.2
i \ ?w r (m) 455 r (m) 455
] Results Results
o S A S Qls (mi/s)
[STant wros01 oo | [WTERVAL: Allrenaings ] [Eror wroani czmizs |
Log-Log plot incl. derivates- flow period Tu (M°/s)
I ] oh ol Flow regime: PRF—PSF | Flow regime: | Transition
: o Kkxo7AS dt; (min) 1000 dt; (min)
Aautertiodel dt> (min) 5000 dtz (min)
R T (m?/s) 73107 T (m?/s) 52107
" Hantush-Jacob S () 1.0-107 S() 1.8:107
%3%&5 m2sec | Ks (M/S) Ks (m/s)
€ s ozais Ss (1/m) Ss (1/m)
§ o —1  +lom C (m°/Pa) C (m°/Pa)
z o] Co () Co ()
\ ] £() £()
0.01 \\ =
\\ E TGRF(m‘/s) TGRF(m‘/s)
A Sare(-) Sare(-)
Darr (-) Darr (-)
0.001 L L L
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o RS g i dt; (min) 1000 [C (m’/Pa)
3 oKxo7A3 dtz (min) 5000 Co ()
T Aaulerieds T1 (m°/s) 7.310°  [E ()
. s S (-) 1.0-10™
e K (i)
T -5157E5mlsec | Og (1/m)
€ B 000235 Comments:
g o b Hiom The flow period is dominated by PRF transitioning to PSF by
< the end. The recovery period is considered as very uncertain
due to precipitation and tidal effects. A transition to a
001 possible PRF is indicated.
The transient evaluation of the flow period is selected as
0.001 wl bl el representative for the test. The transient evaluation of the
10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)

recovery period is uncertain.




Test Summary Sheet — Observation borehole KLX07A:4

pumping borehole KLX21B)
2

m m
1000. 1.0E+4

Agarwal Equivalent Time (min)

m
1.0E+5

representative for th

e test.

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX07A:4 Test start: 2007-03-11 13:37:00
Test section (m): 457.0-611.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
s wnnons  wanions Indata Indata
" TR TR po (kPa)
e ' pi (kPa) 77.9
. J ! == pp(kP%) 56.6 pe (kPa) 77.0
! m Qp (m*/s)
' ‘ '——T-——- t, (min) tr (min)
. e e S (9) S (5)
¢ ‘ ! ECy (mS/m)
’ \ Tew(°C)
‘ oA Derivative fact. 0.2 Derivative fact. 0.2
. mmﬁw r (m) 504 r (m) 504
] | HMT’-F Results Results
o S A S Qls (mi/s)
[Erant w0301 czaso0 | [RTERVAL: Allreadings ] [STor wmoanr ozsrze |
Log-Log plot incl. derivates- flow period Tu (M°/s)
o R ot Flow regime: PRE-PSF | Flow regime: PRF=PSF
E - KLX07A4 dts (min) 200 dty (min) 300
e e odel dtz (min) 1000 dt2 (min) 1500
el Soluton T (m?/s) 12-10% [T (m%s) 8.4-107
h P~ e acod S 6210° [S() 8.3-10°
7 \q ‘\ P aTrame:ezvs,ooons m2sec | Ks (M/S) Ks (m/s)
g //// ] E/?? \\ 23K2§:1§35'5 Ss (1ém) Ss (1ém)
é 01 ¢ */u/ U" § ‘\ b -154.m C (m°/Pa) C (m°/Pa)
§  F/y EE N I Co (1) Co ()
b L £() £0)
0.01 [ e \
\\\ TGRF(m‘/s) TGRF(mZ/S)
\ Scre(-) Scre(-)
| \ Darr (-) Darer (-)
0,001 U—1—triiu L L —
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o oo dti (min) 200 [C(m’Pa)
E < KLX07A4 dtz (min) 1500 Co (5)
| At Moce Tr (m?/s) 12107 [€()
1 /’/r Solution S (') 6210-6
| /v o[ ()
| T —satoEsmZeec | Os (1/m)
£ e \ 7B 05006 Comments:
£ Mk ; A 6" isam A distinct response occurred in this observation section. Both
& // \ the flow and recovery period are dominated by PRF
\ transitioning to PSF by the end.
The transient evaluation of the flow period is selected as




Test Summary Sheet — Observation borehole KLX07A:5

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX07A:5 Test start: 2007-03-11 13:37:00
Test section (m): 333.0-456.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
s wnnons  wanions Indata Indata
" TR po (kPa)
pi (kPa) 80.7
! ! M pp(kPa) 63.5 pr (kPa ) 78.7
! m Q, (m%/s)
' ‘ -—T———- t, (min) tr (min)
. e e S (9) S (5)
¢ ‘ ! ECy (mS/m)
' \ Tew(°C)
‘ oA Derivative fact. 0.2 Derivative fact. 0.2
1 mmiw r (m) 585 r (m) 585
] HMT’F Results Results
o S A S Qls (mi/s)
[Erant w0301 czaso0 | [RTERVAL: Allreadings ] [STor wmoanr ozsrze |
Log-Log plot incl. derivates- flow period Tu (M°/s)
00, g B T e b S e Flow regime: PRF-PSF_| Flow regime: PRF-PSF
g ] Tems dts (min) 400 dts (min) 500
r ] e dt> (min) 1000 dt2 (min) 1000
0. L 1 s T (m?/s) 1.410" [T (m%s) 1.1-107
E E %.gggéﬁgsmzlsec S (-) 651076 S (') 851076
B e - LY 1T K i)
c - S (1/m) Ss (1/m)
£ F ! ] C (m“/Pa) C (m“/Pa)
LT s
7, TR 0 £0)
[ / // l E SERERN \\\ ] T 7 7
001 L / . l GRF(m /S) TGRF(m /S)
g [/ : I Sare(-) Scrr(-)
i } | ] Derr () Dorr ()
1. 10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o, e BERDETE, shsovalor e KXO7RS T dtr (min) 400 C (m*/Pa)
g ] s dtz (min) 1000 Co ()
] Tr (m?/s) 14107 [€()
T e S () 6.5-10°
1o. 1 T ez | Ks (M/S)
L= [Se(1/m)
= 10 Comments:
g .
g £ ] 7 A distinct response occurred in this observation section. Both
7 \} : ] the flow and recovery period are dominated by PRF
/ | transitioning to PSF by the end.
0.1 | == -
/r,/n/ s ] The transient evaluation of the flow period is selected as
e . representative for the test.
b 0, - 100. 000, 0B

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX07A:6

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX07A:6 Test start: 2007-03-11 13:37:00
Test section (m): 204.0-332.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
s S Indata Indata
" TR po (kPa)
: pi (kPa) 96.0
J‘ ! T po(kPa) 90.0 pe (kPa) 90.8
! m Q, (m%/s)
G ‘ ----J‘-—-—-—-... tp (min) te_(min)
. ., s () s°()
' ‘ ! ECy (mS/m)
\ Tew(°C)
‘ oA Derivative fact. 0.2 Derivative fact. 0.2
3 Results Results
o S L S S S Q/s (m?/s)
[Erant w0301 czaso0 ] [RTERVAL: Allreadings ] [E7or oroant oesies ]
Log-Log plot incl. derivates- flow period Tu (M°/s)
10 Interference testin KLX21B, observation borehole KLX07A:6 o FlOW regime: PRF—PSF FIOW I’egime: PSF
BT T T T T bs. Wells
F o KLX07A® dti (min) 1000 dti (min)
A{% dtz (min) 6000 dtz (min)
Soluton T (m?/s) 2.7.10% | T (m%s) 4310
" e I S () 55107 [S() 8.0-10°
g T -o0uuzees m2sec | Ks (M/S) Ks (m/s)
3 B ozi Ss (1/m) Ss (1/m)
I * %47/‘// fi E: T hem C (m’/Pa) C (m’/Pa)
; P : Co () Co (]
5 \ () &)
0.01 : \k Vs v
] Tere(m/s) Tere(m®/s)
1 Sare(-) Sarr(-)
Darr (-) Darer (-)
0.001 LLL L L e
10. 100. 1000. 1.0E+4 1.0E+5
Time (min]
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o R s oot dt; (min) 1000 [C (m7Pa)
« KLX07A% dtz (min) 6000 Co ()
uifer Mode 2 . -4
L\LQLWM del Tt (m°/s) 2.7 1075 E ()
Solution S () 5.5-10
1 F|Hanlush-Jacob KS (m/s)
arameters
T 00003 mlses | Os (1/m)
B Sy ITIeES Comments:
5 o4 Kz/Kr=1.
3 £ b =128.m
& The flow period is dominated by PRF transitioning to PSF by
the end. The recovery period is considered as very uncertain
001 due to precipitation and tidal effects. A transition to a
possible PSF is indicated.
The transient evaluation of the flow period is selected as
0.001

T
1000.

Agarwal Equivalent Time (min)

L L
1.0E+4

m
1.0E+5

representative for the test. The transient evaluation of the
recovery period is uncertain.




Test Summary Sheet — Observation borehole KLX07A:7 (pumplng borehole KLX21B)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX07A:7 Test start: 2007-03-11 13:37:00
Test section (m): 104.0-203.0 Responsible for SKB field crew
test execution:
Section diameter, 2-ry, (mM): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
: waurions s wanns weeis | Indata Indata
AR r ST i e e po (kPa)
~. ' pi (kPa) 98.6
! [ ™ po(kPa) 93.3 pr (kPa) 86.9
! m Qo (M°/s)
‘ ‘ "---4‘---—-—-« t, (min) te_(min)
o= \ S () S ()
, ‘ ! EC,, (mS/m)
\ Tew(C)
. oA Derivative fact. 0.2 Derivative fact. 0.2
i \ ?w r (m) 768 r (m) 768
4 Results Results
o S A S Q/s (m‘/s)
[STant wros01 oo | [WTERVAL: Allrenaings ] [Eror wroani czmizs |
Log-Log plot incl. derivates- flow period Tu (M?/s)
o ¢ ‘Inte;ri‘er‘e‘n‘c‘e‘ test i? KI‘_X‘Z‘H‘E!‘.Hobsen/‘atit‘)n‘bt‘)lze‘h‘t‘)le KL‘)<07‘A‘:7‘ v Flow regime: PRF—PSF | Flow regime:
- KLXO7A7 dty (min) 1000 dty (min)
Aasterliodel dtz (min) 6000 dtz (min)
Soluton T (m?/s) 25100 [T (m%s)
1 Hantush-Jacob S ) 5.1-10° S ()
%0002524 mZisec Ks (m/s) Ks (m/S)
£ B oas Ss (1/m) Ss (1/m)
§ oo K-t C (m°/Pa) C (m°/Pa)
5 Co (1) Co ()
g() ()
0.01 |
: Tare(m?/s) Tare(M?/s)
Sare(-) Sarr(-)
‘ Darer () Darer (-)
0.001 e ool
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
10 Interference test in KLX21B, observation borehole KLX07A:7 dt1 (mm) 1000 C (md/Pa)
CE T TTTTITITT T T TTTTE Obs. Wells -
E 1 - kLxo7a7 | Atz (Min) 6000 Co (1)
i 1 Tt (m°/s) 2510% [E ()
- 8 S(5) 5.1:10°
1.k . Ks (m/s)
i 1 Ss (1/m)
[ ] Comments:
£ r 4
§ 0.1 £ 3 The flow period is dominated by PRF transitioning to PSF by
k: F ] the end. The recovery period is considered as very uncertain
r 1 due to an instrumental failure.
oo E ki E The transient evaluation of the flow period is selected as
. 9 I ] representative for the test. No unambiguous transient
| i , evaluation could be made on the recovery period.
0.001 L L ol
10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX07A:8

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX07A:8 Test start: 2007-03-11 13:37:00
Test section (m): 11.8-103.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
s wnnons  wanions Indata Indata
B T po (kPa)
pi (kPa) 106.2
! ! e pp(kPa) 102.5 pr (kPa ) 101.5
! m Q, (m%/s)
' ‘ -—T———- t, (min) tr (min)
. e e S (9) S (1)
¢ ‘ ! ECy (mS/m)
' \ Tew(°C)
. ‘..J,w " , Derivative fact. 0.3 Derivative fact. 0.2
1 mmiw r (m) 855 r (m) 855
] HMT’F Results Results
o P A S Qls (mi/s)
[EranT wmos01 czas oo | [NTERVAL: Allveadings ] [STor oroani ozmizs ]
Log-Log plot incl. derivates- flow period Tu (M°/s)
o e v Flow regime: PRE-PSF_| Flow regime:
E E - KLX07A8 dty (min) 1000 dty (min)
Aasterodel dt> (min) 5000 dt2 (min)
Soluton T (m?/s) 1.410% [T (m%s)
T 1 Hanushuacod S () 65107 S ()
M" %000143 messee | Ks (M/s) Ks (m/s)
3 1 i e Ss (1/m) Ss (1/m)
§ o At |t C (mPa) C (m%/Pa)
i 1| o Co () Co ()
g0 &0 £0)
001 : \‘\ 8
£ . ‘\\ 3 TGRF(m‘/s) TGRF(mZ/S)
V] Scre(-) Scre(-)
S Vo Darr (-) Darer (-)
0.001 T
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Lin-Log plot incl. derivatives- recovery period Selected representative parameters.
08 ‘Int?rf?r‘e‘n‘c‘e“ testir‘1 KI‘_X‘2‘1 l‘B‘ ‘L‘)bserv‘ati?n‘b?r‘eﬁ?le KL‘XO7‘A‘:8‘ - dt1 (mm) 1000 C (md/Pa)
oL 1 %Sems | dtz (min) 5000 Co ()
- : Tr (m%/s) 14107 [E()
" 7 S () 6.5-10°
06 | | Ks (m/s)
| , Ss (1/m)
- . Comments:
= 0.4
= I ] The flow period is dominated by PRF transitioning to PSF by
§ L , the end. The recovery period is considered as very uncertain
o2 due to precipitation and tidal effects.
L i The transient evaluation of the flow period is selected as
0. representative for the test. No unambiguous transient
L \ W ] evaluation could be made on the recovery period.
0.2 L L1l Ll L1ill B ] | R
10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX07B:1

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX07B:1 Test start: 2007-03-11 13:37:00
Test section (m): 95.0-200.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
i Indata Indata
Po (kPa)
E pi (kPa) 101.4
y pp(kPi) 97.2 pe (kPa) 95.2
4 Qp (M°/s)
~ MM t, (min) t (min)
N TG 50
] ECw (mS/m)
Tew(°C)
. s SRS RS . i Derivative fact. 0.2 Derivative fact. 0.2
r (m) 830 r (m) 830
| IR _ ; Results Results
.n:rAr: o7/ uu:sou::»:oo - [NTERVAL: All readings - | ’ [sr;r ‘e;:uo mwfﬁ?‘w ] Q/S (mZ/S)
Log-Log plot incl. derivates- flow period Tu (M?/s)
o ¢ ‘Inn‘erf‘er‘e:c‘e‘testin KI‘.X21B, observation‘bore‘r‘\ole KL‘><07‘B‘:1‘ o e Flow regime: PRF—-PSF | Flow regime:
F e KLX07B:1 dt; (min) 1000 dty (min)
A{% dtz (min) 5000 dtz (min)
Solutn T (m?/s) 16107 [T (m%s)
1 E PHanIush—Jacob S () 6.7-10° S )
] aTrLeLEEOOONa% m2sec | Ks (M/S) Ks (m/s)
Wﬁ SonE S (1m) Ss (1/m)
§ ot TEE S s C (m°/Pa) C (m°/Pa)
g Y Co () Co ()
() € ()
0.01
\‘\\ TGRF(m‘/s) TGRF(mZ/S)
“\ Sare(-) Sarr(-)
Darer (-) Darr (-)
0.001 L Ll Ll — L
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Lin-Log plot incl. derivatives- recovery period Selected representative parameters.
08 Interference test in KLX21B, observation borehole KLX07B:1 dt1 (mm) 1 000 C (md/Pa)
s A R R R B Sieres | dta (min) 5000 Co ()
: : Tr (m%/s) 16107 [ ()
06 [ ] S () 6.7-10°
L ] Ks (m/s)
r ] Ss (1/m)
04 - ] Comments:
£ = 4
g 02l ] The flow period is dominated by PRF transitioning to PSF by
g r ] the end. The recovery period is considered as very uncertain
= r - ] due to precipitation and tidal effects.
0. E - [
- e ¥ 8 The transient evaluation of the flow period is selected as
oz B G ik ] representative for the test. No unambiguous transient
L BT 1 1 evaluation could be made on the recovery period.
O/ IR R ST ST R
1. 10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX07B:2

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX07B:2 Test start: 2007-03-11 13:37:00
Test section (m): 9.6-94.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
i Indata Indata
po (kPa)
E pi (kPa) 105.4
y pp(kPi) 102.1 pe (kPa) 100.1
4 Qp (M°/s)
~ MM t, (min) t (min)
A’W"”VWV“MMW S () S ()
] ECw (mS/m)
Tew(°C)
. s SRS RS . i Derivative fact. 0.2 Derivative fact. 0.2
r(m) 875 r (m) 875
| IR _ ; Results Results
.n:rAr: 07) uu:sou::»:oo . [INTERVAL: Al readings | [sr;r ‘e;:uo ;:59;?1‘:?-141 ] Q/S (mZ/S)
Log-Log plot incl. derivates- flow period Tu (M?/s)
o e Flow regime: PRF-PSF | Flow regime:
g o Kixo7B2 dty (min) 1000 dty (min)
A{% dtz (min) 5000 dtz (min)
Solutn T (m?/s) 12-10" [T (m%s)
1 E Hantush-Jacob S () 6.4-10° S )
] P?amefsoomzss m2sec | Ks (M/S) Ks (m/s)
€ %@g 1o e[S (tm) Ss (1/m)
§ ot Y 2 = I A C (m°/Pa) C (m°/Pa)
g A o Co () Co ()
AT £() £0)
0.01 \“
\ TGRF(mZ/s) TGRF(mZ/S)
Sare(-) Sarr(-)
“ Darr (-) Darr (-)
0.001 L Ll L .
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Lin-Log plot incl. derivatives- recovery period Selected representative parameters.
06 Interference test in KLX21B, observation borehole KLX07B:2 dt1 (mm) 1 000 C (md/Pa)
T T T dt2 (min) 5000 Co ()
i 1 Tr (m%/s) 12107 [€()
oal ] S () 6.4-10°
L J Ks (m/s)
r ] Ss (1/m)
i ] Comments:
z 0.2
§ - . The flow period is dominated by PRF transitioning to PSF by
S L i i the end. The recovery period is considered as very uncertain
s oo i ;:%ﬁéﬁm ] due to precipitation and tidal effects.
l ] The transient evaluation of the flow period is selected as
0.2 representative for the test. No unambiguous transient
L . evaluation could be made on the recovery period.
-0.4 L L L e L
1. 10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole HLX22 (pumping borehole KLX21B)

Project: PLU Test type: 2
Area: Oskarshamn Test no: 1
Borehole ID: HLX22 Test start: 2007-03-11 13:37:00
Test section (m): 9.0-163.2 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.138 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
i Indata Indata
Po (kPa)
pi (kPa) 69.9
i 3 po(kPa) 58.8 pr (kPa) 68.5
Q, (m%/s)
| | tp (min) tr (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.3 Derivative fact. 0.3
T r (m) 581 r (m) 581
: ‘ Results Results
s ) = . |Qls (m7s)
Log-Log plot incl. derivates- flow period Tu (M?/s)
o TR ORE S T e Flow regime: PRE-PSF_| Flow regime: | PSF
F ToHixez dt; (min) 2000 dty (min)
A{% dtz (min) 5000 dtz (min)
Soluion T (m?/s) 2.010" [T (m%s) 8.8.107
" Hantush acab S() 1.810° |S() 1.4-10°
P?amefsoomeee m2sec | Ks (M/S) Ks (m/s)
£ B losos Ss (1/m) Ss (1/m)
§ o K e C (m°/Pa) C (m°/Pa)
5 Co (5 Co ()
&) &)
0.01 |- f =
i \ 3 Tare(m?/s) Tare(M?/s)
- VA Sarr(-) Sarr(-)
4] Darer (-) Darer (-)
0.001 Lu L L LLbin
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o e oout dt: (min) 2000 | C (m’/Pa)
E ToHXe2 dtz (min) 5000 Co ()
bt Vo Tr (m%/s) 2010 [E ()
) Solution S () 1.8-107
| e [l
T -ss0tEsm2sec | Os (1/m)
£ B oaese Comments:
3 04 Kz/Kr=1.
3 £ b =154.m
& F The flow period is dominated by PRF transitioning to PSF by
the end. During the recovery period a transition to PSF is
001 | indicated.
The transient evaluation of the flow period is selected as
o N ol representative for the test. The transient evaluation of the
10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)

recovery period is uncertain.




