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Since 1975, the Géothermal Group of the Earth Sciences Division has
tested many geothermal wells. Because there was a lack of commercially
available instruments suitable for geothermal well testing, a suite of
instruments, especially designed for this purpose, was developed. This
paper provides the engineering drawings, dssembly instructions, and re-
commended usage for several of the instruments developed for low and
moderate temperature (< 150°C) hydrothermal well testing. Included in
this paper are the drawings for:

o 'a downhole .pressure and temperature instrument

o a multi-conductor cablehead

o a line driver to be used with the downhole pressure

and temperature instrument, ‘and

o a fluid-level defector.
The downhole pressure and ‘temperature instrument uses a high resolution quartz
crystal pressure transducer manufactured by Paroscientific Inc. The transducer
is rated for contiﬁuous use at temperatures up to 1079C (2250F) with a
maximum pressﬁre rating of 900 psia. A thermistor is used to measure temper- .
ature. - The downhole pressure andftemperaturerinstrumentfis rﬁn on a four-
conductor,armofed'logging:cable. A specially dégignedbmulti-conductqr cable-
head uses an epoxy pressure seal and a grease barrief and can be fabricated to
Opera;e at -temperatures up ‘to 1500C (300°F). _fhe cablehead provides a
pressure-tight, mechanical and eléctrical.conhection ﬁetween the -cable and
the instrument. The circuit diagram for. a:line driver, used to transmit
the pressure dats to a central data acquisition site, is also included. The

fluid-level indicator was designed to eliminate the difficulties encountered



when using conventional conductivity-type water level detectors. The probe
will not give erroneous readings due to thick steam layers, pump spillage,

casing leaks, or nonconductive fluids.
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The transducer incorporated in the pressure and temperature instrument
is commercially available at relatively reasonable cost. Mention of specific
brands of transducers does not imply that other types of transducers could
not be substituted if the appropriate design changes were made. All of the

instruments have been successfully tested under a variety of operating:

conditions. To ensure the successful operation of the instruments, the
fabrication and assembly instructions should be followed carefully. Failure
to do so could result in the destruction of the transducers and components

incorporated in these instruments.

DOWNHOLE PRESSURE AND TEMPERATURE INSTRUMENT
Description

The Paroscientific Digiquartz Pressure Transducer has been used for
many years in measuring precise changes in wellhead pressure, pressure
differential across orifice plates, and in conjunction with "Perk" tubes
and Sperry Sun downhole pressure chambers. In order to obtain precise
pressure data during interference testing and accurate downhole pressure
data in the production wells, the Lawrence Berkeley Laboratory Reservoir
Engineering Group decided to incorporate the Paroscientific Digiquartz -
Pressure Transducer in a downhole pressure and temperature instrument
(Figures 1 and 2).1 The instrument can be used at the wellhead or

downhole at temperatures up to 107°9C (2259F).
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Figure 1. Assembly drawing for the downhole pressure and temperature
instrumentation.
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Figure 2. Assembly drawing for the downhole pressure and temperature
instrumentation.



The downhole instrument incorporates the Paroscientific 400 psia
(2.8 MPa) Model 2400-A or 900 psia (6.2 MPa) Model 2900-A Paroscientific
Digiqhartz Pressure Transducer (Item A). The transducer is shock mounted
inside the inétrument package and connected to the pressure port with a stain-
less steei éapillary tube filled with Dow Corning f.s. 1265, 300 centistoke
fluid. ;Thg tranéducer, when interfaced with a Paroscientific Digiquartz
' Computeriand a ﬁewlett Packard 5150A Thermal Printer, can display and record
pressure dgt# at intervals of one se¢ond to two hours. The combination
pressﬁre #nd:;emberature instrument is constructed from stainless steel and
has an outside di&meter of 2.75 inches and a length of 9.5 inches. The
cdmbinagion prgséure and temperature instrument is SUSpgnded by an armored
four-coﬁdhctorvcabie and a specially designed multi-conductor cablehead. The
teﬁperagure,sensing element is a-lOO K-ohm @ 259C thermistor, protected
from the well flhid by & stainless steel tube with & 0.010 inch wall thickness.
The resistance of the thermistor, théﬁ‘is‘fémpérétufe dependent, is read at
the surface}with an ohmmeter. |

