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(transient flow interpretation ) i1, AKERE L UEEEBICBVTERB LD
LI TRDORUEETS BMEHET Z I 210k » Tl o 720 THEI 4745 A
B5&C6id, /I?k:ﬁ?zibJ:U@(E:@&ki‘oHé%l‘:’%@fﬂl—ﬁk@(iﬁ.%ﬁ/ﬁ?’%%ﬁﬂ‘%t&b@
EEE LT, EFHE (constant pressure test)@@iﬁﬂ&’&%’fﬁ'ﬂ“%tbh
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TW3, Zhoid, MEXEEEHT 38N E /- 3ka BXEW T HT A0 BRI T
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DSl OEKBHE, ANGHYEE TeRFAHANBEROEE (closed outer
boundary effect) DWVWFIIERTHDEEL 513 (Alnénd, 1986b),
%%mﬁ@%%ﬁb#hﬁ,[ﬁﬂﬁ%f&ﬁ]EmGﬁﬁEEmhél&K£Uﬂ
FHTES (R 2.0 . BABESLVEEARDF~4A—TT, BRRERE 213
BREEHRERLTHWE LD, B3-B2, C2-C3 BIUCLY A 72’5 LEAOVTRING 3
LN TES, i, HBEHRZ B (radial flow ) i, BAB X TRCA-C5 A4 745 A
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Vr~TUrRBIIKEBREGERREE LEARROERMN S, 2 FEORBR T
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RAOWTHENTbN e E7s, R TEEERENEAP nd T8 ink D, Ki.,
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HICL->TRENZ (Almén s, 1986b),
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BAEHREBRTH B2 LETHREL TV 3. B, §21®¢krbtﬁ4777A®’
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BT wmLA (1,7Q) (3)
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(AlménS, 1986b),

(1/Q) I mia K

s = L15IJA(1/Q) T o log e —218) e (4
<L, ' '
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(transition period ) ~B#H4 3, BRI, BEDISOF— s DE2MHL S o)

-192 -



ﬁﬂ"'f?}b@ﬁ?ﬂﬁﬁ‘;i@fﬁ&:ﬁﬁﬂﬂ%iﬁﬁ&i%?&L’Ch\éo £r, SHETOER, Bk
6ﬁﬁﬁﬁwﬁtt¥—ﬁﬁ—7m6®ﬂﬁ?u,E@&ﬂﬁﬁﬁﬁt%?étbm@.
- RH EOREREEREET AL EL ShTWE,

FRHILARERE (C) BESoEz 1 LA K -T, # 2.8X10 *n’/Pa
LEESNI, s BRTOLNEEEE (C, ) BRID&L D #9500 LHEES NI,
FAT 73506 (. A5.19) th BN I 13, BRTOLARERYE (Cy ) =
1000 & L7-iBAmiEttgh s, RFsTro8— (¢) =00EHs NI,

MERMOEABREY, FHBARME, BT ERF YT 774 —BL0R
HEATDERRSA 77560650, R0, (5), Blicit-> TEHA NI, ZOMHMIEE
zzkxfo_®§®¢Lﬁ@w1;0ﬁbbnfﬁm@ﬁ®ﬂﬁﬁ(K”s)%xt
foo Tz, LLLt;ouﬁV%ﬁﬁ(ss)uu1xn)“”%mutohmzﬁﬁ_
@@@ﬂ&@¢fiﬁmﬁ%ﬁ&ﬁfhébfh&%iéﬂéﬁ LT IS5 L (F
45,17 ) =BV TH(8), Ok BB L EROBIREIT - 720 LAOVLERS, -OR
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APPENDIX 1

MEASURING SEQUENCE FOR HYDRAULIC INJECTION TESTS



HEASURI NG SEQUFNCE FOR HYDRAULTC IMJECTION TESTS

Time [min)

[}

40

44

Lo

52

164

185

189

285

The defined

desired.

Heasuring sequence Test_phase
Test start, Certaln initial PACKER
information, such as date, INFLATION
name of borehole, length of PHASE
measurement section ete, are

stored

Downhole relief valve opens.
Storage of measured data begins.

Inflation of the packers.
Controlling of the groundwvater
level starts., Rapid storage of
measured values starts. The large
range flow meter connected and
the hose pressurized,

Rapld storage of data stops.