Test Summary Sheet — Observation borehole KLX12A:4

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX12A:4 Test start: 2007-03-11 13:37:00
Test section (m): 386.0-425.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
. Indata Indata
po (kPa)
pi (kPa) 100.1
po(kPa) 96.8 pr (kPa) 96.1
Q, (m%/s)
tp (min) tr (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.2 Derivative fact.
r (m) 864 r (m) 864
Results Results
A A Q/s (m?/s)
[EiA"T srozor soouoa ] [RTERVAL Allvoadings ] [E75F sroarn zmven ]
Log-Log plot incl. derivates- flow period Tu (M?/s)
o e ooato Flow regime: PSF Flow regime:
F 2 KLX12A:4 dt1 (mln) dt1 (mln)
AgL:i;iryMode\ dtx (min) dtz (min)
Solon T (m?/s) 1.510° [T (m%s)
T Hantush-Jacob S(-) 2.9.107 S(-)
P?’ame{j:s.zsszE-s m2/sec Ks (m/s) Ks (m/s)
3 B omer Ss (1/m) Ss (1/m)
5 ork AT C (m°/Pa) C (m°/Pa)
g0 Co () Co (3)
&0 &)
001 : z 2
E o= TGRF(m /S) TGRF(m /S)
Sarr(-) Sarr(-)
[ \ Darr () Darr (-)
0.001 s bl SN L
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Lin-Log plot incl. derivatives- recovery period Selected representative parameters.
) Interference test in KLX21B, observation borehole KLX12A:4 dt1 (mm) C (md/Pa)
N R D B 3 dtz (min) Co ()
i ] Tr (m%/s) 15107 [e()
sl 1 S() 2.9-10°
L , Ks (m/s)
r ] Ss (1/m)
i 1 Comments:
— 1.
£ L 4
§ - . The flow period is dominated by a transition to PSF by the
S L i end. The responses during both the flow and recovery period
© o i il are considered as very uncertain due to precipitation and tidal
F . effects.
0 ST J&X T 1 The transient evaluation of the flow period is selected as
L . 1 representative for the test. No unambiguous transient
r § ] evaluation could be made on the recovery period.
-0'510. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX12A:6

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX12A:6 Test start: 2007-03-11 13:37:00
Test section (m): 160.0-290.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
w . Indata Indata
Po (kPa)
pi (kPa) 99.9
po(kPa) 94.6 pe (kPa) 95.3
Q, (m%/s)
tp (min) tr (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.2 Derivative fact. 0.2
r (m) 863 r (m) 863
Results Results
Mrakga i Sl s i : Q/s (m?/s)
[sTegT orvzanr soon0e ] [INTERVAL: All roadings ] [576P 0ripans zaseisa ]
Log-Log plot incl. derivates- flow period Tu (M?/s)
L e L S R Flow regime: PRFPSF_| Flow regime:
F "o KLxi2as dt; (min) 2000 dty (min)
Aadtertiocel dt> (min) 4000 dt2 (min)
Soluon T (m?/s) 4.8-10° | T (m%s)
T Hantush-Jacob S (1) 45107 S (1)
%Mﬂz—s msec | Ks (M/S) Ks (m/s)
s [S (1m) S (1/m)
g o IS C (m°/Pa) C (m*/Pa)
5 Co () Co (1)
€ () ()
0.01 =
F TGRF(m‘/s) TGRF(mZ/S)
Sarr(-) Sarr(-)
\ Darr (-) Darer (-)
0.001 L L Lo o
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
. ‘Ime‘rf‘er‘e?‘ci test ir: KI‘_><‘2‘1‘B‘,‘?bserv‘atio‘n‘b‘or‘e‘r‘]‘ole KL‘X12‘A‘:6‘ . - dt1 (mm) 2000 C (md/Pa)
g : 1 “kixizas | dtz (min) 4000 Co ()
i Lk gg ] Tr (m%/s) 48107 [e()
i N i [ 1 S (9) 4.510°
01 E il = :f e Ks (m/s)
F ' %g ] Ss (1/m)
i wE 1 Comments:
g 00t E ;: E The flow period is dominated by a short PRF transitioning to
3 i ¥ ] PSF by the end. The recovery period is considered as very
i ] uncertain due to precipitation and tidal effects.
oo g E The transient evaluation of the flow period is selected as
r ] representative for the test. No unambiguous transient
r 1 evaluation could be made on the recovery period.

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX12A:7

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX12A:7 Test start: 2007-03-11 13:37:00
Test section (m): 142.0-159.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
. Indata Indata
Po (kPa)
pi (kPa) 107.8
po(kPa) 104.2 pe (kPa) 103.9
Q, (m%/s)
tp (min) tr (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.2 Derivative fact. 0.2
r (m) 874 r(m) 874
Results Results
A A Q/s (m?/s)
[EiA"T srozor soouoa ] | T — [FoF oroanzmmeen ]
Log-Log plot incl. derivates- flow period Tu (M?/s)
o e e S Flow regime: PRF-PSF | Fiow regime:
E - KLX12A7 dty (min) 2000 dt; (min)
Aastertiodel dt> (min) 4000 dt2 (min)
" Soluion T (m?/s) 6.3-10° [T (m%/s)
T S () 8.410°_|S()
;o L iipegniee | Lalms) Lo lmis)
e Tk 7B =1554 Ss (1/m) Ss (1/m)
g AT, C (m°/Pa) C (m°/Pa)
5 oot — Co () Co @)
f £() £ ()
0.001 “\‘ TGRF(m‘/s) TGRF(mZ/S)
g \ Sare(-) Sare(-)
I | 7 Darr (-) Darer (-)
1.0E-4 L1t L TRAS N Y] S T
1. 10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Lin-Log plot incl. derivatives- recovery period Selected representative parameters.
08 Interference test in KLX21B, observation borehole KLX12A:7 dt1 (mln) 2000 C (md/Pa)
ST T T T T T T T TIITTTTTTT Obs, Wells - .
-kixizaz | dte (Min) 4000 Co ()
i 1 Tr (m%/s) 63107 [E ()
sk 1 S() 8.4-10°
3 1 Ks (m/s)
L ] Ss (1/m)
r 1 Comments:
g ¥ 1
§’ L ] The flow period is dominated by a short PRF transitioning to
& 0zl i PSF by the end. The recovery period is considered as very
H . uncertain due to precipitation and tidal effects.
ol ] The transient evaluation of the flow period is selected as
3 e . representative for the test. No unambiguous transient
i ] evaluation could be made on the recovery period.
-0.2 L1 111l N \*\\\HH N
10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX12A:8

pumping borehole KLX21B)
2

0.001

1.0E-4

I
10. 100.

L
1000.
Agarwal Equivalent Time (min)

m
1.0E+4

m
1.0E+5

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX12A:8 Test start: 2007-03-11 13:37:00
Test section (m): 104.0-141.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
o . Indata Indata
po (kPa)
pi (kPa) 104.3
po(kPa) 98.7 pr (kPa) 100.3
Q, (m%/s)
tp (min) tr (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.2 Derivative fact. 0.2
r (m) 880 r (m) 880
Results Results
R T T Q/s (m7/s)
[EraRT vzt svonon ] | e ] [E7cF oroarszasesa ]
Log-Log plot incl. derivates- flow period Tu (M?/s)
0. ¢ ‘In\?ri‘er‘e‘n‘c‘e‘testir‘u KI‘_><‘2‘1‘B‘,‘t‘)bserv‘ah?n‘bt‘)l;e‘h‘t‘)le KL‘><1?A‘:B‘ one ol FlOW regime: PRF—PSF FIOW I’egime: Transition
F o KLX12A8 dty (min) 2000 dty (min)
v dtz (min) 5000 dtz (min)
Soluton T (m“/s) 1.410% [T (m%s) 22107
h —— _Henushacod S() 6.410° S () 2.1-10°
%000138 m2sec | Ks (M/S) Ks (m/s)
3 B 05097 Ss (1/m) Ss (1/m)
§ ot 1 C (m°/Pa) C (m°/Pa)
s \ Co () Co (1)
\ ] £ () £ ()
0.01 \ =
Tere(m?/s) Tare(M?/s)
Sare(-) Sarr(-)
| Darer (-) Darer (-)
0.001 L L L L
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
e O e oo dty (min) 2000 [ C (m’/Pa)
P 1 ekixizas dtz (min) 5000 Co ()
T e Tr (m*s) 14107 [&()
o Soluon S() 6.4-10°
K]
_ L ogmemeientie | Ss (1/M)
\; zZK(:?.004194 Comments:
g oot b Za7m

The flow period is dominated by PRF transitioning to PSF by
the end. The recovery period is considered as very uncertain
due to precipitation and tidal effects. A transition to a
possible PRF is indicated.

The transient evaluation of the flow period is selected as
representative for the test. The transient evaluation of the
recovery period is uncertain.




Test Summary Sheet — Observation borehole KLX12A:9

pumping borehole KLX21B)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX12A:9 Test start: 2007-03-11 13:37:00
Test section (m): 17.9-103.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
w . Indata Indata
po (kPa)
pi (kPa) 107.7
po(kPa) 102.8 pr (kPa) 103.9
Q, (m%/s)
tp (min) tr (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.2 Derivative fact. 0.2
r (m) 900 r (m) 900
Results Results
i = 5w Q/s (m7/s)
[EiA"T srozor soouoa ] [RTERVAL Allvoadings ] [E75F sroarn zmven ]
Log-Log plot incl. derivates- flow period Tu (M?/s)
o P RS, S R Flow regime: PRFPSF | Flow regime: | Transiton
E = KLX12A:9 dt1 (min) 2000 dt1 (min)
Aastertiodel dtz (min) 5000 dt2 (min)
Soluion T (m?/s) 75107 [T (m%s) 1.2:107
" D S () 55107 [S() 23107
i 1 P?amef;s.ztséuz—s e | Ks (M/8) Ks (m/s)
E o Ss (1/m) Ss (1/m)
§ o S C (m°/Pa) C (m°/Pa)
5 \ Co () Co ()
&() & ()
0.01 | -
F \ TGRF(m‘/s) TGRF(mZ/S)
\ Sarr(-) Sarr(-)
Darer (+) Darer (-)
0.001 L L L e
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
et oms dty (min) 2000 [ C (m“/Pa)
T2 oKuxizag dtz (min) 5000 Co ()
Aauter o Tr (m%/s) 75107 [e()
N Soluion S(-) 5.5-10°
: e[ (i)
TT =ooooti7mlses | Sg (1/m)
—_ S =0.0002329
\; [gm:?:mns Comments:
g oo b _gb.m
€ The flow period is dominated by PRF transitioning to PSF by
| the end. The recovery period is considered as very uncertain
0001 £ “f‘n‘,‘ due to precipitation and tidal effects. A transition to a
i possible PRF is indicated.
1,084 bl The transient evaluation of the flow period is selected as

I
100.

1000.
Agarwal Equivalent Time (min)

L L
1.0E+4

m
1.0E+5

representative for the test. The transient evaluation of the
recovery period is uncertain.




Test Summary Sheet — Observation borehole KLX05:5 (pumpmg borehole KLX21B)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX05:5 Test start: 2007-03-11 13:37:00
Test section (m): 361.0-500.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
po (kPa)
E pi (kPa) 103.0
- PV pp(kP%) 96.2 pr (kPa ) 98.9
“ NV Qp (m%/s)
]‘NV\ tp (Min) te_(min)
=1 v } 3 S () S ()
T N T ECw (mS/m)
v w
AN 2 5)‘:?@1‘;&{:?“ A ALV Derivative fact. 0.2 Derivative fact. 0.2
WY W Wy ' F r (m) 964 r (m) 964
o : Results Results
e e ey | Ys (M)
Log-Log plot incl. derivates- flow period Tu (M°/s)
10 o ‘Inl‘erje‘r??f:‘e Iest:n K‘L>‘<2‘1‘B“Hobser‘vaﬁ‘or:b‘o‘r‘e‘r:ole KL‘XO‘S:‘S‘ o - FlOW regime: PRF—PSF FIOW I’egime: Transition
g “KLX055 dty (min) 2000 dty (min)
W dtz (min) 5000 dtz (min)
Solton T (m°/s) 7.0-10° [T (m%s) 1.7-10°*
" S R S() 3.010° [S() 1.0-10°
T -70ssesmisec | Ks (M/S) Ks (m/s)
3 4 Y Ss (1/m) Ss (1/m)
§ oo /g Y N C (m’/Pa) C (m’/Pa)
s ; 220\ Co () Co (-)
* 1) £() £0)
0.01 . - * > >
q“’ \ Tare(M/s) Tare(M/s)
' Sare(-) Sare(-)
\ Darr (-) Darr (-)
0.001 L L L e
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
0. ¢ Int‘er‘le‘r‘s?‘c‘s testin KLX21B, observation borehole KLX05:5 e el dt1 (mln) 2000 C (md/Pa)
E - KLX055 dtz (min) 5000 Co (1)
e loce! Tt (m?/s) 7.0-10°  [E ()
N Solution S (') 301075
e K ()
g 1 1 -ooootessmZsec | Sg (1/m)
S =0.0001042
/B =0.0008165 Comments:

0.1

Kz/Kr=1.

Recovery (m)

b =139.m

I
100.

LI
1000. 1

Agarwal Equivalent Time (min)

m Lo
.OE+4 1.0E+5

The flow period is dominated by PRF transitioning to PSF by
the end. The recovery period is considered as very uncertain
due to precipitation and tidal effects. A transition to a
possible PRF is indicated.

The transient evaluation of the flow period is selected as
representative for the test. The transient evaluation of the
recovery period is uncertain.




Test Summary Sheet — Observation borehole KLX05:6 (pumpmg borehole KLX21B)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX05:6 Test start: 2007-03-11 13:37:00
Test section (m): 256.0-360.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
po (kPa)
pi (kPa) 100.7
j iV pp(kPa) 98.1 or (kPa) 97.0
~ WVV Qo (m/s)
]‘NV\ tp (Min) te_(min)
= X SO o ()
Ty 2 w (MS/m
Ao Y r:?}";&ﬁ‘rﬂ ANV Derivative fact. 0.2 Derivative fact. 0.2
WY i VY v r (m) 926 r (m) 926
o : Results Results
| aow:x;m ] [nTERVAL: Al ivadings - ]M [ETor oroenn ﬂ')_ﬁ.:l‘:j:'a" ] Q/S (mz/s)
Log-Log plot incl. derivates- flow period Tu (M°/s)
0. T T eremy oo, wots Flow regime: PSF Flow regime:
F T oKLX0556 dts (min) dty (min)
Aautertioael dt> (min) dtz (min)
Solton T (m°/s) 1.2:10° [T (m%s)
T Hantush-Jacob S () 22.10° S ()
%2355—5 msec | Ks (M/S) Ks (m/s)
BT [Ss(m) S, (i/m)
g o b oam C (m°/Pa) C (m°/Pa)
g u Co () Co (1)
ey 0 )
0.01 >
E ‘ Tare(M?/s) Tare(m/s)
Sare(-) Sare(-)
s‘ Darr () Darr (-)
0.001 L b e
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Lin-Log plot incl. derivatives- recovery period Selected representative parameters.
06 Interference test in KLX21B, observation borehole KLX05:6 dt1 (mm) C (md/Pa)
ST TTTTTT T T T T T T T TTTTT Obs, Wells : .
-Kxoss | Atz (Min) Co ()
i 1 T1 (m°/s) 1.2:10°  [E ()
04 S() 2.2-10°
L i Ks (m/s)
ool 1 Ss (1/m)
L i Comments:
E
§ o . The flow period is dominated by a transition to PSF by the
c‘% r i end. The responses during both the flow and recovery period
- . are considered as very uncertain due to precipitation and tidal
02r ] effects.
04 The transient evaluation of the flow period is selected as
i ] representative for the test. No unambiguous transient
- L L N evaluation could be made on the recovery period.
-0.610. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX05:7 (pumpmg borehole KLX21B)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX05:7 Test start: 2007-03-11 13:37:00
Test section (m): 241.0-255.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
Po (kPa)
pi (kPa) 100.8
j iV pp(kPa) 96.7 or (kPa) 96.4
~ WVV Qo (m/s)
]‘NV\ tp (Min) te_(min)
o A X SO o S0
Ty 2 w (MS/m
A y ‘;'nj‘ﬁw :ﬁwﬁwt‘ﬂm Tew(’C)
Ao Y i;,'g;;&ﬁfh ANV Derivative fact. 0.2 Derivative fact. 0.2
WY i VY v r (m) 913 r (m) 913
o : Results Results
| s ] [FrervaL Al v - ]M [For w.u,mg_ﬁ.:jﬂv ] Q/s (mz/s)
Log-Log plot incl. derivates- flow period Tu (M°/s)
o e ovat Flow regime: PRE-PSF_| Flow regime:
o KLX057 dts (min) 2000 dty (min)
Aasterlodel dtz (min) 4000 dtz (min)
Soution T (m°/s) 4.0-10° [T (m%s)
T Hantush-Jacob S () 4.2-107 S ()
P?’amefras.eestz-s m2sec | Ks (M/8) Ks (m/s)
E B vess Ss (1/m) Ss (1/m)
T ; =t C (m°/Pa) C (m°/Pa)
g0 \ Co () Co ()
o ,q [ \ £() €()
0.01 : : \\ ™ ™
: \\ Tare(M/s) Tare(M/s)
; \ Sare(-) Sare(-)
“‘ Darr (-) Darer (-)
0.001 L 2ainle SN e
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Lin-Log plot incl. derivatives- recovery period Selected representative parameters.
08 Interference test in KLX21B, observation borehole KLX05:7 dt1 (mm) 2000 C (md/Pa)
R R T B R dtz (min) 4000 Co ()
s KLX05:7
i 1 T1 (m°/s) 4.010°  |E(-)
0s S () 4.2:10°
L i Ks (m/s)
oal 1 Ss (1/m)
L i Comments:
E
§ o2 The flow period is dominated by a short PRF transitioning to
c‘% r i PSF by the end. The recovery period is considered as very
ol . uncertain due to precipitation and tidal effects.
. . .
i ] The transient evaluation of the flow period is selected as
02 representative for the test. No unambiguous transient
i ] evaluation could be made on the recovery period.
0.4 L LU el e
10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX05:8 (pumpmg borehole KLX21B)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX05:8 Test start: 2007-03-11 13:37:00
Test section (m): 220.0-240.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
Po (kPa)
E pi (kPa) 102.0
a1 b pp(kPa) 96,2 pr (kPa) 97.7
-~ WV Q, (m7s)
“. g '\ tp (min) te_ (min)
=1 v 3 S () S ()
T S T ECw (mS/m)
S, Vi w
AN 2 5)‘:?@1‘;&{:?“ A ALV Derivative fact. 0.2 Derivative fact. 0.2
- WY i Wy ' F r (m) 910 r (m) 910
N . : Results Results
e e e | s (M)
Log-Log plot incl. derivates- flow period Tu (M°/s)
10 Interference test in KLX21B, observation borehole KLX05:8 FlOW regime: PRF—PSF FIOW I’egime:
A IR R D Obs. Wells
- KLX05:8 dty (min) 2000 dty (min)
A{W dtz (min) 4000 dt2 (min)
Soution T (m°/s) 4.0-10° [T (m%s)
T Hantush-Jacob S () 4.2-107 S ()
Parameters
T -402Esmeec | Ks (M/S) Ks (m/s)
€ B ree Ss (1/m) Ss (1/m)
§ oo K=t C (m°/Pa) C (m°/Pa)
Co () Co (1)
o e E.y (') & (')
0.01 i ud]m z >
e Tare(M/s) Tare(M/s)
/ Sare(-) Sare(-)
Darr (-) Darer (-)
0.001 L Lt . SN . SEEN
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Lin-Log plot incl. derivatives- recovery period Selected representative parameters.
Interference testin KLX21B, observation borehole KLX05:8 dt4 (mm) 2000 [ (md/Pa)
0.8 [T T T Ops Wells -
r 1 " kixoss LOf2 (mzln) 4000 Co (v)
i 1 Tt (M“/s) 4.010°  |E(-)
06 - 1 S () 4.2-10°
i . Ks (m/s)
H - Ss (1/m)
04T 1 Comments:
B [ ]
§ o2l ] The flow period is dominated by a short PRF transitioning to
5 r 51~ ] PSF by the end. The recovery period is considered as very
C . E ] uncertain due to precipitation and tidal effects.
0. r v CRE %uwv ﬁ%’ i
L e R ] The transient evaluation of the flow period is selected as
o2l by ] representative for the test. No unambiguous transient
[ & ] evaluation could be made on the recovery period.
|- tt -
1. 10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)




