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Since 1975, the Geothermal Group of the Earth Sciences Division has 

tested many geothermal wells. 

available instruments suitable for geothermal well testing, a suite of 

instruments, especially designed for this purpose, was developed. This 

paper provides the engineering drawings, assembly instructions, and re- 

commended usage for several of the instruments developed for low and 

moderate temperature (< 150OC) hydrothermal well testing. 

this paper are the drawings for: 

Because there was a lack of commercially 

Included in 

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 detector. 

The downhole pressure and temperature instrument uses a high resolution quartz 

crystal pressure transducer manufactured by Paroscientific Inc. 

is rated for continuous use at temperatures up to 107OC (2250F) with a 

maximum pressure rating of 900 psia. 

ature. The downhole pressure and temperature instrument is run on a four- 

conductor armored logging cable. 

head uses an epoxy pressure seal and a grease barrier and can be fabricated to 

operate at temperatures 

pressure-tight, mechanical and electrical connection between the cable and 

the instrument. 

The transducer 

Athermistor is used to measure temper- 

A specially designed multi-conductor cable- 

p to 1 5 0 O C  (3000F). The cablehead provides a 

The circuit diagram for a line driver, used to transmit 

the pressure data to a central data acquisition site, is also included. The 

fluid-level indicator was designed to eliminate the difficulties encountered 
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when using conventional conductivity-type water level detectors. 

will not give erroneous readings due to thick steam layers, pump spillage, 

The probe 

casing leaks, or nonconductive fluids. 

The transducer incorporated in the pressure and temperature instrument 

is commercially available at relatively reasonable cost. 

brands of transducers does not imply that other types of transducers could 

Mention of specific 

not be substituted if the appropriate design changes were made. 

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. 

to do so could result in the destruction of the transducers and components 

incorporated in these instruments. 

All of the 

Failure 

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. 

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 21.l 

downhole at temperatures up to 107% (225OF). 

In order to obtain precise 

The instrument can be used at the wellhead or 
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Figure 1. Assembly drawing for the 
instrumentation. 

XBL 816-10102 

downhole pressure and temperature 
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Figure 2. Assembly drawing for the downhole pressure and temperature 
instrument at ion. 

. 
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The downhole instrument incorporates the Paroscientific 400 psia 

(2.8 MPa) Model 2400-A or 900 psia (6.2 MPa) Model 2900-A Paroscientific 

Digiquartz Pressure Transducer (Item A). The transduce'r is shock mounted 

inside the instrument package and connected to the pressure port with a stain- 

less steel capillary tube filled with Dow Corning f.s. 1265, 300 centistoke 

fluid. 

Computer and a Hewlett Packard 5150A Thermal Printer, can display and record 

The transducer, when interfaced with a Paroscientific Digiquartz 

pressure data at intervals of one second to two hours. 

pressure and temperature instrument is constructed from,stainless steel and 

has an outside diameter of 2.75 inches and a length of 9.5 inches. The 

combination pressure and temperature instrument is suspended by an armored 

four-conductor cable and a specially designed multi-conductor cablehead. 

temperature sensing element is a 100 K-ohm @ 25°C thermistor, protected 

from the well fluid by a stainless steel tube with a 0.010 inch wall thickness. 

The resistance of the thermistor, wh is temperature dependent, is read at 

the surface with an ohmmeter. 

The combination 

The 

The downhole pressure and temperature instrument has been successfully 

field tested at Klamath Falls, Oregon and Susanville, California. * 8 3  

Fabrication and Preparation for Assembly 

The detail drawings (Figures 3 through 9) contain the information 

necessary for the complete fabrication of the downhole pressure and temper- 

ature instrument (Figure 1). The instrument is intended to be used in 

conjunction with the Lawrence Berkeley Laboratory cablehead. 

cablehead will be used, the threaded fitting on the neck of the housing cap 

(Item 3)  and the electrical connector (Item 7)  should be changed to conform to 

If a commercial 

the commercial cablehead. 
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Figure 3. Detail drawing of the housing (Item 1) for the downhole 
pressure and temperature instrument. 
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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 . 
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After a l l  the pa r t s  needed t o  assemble the downhole instrument have 

been fabr ica ted ,  cleaned, and thoroughly inspected, t he  housing should be 

assembled with the cablehead attached and pressure checked for  leaks. The 

f i n a l  assembly should be done with utmost care. Leakage of the completed 

downhole instrument w i l l  usua l ly  r e s u l t  i n  damage t o  the  transducer. 

fac turer ' s  i n s t ruc t ions  per ta in ing  t o  threaded and compression f i t t i n g s ,  use 

Manu- 

of t e f lon  thread-tape, and O-ring preparation and i n s t a l l a t i o n  should be 

followed exactly. 

i t s  s e r i a l  number should be scribed or stamped on the outside of the housing 

( I t e m  1 i n  Figure 2). 