Checking that flow (s zero (i.e.
no leaks). Cannula test starts.
Automatlc exchange of flow meters
initiated.

Cannula test ends. The measured
flow value is stored ag reference
for later check,

'Closing of dewnhole relief valve.

Repeat check that flow is zero. The
large range flow meter 1s connected.

Rapid storage of data is started.

The inflation pressure in the Packers

is shut in. Honitoring of packer

Pressure continues., The downhole test IHJECTICN
valve opens, starting the injection PHASE
test.

Autoratic change of flow meters
initlated.Regulation of the
injection pressure infitiated.
Rapid storage of data étops.

Rapid data storage starts.

Regulation of the injection stops.
Test valve closes and the .
injection tegt stops while

the pressure fall-off test - PRESSURE
starts, FALL-OFF
PHASE

Rapid storage of data stopped.
Checking that flow {g zero.

Cannula test starts,

Checking that cannula flow 1s

the same as Previously.

Flow meters disconnected. Test of
Pressure decrease in the test
section inltiated. If the pressure
decrease is sufficiently slow,

the test can be interrupted,

i.e. the computer jumps to T = 285.

Packer pressure released. End of
Pressure fall-off test.
Packer deflation.

The measuring cyecle is completed.
Data storage stops, Comments may
be entered on the data file.

times are used as standard, but can be changed j(

RLVISED !99]0I0i/ ,

Alll



APPENDIX 2

EQUIPMENT FOR HYDRAULIC TESTING AND HYDROCHEMICAL SAMPLING
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% IPA-KONSULT AB _ Al

EQUIPMENT FOR HYDRAULIC TESTING

MEASURING TRALLER  RECORDNG TRAILER

=L S UMBLICAL HOSE ‘ © 1 Umblical hase reel
S A4 ——— PACKER 2 Feed-down devices
— ' DOWNHOLE PROCESSOR P2 1 Ar compressar
[4s] . VALVES 4. Pressure/flow reguiation
é ~. . TRANSDUCERS 5. hiection waler fank
9  PERAORATED PPE 6. Flow meter
w ! PACKER 7. Perphery processor PP
8. Packer operalion
9.C er
. Ploiter
11 Prinler

12 Uninferrupled power supply

EQUIPMENT FOR HYDROCHEMICAL SAMPLING

MEASURING TRALER RECORDING TRALLER
: (o] [
NN P | .

9
7
7 3 12

1 Umbiical hase reel
2 Feed-down devices

1 Ar
: DOWNHOLE PROCESSOR PP L6 lemmpopmgﬁ']“devte
5. . CHEMICAL PROBE for electrical or hydrautic
o TRANSDUCER driven downhole pump

7. Periphery processor PP.{
8. Packer operalion

9C er

0. Plotler

1 Proler

12 Uninterrupted power supply

TESTNG Tool
. :‘: A ::'-.. 2 .;-': :l [




APPENDIY 3
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& HYDRAULIC
, IPAKONSULT 8B | 1\ JECTION TEST

1990-41-26
0O ANDERSSON
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HYDRAULIC INJETION TEST

UPPER PACKER

2535

UPPER MULTICOUPLING

.TUBE No KEY

FrLgv |

RELIEF

FACKER

PLUGGED UP

THROUGH P 1PE |

PLUGGED UP I

FlLOV 2

PLUGGED upP

O[O0 |~ [N oo l—

THROUGH PI1PE J

LEAKTESTINL CARRIED QUT

DATE

SIGNATURE | RESULTS

|

LOVER MULTICDUPL iNG

TUBE No KEY

FLQV |

RELIEF

PACKER

PLUGGED uP

THROUGH PIPC

PLUGGED uP

FLOV 2

PLUGGED uP

N [~ O fen s Je o |—

I U ) I )

THROUGH P1PC

X IPA-KONSULT AB

Qileo

Gogk
T.LARSSON C BENGTSSON 901030

Detun

Eencanin,

CONNECT IONS

Ritn ar

Voaris bl

13302 4




N TEST

0-RING S.iX!.6
O-RING 16.1X1.6

. —0-RING 49.1x1 6

1755

o
D=
-t

TURE No

S:QQQQE-RING 49, 1%1.6
-RING 39 2X]1.56

—if—
[

N PROBE No

UPPER MULTICOURL i NG

TUBE Nd

KEY

FLov

]

RELIEF

PACKER

PLUGGED UP

PLUGGED UP

PLUGGED upP

FLov 2

PLUGGEDR upP

MO et N [ [RR1.Y]

PLUGGED up

TUBE No.S SHALL BE OPCNED

TUBE No.9 1S CONNECTED 10

TUBE No.9 IN LOVER MULT]-
COUPLING

DURING LEAKTEST.