Test Summary Sheet — Observation borehole KLX05:9 (pumpmg borehole KLX21B)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX05:9 Test start: 2007-03-11 13:37:00
Test section (m): 128.0-219.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
Po (kPa)
pi (kPa) 102.1
j iV pp(kPa) 96.2 or (kPa) 97.7
~ WVV Qo (m/s)
]‘NV\ tp (Min) te_(min)
| v 3 3 EC(-)( S S ()
Ty % w (MS/m
Ao Y i;,'g;;&ﬁfh ANV Derivative fact. 0.2 Derivative fact. 0.2
W i WY T r (m) 904 r (m) 904
o : Results Results
[sramt mmwm;m | [FTERvAL: ATl roadgs - ]M e w.u,mg_ﬁ.:jﬂv ] Qs (mz/s)
Log-Log plot incl. derivates- flow period Tu (M°/s)
0. - Im‘er‘fe‘r(‘e?‘c‘e testin KLX21B, observah‘on b‘o‘re‘hole KLXOS:? - one el FlOW regime: PRF—PSF FIOW I’egime: Transition
g 1 okiose dts (min) 2000 dty (min)
Aaufer Model dtz (min) 5000 dt2 (min)
Sotrion T (m%s) 6.3-10° [T (m%s) 9.7-10°7
" T4 Hantushiacob S () 42:10° |S () 1.7-10°*
1 %2%—5 m2ssec | Ks (M/S) Ks (m/s)
£ 1 e Tiame [ Ss(1/m) Ss (1/m)
£ oL | pewer C (m°/Pa) C (m°/Pa)
£ g 1 Co () Co ()
] € () ()
00t 3 Tgre(m°/s) Tore(m?/s)
(. Scre(-) Screr(-)
. Darr (-) Darr (-)
0.001 o L L L
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
L T dts (min) 2000 [ C (m’/Pa)
F o KLX05:9 dtz (min) 5000 Co ()
e oge Tt (m%/s) 6.3-10°  [E ()
1 Souton S() 4.2:10°
| T e [ (i)
] T -er19Esm2eec | Os (1/m)
£ o Zoows | Comments:
g o » b g m
H . The flow period is dominated by PRF transitioning to PSF by
the end. The recovery period is considered as very uncertain
001 due to precipitation and tidal effects. A transition to a
possible PRF is indicated.
0001 o e The transient evaluation of the flow period is selected as

I
100.

1000.

Agarwal Equivalent Time (min)

L
1.0E+4

L
1.0E+5

representative for the test. The transient evaluation of the
recovery period is uncertain.




Test Summary Sheet — Observation borehole KLX05:10 ( umpmg borehole KLX21B)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX05:10 Test start: 2007-03-11 13:37:00
Test section (m): 15.0-127.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
Po (kPa)
pi (kPa) 103.3
} iV po(kPa) 96.2 pr (kPa ) 98.8
- WV Qp (ms)
]‘NV\ tp (min) te_(min)
=1 v } 3 EC(-)( S S ()
w0 T .zwi | w (MS/m
AN 2 %Sg,‘;&ﬁfh A ALV Derivative fact. 0.2 Derivative fact. 0.2
- i W VY v r (m) 904 r (m) 904
N . : Results Results
[sramt mmwm;m | [FTERvAL: ATl roadgs - ]M e w.u,mg_ﬁ.:jﬂv ] Qs (mz/s)
Log-Log plot incl. derivates- flow period Tu (M°/s)
0. — Ir‘m‘ar‘lt‘a‘r‘e‘ncet‘es( i‘n KLX21B, observation l‘)o‘re?t‘)l‘eulfLXO‘S:TO‘ one. el FlOW regime: PRF—PSF FIOW I’egime: Transition
F L KLX05:10 dty (min) 2000 dt; (min)
A{W dtz (min) 5000 dtz (min)
Solution T (m?/s) 7.6-10° | T (m?/s) 1.9-10*
" ————=  Fanushuacob S () 3.410°  [S() 1.3-10°
P?’amefr:.smz-s m2sec | Ks (M/8) Ks (m/s)
€ . T Cosven Ss (1/m) Ss (1/m)
§ oo i e, C (m°/Pa) C (m°/Pa)
N A Co (1) Co ()
R A £0) £0)
0.01 Lf : v ™
ki Terr(m/s) Tare(M®/s)
' Sare(-) Sarr(-)
Darer (-) Darr (-)
0.001 Li S —
1. 10. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
0. ¢ ‘Int‘eri‘slzsnc‘s‘ testin KLX21B, observation borehole KLX05:10 one ol dt1 (mln) 2000 C (md/Pa)
£ = KLX05:10 dtx (min) 5000 Co (1)
Acuter odel T1 (m°/s) 7.610°  [E ()
1 Soluion S (-) 34107
T [Ke(miy
——— T -0.0001923 m/sec Ss (1/m)
T og0ires Comments:

E
> =
g o b hiem
3
3
o
’/u
0.01 Leg L
|/
[/
/]
[
0.001 1Ll L chodiin L Lo L Lo
10 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)

The flow period is dominated by PRF transitioning to PSF by
the end. The recovery period is considered as very uncertain
due to precipitation and tidal effects. A transition to a
possible PRF is indicated.

The transient evaluation of the flow period is selected as
representative for the test. The transient evaluation of the
recovery period is uncertain.




Test Summary Sheet — Pumping borehole KLX26A

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX26A Test start: 2007-02-16 15:30:00
Test section (m): 2.6-101.1 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson

Linear plot Q and p Flow period Recovery period
27 2° Indata Indata
. - Po (kPa)
1 L, pi (kPa) 113.0
0 r pp(kPa) 63.9 pr (kPa)
. (t=1998 min)
_ - Qo (m’/s) 1.75-10°7
g _ . L] L g
£ . =
N t, (min) 2532 te_(min)
o | S () 2.3-10° S ()
i ECw (mS/m)
| — 05 Tew(°C)
| Derivative fact. 0.4 Derivative fact.
. r (m) r (m)
6 | | | | °
Results Results
07/02/16 07/02/17 07/02/17 07/02/17 07/02/18 07/02/18 Q/S (mZ/S) 351076
date
Log-Log plot incl. derivates- flow period Tu (M*/s) 4.610°
100 o ey SR PO o i Flow regime: WBS>PSS_| Fiow regime:
F * KLX26A dty (min) dty (min)
F AgLuitekr Model dtz (min) dtz (min)
0.} soren T (m?/s) (1.1-10°) [T (m?s)
E t"?/' Ry Moench (Case 1) S (-) S (-)
[ / :: g H PaTramze‘f.rsz—S m2/sec Ks (m/s) Ks (m/s)
g E T § 7 3 S -234Es Ss (1/m) Ss (1/m)
< E R . B r/B' =0.1155 3 3
3 F . WL EE 1 B =l C (m“/Pa) C (m°/Pa)
- e 1oz Co () Co ()
e AT E— 1 wo00adem - 14 -
: ey b Wi, (ol 1) 20
01 . i % \ : Tare(M/s) Tare(M?/s)
: g A \ Sare(-) Sarr(-)
; . Do ) Do (1
0.001 ol wl Ll Tt € i
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)

No unambiguous transient evaluation possible - Example

Log-Log plot incl. derivatives- recovery period

Selected represent

ative parameters.

No data available

dt; (min) C (m°/Pa)
dtp (min) Co ()
TT (m*/s) (1.1:10°) [E ()
S* () 2.3-10°
Ks (m/s)
Ss (1/m)
Comments:

Uncertain flow rate history during the flow period. A
constant flow rate was assumed by the transient evaluation of
the flow period. Pressure data are lacking between c. 2000
min to stop of pumping at 2532 min. After initial effects of
WBS a distinct transition to a pseudo-steady state occurred.
No unambiguous transient evaluation could be made on the
flow period. An example of a possible transient evaluation is

shown.

No data are available from the recovery period. The steady-
state transmissivity Ty, is selected as representative.




Test Summary Sheet — Observation borehole KLX26B:1

pumping borehole KLX26A)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX26A:1 Test start: 2007-02-16 15:30:00
Test section (m): 47.0-50.4 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Shstsgnes Indata Indata
po (kPa)
pi (kPa) 108.5
P e po(kPa) 76.6 pr (kPa) 103.4
,/ Qo (M%s)
tp (min) tr (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.1 Derivative fact. 0.1
™ : e — - r (m) 17 r (m) 17
[Giant srozisoomem ] | I r— | [5ior orozie osess = ]
Results Results
Q/s (m°/s)
Log-Log plot incl. derivates- flow period Tu (M°/s)
o e oo Flow regime: PREPSF | Flow regime: | PRF
F 1 oKixesed dty (min) 50 dt; (min) 200
F ="  AaulerModel dtz (min) 400 dtz (min) 2000
I ,_// T T (m?s) 2910° | T (ms) 2.0-10°
VE AN ] Hanwshscop S () 5610°  [S() 2.810°7
ﬂﬁ; I 1 P?amet:yes.gsﬁ-s m2isee | Ks (M/S) Ks (m/s)
e ! ¥“\ I N S. (1/m)
E ool : % — e, C (m/Pa) C (m%/Pa)
g A Co () Co ()
\ & () £ ()
0.01 “‘ T vy vy
Gre(M/s) Tere(m®/s)
Sare(-) Sare(-)
Darr (-) Darer (-)
0.001 . : L sl el e
0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
s oo o dits (min) 50 C (m’/Pa)
: 1 kixeses dt, (min) 400 Co ()
At Vo Tr (m%/s) 29-10° [€ (9
10. 3 Solion S (-) 5.6-10°
: e [Ke(mi)
ol ] L g (S (VM)
EE A o~ 2 B -ottes Comments:
g h e e During the flow period, pseudo-radial flow is dominating
g L 5 between c. 50-400 min transitioning to pseudo-spherical
F : (leaky) flow by the end. The recovery period is dominated by
pseudo-radial flow between c. 200-2000 min.
0.01 &
The agreement of the estimated transmissivities from the
0001 flow and recovery period respectively is good. The parameter

Lhlan I L L
0.1 1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

values from the flow period are selected as the most
representative.




Test Summary Sheet — Observation borehole KLX26B:2

pumping borehole KLX26A)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX26B:2 Test start: 2007-02-16 15:30:00
Test section (m): 21.0-46.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
s Indata Indata
Po (kPa)
pi (kPa) 109.2
po(kPa) 75.4 pr (kPa) 104.2
e Qo (M/s)
yd - to (min) tr (min)
- : S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.1 Derivative fact. 0.1
r (m) 21 r (m) 21
o : — T T Results Results
| | | CEerr— [E7or srozne vosess = ] Q/s (mz/S)
Log-Log plot incl. derivates- flow period Tu (M?/s)
0. oo Flow regime: PRE->PSF | Flow regime: | PRF
F "o KLX26B:2 dty (min) 20 dt; (min) 200
Ayt oce dt> (min) 200 dtz (min) 2000
0. 1 Solton T (m?/s) 2.8-10’: T (m?/s) 1.8-10'?
g I Hantush-Jacob S() 2.5-10" S() 1.5-10
1 [ /-(/— ] P?ame‘:rzszeis m2sec | Ks (M/s) Ks (m/s)
E e I I ooty Ss (1/m) Ss (1/m)
T " kake=t C (m°/Pa) C (m°/Pa)
g ol Co (1) Co ()
: | £ () & ()
0.1 \ Tgre(m°/s) Tre(m?/s)
: Sare(-) Sarr(-)
! Darr (-) Darr (-)
0.001 — -ttt sl
0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
0. R e asos dty (min) 20 C (m/Pa)
F T KLX26B:2 dtz (min) 200 Co (1)
e Tr (m'/s) 2810°  [E()
fo. Soluion S () 2.5:10°
e [k
T  =1835E-6 m2sec Ss (1/m)
e " P v Comments:
§ b g.m During the flow period, pseudo-radial flow is dominating
g L between c. 20-200 min transitioning to pseudo-spherical
E (leaky) flow by the end. The recovery period is dominated by
pseudo-radial flow between c. 200-2000 min.
0.01
. The agreement of the estimated transmissivities from the
o001 . ol flow and recovery period respectively is good. The parameter
0.1 1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

values from the flow period are selected as the most
representative.




Test Summary Sheet — Observation borehole KLX26B:3

pumping borehole KLX26A)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX26B:3 Test start: 2007-02-16 15:30:00
Test section (m): 2.3-20.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Shstsgnes Indata Indata
Po (kPa)
pi (kPa) 116.2
po(kPa) 101.2 pe (kPa) 111.3
e Qo (M/s)
yd - to (min) tr (min)
o : S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.2 Derivative fact. 0.1
r (m) 42 r (m) 42
o : — T T Results Results
| | | CEerr— [E7or srozne vosess = ] Q/s (mz/S)
Log-Log plot incl. derivates- flow period Tu (M?/s)
0. oo Flow regime: PRE->PSF | Flow regime: | PRF
F "o KLX2683 dt; (min) 20 dti (min) 500
Ayt oce dtz (min) 100 dtz (min) 2000
0. Soluton T (m?/s) 6.1-110° [T (m°/s) 1.3-10°
e ecos S() 9.9-107  [S () 3.3-107
T -eosses msec | Ks (M/S) Ks (m/s)
G % oarars Ss (1/m) Ss (1/m)
g 6 477 C (m“/Pa) C (m”/Pa)
5 ol Co (') Co (')
g g() ()
0.1 \ Tgre(m°/s) Tre(m?/s)
\ Sarr(-) Sarr(-)
“ Darr (-) Darr (-)
0.001 — it il
0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o ¢ ‘Ime;rt‘ev‘e‘n‘c‘e‘teslw‘1KI‘_X‘Z‘G/‘\‘,Hnbserv‘alm‘n‘bl‘)r‘e‘?rt‘)leKL‘XZG‘B‘:B‘ e dty (min) 20 C (md/Pa)
F - KLX26B:3 dtz (min) 100 Co (1)
e Tr (m'/s) 6.110° [ ()
1 ' soution S (v) 9.9-107
| K )
T -1134E6mPsec | Os (1/m)
3 \ B iooe Comments:
§ 01— b 177 m During the flow period, pseudo-radial flow is dominating
i \\ between c. 20-100 min transitioning to pseudo-spherical
(leaky) flow by the end. The recovery period is dominated by
P BN pseudo-radial flow between c. 500-2000 min.
The estimated parameter values from the flow period are
w00 Lt selected as the most representative.
1. 1000. 1.0E+4

Agarwal Equivalent Time (min)




Test Summary Sheet — Pumping borehole KLX26B

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX26B Test start: 2007-02-19 16:21:00
Test section (m): 2.3-50.4 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
27 r* Indata Indata
: oo (Pa]
10 - pi (kPa) 112.2
0 L, pp(kPa) 63.0 pr (kPa) 94.7
2 T Qp (m%/s) 2.33-10°
£ =
° t, (Min) 1150 tr (min) 149
& | 2 S () 2.9-10° S (9) 1.6:10°
. . ECw (MS/m)
l 1 L Teu(°C)
Derivative fact. 04 Derivative fact. |0.1
b r (m) r (m)
8 | | | | °
07/02/19 07/02/19 07/02/20 07/02/20 07/02/20 07/02/20 Resu"s Resu"s
s Q/s (m°/s) 47-10°
Log-Log plot incl. derivates- flow period Tu (M*/s) 5.5-10°
B L Flow regime: WBS>PSS_| Flow regime: __| WBS>FRF)
F 3 okLxesB dty (min) dty (min) 20
ol | Aulertode dtz (min) dtz (min) 150
: E R T (m%s) 1.7-10° T (m%s) 5.510°
r MA\E ] Moench (Case 1) S (_) S (_)
" E / E E %SBE-S m2isec Ks (m/S) Ks (m/S)
e PO A Do [Soim) Ss (1/m)
T - 2 | B o020 C (m°/Pa) 2.9-107 C (m°/Pa) 3.7-10°
P WYy || B, (@0 1 Co () _
s L I K1) 26 50 4
g if: E% ol ] Z Z
F Moo — Tare(M?/s) Tare(M?/s)
0001 E i : Sare(-) Sare(-)
i : 1 Darr (-) Darr (-)
1.0E-4 ittt sl sl sl
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
10 T R B e dty (min) 20 C (m/Pa) 3.7:10°
: 1 kixess dte (min) 150 Co ()
i ] Auter oge TT (m*/s) 5.510° £() 4.2
0. 3 Souton S* (1) 1.6:10°
F I Dougherty-Babu Ks (m/s)
[ — ] P?ame‘:rss.AWEs m2sec | Ss (1/m)
e " /\\ s E”K}j;s Comments:
g i T -oosssm An extra data point (t=3 min, Q=1.5 L/min) was inserted in the
& Ll nﬁ/ |1 -oosesem flow rate data file to accommodate with the observed
E / E drawdown curve. The flow rate varied during the flow period
E - 1 and is uncertain. Pressure data are lacking between c. 40-60
001 ¢ E min and c. 200-1100 min. After initial WBS during the first c. 3
¢ 1 min a distinct transition to a pseudo-stationary pressure (PSS)
O IV RO RN AT R occurred during the flow period.

oot o S 0. 100. 1000. The pressure recovery was not entirely consistent with the

Roamal EqutaentTine () drawdown response. After initial effects of WBS during the
first ¢ 5 min a transition towards a pseudo-radial flow regime
occurred by the end. The transient evaluation from the recovery
period was selected as representative for KLX26B.




