
Nationale Genossenschaft Société coopêrative nationale Società cooþerativa nazionale
für die Lagerung pour l'entreposage per l'immagazzinamento di
radioaktiver Abfälle de déchets radioactifs scorie radioattive ]IAGRA

TECHNISCHER
BERICHT 81 .11

Stripa Project

Equipment for hydraulic testing

Lars Jacobsson
Henrik Norlander

Ställbergs Grufve AB, Stripa, Sweden

July 1981

Geschäftsstelle Parkstrasse 23 CH-5401 Baden Telephon 056/220182





Nationale Genossenschaft Société coopêrative nationale Società cooþerativa nazionale
für die Lagerung pour l'entreposage per l'immagazzinamento di
radioaktiver Abfälle de déchets radioactifs scorie radioattive ]IAGRA

TECHNISCHER
BERICHT 81 .11

Stripa Project

Equipment for hydraulic testing

Lars Jacobsson
Henrik Norlander

Ställbergs Grufve AB, Stripa, Sweden

July 1981

Geschäftsstelle Parkstrasse 23 CH-5401 Baden Telephon 056/220182





Das Stripa-Projekt ist ein Projekt der Nuklearagentur der OECD.

Unter internationaler Beteiligung werden von 1980-84 Forschungs-
arbeiten in einem unterirdischen Fels1abor in Schweden durchge-
führt. Diese sollen die Kenntnisse auf folgenden Gebieten
erweitern:

hydrogeotogische und geochemische Messungen in Bohrlöchern

- Ausbreitung des GrundwasSers und Transport von Radionu-
kliden durch Klüfte im Gestein

- Chemische Zusammensetzung des Grundwassers in grosser Tiefe

- Verhalten von Materialien, welche zur Abdichtung von End-
lagern eingesetzt werden sollen

Seitens der Schweiz beteiligt sich d.ie Nagra an diesen Unter-
suchungen.

The Stripa Project is organized as an autonomous project of the
Nuclear Ènergy Agency of the OECD. In the period from 1980-84
an international cooperative programme of investigations is being
carried out in an underground rock laboratory in Sweden. The aim
of the work is to improve our knowledge in the following areas:

hydrogeological and geochemical measurement methods in
boreholes
flow of groundwater and transport of radionuclides in
fissured rock
geochemistry
behaviour of
environment

Switzerland is represented j-n the Stripa Project by Nagra.

Le projeÈ Stripa est un projet autonome de I'Agence Pour 1'Energie
Nucléaire de I'OCDE. 11 s'agit d'un programme de recherche avec
participation internationale qui sera effectué enÈre 1980 et 1984
dans un laboratoire souterrain en Suède. Le but de ces travaux
est d'améliorer et d'étendre les connaissances dans les domaines
sui,vants:

- mesures hydrogéologiques et géochj-mi'ques dans les troìls
de forage
écoulement des eaux souterraines et transport des radio-
nucléides dans Ies roches fracturées
chimie des eaux souterraines à grande profondeur

- comportement dans un environnement réel des matéri-aux de
bourrage pour dépôts de déchets rad'ioactifs

La Suisse est représentée dans Ie projet Stripa par Ia Cédra.

of groundwater at great dePths

backfill material in a real geological
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ABSTRACT

Hydraulic testing in boreholes is one major task of
the hydrogeologj-cal program in the Stripa Project. A
new testing equÍpment for this purpose !{as constructed.
It consists of a downhole part and a surface part. The
downhole part consj-sts of two packers enclosing two
testsections when inflated; one between the packers
and one between the bottom packer and the bottom of the
borehole. A probe for downhol-e electronics is also
included in the downhole equipment together with electri-
cal cable and nylon tubing. In order to perform shut-in
and pulse tests with high accuracy a surface controtrled
downhole valve was constructed,

The surface equipment consists of t,he data acquisition
system, transducer amplifier and surface gauges. In the
report detailed descriptj-ons of each component ín the
whole testing equipment are given.
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I INTRODUCTION

General backqround

The hydrogeological program included in the Stripa Pro-
ject includes the designing and testing of methods and
instruments for the geological, hydraulical' hydrogeo-
chemical and geophYsical fields.