Thérdownhble ﬁressure,#nd tempefature instrument has been successfully

field tested at Klamath Falls, Oregon.and'Susanville, California.2’3

Fabrication:aﬁd'fteparation for Aéséﬁbiy't

| Thé detail drawings (Figures 3ithrngh 9)_§§nﬁain the information
necegéafy for thercomplete fabricatioﬁ'of the downhole pressure and temper-
ature instrument (Figﬁrerl)., The instrument is intended to be used in
conjuhctioﬁ with the Lawrence Berkeley Labdraﬁory cablehead. If a commercial
cablghe#d-wi11~be;uged,fthe threaded fittingéon tﬁe-hegkvof the housing cap
(Item 3) and the electrical connector (Item 7) should be changed to conform to

the commercial csblehead.
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" Figure 4. Detail drawing of the thermistor guard (Item 2) for the
downhole pressure and temperature instrument.
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Figure 5. Detail drawing of the housing cap (Item 3) for the downhole
pressure and temperature instrument. )
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Figure 6. Detail drawing of the thermistor lead conduit (Item 4) for

the downhole pressure and temperature instrument.



LU ‘Ml NI

[ froe] e eowmen DESCRIPTION
N\ 1/ |¢7o-/wed | TUBE 725 2D, x 016 WALL _ 504 ot 316 5.ST-
N § A | Vo7 708 oA, SWAGELOK Ne_55-202-7
& 8 | FRoNT 7£€RVCE, VDM SIVAGELOE A8 SS-203-1
T {C |asck _reervee, /o, - v S5-2087

T

-—] 1425020

(o)
O
WELD THIS END SHUT, .
GRIND 70 PUYND FF
UNLESS OTHERWISE SPECIRED SHOP ORDERS
i g - e LAWRENCE BERKELEY LABORATORY
AS LD (v : Iﬁ [EAR7H SCHEMCES 3L OWMOD. TEMIP RESERTOIR LNG/N-
DOWN FOLE FRESSURE & TENR_TNSTRINIENT
£ CHANIER EHOS OF ALL SCREW THRTASS M0 7l£”/‘9”£ :
|:;:';wn:‘m“m-wu-m . 3 W
7. BAGAR GDOCS Yot MAR. ON 1SACHNIS WORK. IS T
wev. | ow cowc| oaTE CHANGES mdeamispobypegd
ln;l-lllll! LRAA | 'll!l"']llll!llll"lll!‘ll']'lll!llll L) H
XBL 816-10089 -

Figure 7. Detail drawing of the thermistor well (Item 5) for the
downhole pressure and temperature instrument.
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Detail drawing of the pressure transfer tube assembly (Item 6)
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Figure 9. Detail drawing of the modified Burndy plug (Item 7) for the
downhole pressure and temperature instrument.
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After all the parts needed to assemble the downhole instrument have -
been fabricated, cleaned; and thoroughly inspected, the housing should be
assembied with the cablehead attached and pressure checked for Ieaks. The
final assembly should be done with utmost care. Leakage of the completed
downhole instrument will usually result in damage to the transducer. Manu-
facturer’s instructions pertaining to threaded and compression fittings, use
of teflon thread-tape, and O-ring preparation and installation should be
followed exactly. To identify the pressure transducer that was installed,
its serial number should be scribed or stamped on the outside of the housing

(Item 1 in Figure 2).

Assembly Instructions for Downhole Pressure and Temperature Instruments

Refer to Flgure 1 and Flgure 2 for the 1dent1f1cat1on of all the
parts. Items 1dent1f1ed by letter are commerclally ava11ab1e while items
identified by number must be fabr1cated
1. Wrap the p1pe threads on the therm1stor lead condu1t (Item 4) wmth

. teflon thread sea11ng tape and t1ghten 1t 1nto the housing (Item 1.