Test Summary Sheet — Observation boreh

ole KLX26A:2 (pumping borehole KLX26B)

Project: PLU Test type: 2
Area: Oskarshamn Test no: 1
Borehole ID: KLX26A:2 Test start: 2007-02-19 16:21:00
Test section (m): 22.0-47.0 Responsible for SKB field crew
test execution:
Section diameter, 2-ry, (mM): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
po (kPa)
pi (kPa) 107.0
3 po(kPa) 75.1 pr (kPa) 107.2
Qo (M°/s)
] / tp (min) te_(min)
/] S () S (5)
ECw (mS/m)
Tew(°C)
] \ Derivative fact. 0.1 Derivative fact. 0.1
] \ r (m) 19 r (m) 19
? Results Results
[ETART wri0z19 o 0000 ] |.~mmu::m.‘.qs | [5ror w70z osese = | /s (mi/s)
Log-Log plot incl. derivates- flow period Tu (M?/s)
0. e cpm e Flow regime: PRE->PSF | Flow regime: | PRF
F 1 oKixesaz dt; (min) 10 dt; (min) 150
| Aaulerbodel dt> (min) 300 dt> (min) 800
0. : T (m?s) 2.010° [T (m%s) 2.3-10°
] Hentshaco S () 8.3-10° [S () 1.6:10°7
il | 6 e | Ks (M) Ks (m/s)
e " L e [Se(i/m) Ss (1/m)
E N ""'\ 1 Kkt C (m°/Pa) C (m°/Pa)
§ 0.1 | CD (-) CD (-)
g £() £ ()
0.01 - . Terr(M?/s) Tre(m?/s)
g g Scre(-) Scre(-)
F ] Darer (-) Darer (-)
0.001 ——1rub L ol il b
0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
0 e e ey op s dt; (min) 10 C (m/Pa)
E 7 + KLX26A:2 dtz (min) 300 Cb (-)
] dauterice T1 (m°/s) 2.0-10’: £ (-)
1o. 2 Solution S () 8.3-10°
- ? Hantush-Jacob KS (m/S)
1_ [ e S 1)
B Sy Caes Comments:
f; K=t The transient evaluation is based on variable flow rate during

0.1 |

0.01 E

0.001

L L L m
100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

Vol m
0.1 1. 10.

the flow period. A pseudo-radial flow regime developed after
c. 10 min to the end of the flow period. By the end a pseudo-
spherical flow regime was developed.

After a transition period a pseudo-radial flow regime
developed after c. 150 min to the end of the recovery period.

Consistent results of evaluated parameter values are obtained
from the flow and recovery period respectively. The
parameter values estimated from the flow period are selected

as the most representative for the test section.




Test Summary Sheet — Observation borehole KLX26A:3

pumping borehole KLX26B)
2

Agarwal Equivalent Time (min)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX26A:3 Test start: 2007-02-19 16:21:00
Test section (m): 2.6-21.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
: Indata Indata
Po (kPa)
pi (kPa) 113.2
E po(kPa) 78.7 pr (kPa) 112.8
« , Q, (m%/s)
1 * P tp (min) tr_(min)
1 ] / S () s
B ECw (mS/m)
"1 Tew(°C)
o \ Derivative fact. 0.1 Derivative fact. | 0.1
L] N r (m) 13 r (m) 13
- . . . 1 Results Results
[STant wrozmeoemons ] |.~mmu::m.‘.qs ] [5Tor ooz 1osems = ] Q’s (mZ/S)
Log-Log plot incl. derivates- flow period Tu (M?/s)
o e oo Flow regime: (PRE>PSF) | Flow regime: __| PRE
F |3 ekiesas dt; (min) (200) dti (min) 200
— ] Aauteroce! dtz (min) (400) dtz (min) 800
1 1 sollon T (m?/s) 3.510° T (m?/s) 1.7-10°
/ﬁ. S I S () 6.0-10° S () 53107
1 7 -sssseemee | Ks (M/S) Ks (m/s)
e ; S s lamers Ss (1/m) Ss (1/m)
: ‘ 6" lam C (m*/Pa) C (m°/Pa)
g o Co () Co ()
€ () € ()
0.001 TGRF(m‘/s) TGRF(m‘/s)
Scre(-) Scre(-)
Darr (-) Darr (-)
1.0E-4 Ll i L R L LU L
0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
s dt; (min) (200) C (m“/Pa)
E 3 oKxesas dtz (min) (400) Co ()
] At tocel Tr (m“/s) 35-10° ()
" Soluion S () 6.0-10°
P;Z:seters Ks (m/S)
ﬁGQQE-S m2/sec Ss (1 /m)
e Mk R S TTOES Comments:
g booream The responses during both the flow and recovery period are
- distorted and thus uncertain. The transient evaluations of
both periods should thus be regarded as approximate. The
transient evaluation is based on variable flow rate during the
0001 £ flow period.
An apparent pseudo-radial flow regime is indicated between
vora e el il ol c¢. 200-400 min during the flow period. During the recovery
0.1 1. 10. 100. 1000. 1.0E+4

period a pseudo-radial flow regime is indicated between c.
200-800 min. The parameter values estimated from the flow
period are selected as the most representative.




Test Summary Sheet — Pumping borehole KLX22A

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX22A Test start: 2006-07-18 15:37:00
Test section (m): 2.0-100.45 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigsson
Linear plot Q and p Flow period Recovery period
..ok e Indata Indata
po (kPa) 133.6
pi (kPa) 133.7
K- T [pelkPa) 3526 |pr(kPa) 128.17
Q, (M%/s) 1.457
’ . . . z [, (Min) 3996 te_(min) 2981
—® £[57() 4110° [S() 4.0-10°
° [ECy (mS/m)
B Tew(°C)
Derivative fact. 0.2 Derivative fact. 0.1
ol 4 r (m) r (m)
B Results Results
Q/s (m°/s) 1.4107
| | | | | °
06/07/18 06/07/19 06/07/20 06/07/21 06/07/22 06/07/23
date
Log-Log plot incl. derivates- flow period Tw (M°/s) 1.2.107
o Flow regime: WBS>PSS | Flow regime: | W8S>(PRP)
F I oKixeea dty (min) dt; (min) 20
ool W dtz (rpin) ; dtz (n;in) 600
g Soluon T (m/s) 22:10° | T (m%/s) 3.3:10”
Moench (Case 1) S (_) S (_)
1 T -eresesmises | Ks (M/S) Ks (m/s)
£ e 5 304E 5 Ss (1/m) Ss (1/m)
I B_-S351ET C (m°/Pa) 17107 | C (m*/Pa) 3.6-107
b [CoO] Co (]
o e 150 0.4 E() 0.2
r TGRF(m‘/s) TGRF(mZ/S)
00 E Sarr(-) Sarr(-)
Darr (-) Darer (-)
0.001 Lttt i bl
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
0 g e oo e dty (min) 20 C (m*/Pa) 3.6107
E I ToKxeea dtz (mln) 600 Co ()
100. ; Ajc% TT (m /S) 3.3-10° €() 0.2
: Soltion S* () 4.010°
Dougherty-Babu KS (m/s)
10 — ﬁZQ?E-S m2/sec Ss (1 /m)
E e R 1 Comments:
g i W Z00%57m Uncertain flow rate history during the flow period. The
LI 5 NFTTN e -00mem | transient evaluation is based on varying flow rate. During the
01 . ! flow period initial wellbore storage effects are followed by a
g distinct transition to a pseudo-steady state after c. 5 min.
001 L During the recovery period initial wellbore storage effects are
g followed by a transition to approximate pseudo-radial flow
FO O PO RO RO Y I regime between c. 20-600 min.
0.01 0.1 1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

The parameter values from the recovery period are selected as
the most representative.




Test Summary Sheet — Observation borehole KLX22B (pumping borehole KLX22A)

Project: PLU Test type: 2
Area: Oskarshamn Test no: 1
Borehole ID: KLX22B Test start: 2006-07-18 15:36:00
Test section (m): 2.0-100.25 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Johan Harrstrém
Linear plot Q and p Flow period Recovery period
S Lot e Indata Indata
po (kPa)
i L pi (kPa) 150.7
\ po(kPa) 144.9 pr (kPa) 151.3
152 — : — 12 Qo (md/s)
tp (min) 3996 te_ (min) 2981
. - S () S ()
= | ECw (mS/m)
8 148 —| — s E | Tempu(gr C
9 | Derivative fact. 0.1 Derivative fact. 0.1
n r r (m) 498 r (m) 498
144 — 4 Results Results
Q/s (m°/s)
140 ‘ ‘ 0
06/07/16 06/07/18 06/07/20 06/07/22 06/07/24
date
Log-Log plot incl. derivates- flow period Tu (M°/s)
L Flow regime: (PRP | Flow regime: | (PRE)
E 3 oKixezs dt; (min) dty (min)
A{% dt> (min) dtz (min)
10. Soluion T (m?/s) 5210° [T (m%s) 43-10°
Hantush-Jacob S() 29-10° [S () 1.9-10"
%WBE-S m2ise | Ks (m/s) Ks (m/s)
G /ir w _ooosrr | Ss (1/m) Ss (1/m)
g / ] 2 esm C (m”/Pa) C (m”/Pa)
s ¥ ol
g . P and il Co () Co ()
S “”[ g() £ ()
0.01 TGRF(m‘/s) TGRF(mZ/S)
8 Sare(-) Sarr(-)
Darr (-) Darer (-)
0.001 L LIl Ll L L Ll L
0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
0. B oo et dty (min) C (m%/Pa)
E 3 oKxeas dtz (min) Co ()
Acuter o Tr (m%/s) 52:10° [E ()
0 Solution S (-) 2.9.10"*
e [Klm)
. I e )
T "B = 00008747 Comments:

Recovery (m)

01 £

0.01 £

0.001

L
0.1 1.

FTTT] A
10.
Agarwal Equivalent Time (min)

I L
100.

L L
1000. 1.0E+4

Kz/Kr=1.
b =98.25m

The transient evaluation is based on varying flow rate.
During both the flow and recovery period a transition
towards a possible pseudo-radial flow regime occurred.

The agreement of the estimated transmissivities from the
flow and recovery period respectively is good. The parameter
values from the flow period are selected as the most

representative.




Test Summary Sheet — Pumping borehole KLX22B

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX22B Test start: 2006-07-26 16:41:00
Test section (m): 2.0-100.25 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
: P Indata Indata
20 — . - *Q — 20
. Po (kPa)
i r pi (kPa) 159.9
— 16
L pp(kPa) 59.8 pr (kPa) 149.6
] f e Qp (Ms) 5.83-10°
3. . £
£ ; = t, (min) 4158 tr (min) 1184
i . s S () 1.2-10° S () 1.1-10°
t L ECw (MS/m)
.| : . . Tew(°C)
\ .. 2 e e Derivative fact. 0.3 Derivative fact. | 0.1
i - - r(m) r(m)
) \ \ \ \ ° Results Results
P4 -
06/07/26 06/07/27 06/07/28 06/07/29 06/07/30 06/07/31 Q/S (m /S) 5710 °
date
Log-Log plot incl. derivates- flow period Tm (M°/s) 7.4-10°
P Ll L Flow regime: WBS->PSS_| Flow regime: | WBS>PRF
F ] - KLX228 dty (min) dty (min) 400
A | Aaulerlodel dtz (min) dtz (min) 1000
0. 3 Souon T (m?/s) 3.0-10° T (m?/s) 3.410°
; o . \ ; Moench (Case 1) S (_) S (_)
| ?: \J P:'mnijt;r:aﬁ-e m2/sec Ks (m/S) KS (m/S)
E ] S, clemEs Ss (1/m) Ss (1/m)
I |1 -l C (m°/Pa) 45107 C (m°/Pa) 4.0-107
§ 0.4 ; .g % ; gw TG Co () . Co (-) >
5 I R R A K 7 50 6.
oo1 | s ] Tore(m?/s) Tore(m?/s)
g ] Sare(-) Sare(-)
i i 1 Darr (-) Darer ()
0001 ——nnl ol o vdbdll o cnmd 0 b
0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
1000 e LR P o T T dty (min) 400 C (m’/Pa) 4.0-107
E I oKxeas dtg (min) 1000 Co ()
. b uifer Model 2 . -6 -
100. & < A?}o’nfin’:dd ‘ Tr (m7s) 3.4 1076 Q) 6.2
E 3 Solution ( ) 1110
C ] Dougherty-Babu KS (m/s)
10. & — — rarameters
E = El T -s43sE6m2sec | Os (1/m)
et (// 1 it Comments:
gt W it i 2w -ouuem The reported flow rate is very uncertain by the end of the flow
& / ] @ - period. The transient evaluation is based on variable rate.
01 : | During the flow period, initial wellbore storage effects are
F ’ E transitioning to a near pseudo-steady state after c. 10 minutes.
001 L During the recovery period initial wellbore storage effects are
transitioning to pseudo-radial flow by the end.
0‘0017 bt
0.01 0.1 1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

The agreement in estimated parameter values is good between
the flow and recovery period. The parameter values from the
recovery period are selected as the most representative.




Test Summary Sheet — Pumping borehole KLX23A

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX23A Test start: 2006-08-03 15:25:02
Test section (m): 2.3-100.2 Responsible for | SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for | GEOSIGMA AB

test evaluation:

Jan-Erik Ludvigson

Linear plot Q and p Flow period Recovery period
12 — . L. bl Indata Indata
i . po (kPa)
B ; . . [ Pi (kPa ) 109.3
i . L
. po(kPa) 77 pr (kPa ) 101.0
- T Q, (M%/s) 1.1-10°
| ° t, (Min) 2839 t= (min) 1089
4 S (-) 3.8-10° S (-) 3.5-10°
(I ECw (MS/m)
| Tew(°C)
r Derivative fact. | 0.1 Derivative fact. | 0.1
i ‘ ""“ ‘ i r (m) r (m)
06/08/03 06/08/04 06/08/05 06/08/06 06/08/07 Resu"s ReSUIts
date Q/s (m?/s) 1.1-10°
Log-Log plot incl. derivates- flow period Tu (M°/s) 1.410°
1000, v e s b el Flow regime: WBS->PSF | Flow regime: WBS->PSF
F 1 okixesa dty (min) dt; (min)
i | Aauitertioce dt (min) dt, (min)
: D oo T (m?/s) 3.0-10° T (m’/s) 24107
C l ] Moench (Case 1) S (_) S (_)
10 E E T - 296765 e Ks (m/s) Ks (m/s)
€ 1 1ot [Ss(Um) i S (1/m) 7
| ] B -izEs C (m°/Pa) 5710 C (m°/Pa) 4.2:10
= E 3 . _o
8 i ] Sw 26708 Co () G Co (1) 5
|owmemn 180 7 30 7.
f ] Tore(M/s) Tore(M/s)
i : Sare(-) Scrr()
F ‘ ] Darr (-) Darer (-)
0.001 l——tbal il el sl
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
100, e e e dty (min) C (m”/Pa) 5.7-107
E 3 Obs. Wells "
F 1 ekixesA dtz (min) Co (1)
[ ] uifer Model 2 . -5 -
, | ertioce Tr (m?/s) 3.010° £ () 6.7
10. E El Solution ( ) 3810
E 7 E Moench (Case 1) KS (m/s)
[ \ ] P:am:e‘;:wE-S m2isec SS (1 /m)
= E ) 3 E S =3.48E-6 Comments:
£ £ @ \ E 1/B' =0.003839 :
QE; r ] B' =0.05943
H r ™ 1 18" = 0.
gl h‘\ | & TR The flow rate varied during the flow period. The transient
I o ooasirm evaluation is based on varying flow rate. During both the
) \ flow and recovery period, initial wellbore storage effects are
001 E — followed by a transition to pseudo-spherical (leaky) flow
B = after ¢. 20 minutes. In the middle of the flow period the
r B drawdown increased due to increasing flow rate.
0.0010401 0.1 1. 10. 100. 1000.

Agarwal Equivalent Time (min)

The agreement in evaluated parameter values between the
flow and recovery period is good. The parameter values from
the flow period are selected as the most representative.




Test Summary Sheet — Observation borehole KLX23B (pumping borehole KLX23A)

Project: PLU Test type: 2
Area: Oskarshamn Test no: 1
Borehole ID: KLX23B Test start: 2006-08-03 15:25:02
Test section (m): 2.3-50.3 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
160 4 Indata Indata
] Po (kPa)
pi (kPa) 1524
150 po(kPa) 127.6 pr (kPa) 149.3
Qp (m’/s)
| tp (min) tr (min)
_ S () s()
& 140 —| ECw (MS/m)
« Tempu(gr C
7 Derivative fact. 0.1 Derivative fact. 0.1
r (m) 37 r (m) 37
130 —
| Results Results
Q/s (ms)
120 \ \ \ \ \
06/08/03 06/08/04 06/08/05 06/08/06 06/08/07 06/08/08
date
Log-Log plot incl. derivates- flow period Tm (M°/s)
o0, s com it Flow regime: (PRF) _ [Flow regime: [ PRF->PSF
F I Kixess dty (min) dt; (min) 200
A{% dtz (min) dtz (min) 800
0. F— n T (m?/s) 1.8-10° | T (m%s) 1.9-10°
f ] peeniacet S () 6.210°  [S () 1.0-10°
T sases m2ees | Ks (M/S) Ks (m/s)
e I s [S(im) S (1/m)
H ™~ 1 1 C (m°/Pa) C (m°/Pa)
Pl il Co () Co ()
E ’ g() £ ()
001 £ TGRF(mZ/s) TGRF(mZ/s)
i Sare(-) Sarr(-)
Darer (-) Darer (-)
0.001 . u L REETI S N S SRRy
0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o, e O et ot dti (min) 200 C (m/Pa)
F - KLx238 dtz (min) 800 Co (v)
e odel Tr (m?/s) 1.9-10:2 £ (-)
10 Solution S (-) 1.0-10
R LA ()
) 1 7 cismesmee | Ss (1/m)
e J%ZK W o0oras Comments:
g 4 77\(\’\& b s The transient evaluation is based on varying flow rate.

01 &

001 |

0.001

L i
0.1 1.

m I
10. 100.
Agarwal Equivalent Time (min)

AT L
1000. 1.0E+4

During the flow period an apparent pseudo-radial flow
regime is indicated although large variations in the flow rate
occurred by the end. The recovery period indicates a pseudo-
radial flow regime between c. 200-800 min. By the end a
slight leakage flow occurs.

The parameter values from the recovery period are selected
as the most representative in this case due to the variations in
the flow rate during the flow period.




Test Summary Sheet — Pumping borehole KLX23B

Agarwal Equivalent Time (min)

as the most representative.