LEAKTESTING CaRRIED pDuT

DaTE

SIGNATURE

RESULTS

LOVER MULTICOUPL ING

TUBE No

KEY

PLUGGED upP

PLUGGED

up

PACKER

PLUGGED up

PLUGGED up

PLUGGED ULP

PLUGGED uP

PLUGGED uP

’\omummnmm~—

PLUGGEDR up

Ll

IPA-KONSULT AB

Ritad

T.LARSSON

Cm

bk,
C.BENGTSSON

Celum

901030

Brnoaning

CONNECT1ONS

Yin nr

Biad

13303

foris mi

A3 4



N TEST
N PROBE No 2

(T
o (e
——
—j—
048

UPPER MULTICOUPL ING

TUBE Nd KEY
FLOV 1

" RELIEF
PACKER
PLUGGED UP
PLUGGED UP
PLUGGED UP
FLOV 2
PLUGGED uP
PLUGGED UP

gZ:EQQS-RING 49.1%1.6 TUBE No.9 IS CONNECTED TO

-RING 39.2X1.6 TUBE N».9 IN LOVER MULTI-
COUPLING

WD D O N [ [ re ] —

TUBE No.S SHALL BE DPENED
DURING LEAKTEST

' LEAKTESTING CARRIED QUT
J-RING 49 |X1.6
e DATE _ |SIGNATURE| RESULTS ]

1755

___LOVER MULTICOUPL ING
1UBE No KEY |
PLUGGED UP ]
PLUGGED UIP : |
PACKER
PLUGGED UP
PLUGGED UP
PLUGGED UP
PLUGGED UP
PLUGGED UP
PLUGGED UP

TUBE Ne

O | T nfs fwlne =
L

n

Ribad

Godh Ouzun
T.LARSSON C BENGTSSON 901030

Hendanin Blad

IPA-KONSULT AB CONNECTIONS

Terts b1

""" 13304




HYDRAULIC INJECTION TEST

CONNECTIONS BETWEEN THE MULTI~
COUPLING AND A SIGLE PIPE

TUBE No

0-RING S.1X1.6
™~0-RING 16.1X1.6

15

HUL T ECOUPL NG

TUBE No

KEY

PLUGGED uPe

PLUGGED UP

PACKER

PLLUGGED UP

PLUGGED UP

PLUGGED upP

PLUGGED uP

PLUGGED UP

WD [ |~ [ fen | b (o lre|—

PLUGGED UP

AND THE SINGLLC PIPE

%/U-RING 13.95%X2.62

1180

O

d.
\\\“\Dspc GAUGE BLOCK

ngégzi \\\\\\\CUNNECT]DNPQRT BETVEEN THE MULTICBUPL ING

, _ larsson | e BencTssOn | 901030
:ﬁi IPA-KONSULT AB | "CONNCCTIONS g
7% 1 3305 "9




A3.7

HYDRAIULIC INJECTION TEST
LUWVER PACKER

&)