In the first phase in investi-gati-ons for future repo-
si-tory sites, deep vertical boreholes from the surface
will be an important tool. Later on, during the con-
struction of the repository, the rock has to be tested
from the excavated shafts and drifts in order to obtain
the best dÍrections to extend the repository. In this
phase, investj-gations in horizontal boreholes will be
a key instrument.

To fulfill these purposes of the program it is a need
to develop a nevt t,esting equipment for the hydraulical
tests. This report will give a brief description of the
equipment developed and used in the hydrogeological pro-
gram of t,he Stripa Project. The program for the j-nvesti-
gations are given in more detail in the first lechnical
Report. of Stripa Project (1).

Technical backqround

Techniques of borehole hydraulic investigations need
further development and testing for better knowledge
about groundwater in rock. Also the valÍdity of the re-
sults has to be demonstrated. Therefore a complete test-
program was decided upon at the TSG-meeting in May
1980. The hydraulic testprogram includes:

o Determination of hydraulic conductivity within diffe-
rent sections of the boreholes.

o Measurements of hydraulic pressllre within different
sections of the boreholes and if possible record the
natural fluctuations of this pressure

o Construction of a new downhole probe to be used for mea-
surements of t,he hydraulic properties, temperature of
the water and also when collecting watersamples

The program for the investigatj-ons is given in more de-
tail in the first Technical Report of Stripa Project (1).

Test site

The test site for the hydrogeological investigations
included in the Stripa Project, is situated in the eas:
tern fringe area at the 360 m 1evel in the miner âs

1.1

L.2

r.3
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shown in Fig. I. This locatron of the site is chosen in
order to maintain a large distance to other sites and
thus minimizJ-ng the hydraulic disturbances.

In order to prepare the sit'e for the planned drill-
ing programrone vertical þ 76 mm and two near horizon-
taÍ q lø mm bore-ho1es, the excj-sting drift had to be
enlarged. The axis of the new site heads in a east-north-
-east dj-rection and !t:^t length of about 15 m and a

crossectional area of 20 m¿ .

In the drift a housing for the equl-pment is built. Fig.
2 gives an internal view of the drift during the dril-
ling st,age. The location of the different boreholes are
marked in the figure.

Figune 2 Th¿ .ti-tø don tl'tø htldno gøo LogieøL'Uv e's .il-94;o^n'5
dunLna d,,ú-Uinq oÁ- bon¿-hol¿ Nl . TILU bonøho'L¿

i's ín"clinød s.\ct inom tlrtø Lrcn Lzonfø'L. HoLe't

Vl (ve,rt*ca.L) and t!+¿ ,stntbLng point (on El
(5.50 dnom thø honizonta.t-) øq-¿ indicaf'ød in
thø (igunø.
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2 DESCRIPTTON OF THE EQUÏPMENT

The equipment in tot,al consists of a downhole probe con-
taining two pressure transducers and one temperat,ure de-
tector. ffre probe is downwards connected to a two-packer
system and upwards to a surface controlled valve used
for shut-j-n and pulse tests. In Fig.3 a schemati-
cal view of the equipment during t'esting is given.

The packers are operat.ed from the surface wj-th gas through
a nylon tubing. lrihen inflated t,he packers enclose two
t,estsections; one between the packers and one between
the bottom packer and the bottom of the hole. These two
sections are connected via L/8" steel tubings to the
pressure transducers i-n the probe.

The sectj-on between the packers is
perature measurj-ng system so that
can be determined.

The probe for pressure transducers
tector-transmitter consists mainly
illustrated in Fig. 4.

1 On top of the probe there is
the þ 20 mm steelrods leading
which control the position of
hole

also connected to a tem-
the water temPerature

and temperature de-
of four parts as

a fastening device for
to the surface and
the probe in the bore-

3

From each stripped section watersamples can be collected
through L/4" nylon tubings going to the surface.