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX23B Test start: 2006-07-30 15:38:02
Test section (m): 2.3-50.3 Responsible for | SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for | GEOSIGMA AB
test evaluation: | Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
167 5[ ' |Indata Indata
* * v ca9fl po (kPa)
] pi (kPa) 128.9
- 8
7 r | pp(kPa) 27.6 pr (kPa ) 124.1
| —s [ Qp(ms) 1.7-107
%o - £
e’ S [t (min) 2724 t= (min) 1148
| 4 |S () (8.5-107) S () 1.6-10°
| ECw (MS/m)
. Tew(°C)
'}" )y L 2 Derivative fact. | 0.1 Derivative fact. | 0.1
i : 7, . | r (m) r (m)
0 ‘ 0 Results Results
\ \ Q/s (m°/s) 1.6-10°
06/07/30 06/07/31 06/08/01 06/08/02 06/08/03
date
Log-Log plot incl. derivates- flow period Tw (M°/s) 1.9-10°
1000, e B, R e Flow regime: WBS->PSS | Flow regime: WBS->PSF
E E Obs. Wells -
F 3 oKxesB dty (min) dt; (min)
wl | At biogel dt, (min) dt, (min)
E D coon T (m?/s) (1.5-10% T (m/s) 4.5-10°
C ] Moench (Case 1) S (_) S (_)
10 E I -t s s m2sec | Ks (M/S) Ks (m/s)
B F 1 s -esEr Ss (1/m) Ss (1/m)
= L 4 /B' =0.6187
E oL # 4( Bl | B =t C (m°/Pa) (1.0-109 C (m°/Pa) 3.6-107
! E et i ] &
8 F £ e ; ] G 2 Yars Co () Co ()
o | £l | e 80) (43) £() 103
F o ] Tore(m?/s) Torr(m7s)
0ot E vl Sarr(-) Sarr(-)
z } ﬂ : Darr (-) Dorr (-)
0001 L+l el el b
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Example — No unambiguous transient evaluation is possible
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
1000, e B PG, poTg TR~ T dt: (min) C (m/Pa) 36107
E 3 oKuxess dto (mln) Co(9)
i 1 Aaufer Model TT (m?/s) 45.10° £ () 10.3
100. | =l Leaky 5
E ; Solution ( ) 1610
r ] Moench (Case 1) KS (m/s)
e E E Piam:e(j;;E-G m2/sec SS (1 /m)
g 1 Teline [ Comments:
§ 1L / | 8 =3swe10 | The flow rate varied during the flow period. The transient
& F / : 1 v, evaluation is based on varying flow rate. During both the
ol W | oo flow and recovery period, initial wellbore storage effects are
/‘(&"’ % followed by a transition to nearly pseudo-state flow by the
r a4 | ] end. No unambiguous transient evaluation during the flow
E [ 1 period.
¢ | t ]
o T T T e e 100; s The parameter values from the recovery period are selected




Test Summary Sheet — Observation borehole KLX23A (pumping borehole KLX23B)

Project: PLU Test type: 2
Area: Oskarshamn Test no: 1
Borehole ID: KLX23A Test start: 2006-07-30 15:38:05
Test section (m): 2.3-100.2 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
60 _,______\ Indata Indata
i Po (kPa)
pi (kPa) 158.9
140 —| pp(kPa) PE (kPa )
Q, (m%/s)
) tp (min) tr (min)
£ o S () s'()
a ECw (mS/m)
f Tew(°C)
Derivative fact. 0.2 Derivative fact.
17 — r (m) 37 r (m) 37
Results Results
8 | | | | | Q/s (m7/s)
06/07/30 06/07/31 06/08/01 06/08/02 06/08/03 06/08/04
date
Log-Log plot incl. derivates- flow period Tm (M°/s)
ot vt Flow regime: (PSF) | Flow regime:
F "o KLX23A dty (min) dt; (min)
Aqutertodel dtz (min) dtz (min)
1 somon T (m?s) 1310° | T (m%s)
 HanushJacob S () 8.8-10° |S ()
p— %27955 m2/sec Ks (m/s) Ks (m/S)
- 77 T % imes S (1/m) Ss (1/m)
g ,, / I A 1 S s 8 (m*/Pa) C (m%/Pa)
S o1 L /) AR - p () Co ()
: / e &) &)
[F *\\‘m: “
0.001 - “‘ AN “‘ TGRF(mZ/s) TGRF(mZ/s)
E [ | Sare(-) Scrr(-)
- [ ‘ | 1 Darer (-) Darer (-)
1.0E-4 ol bl ol el i
0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
dt; (min) C (m°/Pa)
dtz (min) Co (1)
T1 (m°/s) 1.3-10°  [E ()
S() 8.8-107°
Ks (m/s)
Ss (1/m)
Comments:

No representative data available from the
recovery period.

Only a small drawdown response was observed in this
section. The transient evaluation is based on varying flow
rate. An apparent pseudo-spherical (leaky) flow regime is
indicated during the flow period. No representative data from
the recovery period are available.

Transient evaluation from the flow period was considered as
the most representative.




Test Summary Sheet — Pumping borehole KLX16A

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX16A Test start: 2007-02-24 15:20
Test section (m): 11.25-433,5 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
. oLk e Indata Indata
po (kPa)
| | pi (kPa) 84.18
st
s H e . . | pp(kPa) 35.53 pr (kPa) 75.10
: . ] 3 %o g ’
i e P | Qo (m7s) 4.68-10°
6 2 £ [t (min) 8433 tr (min) 1515
oS () 4.6-10° S () 9.6-10°
i L ECw (MS/m)
Tew (°C)
4 — — 10 | Derivative fact. 0.2 Derivative fact. | 0.1
- p———— 4+ b r (m) _ r (m) _
Results Results
2 ‘ ‘ ‘ ‘ 0 Q/s (m?/s) 9.4.10°
07/02/23 07/02/25 07/02/27 07/03/01 07/03/03 07/03/05
date
Log-Log plot incl. derivates- flow period Tu (M°/s) 1.5-10*
Interference testin KLX16A, pumping borehole FlOW regime: WBS->PRF- FlOW regime: WBS->PRF-
1000‘2 IR DL IR IR B ‘””% Obs. Wells >PSS sNFB
; SR dt; (min) 5 dt; (min) 10
100. 4 Leay dtz (min) 300 dtz (min) 80
E 3 olution 2 -5 2 -4
i ] Sh;;ench(me” T (m/s) 4.3-10 T (m/s) 1.88-10
10. E | Parameters 5 S (') S (')
_ E L ; T =4319ESmisec | | (m/s) K (m/s)
£ I H S =46E6 S S
c O F P =00 S; (1/m) Ss (1/m)
s e A e e C (m°/Pa) 6.2:10” C (m°/Pa) 7.025-107
S e N (] 2 [Gold o)
01 v E | 3 9 -00uen E(-) -1.0 E() -2.203
001 e Tare(M?/s) Tore(M®/s)
; Sarr(-) Sare(-)
SR TR IR Y I R Darr (-) Darr (-)
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
L dt: (min) 5 C (m*/Pa) 6.2:107
F ] < KLX16A dt> (mln) 300 Co(9)
ol | e [T 4310 180) 10
; ; Solution ( ) 46107
C ] Dougherty-Babu Ks (m/s)
10. £ i Parameters
E 3 T 00001879 m2isec | Og (1 /m)
e I e e I R A Comments:
g {;:i* . E rs(\\::) Cism Several changes of flow rate occurred during the flow period. After
g F 7 — “4/‘ 1 1@ -ooesm initial WBS during the first c. 0.5 min a period of approximate PRF
on L I | was developed between c. 5-300 min. A nearly pseudo-stationary
pressure (PSS) was achieved after c. 1400 min. After initial WBS
r 1 during the first c. 0.5 min a first PRF is developed between c. 10-80
il min of equivalent time during the recovery period. A second PRF is
F ] weakly indicated between c. 500-1100 min. Alternatively, an apparent
D001 —iobhail b b no-flow boundary (NFB) may be assumed after c. 100 min. The

Agarwal Equivalent Time (min)

representative parameters were selected from the flow period.




Test Summary Sheet — Pumping borehole KLX15A

Agarwal Equivalent Time (min)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX15A Test start: 2007-05-08 16:47:00
Test section (m): 11.7-1000.4 Responsible for | SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for | GEOSIGMA AB
test evaluation: | Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
. . ur o Indata Indata
po (kPa)
2 | pi (kPa) 66.2
6 —| 3 . . . | pp(kPa) -3.0 pr (kPa) 49.4
i o .
ot | Qo (M%s) 49107
4
7 | 5 £ [to (min) 13074 tr (min) 907
& (S () 45-10° S () 5.5-10°
27 L ECw (mS/m)
| Tew(°C)
- 10 | Derivative fact. |0.4 Derivative fact. |0.1
°7 hl‘-w«uml r(m) r(m)
Results Results
2 | | o [Q/s (ms) 7.0-10°7
07/05/06 07/05/10 07/05/14 07/05/18 07/05/22
date
Log-Log plot incl. derivates- flow period Tu (M*/s) 1.2:10°
1000 v P B R~ Flow regime: | WBS->PRF | Flow regime: | WBS->PRF
g 1 e ->PSS
F 4 Aquifer Model dty (min) 300 dt1 (min) c. 50
100 SLlefky dtz (min) 1000 dt2 (min) c. 1000
i 1 Seencwen | T (MS) 4110° [T (m2s) 53107
10 E i —3 P'FiﬂtoBSE-S m2isec S (-) S (-)
€ F // \‘ “‘\ i E s %313;:2{—5% Ks (m/s) Ks (m/s)
sl o A VSR ] F oo Ss (1/m) Ss (1/m)
E PO st A ] ER C (m°/Pa) 4.1-107 C (m°/Pa) 1.6-10°
R N ] meEEe [Col) - Co () -
TE 1l 3 ey =00%srm - -7. - -0.
: NIy &) 7 &) 7
oo1 ;“ Tere(m/s) Tere(m/s)
V Scre(-) Scrr(-)
0001 ool vl v e Ll Darr (-) Darer (-)
0.1 1. 10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
1000, £ T TS o et dts (min) 300 C (m”/Pa) 4.1-107
g 1 o dte (min) 1000 Co ()
. ] o TT (m?/s) 4.110° & () 74
g E W S* () 4.510°
E E %2575-5 m2isec Ks (m/ S)
— i [sm)
c f T T 1 Wt | Comments: .
g L _ Q{j"” —_— | During both the flow and recovery period, wellbore storage
g g e el E effects are followed by dominating pseudo-radial flow. By
B / 1 the end of the flow period an almost pseudo-steady state
e occurred. During the recovery period an approximate pseudo-
i 1 radial flow regime occurred.
0.01 =
E ] The test was evaluated as a variable flow rate test. The
o001 ol v vl e i) el agreement in evaluated parameter values between the flow
0.1 1 10. 100. 1000. 1.0E+4 1.0E+5

and recovery period is good. The parameter values from the
flow period are selected as the most representative.




Test Summary Sheet — Observation borehole HLX38 (pumping borehole KLX15A)

Project: PLU Test type: 2
Area: Oskarshamn Test no: 1
Borehole ID: HLX38 Test start: 2007-05-08 16:47:00
Test section (m): 15.0-199.5 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.139 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
EERTEME Zyrae 1eanas He PO | | Indata Indata
po (kPa)
pi (kPa) 56.2
po(kPa) 55.1 pe (kPa) 55.5
Q, (m%/s)
tp (min) tr (min)
S () S ()
ECw (mS/m)
S W T Tew(°C)
Derivative fact. 0.4 Derivative fact. 0.4
r (m) 192.6 r (m) 192.6
Results Results
Q/s (m7/s)
[ETanT o780z 00000 | [FRTERVAL ATl roadings ] [Eor T |
Log-Log plot incl. derivates- flow period Tu (M?/s)
o, o ererenetos I ITSR, cbsonalon borerolb TLX e Vol Flow regime: Transition | Flow regime: Transition
F oHLX38 dt; (min) dty (min)
Aquiter Model dtz (min) dtz (min)
Confined o =1 o 7
Solution T (m/s) 7.7-10 T (m“/s) (4.7-10%
" 5 Thes S () 1.910" S () (5.2:10%
P %657&5 m2isee | Ks (M/S) Ks (m/s)
g 7 1 R0 Ss (1/m) Ss (1/m)
Y b -istem C (m°/Pa) C (m°/Pa)
g Co (1) Co ()
g() ()
0.01 =
£ TGRF(m‘/s) TGRF(mZ/S)
Scre(-) Sarr(-)
Darr (-) Darer (-)
0.001 i el
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
L e dis (min) C (m’/Pa)
i ToHXas dtz2 (min) Co ()
ot Mo Tr (m?/s) 77107 |E ()
1 Soluion S () 1.9-10"
| A K. (m/s)
Lot | Se (Um)
E Kakr=1, Comments:
g o — " e Only a very small response is deduced during the flow period
@ Af a7 ) in this section. The response during the recovery period is
. i ’%5/ regarded as very uncertain and affected by tidal effects.
0.01 | LN /%
e The transient evaluations during both the flow and recovery
- period are thus considered as very uncertain. The parameter
0001 vl e e values estimated from the flow period are selected as the
10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)

most representative.




Test Summary Sheet — Pumping borehole KLX19A

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX19A Test start: 2006-11-12 18:35:04
Test section (m): 98.8-800.1 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
. P Indata Indata
po (kPa)
7 e pi (kPa) 126.0
) o . .. - po(kPa) 29.0 pr (kPa) 120.5
7 i Q, (m%s) 9.68-107
i tp (min) 8281 te (min) 5522
7 m® S () 8.8-10° S () 1.0-10°
o z ECw (mS/m)
2 5| L E q
g o 00 00 e en £ Tew(°C)
] Derivative fact. 0.2 Derivative fact. 0.2
7 I r(m) r(m)
47 r Results Results
] — Q/s (m7/s) 9.8-10°
2 0
| | |
06/11/07 06/11/11 06/11/15 06/11/19 06/11/23
date
Log-Log plot incl. derivates- flow period Tu (M*/s) 1.510°
100 e e e KA pionaBoe T Flow regime: WBS>PSS | Flow regime: | WBS->PRF
: T ko ->NFB
F | | Aauterboce dty (min) dty (min) 20
0E < ” - dtp (min) dtp (min) 60
; % AN —” Moench (Case 1) T (m?/s) 1.6-10* T (m“/s) 2.3-10*
1. g A | 3 Paramielers e S (_) S (_)
A e < o)
T S O O EN (T IS (tim) :
H E [ LLE oo C (m“/Pa) (1.1-107) C (m“/Pa) 3.7-100
W ST § i SR Co ()
CE - N ER i ' € () 3.8 £ (-) -1.8
r § !
0001 | Tere(m/s) Tere(m/s)
i Sare(-) Sare(-)
1084 sl ol 0 T R iy Darr (-) Darr (-)
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
. e PR R dis (min) C (m’/Pa) 3.710°
E = KLX19A dt, (mln) Co (')
s T (ms) L6107 [E() 38
100. E Solution ( ) 8810-6
e [Ka (i)
. ; - 3.3222564 m2sec | Sg (1/m)
E F e 2 ri ) H
= et I ke Comments . -
2 /‘/ 1w -00368m The flow rate curve is uncertain with several changes of flow
3 i rc) =0.1 m . . o ege
g P %g% MJ‘"" . - rate. During the flow period initial effects of WBS occurred.
i %ﬂw"xf ] The drawdown curve was distorted by an increase of flow rate
HA after c. 5 min. After c. 20 min a pseudo-steady state pressure
o (PSS) was achieved throughout the flow period. The recovery
was not consistent with the response during the flow period.
001 e i i After initial WBS a short period of PRF occurred. After c. 60
0.1 1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

min an apparent no-flow boundary (NFB) was indicated.

The estimated parameter values from the flow period are
selected as representative for the test.




Test Summary Sheet — Observation borehole HLX37:1 (pumplng borehole KLX19A)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: HLX37:1 Test start: 2006-11-12 18:35:04
Test section (m): 149.0-199.8 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.139 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
Po (kPa)
pi (kPa) 127.0
po(kPa) 92.8 pe (kPa) 133.0
" | Q, (m%/s)
o tp (min) tr (min)
-1 e gl () 5T
/ ECw (mS/m)
Tew(°C)
w4 \ / Derivative fact. 0.2 Derivative fact. 0.2
f r (m) 710 r (m) 710
’ \%‘ . , Results Results
[E7ART me1v1 so0m0 ] [FFTERVAL Al reudings ] I:}Tu\‘_oeugﬂ'ms.ﬂ.:m ] Qrs (m /S)
Log-Log plot incl. derivates- flow period Tu (M°/s)
o, e BT KXISR, sheenatonboetole ARO7T - T Flow regime: PRE->PSF_| Flow regime: | PRF
g 1 omoan dts (min) 300 dts (min) 700
1 e dtz (min) 1000 dtz (min) 1500
10. | e T (m“/s) 5910° [T (m%s) 5.7-107
i 1 st | S () 2.6:10° S () 3.8-10°
i //"' 1 B [Ks (mis) Ks (m/s)
1L - 4 b =sem Ss (1/m) Ss (1/m)
I p e ‘A‘ C (m*/Pa) C (m*/Pa)
// (A Co () Co ()
S o s & () & ()
S Tere(M?/s) Tere(M/s)
0ot £ S Sare(-) Sarr(-)
AR Darr () Dorr ()
0.001 TN | T B cobd
1. 10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
1o, e e e dt; (min) 300 C (m”/Pa)
F 3 cwoam dtz (min) 1000 Co ()
; s = Tr (m?/s) 59-10°  |&(-)
i s g 1 Semeniscon S () 2.6:10°
i AT ] T e | Ks (M)
f VR R i
- / 1 e oo Comments:
g oL . j/ | Distinct responses were obtained during the flow and
8 E féﬁ / ] recovery period. The flow period is dominated by nearly
/ / ] pseudo-radial flow transitioning to pseudo-spherical (leaky)
] /‘; 7 flow. During the recovery period a transition to pseudo-radial
001 7 E flow occurred.
] Consistent results of evaluated parameter values are obtained
0.001 TN B A A L L from the flow and recovery period respectively. The
1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

parameter values estimated from the flow period are selected
as the most representative for the test section.




Test Summary Sheet — Observation borehole HLX37:2 (pumplng borehole KLX19A)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: HLX37:2 Test start: 2006-11-12 18:35:04
Test section (m): 118.0-148.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.139 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
Po (kPa)
pi (kPa) 127.0
po(kPa) 924 pr (kPa) 132.9
o | [Qe(m’hs)
o tp (min) tr (min)
-1 e gl () 5T
/ ECw (mS/m)
Tew(°C)
i 3 \ / Derivative fact. 0.2 Derivative fact. 0.2
[ r (m) 737 r (m) 737
’ \%‘ , , Results Results
[E7ART me1v1 so0m0 ] [FFTERVAL Al reudings ] I:}Tu\‘_oeugﬂ'ms.ﬂ.:m ] Qrs (m /S)
Log-Log plot incl. derivates- flow period Tu (M°/s)
. e GRS, o o E Flow regime: PRE>PSF | Flow regime: | PRF
g 1 oo dts (min) 300 dts (min) 700
1 e dtz (min) 1000 dtz (min) 1500
10. I T (m?/s) 5810° [T (m%s) 5.9-107
[ E Mﬂjimze-smz/sec S (-) 241076 S (-) 341076
T [ K (mis)
g " —— 5 0o Ss (1/m) Ss (1/m)
< y 7 g\! C (m*/Pa) C (m’/Pa)
/ H| 1 Co () Co ()
LY ”ff i AN E g() ()
74 g \‘\ ] Tare(M?/s) Tere(m/s)
001 £ ﬂ'P \ E Scrr(-) Scrr(-)
'b ] Darr (-) Darr (-)
0.001 L e . L ol L
1. 10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
oo e SRR oo e AOTE T dtr (min) 300 C (m’/Pa)
F < HLX37:2 dtz (min) 1000 Co ()
e Tr (m'/s) 5810°  [E()
o - Solution S () 2.410°
AR
. ’-ﬁ%ﬂ g :g.gilg:g m2isec Ss (1/m)
€ % "B =0.0001303 Comments:
g y H 6 dm Distinct responses were obtained during the flow and
& Ll ’*j : recovery period. The flow period is dominated by nearly
F f‘.,“// : pseudo-radial flow transitioning to pseudo-spherical (leaky)
£/ . flow. During the recovery period a transition to pseudo-radial
001 g - flow occurred.
0001 Lt bri N T Consistent results of evaluated parameter values are obtained
1. 10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)

from the flow and recovery period respectively. The
parameter values estimated from the flow period are selected
as the most representative for the test section.