Bend the sta1n1ess-stee1 tube extens1on of the therm1stor lead condu1t

“so that 1t 1s flush aga1nst the 1n31de wall of the housxng. Th1s w111

fac111tate the 1nsta11at10n and replacement of the therm1stor wh11e the

pressure transducer is 1n place. :' , - v |
2. _Wrap the p1pe threads on the compres81on f1tt1ng (Item D) w1th teflon-
thread seallng tape and tlghten 1t 1nto the hou81ng. Screw one end of
‘_pressure transfer tube assembly (Item 6) to the compressxon f1tt1ng.
3.vv'1nsert the pressure transducer (Item A) and its foamed-urethane shock

absorber (Item B) into the houslng.
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Bend the pressure transfer tube assembly so that it is aligned with
the compression fitting on the pressure transducer. Fill the pressure
transfer fube assembly with Dow Corning f.s. 1265 fluid with the aid of
a syringe. Also fill the compression fitting attached to the pressure
transducer. Connect the fluid-filled pressure-transfer tube assembly
to the compression fitting on the pressure transducer.

Insert the thermistor and its 9-inch long, 26-gauge insulated leads

into the thermistor well (Item 5). Imsert the thermistor leads into the

.compression fitting and push the leads up inside the thermistor lead

conduit (Item 4). Fasten the thermistor well to the compression fit-
ting on the thermistor lead conduit. Install the thermistor guard

(Item 2).

Fit the housing cap (Item 3) with a silicone-greased® O-ring (Item E).
Pass all of the electrical leads through the center of the housing cap.
Screw the housing cap into the housing.

Terminate all of the electrical leads one inch above the topmost thread
of the housing cap. Solder the leads to the modified Burndy male 10-pin
connector (Item 7) in an electrically compatible sequence with the
modified female Burndy receptacle 10-pin on the cablehead. Solder the
ground lead from the pressure transducer to the braided shielding of

the electrical leads from the transducer. The armor of the logging
cable provides the ground path for the downhole instrument.

Insfall two silicone-greased O-;ings (ItemkF) in the groove on the male
electrical plug and push the plug into‘the seat with a rotating ﬁotion.
This plug serves as a secondary préésure seal should the O-ring connect-

ing the instrument to the cablehead fail.

*Dow Corning Silicone Vacuum Grease (or equivalent)



The downhole pressure and temperature instrument can be attached to
the previously assembled cablehead. The O-ring (Item G) should be coated
with silicone grease and installed arounn:the lip provided on the cablehead
connector, Holdvthe instrument package stationary, mate the modified Burndy
connectors and screw the nut on the cablehead- securely onto the neck of
the housing cap. The logging cable and the cablehead sre now attached to
the instrument witn_a mechanieailielectrical, and pressure-tight connection.

The ?aroscientificiDigiqusrtz Cempnter can be attached to the power,
signal, and ground leads of the armored logging cable. The downhole pressure
and temperature instrument is-nonrready for use. Make certain that the
pressure and temperatureilimits nf the trnnsducer are not exceeded. This is
monitored with the pressure resd;out ofwthe'cdnputer and resistance of the
thermistor as-the instrument is lowered into the well. Performance specifi—
cations for the Paroscientific D1g1quartz Pressure Transducer used with the

downhole pressure and temperature 1nstrument are listed in Table 14 3

GEOTHERMAL CABLEHEAD
Description

A cablehead is a connector used'to'make a pressure tight mechanicsl
and e1ectr1ca1 connectlon between an armored logging cable and a downhole
1nstrument. Commerclally available cableheads perform properly in non-
corrosive environments, but when subjected to the corrosive brines and the
elevated temperatures found in geothermal weils,rthe brine will eventually
enter the cablehead assembly. This will short the electrical conductnrs and
corrode the steei arnor. ioss of datskand the eventual loss of the downhole

instrument could result.
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Table 1. Performance Specifications for the Paroscientific 400 psia
and 900 psia Digiquartz Transducers (from Paros, J.M.)

Repeatability 0.005% full scale
Hysteresis 0.005% full scale
Temperature null shift® 0.0004% full scale/OF
0.0007% full scale/°C
Temperature span shift® 0.0026% of reading/©F
0.0049% of reading/©°C
Overpressure 1.2 times full scale
 Operational temperature range -65 to +2250F

=54 to +107°C

*Temperature null shift and temperature span shift can be corrected
by using the appropriate constants supplied by Paroscientific, Inc.
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The Geothermal Group at Lawrence Berkeley Laboratory has designed an
inexpensive multi-conductor cablehead (Figure 10). The body is machined
from stainless steel and has a length of 9 inches and a 1.5 inch diameter.
It has an overshoot provision for retrieval should the cablehead and attached
instrument\beilost downhole. The mechanical strength of the fastening mech-
anisﬁ is obtained by forcing a brass cone against the unbraided cable strands
inside an intetnally-tapered sleeve.