The downhole electronics are connected through a L2- con-
ductor cable to the surface equipment. The signals coming
to the surface are first treated in a signal amplifier
and are from there send to a datalogger. From the data-
logger, which act as the test control unit, the data will
be send over to a ABC-80 deskcomputer for preliminary
processing and recording. To get a transcription of the
different steps and the processed data during the tests
a printer is continuously used during the tgst. For con-
trol of the downhole equipment a flatbed multiple pen
chartrecorder is used together with a Houston digital
plotter.

DOWNHOLE EQUIPMENT

Probe for downhole electronics.3.1

2 Below this connection is the next part, acting as a
lead-i-n for the cable to the electronlcs in the hou-
sing by using a 12-pin bulkhead connector.
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c_o
H

1 Packer inflation

2 Downhole valve
control un¡t

3 Flow meters

4 Data Acquisition System

- downhole valve

- probe

- packer

- 2m test section

- packer

- lower test section

SeltenabLc vieut ct d tlnz øc¿wL¡cmzn't dutúng
tuting.

Figune. 3
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3. Inside the watertight housirg, equlpment are mounted
for pressure and temperature measurements. The hou-
sj-ng is d.esigned as a o 69 OD tube with a 6 mm wall.

4. part four functions as a seat for transducers and
temp. detector and as a lead-in for two I/8" stain-
Iesã steel tubings, one from each stripped interval,
to the pressure transducers. The probe is from here
connected to the packers via a þ 20 mm steelpipe
which also acts as a lead-in for water from the in-
terval between packers, to the temperature detector'

The probe housing is threaded in both ends and screwed
on to the both lead-in pieces wj-th a right and a left
hand thread.. The tight seal is obtained by using o-rings
in rotary cut seats.

o

'c =l- -11-

6)

I
+

Figunz 4 lown-ho.L¿ ytnobø dcttt pne,slun¿ a"nd ten¡cenai.une
møa.tunemønt¿. 1, Top-pía-c¿ - da'ttzruLng devíee-,
2..F¿ed-thnougl't [on- e,L¿cf'vLca'L cabL¿ and wa.ten.
3. Wa,tuúigLti. Ltctu,ting don ¿X-¿c-t'tonie¿ ,

4. F¿ød-thnough don u)a.t¿tL.

A. 20-mm ¿tø¿lnod.t. ß. lT-ycin bu'Ll¿lnøad clnn¿c-
ton. C. Locta,Lng nu-t. D. )-n-Lng 't¿al. E. X,ødt
a"nd nLgh.t !,tctnd thn¿ad. F. Tenytøna.tuttø def¿cf.ctn.
G. Pno¿¿utt¿ tnan¿ducelt¿ . H. Swa"ge,Loh. couyt'(ing.s .

I. 20-mn ¿t¿øUod.



Fígune 5 \own-lnol¿ ytnabø wi-tl,t îZ-condue'toi eahl¿.

Through all the probe runs two L/4" SS and one I/8" SS

tubing. They are used for watertransport and gas for
packeiinflaLion. The tubi-ngs are sealed between the dif-
ferent part in the probe with Swagelok and Lenz coup-
lings. All parts of the probe are made out of 2343
stainless steel (Sw. standard) except the couplings who
are made out of 316 stainless steel (Am. standard). The
probe has a maximum diam of 63 mm, a length of 0.66 m

ãnd an approx. weight of 15 kg. The probe connected to
the electrical conducter is shown in Fig. 5.

3.1.1 Pressure transducers

Kistler 50 and 100 bar FSo (fu1I scale output) piezore-
sistive transducers measuring absolute pressure are
used. They are mounted into the bottom part of the probe
with straight M 12 threads and copperbushings for a
tight seal. a total- accuracy including I'inearity, hys-
teresis and repeatability less than 0.5 å FSO is presen-
ted in the d.ata-sheets. With a very accurate calibration
it j-s possible to obtain an accuracy of 0.1 ? FSO or
better
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3.L.2

3.2

The pressure acts through a thin steel diaphram, weLded
to fõrm a tight. seal with the transducer housing, on to
a silicon measurj-ng ce]l. The measuring ce1! contains
diffused piezoresistive resistors connected to a l{heat-
stone briáge. Through the effect of pressure the bridge
is unbalanced. and an output sj-gnal is the result. Elec-
¡rical connection j-s made with a 4-pole plug which has
an O-ring for sealj-ng.