To i den t i fy  the  pressure transducer t ha t  was i n s t a l l e d ,  

Assembly Ins t ruc t ions  f o r  Downhole Pressure and Temperature Instruments 

Refer t o  Figure 1 and Figure 2 for  the  i d e n t i f i c a t i o n  of a l l  the  

par t s .  I t e m s  i den t i f i ed  e commercially ava i lab le ,  while items 

i d e n t i f i e d  by number must be fabricated.  

1. Wrap the pipe threads on the  thermi 

t e f lon  thread sea l ing  tape and t i gh  

Bend the  s t a in l e s s - s t ee l  tube extension the thermistor lead conduit 

o r  lead conduit (Item 4) with 

n it i n t o  the housing (Item 1). 
> t  

1 of the housi 

rmistor while the  

2, Wrap the pipe thread D) with teflon- 

crew one end of 

pressure t r ans fe r  tube ass  l y  (Item 6) t o  the compression f i t t i n g .  

3. I n s e r t  the  pressure transducer (Item A) and i t s  foamed-urethane 

absorber ( I t e m  B) i n t o  the  housing. 
I .  

shock 
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4. 

5. 

6. 

7. 

8. 

Bend the pressure t r ans fe r  tube assembly so t ha t  it is aligned w i t h  

the  compression f i t t i n g  on the  pressure transducer. 

t r ans fe r  tube assembly with Dow Corning f .s .  1265 f lu id  with the a id  of 

a syringe. 

transducer. 

t o  the  compression f i t t i n g  on the  pressure transducer. 

In se r t  the  thermistor and its 9-inch long, 26-gauge insulated leads 

in to  the thermistor w e l l  ( I t e m  5) .  I n s e r t  the thermistor leads i n t o  the  

compression f i t t i n g  and push the leads up ins ide  the thermistor lead 

conduit (Item 4). 

t i ng  on the thermistor lead conduit. 

( I t e m  2). 

F i t  the  housing cap ( I t e m  3) with a s i l i cone-grease8  O-ring (Item E ) .  

Pass a l l  of the  e l e c t r i c a l  leads through the center  of the housing cap. 

Screw the  housing cap i n t o  the housing. 

Terminate a l l  of the e l e c t r i c a l  leads one inch above the topmost thread 

of the housing cap. 

connector (Item 7 )  i n  an e l e c t r i c a l l y  compatible sequence with the  

modified female Burndy receptacle  10-pin on the cablehead. Solder the 

ground lead from the  pressure transducer t o  the braided sh ie ld ing  of 

the e l e c t r i c a l  leads from the  transducer. The armor of the logging 

cable provides the  ground path for  the  downhole instrument. 

I n s t a l l  two silicone-greased O-rings (Item F) i n  the groove on t he  male 

e l e c t r i c a l  plug and push the plug i n t o  the s e a t  with a ro t a t ing  motion. 

This plug serves  as a secondary pressure sea l  should the  O-ring connect- 

ing the  instrument t o  the cablehead f a i l .  

F i l l  the  pressure 

Also f i l l  the  compression f i t t i n g  attached t o  the pressure 

Connect the f lu id - f i l l ed  pressure-transfer tube assembly 

Fasten the  thermistor w e l l  t o  the compression f i t -  

I n s t a l l  the  thermistor guard 

Solder the  leads t o  the modified Burndy m a l e  10-pin 

*Dow Corning Si l icone  Vacuum Grease ( o r  equivalent)  
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. 

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 around the lip provided on the cablehead 

connector. 

connectors and screw the nut on the cablehead-securely onto the neck of 

the housing cap. 

the instrument with a mechanical, electrical, and pressure-tight connection. 

Hold the instrument package stationary, mate the modified Burndy 

The logging cable and the cablehead are now attached to 

The Paroscientific Digiquartz Computer can be attached to the power, 

signal, and ground leads of the armored logging cable. 

and temperature instrument is now ready for use. 

pressure and temperature limits of the transducer are not exceeded. 

monitored with the pressure read-out of the c 

thermistor as the instrument is lowered into the well. Performance specifi- 

cations for the Paroscientific tz Pressure Transducer used with the 

downhole pressure and temperature instrument are listed in Table 1 

The downhole pressure 

Make certain that the 

This is 

uter and resistance of the 

4,s . 