g/—o—nmu 13.95%2 b2

LEAKTESTING CARRIED OUT
DATE SIGNATURE RESULTS

2285

NAN\\

N
A\

- TECALAN HDSE USED AS PRESSURL
SAFTY BURST HOSC

L ARSSON [T rencsson | 961030
IPA-KONSULT AB | "CONNCCT1ONS ik
1 3306 -

=<




APPENDIX 4

LENGTH CALIBRATION OF THE UMBILICAL HOSE
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APPENDIX 5

HYDRAULIC INJECTION TEST IN SECTION 947 - 951 M IN AN-1



P, 9221.4  kPa
Py 89205.8  kPa DIAGRAM AO ANO1
Py =P, -15.6  kPa : |
P, 8507.5 ¥Pa DATE 1891-02-27 |SECTION 947~ 951
P, -P, 286.0 kPa START TIME: 20: 09: 01 CONSULTANT: IPA/SGAB
P, 9369.0  kPa FIELD CREW: CB SJ CLIENT PNC/SKB
PP 147.5  kPa TEST TYPE : Injection test: Const
P, 9202.6 kPa
Py kPa Kias 1.05E-08 m/s
B, kPa Koea 9.95E~10 m/s
ty X X m
W, -17.17 m Y Y m
W, =W, 0.00 m z Z m
t, 6910 s AW deg
too 20246 s IW S0 deg
dt, 7109 5 DWW 100 min
q, 1.651E~07 m?/s LK 1.32 m
Veer 3.343€E-03 m? LL _ m
dP, . 268.1 kPa LB 20.00 m
dP, . 303.6 kPa EC SOND 2
COMMENTS
Fig. A5.1  Summary of data and results of injection test in section 947-951 m.
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Absolute pressure (P) versus real time (t-abs) before start of

injection.

t-abs
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Fig. A5.3 Overview of flow rate (Q) versus real time (t—abs) during the entire
‘test. '
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Overwiew of absolute pressure (P) versus real time (t—~abs) during the
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Fig. A5.5 Overview of groundwater temperature in the test section (T2), injection
water temperature at the surface (T3) and air temperature in the test
housing at the surface (T4) versus real time (t-abs) during the entire
test. ' '
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Fig. A5.6  Overview of packer inflation pressure (P4), barometric pressure (B)

and distance to the groundwater table in the bore

time (t-abs) during the entire test.

hole (W) versus real
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Fig. AS.7  Absolute pressure (P) and groundwater temperature in the section (T2)

versus time (t) after start of injection during the injection period.
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Fig. A5.8 Rcéiprocal flow rate (1/Q) versus fourth root

injection during the injection period.
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Fig A5.10 Reciprocal flow rate

the injection period.
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Fig A5.9  Reciprocal flow rate (1/Q) versus square root of time (t) after start of
injection during the injection period.-
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Fig AS5.11 Flow rate (Q) higher than 107 (m’/s) versus time (1) after start of
injection during the injection period.
e A R . "'."'4"” TS B — e bt
1Y1 m3/s ETiTh e 852 ReL ] .
7 1951-¢2-27 547-851 H | . i
PNl4ctien tesct: CengtA . )
Y1: 6 !
Tl 0:27201747
10°% MP
Opm= 1 dPym = 303.7 kPa ®
1 ansm”‘ . s T=4.29-19 %% i
. m=6.2:30"ms K =1.0% 10m/s A N
! tm=600s $=0.69 o oL,
]i ryf =0.025m —
1077
10-¢8
L2 ‘D T T I ™ * T l T r T T ! L2 T I.r l'l
10 10 10*2 (Time (sec)]

Fig A5.12  Flow rate (Q) higher than 10 (m%s) versus time (1) afier start of
injection during the injection period.
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Fig A5.13 Flow rate (Q) versus recoprocal square root of time (t) after start of
injection during the injection period.
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Fig A5.14  Absolute pressure (P) versus fourth root of equivalent time (dte) after
stop of injection during the recovery period.
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Fig A5.15 Absolute pressure (P) versus square root of equivalent time (dte) afier
stop of injection during the recovery period.
2 : ] . \ ] I . , : \ 1 ;
“3 =
P <1077 kPa DIAsARAx C3I{AND1
o 15891-02-27|5<7- 851
20:09: 901 HPaA/Scxg
lD. Injectlon test; Censg
4]
i
] '
o
n :
o 1
i ;
I |
o, ]
- i
T i
. :
o} e i
~.
v | e |
T
S
I : st [s1
T T T ] T T :
106 . 75. 50. Vevseae -vot 1yel

Fig A5.16 Absolute pressure (P) versus s

. Stop of injection during the recovery period.
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Fig A5.17 Absolute pressure (P) and flow rate (Q) versus equivalent time (dte)
after stop of injection during the recovery period.
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HYDRAULIC INJECTION TEST IN SECTION 277.5 - 281.5 M IN AN-1
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APPENDIX 9

EQUATIONS FOR CALCULATION OF pH and Eh



A9.1

1. CALCULATIONS FROM ELECTRODE READINGS

1.1  Calculation of pH from electrode readings (mV)

MNernst's cquation gives:

E = E° + (RT/nF) In{H'] (1)

The potential E (mV) is measured in the different calibration buffer solutions where pH is

known. pH has different temperature dependence in different pH-buffers. The temperature
dependence is included in the expression used for calculating E”.