Test Summary Sheet — Observation borehole KLX11A (pumplng borehole KLX19A)

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX11A:1 Test start: 2006-11-12 18:35:04
Test section (m): 12.0-992.3 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
- ; Indata Indata
o po (kPa)
" pi (kPa)
po(kPa) 111.2 pe (kPa) 129.5
Q, (m%/s)
tp (min) tr (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. Derivative fact. 0.1
r (m) r (m) 701
: : : Results Results
[Farrs ] [FrervaC Areadngs ] E Tﬁw s ] Q/s (mz/s)
Log- Log plot incl. derlvates- flow and recovery period Tu (M°/s)
o ot Flow regime: Flow regime: | Transition
F 1 oKxT1Ad dty (min) dt; (min)
Beulr oo dt, (min) dtz (min)
- Solion T (m?/s) T (m°/s) 5.1-107
T 7 ‘A*: Hantush-Jacob S (_) S (_) 1510’5
Y E"; % %0325-5 mssee | Ks (M/S) Ks (m/s)
€ / RN B 10 Ss (1/m) Ss (1/m)
§ oo 4 e |l C (m°/Pa) C (m°Pa)
E // o ] Co () Co ()
/ g() &)
0.01 &
E Tare(m /S) TGRF(m /s)
Sare(-) Sare(-)
Darr (-) Darr (-)
0.001 L1l e L Ll
10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Limited pressure data available during flow period
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
0. ‘Ime;rt‘ev‘e‘n‘c‘e‘ tesl\:\ KI‘_X‘W‘QI‘\‘,Hubssrv‘alm‘n‘b‘ur‘e‘f‘u‘)le KL‘X11‘A‘:1‘ _ e ol dt1 (mln) C (md/Pa)
5 - KLX11A:1 dtx (min) Co (1)
o - L L0180
] Solution - D
T g Eg‘?f E Hantush-Jacob Ks (m/s)
t /})/; . %13155 m2sec | Ss (1/m)
e .t/ | g [Comments: . .
g org 7 b -9803m Only limited pressure data are available from the flow period.
2 J,/ Thus, no individual transient evaluation can be made from
[/ the flow period. A combined evaluation with data from the
001 |- flow and recovery period was made. Sparse data were
g available from the recovery period. The latter period
indicates a transition period towards possible pseudo-radial
flow.

0.001
1

1 Lo [ Lo Lo in
10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

The parameter values estimated from the recovery period are
selected as representative.




Test Summary Sheet — Observation borehole HLX36:1 (pumping borehole KLX19A)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: HLX36:1 Test start: 2006-11-12 18:35:04
Test section (m): 50.0-199.8 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.140 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
Indata Indata
Po (kPa)
pi (kPa)
po(kPa) 111.5 pr (kPa ) 136.4
Q, (m%/s)
] tp (min) te (min)
S () S ()
1 ECw (mS/m)
Tew(°C)
Derivative fact. 0.1 Derivative fact. 0.1
1 r (m) 728 r (m) 728
S ‘ I~ _ Results Results
e pmee | ey |8 (M)
Log-Log plot incl. derivates- flow and recovery period Tw (M°/s)
00, T T ons et Flow regime: PRE Flow regime: Transition
F "o HLX36:1 dt; (min) dty (min)
Aquterlodel dtz (min) dtz (min)
eaky z 5 Z -3
10. 3 solution T (m%/s) 7.4-10 T (m/s) 1.8-10
g ; Hantush-Jacob S() 1.2:10° S() 1.7-10°
—m\ ] P?ameler;mms m2sec | Ks (M/s) Ks (m/s)
G- i R Ss (1/m) Ss (1/m)
N / W \Q\ lgen | C(m/Pa) C (m/Pa)
gl / \ Co () Co (5)
c / i - -
: I ! £0) £0)
001 il ? Tare(M?/s) Tere(M®/s)
. Scre(-) Sarr(-)
Darr (-) Darer (-)
0.001 L——triiin fuad bl
1. 10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Limited pressure data available during flow period
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
100, e e Tt ope. ot dt; (min) C (m’/Pa)
E 3 oHxsed dtz (min) Co ()
B e Tr (m°/s) 18107 [E()
0. 1 Soltion S () 1.7-107
— e K ()
1 Conen sl
E 7B 09262 Comments:
5 \ Kz/Kr=1.
H \ b =1498m
L \\‘ Only limited pressure data are available from the flow period.
B \ Thus, no individual transient evaluation can be made from
‘ the flow period. A combined evaluation with data from the
001 ¢ flow and recovery period was made. The latter period
indicates a transition period towards possible pseudo-radial
\ flow.
0.001 Lk

I L Ve L
1. 10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)

The parameter values estimated from the recovery period are
selected as representative.




Test Summary Sheet — Pumping borehole KLX17A

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX17A Test start: 2006-10-28 09:58:00
Test section (m): 12.0-701.1 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
eiida Indata Indata
r‘kﬁ‘i‘.‘.“,}‘éﬂ‘w““" Po (kPa)
) | pi (kPa) 393.5
- po(kPa) 157.5 pr (kPa) 3734
A u Q, (m%/s) 4.0-107
® = t, (min) 1404 te_(min) 877
- f = S () 4.3:10° S () 4.2-10°
o = ECw (mS/m)
% g Tew(°C)
L ot g o B Derivative fact. 0.2 Derivative fact. | 0.2
\| : r (m) r (m)
N \
" M | 1
: | [ Results Results
emms ) e e |8 (M) L6107
Log-Log plot incl. derivates- flow period Tu (M*/s) 2.6-107
L L e C———— Flow regime: | WBS>PSS__| Fiow regime: | WBS>PSS
& I ke dt; (min) dt; (min)
F 5 1 Aquifer Model dtz (min) dt, (min)
I X I T (m%s) (37105 | T (m%s) (3.5:107)
1. e E Moench (Case 1) S () S ()
i / / “"’i f 1 %ﬁz&s m2/sec Ks (m/s) Ks (m/s)
s . S ] s -szsEs Ss (1/m) Ss (1/m)
z N O\ r/B' =0.0009338 3 % 3 5
g L 3 ol | v cswes  [C(m/Pa) 41109 | C (m%Pa) 2.410%
LI ] 1 L, Co ) Go ()
i é}; 1 wlheen  [E() (7.0) E() 7.1
Foe ‘t«r;i 4 r(c) =0.113 m
o1 g E%g‘ E Tare(m /S) Tare(m /S)
g 1ot 1 Sarr(-) Sarr(-)
L | i Darr (-) Darr (-)
1 10. 100. 1000. 1.0E+4
Time (min)
Example - no unambiguous transient evaluation is possible
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
o, e S RIXTTR, pupig B dts (min) C (m/Pa) 24107
g 1 ewom dte (min) Co (+)
i ] Tr (m%/s) (3.7:10°) [E () (7.0)
I el 1 Semnemen [ S*(0) (4.3-10°
10 E {n;a@””\ N E Pa;ami'zfzsmz-s m2sec Ks (m/S)
z \’”i | e [So(im)
_ i ; i 1 - Comments:
E [ 4 \| 7 Sw =7.118
5 alL il | A Coeem
8 E o E Uncertain flow rate in the beginning of the flow period. A
‘ [ . ] rather constant flow rate was maintained during the rest of the
r . {\ ] period. Both the flow and recovery period exhibit effects of
01 F g initial WBS rapidly transitioning to a pseudo-steady state by
i 1 ﬁ 1 the end. No unambiguous transient evaluation could be made
[ :‘\‘ % ] on either the flow or recovery period. Examples of possible
oot L L oo i transient evaluations are shown.

0.1 1. 10.
Agarwal Equivalent Time (min)

100. 1000.

Example - no unambiguous transient evaluation is possible




Test Summary Sheet — Observation borehole KLX13A:3

pumping borehole KLX17A)
2

Project: PLU Test type:
Area: Oskarshamn Test no: 1
Borehole ID: KLX13A:3 Test start: 2006-10-28 09:58:00
Test section (m): 11.8-339.0 Responsible for SKB field crew
test execution:
Section diameter, 2-r, (m): 0.076 Responsible for GEOSIGMA AB
test evaluation: Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
= Indata Indata
Po (kPa)
pi (kPa) 140.4
po(kPa) 135.1 pr (kPa) 137.6
-/\“‘"\ Q, (m%s)
e t, (min) te_(min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.2 Derivative fact. 0.2
r (m) 552 r (m) 552
o L~ -_/-/-'-'-—h———ﬂ“—
| Results Results
‘i:mr ow»zr;:.oo.m | ) |\N1E;AL.memgs ] |s'roP.oswwu223.59;: = ] Q/s (mz/ S)
Log-Log plot incl. derivates- flow period Tw (M°/s)
o T ERTE S b O e Flow regime: PRE >PSF__| Flow regime: | PRF >PSF
= KLX13:3 dt4 (min) 600 dt4 (min) 300
A{% dtz (min) 1000 dtz (min) 600
Soution T (m®/s) 43107 T (m?/s) 3.0-107
" P S () 1.0-10° S () 6.610°
1 PaT’amet:e;S.a,eeE-s m2iseo | Ks (m/s) Ks (m/s)
\ | oamE [Ssm) . (1/m)
é 01 /{ SE—— A P, C (m°/Pa) C (m“/Pa)
£ v \ ] Co () Co ()
i £0) £0)
|/
0.01 & “‘, aE 2 z
E [.] g TGRF(m /S) TGRF(m /S)
] Sarr(-) Sarr(-)
Darr (-) Darr (-)
0.001 L Ll L IEETH
1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
e e o con e dty (min) 600 [C(mPa)
F 1 Tokxies dtz (min) 1000 Co ()
S Tr (m%/s) 4.3.10': E(9)
o Solution S () 1.0-107
e [Kafms)
\ ] T -s004Esmlsec | Os (1/M)
S 9EF [ Comments:
5 oot \ Kz/Kr=1.
3 \ 3 b =327.m
2 Rather distinct responses were obtained during the flow and
recovery period. Both the flow and recovery period is
0.001 L dominated by nearly pseudo-radial flow transitioning to
F , pseudo-spherical (leaky) flow by the end.
e Rather consistent results of evaluated parameter values are

100.

Agarwal Equivalent Time (min)

T
1000.

Lo
1.0E+4

obtained from the flow and recovery period respectively. The
parameter values estimated from the flow period are selected
as the most representative for the test section.




Test Summary Sheet — Pumping borehole KLX06

Transient parameter evaluation is only done for the recovery phase

Project: PLU Test type: 1B
Area: Oskarshamn Test no: 1
Borehole ID: KLX06 Test start: 2005-02-18 16:52:00
Test section (m): 11.88 —994.94 Responsible for SKB field crew
test execution:
Section diameter, 2-ry, (M): 0.076 Responsible for SKB
test evaluation: Mansueto Morosini
Linear plot of pressure Flow period Recovery period
. Indata Indata
i a2 ho (masl)
R hy(masl) 129
: | / hp (masl) 6.1 he (masl)
g, . ' Qp (M°Is) 1.25:10°
£ - | tp (Min) 14215 te (min)
S () 8.010° [S()
2 - ECy (MS/m)
: ) Teu(°C)
= N E = Derivative fact. 0.1 Derivative fact. |0.1
S I— ‘ '} r (m) r (m)
)IN)H-I{U-l'I JIIIIH-II\ZJ-H }\'KI‘--IIJ'}-} 1 2005-02-25 2005-02-27 2005 .|'J:|'f” Res u Its Res u |ts
Pressure [kPal, Liquid Rate [Ifmin] v Time [TeD] Q/S (mZ/S) 1810'4
Log-Log plot incl. derivates- flow period Tu (M*/s) 3.1.10"
Flow regime: Radial Flow regime: WBS-IARF-
i T i A composite tight faults
F e ] dt; (min) dt; (min) 5
= I " 1 [dtz (min) dt, (min) 18
s | 3 | T (m?/s) T (m?ls) 3.04.10°
LI , S o - [s0 S()
2 F ] Ks (m/s) Ks (m/s)
7 ‘ Ss (1/m) Ss (1/m)
- | | [CmPa) C (mPa) 2510°
s ¥ . SRRSO Co ()
i e £Q) 6.2
e ----]lw = IwJu : ;LI»Juu o 1ees i TGRF(mZ/S) TGRF(mZIS)
t fsex] Scre(-) Scre(-)
Dcrer (1) Dore ()
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
dt; (min) 400 C (m°/Pa)
dt, (min) 1000 Co ()
0 e B g | Tt (M°/S) 2310" e () -6.2
E " : S ()
wl | / . | [Ks(mis)
| [ Comments:

p-p@dt=0 and derivative [kPa]

10000 1E+5 1E+6

only due to initial disturbances at drawdown phase. The initial WBS of
recovery period was followed by a radial flow regime from 5min to 18
min after pumpstop after. The radial flow period is followed by a
period where flow is restricted by two intersecting impermeable
boundaries with an angle of about 130 degrees. Other geometries
were modelled ; radial composite and parallel faults, but the chosen
geometry of intersecting “faults” provided the best match with
measured data.

The parameter values estimated from the recovery period are
selected as the most representative. Selected representative
transmissivity value is 3.1-10 m%s utilising a storativity of 8-10°°
derived from the HLX20 observation borehole. A skin of -6 was
obtained.




Test Summary Sheet — Observation borehole HLX20 (pumping borehole KLX06)

Project: PLU Test type: 2
Area: Oskarshamn Test no: 1
Borehole ID: HLX?20 Test start: 2005-02-18 16:52:00
Test section (m): 9.0-202.2 Responsible for SKB field crew
test execution:
Section diameter, 2-ry, (M): 0.138 Responsible for SKB
test evaluation: Mansueto Morosini

Linear plot of pressure Flow period Recovery period
Indata Indata
ho (masl)
hi (masl) 10.89
hp (masl) 8.25 he (masl) 11.05
Qo (M’fs)
tp (Min) 6839 te (min)
S () S ()
ECw (mS/m)
Tew(°C)
Derivative fact. 0.1 Derivative fact. 0.1
r(m) 246.5 r (m) 246.5
:Joos-lu:;-l? mols.-lrul-)l Jnos-lna-als )OOS-ID]-{;I JOO“.-ILI'.I-{'SI .Jnuls-loi-ml Results Results
Pressure [m], Liquid Rate (Ifmin] v Time [ToD] Q/S (mZ/S)
Log-Log plotincl. derivates- flow period Tw (M°/s)
Flow regime: IARF Flow regime: IARF
o8 TR D i A T dt; (min) dt; (min)
E . dt; (min) dt; (min)
= | [ L [T(ms) 1.2.10* T (m°/s) 2.2:10"
;| _?{::; | s 47105 |s() 8.0.10°
8 E ;, . Ks (m/s) Ks (m/s)
2 5 Y Ss (1/m) Ss (1/m)
§ T ¥ T C (m°/Pa) C (m°/Pa)
3 W L[S0 Co ()
i o &)
Y SRTETTT ira OTR| HETE SUTON RPN RO Tore(M?/s) Tore(M?/s)
10 100 1000 10000 1E+5 LE+6 SGRF(') SGRF(')
dt [eec]
Dcrer (-) Dcrr (-)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
dt; (min) C (m°/Pa)
°F | dtz (min) Co ()
' T1 (m°/s) 2.2:10" £(9) 0
L /,. IENEYS 8.010°
= 1k #os el o | Ks (m/s)
N LTSN [sm)
£ | 7o Comments:
Z I Lol ] Both drawdown and recovery phase were evaluated where both were best
P oufp = - fitted to a homogeneous infinite acting aquifer with radial flow. Similar T-
¢ A 1 | values were obtained of 1.10"* m?/s for the drawdown and 2-10™* m%s for
sy the recovery. The parameter values estimated from the recovery period
t e E are selected as the most representative since they provide slightly better
oo Pl pevaadle Ao vl @ evivanl W SR match to the measured data when simulating the complete test history.
10 100 1000 10000 1E+5 1E+6

dt [sec]




Test Summary Sheet — Pumping borehole KLX18A

Project: PLU Test type: 1B
Area: Oskarshamn Test no: 1
Borehole ID: KLX18A Test start: 2006-05-05 13:09:58
Test section (m): 312.00-611.28 Responsible for | SKB field crew
test execution:
Section diameter, 2-ry, (mM): 0.076 Responsible for | GEOSIGMA AB
test evaluation: | Jan-Erik Ludvigson
Linear plot Q and p Flow period Recovery period
ol Indata Indata
po (kPa)
£ ] pi (kPa) 2951.8
- po(kPa) 2808.4 pr (kPa )
| 1 Qe (ms) 7.70-107
¥ t, (min) 4044.63 tr_(min)
Wl 1S () 1.9-10° S (1) 3.3-10°
‘ ECw (mS/m)
T . » Tew(°C)
Derivative fact. |0.2 Derivative fact. | 0.1
| i ) r (m)
e ] e r— Results Results
Q/s (m°/s) 5.3-10°
Log-Log plot incl. derivates- flow period Tu (M*/s) 7.8:10°
1000, r o e A T Flow regime: WBS->PRF- | Flow regime:
=T -PSE
Aquifer Model dty (min) 100 dt; (min)
100 SLE‘"‘” dtx (min) 300 dt, (min)
%h (Case 1) T (mZ/S) 7.6-10° T (m%s)
1o T : %7956 m2isec S (-) S (-)
- A\ s Cisaes Ks (m/s) Ks (m/s)
A / L ﬂ & Zooooses | Ss (1/m) Ss (1/m)
E Ve N ey C (m°/Pa) 3.3.107 C (m°/Pa)
L 2 P Y E——TO
43 § e e () - 0
0.01 TGRF(m‘/s) TGRF(mZ/S)
' Sare(-) Sare(-)
0001 i wl DL Darer (-) DarF (-)
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)
Log-Log plot incl. derivatives- recovery period Selected representative parameters.
1000, e e e e e dt; (min) 100 C (m’/Pa) 33107
: 3 O | dte (min) 300 Co ()
r ] Tr (m?/s) 7.6-10° E(9) 0.5
100- ¢ E S* () 1.9-10°
E ] Ks (m/s)
ol 1 S, (1/m)
E 1 Comments:
E § i é 1 ] During the flow period initial wellbore storage effects are
§ L i . followed by a short period of pseudo-radial flow transitioning
§ F g + ] to pseudo-spherical flow by the end. No representative
r s ! I ] response was obtained during the recovery period. Transient
o1 @ﬁ s E evaluation from the flow period was based on variable flow
§ SEC N 1 rate. No transient evaluation could be made from the
001 £ : 4 recovery period.
000 v el el il i The parameter values from the flow period are selected as the
" o0t 0.1 1. 10. 100 1000.  1.0E+4 most representative for the test.

Agarwal Equivalent Time (min)




Appendix 2

Test diagrams
Nomenclature for AQTESOLYV:

T = transmissivity (mz/s)

S = storativity (-)

Kz/K; = ratio of hydraulic conductivities in the vertical and radial direction (set to 1)
Sw = skin factor

r(w) = borehole radius (m)

r(c) = effective casing radius (m)

/B = leakage coefficient (s"l)

b = thickness of formation (m)



Interference test in KLX14A, pumping borehole

1000 ; T T TTTTIT T T TTTTI T T TTTTI T T TTTITIT T T TTTTIT T THH: ObS.We”S
F . = KLX14A
L 5 Aquifer Model
100. £ = Leaky
F 7 Solution
C ] Moench (Case 1)
10. k£ Parameters
& T =551E-5m%sec
E - S =519E-6
= L r/B' =0.04069
2 1 B3' =0.008004
S g R t/B" = 0.
: - o B 0.
s C o Sw =-6.96
B *ngi“/‘** e r(w) = 0.0368 m
0.1 £ g —r T rc) =0.1m
E ' "
F A o
0.01 F—+ + * =
0001 L L Lt L L L L1 Ll Lol vy LILLIL
0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min)

Figure 1-1.Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with corresponding simulated curves (red) in the pumping borehole KLX14A.