The eablebeao incorporates an epoxy* pressure seal. The epoxy used
has excellent‘cortosion, chemical, and solVent resistant properties. The
epoxy seal isrformed by pouring the epoxy mix around the electrical conductors
inside the tapeted, conductor seal cavity. Should it become necessary, the
epoxy seal can be’removed with an electfio drill, The cable can then be

e—headed and a new epoxy seal poured 1n place. Thls can be carried out even

under f1e1d cond1t1ons. Us1ng an epoxy,seal has several advantages over
conventional cablehead seals, It adapts 1tse1f to single conductor as well as
multl-conductor cable. It does away with the tedious job of 1nsta111ng rubber
boots and teflon-tape wrapped conductor seals. It also has a high operating
temperature 11p1t. Epoxy with an operat1ng temperature of up to 6000F
(3159C) is available. = |

The eablehead also incorporates a giease‘barrie;. A high-temperature -
gtease isipumped through a removable zetk fittingrto fill all the voids within
the cablehead assembly. Th1s ptevents ‘the adverse effect of the brine on
the support-strand connect1ons of the cable, thus reducxng the frequency

of‘reheading the cable due to corrosion of cable inside the cablehead assembly.

*Shell 826 Epoxy (or equivalent) for low-to moderate temperature application
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Assembly drawing of the geothermal cablehead.
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The mechanical connection of cablehead to downhole instrument is made
with a threaded union type fastener incorporating an O-ring seal, and multi-

conductor electrical connector.

Fabrication' and Preparation for Assembly

All the parts may be fabricated from the detail drawings (Figures 11
to 16). The fabricated parts should be carefully inspected to make certain
that all m#ting'ﬁarﬁs fit properly. The bréze joint on the conductor-seal
subassembly (Item 2) éhould be checked for mechanical strength and pressure
tightness. All parts should be thoroughly degreased with a solvent, and the
epoxy cavity fqr,tﬁe conductor-seal éubassembly should be sand-blasted to
ensure maximum,adhésion‘of the epoxy. The manufacturer’s directions for
mixing and curingithe epoxy should be followed.. The detail drawing for the

modified female Burndy type connector is shown on Figure 9 (Item 7).

Assembly of the Cablehead

Refer to Flgure 10 for 1dent1f1cat1on of all the éarts which are needed

‘for the assembly of the cablehead.

Fi), Attach the logglng cable to the cable retalner sub (Item 1) using the

. same general procedure as used for head1ng up the Gearhart-Owen slngle-
conductor cablehead ‘Normal precaut1ons should be taken to insure that
the armor strands do not cross each other around the cone (Item 3).

2)‘ iRemove the surface gloss on the,conductor insulation of the logging
cabléiwith steél wool to énsure good adhesion to the epoxy. Degrease
the édnducto;s.»,~UA” |

3) 1Install the spacer (Ifem 4) and place a small amouﬁt of silicone-rubber®

sealant at the location inside the spacer as shown in the assembly drawing.
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4)  Screw the conductor-seal subassembly (Item 2) into the cable-retainer
subassembly (Item 1). Make sure that the insulated strands are pulled
through the center of the conductor-seal subassembly (Item 2) as shown
in‘the assembly drawing. If a minimum gap between the two subs as shown

in Figure 10 cannot be maintained, a second spacer (Item &) should be

(=%

installed. The two parts should be screwed together securely andrchecke
to -.ensure that a gap is maintained.

5) Tefminate the conductor leads to leave just enough length to.solder them
to the modified female Burndy plug (Item 5). Use solder thafihaq the
appropriate temperature rating for the intended use.

'6) Fill the cavity in the conductor-seal subassembly (Item 2) wiﬁh exopy

using a plastic syringe. The epoxy should have good adhesiQe properties

to both metal and the conductor insulation. The epoxy should also have
the appropriate operating temperature for the intended use.