Temperature detectj-ng system

The detector is placed in the center of the bottom part
of the probe as shown in Fig. 4. It is a standard serie
21 plat.inum resistance detector with a 100 ohm resistan-
ce änd with a tolerance of better than I Z. The sheath
is of 316 stainless steel and the diamet'er is L/4".

Due to the long distance between the detector and the
datalogger at the surface and that only two wires are
available for the system, a signal transmitter has to
be used. It is a Templan two-wire transmitter whj-ch is
placed insj-de the watertight housing. The transmitter
has a linearity bett,er than 0.08 B of span which is
4 - 20 mA. Faclory calibration iç better than I ? and
operating temper.L,rt" is 0 - 50 oc. rt is supplied
from the surface with a variable voltage-current regu-
lator.

Electr ical cable and nvlon tubing

The cable used for signal and power from and to the pro-
be Ís a l2-conductor colour coded cable wit,h a polyure-
than sheath, and male-female couplings at the ends. The
couplings are rubbercasted to the cable and designed to
withstand pressures up to 200 bar, The crossectional
area of each conduct,or is 0.35 mm-.

Nylon tubings of high-pressure typ are used for both
sámpling water from the stripped intervals and for the
inflation of the packers. The two sampling tubings run-
ning from the probe to the surface has a diameter of L/4"
and a ability to wj-thstand a differential pressure of
70 bar. The 3/16" inflation tubing has a bursting pres-
sure of L72 bar.

3.3 Packers

In order to enclose two test sections of the borehole
a twopacker system have to be used. The packers chosen
for the Stripa Project hydraulical t'esting are Lynes
surface controlled injection packer (SCI PIP) with an
element diameter of 2.75" and an element length of 48"'
Maxj.mum wo5king differential pressure is 5 500 PSI
(379 ks/cm') .
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This packertype \^/as selected because it does not have
any movable parts that will elongate the test section
during the inflation-phase, and also t,hat this type has
been found reliable. The system is inflated with nj-tro-
gen gas from a gasbottle at the surface. To protect the
packers from damage due to overpressure the bottle is
equiped with a security valve. The packers are connec-
ted to each other through a l" perforated steelpipe.

3.4 Downhole valve

To perform shut-in and pulse tests with high accuracy
it was essential to construct a downhole valve, that
would cut off the watercolumn in the watersample tubing
from the test section.

The valve shown in Fig. 6 is operated wit,h a waterfilled
I/4" nylon tubing connected to a pressuretank at the
surface. Through the effect of pressure a springloaded
piston opens or closes a passage between the testsection
and the nylon tubing.

BOTTOM TOP

e---lA--_l

A *__i Bl
A-A B-B

Fígune- 6 wa.tQlL opQlLaf¿d down-hol¿ va.Lv¿. 1, Connøc.tion
to ,sun(ae¿ covr,tnoL uru.t. 2. Sytn'Lng Load¿d
yu..aton. 3. Sytn Lng. 4 and 5. Connøc.tiou to
Í.uÍ,s ¿c.t Lon and,sun(aee ne.tytøc-tiv a-LA .

:} ru
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SURFACE EQUIPMENT

Data acquisition svstem

The DAS was designed and constructed to provide a small,
easily handled system wj-th good usefulness in the field. Raw
data 1og prints, processed data 1og prints and processed
data 1og tapes minimize data loss. Nevertheless will a
short power failure in the mine electrical system cause
a loss of the computer program but it does not affect on
raw data logging. Fig. 7 shows a block dj-agram of the
DAS and figure 8 the set up of the equipment in the mine
house.

4.1. I Datalogger

A F1uke 2 240 B datalogger provides the basis of the DAS.
Fluke was selected primarily because of its flexibility
and reliability. Fluke dataloggers have been in use for
several years in the mine. The datalogger is a processor
and recorder which is expandable. It measures volt,ages
from 40 mV fu1l scale to 40 V fu]1 scale (4 ranges) with
an accuracy of uV. It is equiped with a low level scan-
ner, high performance A-D converter and a remote program-
ming interface. Once a test is started, data from trans-
ducers and temperature probe are automatically sampled
at opt,j-onal intervals f rom I sec. upto 24 hours. Analog
data 1s digitized in the A-D converter. Acquired data
are logged on a raw data print out. Present channel capa-
city is 20 but could easi-ly be extended up to 60. Simple
front panel push but,ton selectj-ons cause the micropro-

DOWNHOLE EQUIMENT

SUR INSTR.