Interference test in KLX14A, pumping borehole

8- [ T T TTTTIT T T TTTTIT T T TTTTIT T TEIHHT T T TTTTIT T THHL ObS.We“S
L ¥ ] = KLX14A
. 4 Aquifer Mode!
L :{ A Leaky
6 | s | Solution
L il Moench (Case 1)
- . Parameters
r + 7 T =551E-5m2/sec
£ 4. S =5.19E-6
= - 1 r/B' =0.04069
2 r B B'" =0.008004
S L § r/B" = 0.
= | ; | B -o0.
o 2 Sw =-6.96
i 3 i r(w) = 0.0368 m
L N | ric) =0.1m
0. -
I : ]
L i i
r3
_2. L L L L L L L L L L1 LIl L L L §1 L Ll
0.01 0.1 1. 10. 100. 1000. 1.0E+4

Time (min)

Figure 1-2. Lin-log plot of drawdown (blue ©) and drawdown derivative (black +) versus time
together with corresponding simulated curves (red) in the pumping borehole KLXI14A.



Interference test in KLX14A, pumping borehole

1000 ; T T TTTTT T T TTITIT T T TTTITIT T T TTTTIT T T TTTTT T THH: ObS.We”S
E E s KLX14A
r . Aquifer Model
100. = Confined
E 3 Solution
C i Dougherty-Babu
10. k£ i Parameters
E - 3 T  =0.0001629 m2/sec
— C | S = 8.94E-6
- e -
£ - M-"‘"“g ] Kz/Kr=1.
s 1 e - Sw =-4.195
z " E - M*‘@;‘Wi 3 rw) =0.0368m
3 = = — + 3 rc) =0.05028 m
g : ﬂww *"’WM . (c)
0.1 g 3
0.01 E
0001 I N [N L1 LIl L L L 1Ll /NN
0.01 0.1 1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

Figure 1-3.Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) together with corresponding simulated curves (red) in the pumping
borehole KLX14A. The evaluation is based on the early-time recovery response.

Interference test in KLX14A, pumping borehole

8- T T TTTITIT T T TTTTI T T TTTITIT T T TTTTT T T TTTTIT T T TTITIT
Obs. Wells
a KLX14A

= . Aquifer Model
r , Confined

Solution
Dougherty-Babu

r 1 Parameters
B 1 T =0.0001629 m2/sec
4

S =8.94E-6

t / / Kz/Kr=1.

5 Sw  =-4.195
- s r(w) =0.0368m
- - r(c) =0.05028 m
. g

Recovery (m)

0. ——s71
_2. L1 Ll L L L L1 Ll L L LIl L L i L L L
0.01 0.1 1. 10. 100. 1000.  1.0E+4

Agarwal Equivalent Time (min)

Figure 1-4. Lin-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) together with corresponding simulated curves (red) in the pumping
borehole KLX14A. The evaluation is based on the early-time recovery response.



Interference testin KLX14A, pumping borehole

1000 ; T T TTTTIT T T TTTTT T T TTTTT T TTTTTIT T T TTTTT T THH: ObS.We”S
E E s KLX14A
r B Aquifer Model
100. £ = Confined
F ] Solution
C i Dougherty-Babu
10. i Parameters
E | T  =5.149E-5 m%/sec
= c | " 1 S  =502E-6
£ C e ] Kz/Kr =1,
z 1 o R Sw =-7.368
> E L k- = r(w) =0.0368m
3 E N /”"’;"W% 3 rEc)) =01m
& C R ¢ ;fww ] '
= b ’W —
0.1k E
0.01 ¥ E
0001 I N [N L1 LIl L L L 1Ll /NN
0.01 0.1 1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

Figure 1-5.Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) together with corresponding simulated curves (red) in the pumping
borehole KLX14A. The evaluation is based on the late-time recovery response.

Interference test in KLX14A, pumping borehole

8. T T TTTTIT T T TTTTIT T T TTTTIT T T TTTTI T T TTTTIT T T TTTTIT
Obs. Wells
s KLX14A

- b Aquifer Model
r B Confined

Solution
Dougherty-Babu

r 7 Parameters
- A T  =5.149E-5 m2/sec
4. S =502E-6
- / . Kz/Kr = 1.
- . Sw =-7.368
L 4 rw) =0.0368m
- = rc) =0.1m

Recovery (m)

f”
__ﬁm//ﬁ%‘
° N

-2 R Lol Lo L1 Ll Lol Lo

0.01 0.1 1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

Figure 1-6.Lin-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) together with corresponding simulated curves (red) in the pumping
borehole KLX14A. The evaluation is based on the late-time recovery response.



Interference test in KLX14A, observation borehole HLX38
- E T T T TTTTT T T T TTTTT T T T TTTTT T T TTTHA ObSWe”S
C ] = HLX38
L J Aquifer Model

L e 7 Leaky

1 / Solution

T E E Hantush-dacob

- Parameters

T =6.748E-5 m2/sec
S  =1.324E-5

WB =0.2074
Kz/Kr=1.

b =1928m

0.1

T
+0

Drawdown (m)

0.01 |

0.001 1 L1 LNl 1 L1l 1 L1111l 1 L1l

1. 10. 100. 1000. 1.0E+4
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Figure 1-7.Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole HLX38 during pumping
in borehole KLX14A.
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Figure 1-8. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus time
together with simulated curves (red) in the observation borehole HLX38 during pumping in
borehole KLX14A.
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- E T T T TTTTT T T T TTTTT T T T TTTTT T T TTTHA ObSWe”S
C ] = HLX38

L J Aquifer Model
Leaky

Solution
Hantush-dacob

Parameters

T  =6.178E-5 m2/sec
S  =1.596E-5

/B =0.1853
Kz/Kr=1.

b =1928m

0.1

Recovery (m)

0.01 *

0.001 1 T 1 L1l 1 L1111l 1 L1l

1. 10. 100. 1000. 1.0E+4
Agarwal Equivalent Time (min)

Figure 1-9.Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole HLX38 during pumping in borehole
KLX14A.
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Figure 1-10. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole HLX38 during pumping in borehole
KLXI4A.



Interference test in KLX21B, pumping borehole
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Figure 1-11. Log-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) together with simulated curves (red) in the pumping borehole KLX21B.
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Figure 1-12. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) together with simulated curves (red) in the pumping borehole KLX21B.



Interference test in KLX21B, observation borehole KLX07A:1
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Figure 1-13. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:1 during
pumping in borehole KLX21B.

Interference test in KLX21B, observation borehole KLX07A:1

2- T T T TTTTT T T T TTTTT T T T TTTTT T T T TTTTT ObS We||S
B l = KLX07A:1
i ] Aquifer Model
N l Leaky
i 7 Solution
1.38 Hantush-Jacob
i ] Parameters
i 7 T =0.0001097 m2/sec
€ r b S =8.404E-5
= L i /B =0.4128
3 Kz/Kr=1.
g 075 b =-637m
= L
o
=) L
0.125
_05 1 1
10. 100. 1000. 1.0E+4 1.0E+5

Time (min)

Figure 1-14. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:1 during
pumping in borehole KLX21B.
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Figure 1-15. Log-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:1 during pumping in borehole
KLX21B.
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Figure 1-16. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:1 during pumping in borehole
KLX2IB.
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Figure 1-17. Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:2 during
pumping in borehole KLX21B.
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Figure 1-18. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:2 during
pumping in borehole KLX21B.



Interference test in KLX21B, observation borehole KLX07A:2

105 T T T TTTTT T T T T TTTT T T T TTTTT T T TTTH: ObSWe”S
C ] = KLX07A:2
i _ Aquifer Model
L A Confined
Solution
1. E 3 Theis
C & ] Parameters
L £t ] T  =5.49E-5m/sec
— £ S =0.0001887
- M TR
E AL Kz/Kr=1.
> o b =27.m
% 0.1 E T 8 3
g g Y e i
s L . 8 B/ 5, ]
L - S B A
. o + % -
0.01 F 7 - g
0001 | | 19; 111l | | lll:H | Ll | N
10. 100. 1000. 1.0E+4 1.0E+5

Agarwal Equivalent Time (min)

Figure 1-19. Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:2 during pumping in borehole
KLX2IB.
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Figure 1-20. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:2 during pumping in borehole
KLX21B.



Interference test in KLX21B, observation borehole KLX07A:3
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Figure 1-21. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:3 during
pumping in borehole KLX21B.
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Figure 1-22. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:3 during
pumping in borehole KLX21B.
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Figure 1-23. Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:3 during pumping in borehole
KLX21B.
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Figure 1-24. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:3 during pumping in borehole
KLX21B.
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Figure 1-25. Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:4 during
pumping in borehole KLX21B.
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Figure 1-26. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:4 during
pumping in borehole KLX21B.
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Figure 1-27. Log-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:4 during pumping in borehole
KLX21B.
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Figure 1-28. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:4 during pumping in borehole
KLX21B.



Interference test in KLX21B, observation borehole KLX07A:5
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Figure 1-29. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:5 during
pumping in borehole KLX21B.
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Figure 1-30. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:5 during
pumping in borehole KLX21B.



Interference test in KLX21B, observation borehole KLX07A:5

E T T T TTTTT T T T TTTTT T T T T TITT T T T 1117 Obs. Wells
L i o KLX07A:5

L i Aquifer Model
. 4 Leaky

100.

Solution
Hantush-Jacob

10. Parameters

F 3 T =0.0001123 m%sec
— - S = 8.489E-6

r T /B =0.3253

B 7 Kz/Kr = 1.

r T b =123. m

Recovery (m)

R B
s E AR PR,
oooo
1

0.1

0.01 RN EERT I
1. 10. 100. 1000. 1.0E+4

Agarwal Equivalent Time (min)

Figure 1-31. Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:5 during pumping in borehole
KLX2IB.
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Figure 1-32. Lin-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:5 during pumping in borehole
KLX21B.
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Figure 1-33. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:6 during
pumping in borehole KLX21B.
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Figure 1-34. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:6 during
pumping in borehole KLX21B.
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Figure 1-35. Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:6 during pumping in borehole
KLX2IB.
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Figure 1-36. Lin-log plot of pressure recovery (blue ) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:6 during pumping in borehole
KLX21B.



Interference test in KLX21B, observation borehole KLX07A:7
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Figure 1-37. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:7 during
pumping in borehole KLX21B.
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Figure 1-38. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:7 during
pumping in borehole KLX21B.
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Figure 1-39. . Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:7 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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Figure 1-40. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:7 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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Figure 1-41. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:8 during
pumping in borehole KLX21B.
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Figure 1-42. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07A:8 during
pumping in borehole KLX21B.
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Figure 1-43. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07A:8 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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Figure 1-44. Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07B:1 during
pumping in borehole KLX21B.
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Figure 1-45. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07B:1 during
pumping in borehole KLX21B.
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Figure 1-46. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07B:1 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.



Interference test in KLX21B, observation borehole KLX07B:2
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Figure 1-47. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07B:2 during
pumping in borehole KLX21B.
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Figure 1-48. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX07B:2 during
pumping in borehole KLX21B.
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Figure 1-49. Lin-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX07B:2 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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Figure 1-50. Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole HLX22 during pumping
in borehole KLX21B.



Interference test in KLX21B, observation borehole HLX22
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Figure 1-51. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole HLX22 during pumping
in borehole KLX21B.
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Figure 1-52. Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole HLX22 during pumping in borehole
KLX21B.
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Figure 1-53. Lin-log plot of pressure recovery (blue ) and -derivative (black +) versus
equivalent time (dte) in the observation borehole HLX22 during pumping in borehole
KLX21B.
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Figure 1-54. Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:4 during
pumping in borehole KLX21B.
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Figure 1-55. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:4 during
pumping in borehole KLX21B.
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Figure 1-56. Lin-log plot of pressure recovery (blue ) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX12A:4 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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10E T T T TTTTT T T T TTTTT T T T TTTTT T T T TTTT: ObSWe”S
r ] s KLX12A:6
i ] Aquifer Model
L a Leaky
Solution
1. g 3 Hantush-Jacob
F ] Parameters
r ] T =4.847E-5 m?/sec
— 4 S  =4.459E-5
€ - B B =1.464
2 0.1 i/ gk jasel Kz/Kr=1.
] 1 E g jaol 3 b =130.m
= r R ]
© 4
5 L n-: +4 :
- - I8 R 1
. s 1
0.01 — P 3
C . b r .
0001 1 L1 1 11l 1 L1 1 ll*H 1 1 1111l
10. 1000. 1.0E+4 1.0E+5
Time (min)

Figure 1-57. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:6 during
pumping in borehole KLX21B.
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Figure 1-58. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:6 during
pumping in borehole KLX21B.
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Figure 1-59. Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX12A:6 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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Figure 1-60. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX12A:6 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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Figure 1-61. Log-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:7 during
pumping in borehole KLX21B.
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Figure 1-62. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:7 during
pumping in borehole KLX21B.
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Figure 1-63. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX12A:7 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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Figure 1-64. Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:8 during
pumping in borehole KLX21B.
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Figure 1-65. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:8 during
pumping in borehole KLX21B.
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Figure 1-66. Log-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX12A:8 during pumping in borehole
KLX21B.
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Figure 1-67. Lin-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX12A:8 during pumping in borehole
KLX21B.
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Figure 1-68. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:9 during
pumping in borehole KLX21B.
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Figure 1-69. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX12A:9 during
pumping in borehole KLX21B.
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Figure 1-70. Log-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX12A:9 during pumping in borehole
KLX21B.
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Figure 1-71. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX12A:9 during pumping in borehole
KLX21B.
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Figure 1-72. Log-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:5 during
pumping in borehole KLX21B.
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Figure 1-73. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:5 during
pumping in borehole KLX21B.
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Figure 1-74. Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX05:5 during pumping in borehole
KLX21B.
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Figure 1-75. Lin-log plot of pressure recovery (blue ) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX05:5 during pumping in borehole
KLX2IB.
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Figure 1-76. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:6 during
pumping in borehole KLX21B.
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Figure 1-77. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:5 during
pumping in borehole KLX21B.
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Figure 1-78. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX05:6 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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Figure 1-79. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:7 during
pumping in borehole KLX21B.
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Figure 1-80. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:7 during
pumping in borehole KLX21B.
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Figure 1-81. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX05:7 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible.
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Figure 1-82. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:8 during
pumping in borehole KLX21B.
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Figure 1-83. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:8 during
pumping in borehole KLX21B.
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Figure 1-84. Lin-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX05:8 during pumping in borehole
KLX21B. No type curve fit is shown since no unambiguous transient evaluation is possible
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Figure 1-85. Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:9 during
pumping in borehole KLX21B.
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Figure 1-86. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:9 during
pumping in borehole KLX21B.
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Figure 1-87. Log-log plot of pressure recovery (blue 0) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX05:9 during pumping in borehole
KLX21B.
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Figure 1-88. Lin-log plot of pressure recovery (blue ) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX05:9 during pumping in borehole
KLX2IB.
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Figure 1-89. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:10 during
pumping in borehole KLX21B.
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Figure 1-90. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX05:10 during
pumping in borehole KLX21B.
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Figure 1-91. Log-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX05:10 during pumping in borehole
KLX21B.
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Figure 1-92. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX05:10 during pumping in borehole
KLX21B.
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Figure 1-93. Log-log plot of drawdown (blue ©) and drawdown derivative (black +) versus
time together with corresponding simulated curves (red) in the pumping borehole KLX26A.
No unambiguous transient evaluation is possible. The presented evaluation is an example of a
possible evaluation.
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Figure 1-94. Lin-log plot of drawdown (blue 0) and drawdown derivative (black +) versus
time together with corresponding simulated curves (red) in the pumping borehole KLX26A.
No unambiguous transient evaluation is possible. The presented evaluation is an example of a
possible evaluation.
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Figure 1-95. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX26B:1 during
pumping in borehole KLX26A.
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Figure 1-96. Lin-log plot of drawdown (blue o) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX26B:1 during
pumping in borehole KLX26A.
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Figure 1-97. Log-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX26B:1 during pumping in borehole
KLX26A.
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Figure 1-98. Lin-log plot of pressure recovery (blue o) and -derivative (black +) versus
equivalent time (dte) in the observation borehole KLX26B:1 during pumping in borehole
KLX26A.
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Figure 1-99. Log-log plot of drawdown (blue ) and drawdown derivative (black +) versus
time together with simulated curves (red) in the observation borehole KLX26B:2 during
pumping in borehole KLX26A.
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Figure 1-100. Lin-log plot of drawdown (blue ©) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX26B:2 during pumping in borehole KLX26A.
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Figure 1-101. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX26B:2 during pumping in
borehole KLX26A.
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Figure 1-102. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX26B:2 during pumping in
borehole KLX26A.
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Figure 1-103. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX26B:3 during pumping in borehole KLX26A.
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Figure 1-104. Lin-log plot of drawdown (blue ©) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX26B:3 during pumping in borehole KLX26A.
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Figure 1-105. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX26B:3 during pumping in
borehole KLX26A.
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Figure 1-106. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX26B:3 during pumping in
borehole KLX26A.
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Figure 1-107. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX26B.
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Figure 1-108. Lin-log plot of drawdown (blue ©) and drawdown derivative

(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX26B.



Interference test in KLX26B, pumping borehole
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Figure 1-109. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) together with corresponding simulated curves (red) in the
pumping borehole KLX26B. The evaluation is based on the late-time recovery response.
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Figure 1-110. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) together with corresponding simulated curves (red) in the
pumping borehole KLX26B. The evaluation is based on the late-time recovery response.



Interference test in KLX26B, observation borehole KLX26A:2
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Figure 1-111. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX26A:2 during pumping in borehole KLX26B.
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Figure 1-112. Lin-log plot of drawdown (blue t) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX26A:2 during pumping in borehole KLX26B.
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Figure 1-113. Log-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX26A:2 during pumping in
borehole KLX26B.
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Figure 1-114. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX26A:2 during pumping in
borehole KLX26B.
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Figure 1-115. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX26A:3 during pumping in borehole KLX26B.
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Figure 1-116. Lin-log plot of drawdown (blue ©) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX26A:3 during pumping in borehole KLX26B.



Interference test in KLX26B, observation borehole KLX26A:3
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Figure 1-117. Log-log plot of pressure recovery (blue o) and -derivative (black
+) versus equivalent time (dte) in the observation borehole KLX26A:3 during pumping in
borehole KLX26B.
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Figure 1-118. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX26A:3 during pumping in
borehole KLX26B.



Interference testin KLX22A, pumping borehole
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Figure 1-119. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the pumping borehole KLX22A.
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Figure 1-120. Lin-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the pumping borehole KLX22A.
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Figure 1-121. Log-log plot of pressure recovery (blue o) and -derivative (black
+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX22A.
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Figure 1-122. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX22A.



Interference test in KLX22A, observation borehole KLX22B
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Figure 1-123. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX22B during pumping in borehole KLX22A.
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Figure 1-124. Lin-log plot of drawdown (blue t) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX22B during pumping in borehole KLX22A.



Interference test in KLX22B, observation borehole KLX22A
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Figure 1-125. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX22B during pumping in
borehole KLX22A.
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Figure 1-126. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX22B during pumping in
borehole KLX22A.



Interference test in KLX22B, pumping borehole
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Figure 1-127. Log-log plot of drawdown (blue 0) and drawdown derivative

(black +) versus time together with simulated curves (red) in the pumping borehole KLX22B.
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Figure 1-128. Lin-log plot of drawdown (blue t) and drawdown derivative
(black +) versus time together with simulated curves (red) in the pumping borehole KLX22B.



Interference test in KLX22B, pumping borehole
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Figure 1-129. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX22B.
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Figure 1-130. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KILX22B.



Interference testin KLX23A, pumping borehole
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Figure 1-131. Log-log plot of drawdown (blue o) and drawdown derivative
(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX23A.
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Figure 1-132. Lin-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX23A.