7) Push the modified female Burndy plug (Item 5) into the conductor-seal
subassembly (Item 2) as shown in the assembly drawing. Hold the plug
in place until the epoxy is cured. Do not tighten the conductor-seal
subassembly (Item 2) into the cable-retainer subassembly (Item 1) after
the epoxy is cured because the conductors will be damaged.

8) 1Install the zerk fittings (Item 7) in the conductor-seal subassembly
(Item 2) and fill the cavity with high temperature silicone greasé**.‘

The cablehead is filled when grease extrudes from the top of the cable-

retainer subassembly (Item 1).

9) Remove the zerk fitting (Item 7) from the cable-retainer subassembly

(Item 1) and replace it with a set screw (Item 8).

*Dow Corning Silicone Rubber Sealant (or equivalent)
*%*Dow Corning Silicone Vacuum Grease (or equivalent)
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This cablehead can be used in conjunction with any downhole instrument
requiring a single or mulfi-conductor armored cable, as long as Item 1 and
Item 3 are machined to fit the cable being used. At the Lawrence Berkeley
Laboratory thisvcablehead is used to connect a four-conductor armored cable
to a downhole pressure and temperature instrument.

Before each use the cablehead should be regreased by following Step 8 of
the assembly procedure. This will protect the internal parts of the cablehead
and unbraided armored strands of cable from the corrosive properties of the
brine.

An O-ring seal is used to prevent. fluid from entering the cablehead
and downhole instrument. The O-ring (Figure 2, Item G) should be coated with
silicone grease and slipped over the lip provided on the conductor-seal
subassembly. To connect the cablehead to the instrument, insert the female
electrical connector on the cablehead into the ma}e connector on the instru-
ment. Without rotating the instrument or the cablehead{ tighten the nut on
the qablehead to the instfﬁﬁenf; Make sure thét the coﬁhection is made
securely. The armorédv;able,~§a£1eheﬁd andvihstrﬁmeﬁgzhfe-now joined with a

pressure tight mechanical and electrical connection.

LINE :6RIVER o
Descriggioh

Wheﬁ uéing faroéﬁiéniificvbigiéuartz P;e;éuré Trahgdﬁcérs for
simultaneous interference test measurements, it is desirable to transmit the

data from the measurement site to a central data-acquisition location. This
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allows for accurate clock synchronization, observation of all instrument
functions, and rapid fault detection and isolation. Because the pressure
transducer has a limited transmission range, it is necessary to amplify the
signal before it is transmitted. The Field Systems Group at Lawrence Berkeley
Laboratory designed and built a line driver for use with the Paroscientific
Digiquartz Pressure Transducer. The signal from the transducer is detected,
amplified, and transmitted by the line driver circuit.

- The line-driver circuitry is housed in a small instrument enclosure
(Figure 17). The line_driﬁe; and two 12-volt automotive-batéeries are placed
at the well where the pressure transducer is being used and connected to it
with a three-conductor lead. An inexpensive two—conductor wire is used to
transmit the signal from the line driver to the central data acqﬁisition
location. The signal from the line driver can be transmitted for a distance

of four miles.

Circuitry

Power is supplied to the line driver and Paroscientific transducer
by two 12-volt automotive batteries. The line driver circuit (Figure 18)
contains a pair of diodes to ensure that the power is supplied from the
battery with the highest charge and also provides reverse voltage‘protection.
Over-voltage and transient protection for the pressure transducer and line
driver electronics are provided by a fuse and zener diodes. Voltage is
supplied to the integrated circuits by an IM309 (or equivalent) volfage
regulator.

The signal from the transducer is detected and amplified by a SE 555
(or equivalent) timer IC. The timer IC is not used for its typical applica-

‘tion as an oscillator or timer. Instead it is incorporated into an amplifier



Figure 17.

The instrument
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housing for the line driver.
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input circuit which is designed to simulate the same impedance seen by

the output of the pressure transducer when it is connected directly to the
Paroscientific Digiquartz Transducer. The circuit configuration, which is
shown in Figure 18, provides relatively high input impedance and threshold
detection with hysteresis for noise immunity.