4.1

CONSOLE

- water

temperature Amplif ier

a¡f press
lrânsducer

Data Acquis¡tion:

- data sampling

- eng¡neering units conv

Grafic Displays:

- pressure vs t¡me

- temperature vs time

COMPUTER

Datalogger

transducèf
pfess

transducer
press

Plotter Taperecord Pr¡nterAnalog
chart

recorder

Raw data
printer

Figunø 7 BLoeÍ¿ d,iagn-an od tLte dafa a"cclwÁi,LLon 
^tJ^t¿m.
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4.L.2

4.r.3

4.2

cessor to store and execute the measurement routinS.

Deskcomputer

The computer, Luxor ABC 80, is a swedish made system in
three units; monitor, keyboard and tapedrive. It opera-
tes in BASIC language which is permanently stored in the
ABC 80. The central processor is a I bit. 280 A and the
capacity of the standard read,/write memory is I6K bytes,
here exlended, to 24K bytes. Acquired data are time-tag-
ged and converted to engineering units, using calibra-
tion data.

Peripheral devices

For monitoring packer pressure and pressure in the
packed off zole- an analog chart recorder is connect.ed
þarallel to the datalogger. This recorder, a Yokogawa
3 channel Flatbed Pen Recorder is using a servo pen
drive system and each channel has 13 calibrated voltage
ranges irom 5 mV,/cm to SV/cm. Maximum sensitivity is
5 uVrlcm. To the computer three devices are connected:

1. To get a transcription of the different steps and
proðessed data during a test a Centronic 779'2 is
üsed. The Centronic is amatrix printer and especj-ally
adapted to the ABC 80. The device prj-nts upto I00
(S x 7 dot) characters Per sec.

2. Processed data is also recorded on tape with a cDS
tape recorder. The cDS system records or reads digi-
tal data with high speed using a Phillips cassette
as d.ata store. The cDS is interchangeable with the
main computer system at sGU, where the t,apes are send
to. rhe Óps writes data in 256 byter/block and the
buffer has a capacity of two times one data block'

3, A Houston Instrument Plott,er is also connected with
the computer. This digital plotter is generating
graphics from the comPuter.

Transducer amplifier

Kistler piezoresistive amplifier build on Euro-Card is
used. Thé various amplifier elements are designed as
mod.ules, sj-mplifying assembly and servicing alj-ke. The
current Source exci-tes the transducer with a constant
current, independent of the cable length. A differn-
tial voltage amplifier amptifies the transducer signal
by I (1 to 400-times is possible) to give the transdu-
cer a signal FSO of 4 V and gives an asymmetrick output
voltage of 10 V. With the electrical zero.displacement'
the electrical zero may be shifted up to t 1 FS. Spe-
cial feature is the standardízíng plug which adapts the
amplifier to a given transducer by setting t,he current
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4.3

Figune I T!+e møLn ytan'tt od DlA.

source to the
by correcting

calibration current, of the transducer and
the transducer zero.

defined
Report 81-01.

Surface gauges

The downhole transducglls are measuring absolute pressure 'i. e. the pressure referred to vacuum and not to the
prevailing atmospheric pressure. The barometer pressure
äre thereiore measured as well with a Kistler transdu-
cer and. t,his must be taken into account, especially in
the ranges up t,o t0 Bar. !,rith a sensitivity of I0 mv,/mBar,
changes-in hydrostatic Pressulîe in the borehole can be
sepaiated frõm changes in air pressure. For calibrating
thè t,ransducers a Heiss Pressure Indicator is used. This
digital gauge has a microprocessor whj-ch converts analog
ouãput oi the pressure sensors to a digital format. The
ranle is betweèn O - l0O Bar, and the FS error is 0.04 Z.

REFERENCES5
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