Interference testin KLX23A, pumping borehole
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Figure 1-133. Log-log plot of pressure recovery (blue 0) and -derivative (black
+) versus equivalent time (dte) together with corresponding simulated curves (red) in the
pumping borehole KLX23A.
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Figure 1-134. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) together with corresponding simulated curves (red) in the
pumping borehole KLX23A.



Interference test in KLX23A, observation borehole KLX23B
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Figure 1-135. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX23B during pumping in borehole KLX23A.
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Figure 1-136. Lin-log plot of drawdown (blue ©) and drawdown derivative
(black +) versus time together with simulated curves (red) in the observation borehole
KLX23B during pumping in borehole KLX23A.



Interference test in KLX23A, observation borehole KLX23B
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Figure 1-137. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX23B during pumping in
borehole KLX23A.
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Figure 1-138. Lin-log plot of pressure recovery (blue 0) and -derivative (black
+) versus equivalent time (dte) in the observation borehole KLX23B during pumping in
borehole KLX23A.



Interference test in KLX23B, pumping borehole
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Figure 1-139. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX23B.
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Figure 1-140. Lin-log plot of drawdown (blue t) and drawdown derivative

(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX23B.



Interference test in KLX23B, pumping borehole
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Figure 1-141. Log-log plot of pressure recovery (blue o) and -derivative (black
+) versus equivalent time (dte) together with corresponding simulated curves (red) in the
pumping borehole KLX23B.
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Figure 1-142. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) together with corresponding simulated curves (red) in the
pumping borehole KLX23B.



Interference test in KLX23B, observation borehole KLX23A
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Figure 1-143. Log-log plot of drawdown (blue o) and drawdown derivative
(black +) versus time together with simulated curves (red) in the observation borehole
KLX23A during pumping in borehole KLX23B.
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Figure 1-144. Lin-log plot of drawdown (blue t) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX23A during pumping in borehole KLX23B.



Interference test in KLX16A, pumping borehole
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Figure 1-145. Log-log plot of drawdown (blue 0) and drawdown derivative

(black +) versus time together with simulated curves (red) in the pumping borehole KLX16A.
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Figure 1-146. Lin-log plot of drawdown (blue ©) and drawdown derivative

(black +) versus time together with simulated curves (red) in the pumping borehole KLX16A.



Interference test in KLX16A, pumping borehole

1000 E T T TTTTT T T TTITIT T T TTTITIT T T TTTTIT T T TTTTT T TTTHL ObS We||S
: E o KLX16A
r . Aquifer Model
100. £ = Confined
E 3 Solution
C i Dougherty-Babu
10. i Parameters
E 3 T  =0.0001879 m2/sec
£ r - S =9.6E-6
E C ] Kz/Kr=1.
s
z . L my“" | Sw =-2.203
S £ S | E r(w) =0.0338m
g g /"‘/S“M E fc) =0.04684 m
: + ‘lq--_w__.u.-‘ ]
0.1 A4 e
0.01 £ 4
0001 I N [N L1 LIl L L L 1Ll /NN
0.01 0.1 1. 10. 100. 1000.  1.0E+4
Agarwal Equivalent Time (min)
Figure 1-147. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX16A. This type-curve fit is made on the early part of the recovery period.
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Figure 1-148. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX16A. This type-curve fit is made on the early part of the recovery period.



Interference test in KLX16A, pumping borehole
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Figure 1-149. Log-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX16A. This type-curve fit is made on the later part of the recovery period.
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Figure 1-150. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX16A. This type-curve fit is made on the later part of the recovery period.



Interference test in KLX15A, pumping borehole
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Figure 1-151. Log-log plot of drawdown (blue 0) and drawdown derivative

(black +) versus time together with simulated curves (red) in the pumping borehole KLX15A.
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Figure 1-152. Lin-log plot of drawdown (blue t) and drawdown derivative
(black +) versus time together with simulated curves (red) in the pumping borehole KLX15A.



Interference test in KLX15A, pumping borehole
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Figure 1-153. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX15A.
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Figure 1-154. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX15A.



Interference test in KLX15A, observation borehole HLX38
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Figure 1-155. Log-log plot of drawdown (blue o) and drawdown derivative
(black +) versus time together with simulated curves (red) in the observation borehole HLX38
during pumping in borehole KLX15A.
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Figure 1-156. Lin-log plot of drawdown (blue ©) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole HLX38
during pumping in borehole KLX15A.
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Figure 1-157. Log-log plot of pressure recovery (blue o) and -derivative (black
+) versus equivalent time (dte) in the observation borehole HLX38 during pumping in
borehole KLX15A.
Interference test in KLX15A, observation borehole HLX38
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Figure 1-158. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole HLX38 during pumping in

borehole KLX15A.
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Figure 1-159. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX19A.
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Figure 1-160. Lin-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX19A.



Interference testin KLX19A, pumping borehole
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Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) together with corresponding simulated curves (red) in the
pumping borehole KLX19A. The evaluation is based on the early-time recovery response.
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Interference testin KLX19A, observation borehole HLX37:1
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Figure 1-163. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
HLX37:1 during pumping in borehole KLX19A.
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Figure 1-164. Lin-log plot of drawdown (blue t) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
HLX37:1 during pumping in borehole KLX19A.



Interference test in KLX19A, observation borehole HLX37:1
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Figure 1-165. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) in the observation borehole HLX37:1 during pumping in
borehole KLX19A.
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Figure 1.-166. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole HLX37:1 during pumping in
borehole KLX19A.



Interference test in KLX19A, observation borehole HLX37:2
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Figure 1-167. Log-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
HLX37:2 during pumping in borehole KLX19A.

Interference test in KLX19A, observation borehole HLX37:2

8. T T T TTTTT T T TTTTIT T T TTTTIT T T TTTTIT T T TTTTIT ObS We”S
i ] s HLX37:2
- . Aquifer Model
r 7 Leaky
6. .
| | Solution
L i Hantush-Jacob
r 1 Parameters
r 1 T  =5782E-5m2/sec
z 4 S  =2425E-6
e - = B =0.3131
S L B Kz/Kr = 1.
3 L . b =30.m
z L 4
s /
0.
_2. | R | R | R i |
1. 10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Figure 1-168. Lin-log plot of drawdown (blue t) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
HLX37:2 during pumping in borehole KLX19A



Interference test in KLX19A, observation borehole HLX37:2

100 E T T TTTTT1T T T T TTTIT T T TTTTIT T T TTTTIT T T TTTTTH ObS.We”S
E 7 o HLX37:2
i ] Aquifer Model
Leaky
10. £ - .
0 E / Solution
C ] Hantush-Jacob
i // ] Parameters
M f T  =5941E-56 m2/sec
. 1. E = 5 S =3.442E6
E F 3 /B =0.0001303
= B ] Kz/Kr =1.
§ i ’uf i ] b =30.m
[ f ¥
01 4 - E
8 > E
- : : i
L . + i
0.01 E £ -
0001 1 I 1 I 1 Ll i 11 1Ll
1 10 100. 1000. 1.0E+4 1.0E+5
Agarwal Equivalent Time (min)
Figure 1-169. Log-log plot of pressure recovery (blue o) and -derivative (black
+) versus equivalent time (dte) in the observation borehole HLX37:2 during pumping in
borehole KLX19A.
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Figure 1-170. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole HLX37:2 during pumping in

borehole KLX19A.



Interference testin KLX19A, observation borehole KLX11A:1
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Figure 1-171. Log-log plot of last phase of flow period together with recovery
period (blue 0) and corresponding derivative (black +) versus time together with simulated
curves (red) in the observation borehole KLX11A:1 during pumping in borehole KLX19A.
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Figure 1-172. Lin-log plot of last phase of flow period together with recovery
period (blue 0) and corresponding derivative (black +) versus time together with simulated
curves (red) in the observation borehole KLX11A:1 during pumping in borehole KLX19A.
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Figure 1-173. Log-log plot of pressure recovery (blue 0) and -derivative (black
+) versus equivalent time (dte) in the observation borehole KLX11A:1 during pumping in
borehole KLX19A.

Interference testin KLX19A, observation borehole KLX11A:1
4. T T T TTTTT T T T T 11707 T T T TTTTT T T T TTTTT obS.We”S
s KLX11A:1

- Aquifer Model
r 7 Leaky

Solution
Hantush-Jacob

L + B Parameters

5 . . T  =5.132E-5m?%/sec
S =1514E-5

- /B =0.0008155

B Kz/Kr=1.

b =980.3m

Recovery (m)

.1. 10. 100. 1000. 1.0E+4
Agarwal Equivalent Time (min)

Figure 1-174. Lin-log plot of pressure recovery (blue 0) and -derivative (black
+) versus equivalent time (dte) in the observation borehole KLX11A:1 during pumping in
borehole KLX19A.



Interference test in KLX19A, observation borehole HLX36:1
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Figure 1-175. Log-log plot of last phase of flow period together with recovery

period (blue 0) and corresponding derivative (black +) versus time together with simulated
curves (red) in the observation borehole HLX36:1 during pumping in borehole KLX19A.

Interference test in KLX19A, observation borehole HLX36:1

4. T T TTTTTT T T T TTTTT T T TTTTIT T T TTTTIT T T TTTTIT ObS We”S
i 1 o HLX36:1
= ~ Aquifer Model
r A 7 Leaky
2. .
L Solution
L Hantush-Jacob
r £ Parameters
L T =7.371E-5 m?/sec
z o . S  =1.153E-5
€ L "B  =1.0E-9
S L Kz/Kr =1.
3 L b =149.8m
=
z L
e 2
-4,
_6. L1 LIl L1 LIt L1 L 1Llll L1 LIl L1 LIt
1, 10. 100. 1000. 1.0E+4 1.0E+5
Time (min)
Figure 1-176. Lin-log plot of last phase of flow period together with recovery

period (blue 0) and corresponding derivative (black +) versus time together with simulated
curves (red) in the observation borehole HLX36:1 during pumping in borehole KLX19A.



Interference test in KLX19A, observation borehole HLX36:1
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Figure 1-177. Log-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole HLX36:1 during pumping in
borehole KLX19A.
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Figure 1-178. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole HLX36:1 during pumping in
borehole KLX19A.



Interference test in KLX17A, pumping borehole
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Figure 1-179. Log-log plot of drawdown (blue ) and drawdown derivative

(black +) versus time together with simulated curves (red) in the pumping borehole KLX17A.
No unambiguous transient evaluation could be made. Examples of possible transient
evaluations are shown.
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Figure 1-180. Lin-log plot of drawdown (blue o) and drawdown derivative

(black +) versus time together with simulated curves (red) in the pumping borehole KLX17A.
No unambiguous transient evaluation could be made. Examples of possible transient
evaluations are shown.



Interference testin KLX17A, pumping borehole
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Figure 1-181. Log-log plot of pressure recovery (blue o) and -derivative (black

+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX17A. No unambiguous transient evaluation could be made. Examples of possible
transient evaluations are shown.
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Figure 1-182. Lin-log plot of pressure recovery (blue 0) and -derivative (black
+) versus equivalent time (dte) together with simulated curves (red) in the pumping borehole
KLX17A. No unambiguous transient evaluation could be made. Examples of possible
transient evaluations are shown



Interference test in KLX17A, observation borehole KLX13A:3
- E T T T TT1TTT T T T TTT0T T T T TTTTT T T NYIHA ObS.WeIIS
C ] o KLX13:3

L J Aquifer Model
L J Leaky

Solution
Hantush-dacob

Parameters

T = 4.329E-5 m2/sec
S =1.043E-5

B =0.8147

Kz/Kr = 1.

b =327.m

0.1

Drawdown (m)

- O o 0 o00ogg

0.01

0001 1 L1l 1 L1l 111 1 Lol 1 |

1. 10. 100. 1000. 1.0E+4

Time (min)

Figure 1-183. Log-log plot of drawdown (blue o) and drawdown derivative
(black +) versus time together with simulated curves (red) in the observation borehole
KLX13A:3 during pumping in borehole KLX17A.
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Figure 1-184. Lin-log plot of drawdown (blue ©) and drawdown derivative

(black +) versus time together with simulated curves (red) in the observation borehole
KLX13A:3 during pumping in borehole KLX17A.



Interference testin KLX17A, observation borehole KLX13A:3
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Figure 1-185. Log-log plot of pressure recovery (blue o) and -derivative (black
+) versus equivalent time (dte) in the observation borehole KLX13A:3 during pumping in
borehole KLX17A.
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Figure 1-186. Lin-log plot of pressure recovery (blue 0) and -derivative (black

+) versus equivalent time (dte) in the observation borehole KLX13A:3 during pumping in
borehole KLX17A.



Figure 1-187. Lin-lin plot of pressure versus time during the pumping test in
borehole KLX06 together with evaluated data.
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Figure 1-188.

Log-log plot of pressure versus time in the pumping borehole
KLXO06 together with evaluated data.



Figure 1-189. Plot of pressure versus time in the pumping borehole KLX06
together with evaluated data.
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Figure 1-190. Lin-lin plot of drawdown versus time during the pumping test in

observation borehole HLX20 during pumping in KLX06, together with evaluated data.
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data.



Figure 1-192. Plot of pressure data versus time in the observation borehole
HLX20 during pumping in borehole KLX06, together with evaluated data.



Figure 1-193. Lin-lin plot of drawdown versus time during the pumping test in
observation borehole HLX20 during pumping in KLLX06, together with evaluated data.
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Figure 1-194.

borehole HLX20 during pumping in borehole KLX06.
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Figure 1-195. Plot of pressure data versus time in the observation borehole
HLX20 during pumping in borehole KLXO06, together with evaluated data.
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Figure 1-196. Log-log plot of drawdown (blue o) and drawdown derivative
(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX18A.
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Figure 1-197. Lin-log plot of drawdown (blue t) and drawdown derivative

(black +) versus time together with corresponding simulated curves (red) in the pumping
borehole KLX18A.



Appendix 3

Response matrix
Explanations for the response indices can be found in Section 5, L = low, M = medium, H = high, E = excellent, 0 = no response and

blank = not evaluated.

Pumping Hole | KLX14A | KLX21B | KLX26A | KLX26B | KLX22A | KLX22B | KLX23A | KLX23B | KLX16A | KLX15A KLX19A KLX17A | KLX06
Section - - R - R R - R R R _
(mbTOC) | 17650 855,60 oo | 290-5040 | Z00C 02 fooky | 230-5030 | LR {00043 29550 Toro 066 04
F'°(‘:‘;,:ﬁ:§ 523E:04 | 9.08E-04 | 175E-05 | 2.33E-05 | 145E-04 | 5.83E-05 | 1.11E-04 | 167E-05 | 4.68E-04 | 4.94E-04 | 9.68E-04 | 4.00E-04 | 0.00125
Draw‘:,f;’,"a'; 50.20 34.40 49.10 49.20 98.47 100.12 101.60 101.30 48.65 69.20 97.00 236.00 66.73
Response | 1] 2| 2 2] 2 (112 2 |[1]2] 2 2] 2 [1]2] 2 21 2 (112 2 [112] 2 [1]2] 2 [1]2] 2 [1]2] 2 [1]2] 2
Observation indices new new new new new new new new new new new new new
borehole Section (m)
HLX38 15.00 - 199.50 [M[C] L JoJo] o
KLXO07A 1 781.00 - 844.73
KLX07A2 753.00 - 780.00
KLX07A3 612.00 - 752.00
KLX07A:4 457.00 -611.00
KLX07A5 333.00 - 456.00
KLX07A6 204.00 - 332.00
KLX07A:7 104.00 - 203.00
KLX07A8 11.80-103.00
KLX07B:1 95.00 - 200.00
KLX07B:2 9.60 - 94.00
KLX12:1 546.00 - 602.29 ojo] o
KLX12:2 535.00 - 545.00 0jo| o
KLX12:3 426.00 - 534.00 ojo| o
KLX12:4 386.00 - 425.00 ojo| o
KLX12:5 291.00 - 385.00 ojo| o
KLX12:6 160.00 - 290.00 0jo| o
KLX12:7 142.00 - 159.00 olo| o
KLX12:8 104.00 - 141.00 ojo| o
KLX12:9 17.90 - 103.00 0jo| o
KLX05:1 721.00 - 1000.00 ojo| o [o]o| o
KLX05:2 634.00 - 720.00 0jo| o [o]o| o
KLX05:3 625.00 - 633.00 ojo| o [o]o| o
KLX05:4 501.00 - 624.00 0jo| o [o]o| o
KLX055 361.00 - 500.00 ojo| o [o]o| o
KLX05:6 256.00 - 360.00 ojo| o [o]o| o
KLX05:7 241.00 - 255.00 0jo| o [o]o| o
ojo| o [o]o| o

KLX05:8

220.00 - 240.00




Pumping Hole | KLX14A | KLX21B | KLX26A | KLX26B | KLX22A | KLX22B | KLX23A | KLX23B | KLX16A KLX15A KLX19A KLX17A__| KLX06

Section 50 - 11.90 - 2.60 - 2.00 - 2.00 - 2.30 - 11.25- 11.65 - 80 - 12.00 - 11.88-
(m.b.TOC) 1672930 sssgo 10‘15?10 2:30-50.40 108?45 108?25 10(3)?20 2:30-50.30 433.20 1008?43 2228.20 7010.?0 9988.984
F'°(",$,:,?:S 523E-04 | 9.08E-04 | 1.75E-05 | 2.33E-05 | 145E-04 | 5.83E-05 | 1.11E-04 | 1.67E-05 | 4.68E-04 | 4.94E-04 9.68E-04 | 4.00E-04 | 0.00125
Drawnm | 50.20 34.40 49.10 49.20 98.47 100.12 101.60 101.30 48.65 69.20 97.00 236.00 66.73
Response [1] 2] 2 12| 2 |[1]2] 2 [1]2] 2 [1]2] 2 [1]2] 2 [1]2] 2 [1]2] 2 |[1]2] 2 [1]2] 2 [1]2] 2 [1]2] 2 [1]2] 2

Observation indices new new new new new new new new new new new new new

borehole Section (m)

KLX05:9 128.00 - 219.00 0Jo] 0 |oJo] o

KLX05:10 15.00 - 127.00 H 0jo] 0 oo o

HLX22 9.00 - 163.20 H

HLX23 6.00 - 160.20 oo o

HLX18 15.00 - 181.20 00| o

KLX26B:1 47.00 - 50.40

KLX26B:2 21.00 - 46.00

KLX26B:3 2.30 - 20.00 H[H| H

KLX26A:1 48.00-101.10 0J0] o

KLX26A:2 22.00 - 47.00 H

KLX26A3 2.60 - 21.00 H

KLX22B 2.00- 100.25 [CIM] ™ ]

KLX23B 2.30 - 50.30 H

KLX23A 2.30 - 100.20

HLX42:2 30.00 - 152.60 ofo| o

HLX15 5.00 - 151.90 ojo| o

HLX26 11.00 - 151.20 0jo] o

HLX28 0.00 - 154.20 ojo| o

KLX19A1 661.00 - 800.00 0j0] o

KLX19A:2 518.00 - 660.00 0jo| o

KLX19A:3 509.00 - 517.00 0jo| o

KLX19A:4 481.00 - 508.00 0jo] o

KLX19A'5 311.00 - 480.50 0jo| o

KLX19A:6 291.00 - 310.00 0jo] o

KLX19A:7 136.00 - 290.00 0jo| o

KLX19A:8 98.80 - 135.00 0jo] o

HLX36:2 6.00 - 49.00 00| o

HLX36:1 50.00 - 199.80

HLX37:3 12.00 - 117.00 0lo| o

HLX37:2 118.00 - 148.00

HLX37:1 149.00 - 199.80

KLX11A 12.00 - 992.30 H

KLX13A1 469.00 - 595.90 0[o] o

KLX13A:2 340.00 - 468.00 0[o] o

KLX13A:3 11.80 - 339.00 H

HLX20 9.00-202.20
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