The signal is transmitted from the line driver to the central data
acquisition system with a 9612 (or equivalent) differential line driver
manufactured by Fairchild Semiconductor. It provides balanced drive for
the signal transmission over low-cost, twisted-pair military surplus field
telephone wire. The dashed line in Figure 18 shows.an emergency wiring
configuration provided in case of first driver failure without total destruc-

tion of the IC. The output of the line driver: is a square wave.

Use

~

The line dr1ver in its metal hous1ng is placed close to the well
1nstrumented by a Parosc1ent1f1c Pressure Transducer. Two 12-volt auto-
motive batter1es are connected to the electr1ca1 connectors on the 11ne
dr1ver (F1gure 17) The batter1es prov1de power’for the pressure transducer
and line drlver. One battery at a t1me can - be replaced w1thout 1nterrupt10n
of data. The pcner, s1gnal and ground leads from the pressure transducer are
also connected to the electrical fittings on the lime driver (Figure :17).
Inexpensive“twozconductor'wiresconnectS'the_1ine'drivervto the input and -

ground receptacles:of the Paroscientific Conputer.f
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WATER LEVEL INDICATOR
Description

Fluid level indicators, as used in well. testing, are portable
instruments used to detect the water level in the wellbore. The most commonly
used probe is a conductivity-type gauge. The weighted probe attached to a
two conductor cable is run down a well. VW£en the probe contacts the water
an electrical circuit is completed and the current flow is detected at the
surface. When used in cold water wells, such a probe performs adequately;
but for hot wells it is often unreligble. Because a conductivity-type gauge
relies solely on the conductivity of the downhole fluid to complete the.
electrical circuit, erroneous readings may result due to heavy steam layers,
spill over from pumps; and casing leaks. Nonconductive fluids fioating on
the water surface, such as liquid paraffin or oil, can also cause erroneous
readings.

We have found that by replacing a conventional conductivity-type
probe with a GEMS model LS-1700 liquid-level switch, these proBlems can be
avoided. In the GEMS unit a magnet-equipped float rises with the fluid level
and closes a reed switch encased in the unit’s central stem. An electrical

circuit is completed and the current is detected at the surface.

Fabrication

The assembly and fabrication drawings are as shown in Figure 19. The
GEMS liquid-level switch (model LS-1700) is inexpensive and readily available.
The parts surrounding the unit, Parts 3 and 4 (see assembly drawing) should be
made of a nonmagnetic material to avoid interference with the operation of the

probe,
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Assembly

Refer to Figure 19 for identification of all the parts mentioned in this
section. -
1)  Insert the GEMS ;iquid level switch into the fabricated housing (Items
3 and 4) letting ﬁhe leads and threaded portion of the GEMS unit protrude
through the hole (item 4). Slip the hose fitting (Iteﬁ 2) over the leads.
2’ Fill the hose fitfing with silicone rubber sealant and screw it securely
to the GEMS uni;.',
3) Insert thg two-éonductor cable with the conductivity typg'pfobé removed
through a’bﬁé-foot section of appropriately-sized heat shrink tubing.
4) Solder the leads from the GEMS Unit to the leads of the two-conductor
cable abproximately two inchesAbeyond.the end of the hose fitting.
Cover the gqlder joint, the,cable;<and the end of the hose fitting with
silicbne'rubbet-séalant. - |
5) Slip the shrinkftﬁbing ovef:ﬁhe cgble-soider joint and hose fitting.
Heat the'shrinkvfﬂbing until it‘fité4s§ug1y oﬁ the cable. Do not use
the pfobe until‘thé silicone rubber'ééalantrhas set.
6)7 Add split-type lead weightsito the qable to facilitate running the

probe down a well.

Use
The unitfdés@riﬂeﬁ’héré‘can be_subsfitutedron therend of a convenfional
conductivity-typé ﬁaferélevel ipdicator. When;the fluid level is reached, an
electrical cifpuiﬁ,ié éﬁﬁpleﬁed and ﬁill be detected on the surface'rgad-outi
provided withtthevﬁaterélevel indicator. 1If an entire ﬁater level indicator

is to be constructed, a suitable substitute for the surface readout is an

. ohmmeter.
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