" E(pH 4) = E..(pH 4) + pH(10 C) * (R/F) In 10 * KT )
EBpH 7) = Ep.(pH 7) + (R/F) In 10 * KT * (pH(0 C) -

- 0.0025 * T) ©)
EY(pH 10) = E_(pH 10) + (R/F) in 10 * KT * (pH(C C) -
- 60125 T) (4)
where:

KT = measured temperature in Kelvin
T = measured temperature in Celcius

The three E°~values obtained from measurements in each one of the three buffer solutions
should coincide. Differences of up to +~ 10 mV are considered acceptable.

The average (or most representative) E° value is used in the calculation of pH in the
groundwater: '

pH = (E%(pH) — E(meas))/(In 10 * KT * R/F) (5)

12  Calculation of E, from electrode readings

For the redox electrodes measured against the reference clectrode the potential is given by:
E = E' — Elitia, + RT/0F (~In[Ag )t In[H]ucin) (6)

The calibration constant E® is given by the difference between theoretical E, in the
calibration solution and the measured clectrode reading. E, is temperature dependent. The

second terms in the expressions below corrects for the temperature dependence.

E%(pH 4) = Eh(pH4, 0 C) - 1.518 * T - E..(pH4) (7

E%pH 7) = Eh(pH7, 0 C) - 1.953 * T - E(pH 7) (8)

The two values obtained for E° may not differ more than 20 mV The average (or mosl
representative) E° is used in the calculation of E, in the groundwarer '

E, = E° + E{mcas) (9)



A9.2

2 EQUATIONS USED IN THE COMPUTER PROGRAM
pH - Calibration:

EOPHB4 = EPHB4 + 0.7916 * KTB
‘EOPHB7 = EPHB7 + 0.1984 * KTB * (7.06-0.0035 “TB)
EOPHB10 = EPHBI10 + 0.1984 * KTB * (103 - 0.0125 * TB) -

E, — Calibration: .

EOCB4 =501.28 - 1.518 * TB ~ ECB4
EOCB7 =335.5 - 1953 * TB - ECB7
EOPTB4 = 501.28 - 1.518 * TB - EPTB4
EOPTB7'= 3355 -1.953 * TB - EPTR7
EOAUB4 = 501.28 - 1.518 * TB - EAUB4
EQOAUB7 = 3355 - 1953 * TB - EAUB7

 Measurements:

PHB = (EOPHB - EPHB) * 5.04/KTB
EHCB = EOCB + ECB

EHPTB = EOPTB + EPTB

EHAUB = EOAUB + EAUB

List of parameters and explanation

EPHB4 = electrode reading (mV), pH 4 buffer
EPHB7 electrode reading (mV), pH 7 buffer

EPHBIO = electrode reading (mV), pH 10 buffer
EOPHBE4 = calibration constant (mV) pH 4 buffer
EOPHB7 = calibration constant (mV) pH 7 buffer
EOPHBI10 = calibration constant (mV) pH 10 buffer
EOPHB = representative calibration constant (mV)
used in the calculation of pH ‘
EPHB = electrode reading, groundwater (mV) -
PHB = pH
PHIB = pH measured by a second glass electrode
ECB4, EPTB4 and EAUB4 = electrode readings (mV) in buffer pH 4
(glassy carbon, platinum and gold electrodes)
ECB7, EPTB7 and EAUB? = elecirode readings (mV) in buffer pH 7
EOCB4, EOPTB4 and EOAUB4 - = calculated calibration constants (mV)
pH 4 buffer
EOCB7, EOPTB7 and EOAUB7 = calculated calibration constants (mV)
‘ : pH 7 buffer
ECB, EPTB and EHAUB = clectrode reading (mV) by glassy carbon, platinum and

gold clectrodes respectively, groundwaler

EHCB, EHPTB and EHAUB = redox potential (mV) obtaincd by glassy catbon,
platinum and gold electrodes, respectively
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GROUNDWATER SAMPLING IN BOREHOLE AN-1

Redox potential (Eh) and pH-measurements
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Fig. A10.6 Measured pH in section 947-951 m.
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Fig. A10.5 Measured redox potential in section 947-951
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Fig. A10.7 Measured redox potential in section 965-975 m. (E;HC=glassy carbon,
EHPT=platinum ard EHAU=gold electrode)
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Fig. A10.8 Measured pH in section 965-975 m.