GEOTHERMAL CABLEHEAD 

Description 

A cablehead is a connector used to make a pressure tight mechanical 

and electrical connection between an armored logging cable and a downhole 

instrument. 

corrosive environments, but when subjected to the corrosive brines and the 

elevated temperatures found in geothermal wells, the brine will eventually 

enter the cablehead assembly. 

corrode the steel armor. Loss of data and the eventual loss of the downhole 

instrument could result. 

Commercially available cableheads perform properly in non- 

This will short the electrical conductors and 
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Table 1. Performance Specifications for the Paroscientific 400 psia 
and 900 psia Digiquartz Transducers (from Paros, J.M. 

Repeat abi 1 it y 

Hysteresis 

Temperature null shift* 

Temperature span shift* 

Overpressure 

Operational temperature range 

I 

0.005% full scale 

0.005% full scale 

0.0004% full scale/OF 
0.0007% full scale/oC 

0.0026% of reading/OF 
0.0049% of reading/oC 

1.2 times full scale 

-65 to +2250F 
-54 to +107OC 

*Temperature null shift and temperature span shift can be corrected 
by using the appropriate constants supplied by Paroscientific, Inc. 



17 

The Geothermal Group a t  Lawrence Berkeley Laboratory has designed an 

inexpensive multi-conductor cablehead (Figure 10). The body is machined 

from s t a i n l e s s  steel and has a length of 9 inches and a 1.5 inch diameter. 

It has an overshoot provision for  r e t r i e v a l  should the  cablehead and attached 

instrument be l o s t  downhole. The mechanical s t rength  of the fastening mech- 

anism i s  obtained by forcing a brass  cone against  the unbraided cable s t rands  

in s ide  an internal ly- tapered sleeve. 

The cablehead incorporates an epox$ pressure seal .  The epoxy used 

has excel lent  corrosion, chemical, and solvent  r e s i s t a n t  propert ies .  

epoxy s e a l  is formed by pouring the  epoxy mix around the e l e c t r i c a l  conductors 

i n s ide  the  tapered, conductor s e a l  cavity.  

epoxy s e a l  can be removed with an electric d r i l l ,  

re-headed and a new epoxy s e a l  poured in place. 

under f i e l d  conditions.  

conventional cablehead sea ls .  

multi-conductor cable. 

boots and teflon-tape wrapped conductor sea ls .  

temperature l i m i t .  

(315OC) is avai  

The 

Should it become necessary, the  

The cable can then be 

This can be car r ied  out even 

Using an epoxy s e a l  has several  advantages over 

It adapts i t s e l f  t o  s ing le  conductor as well as 

It does away with the  tedious job of i n s t a l l i n g  rubber 

It a l so  has a high operat ing 

Epoxy with an operat ing temperature of up t o  6000F 

so incorporates  a g a se  ba r r i e r .  A high-temperature 

grease is pumped through a removable zerk f i t t i n g  t o  f i l l  a l l  the  voids within 

the  cablehead assembly. 

t he  support-strand connections of the cable,  thus reducing the  frequency 

of reheading the  cable due t o  corrosion of cable ins ide  the  cablehead assembly. 

This prevents the  adverse e f f e c t  of the br ine  on 

*Shel l  826 Epoxy (o r  equivalent)  f o r  low-to moderate temperature appl ica t ion  
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Figure 10. Assembly drawing of the geothermal cablehead. 
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The mechanical connection of cablehead t o  downhole instrument is made 

with a threaded union type fastener  incorporating an O-ring s e a l ,  and multi- 

conductor e l e c t r i c a l  connector. 

Fabricat ion and Preparat ion f o r  Assembly 

A l l  the  par t s  may be fabricated from the d e t a i l  drawings (Figures 11 

t o  16). 

t h a t  a l l  mating p a r t s  f i t  properly. 

subassembly (Item 2) should be checked fo r  mechanical s t rength and pressure 

t ightness .  

epoxy cav i ty  fo r  the conductor-seal subassembly should be sand-blasted t o  

ensure maximum adhesion of the epoxy. The manufacturer's d i rec t ions  for  

mixing and curing the epoxy should be followed. 

The fabricated pa r t s  should be carefu l ly  inspected t o  make ce r t a in  

The braze j o i n t  on the conductor-seal 

A l l  pa r t s  should be thoroughly.degreased with a solvent,  and the 

The d e t a i l  drawing for  the 

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

Assembly of t he  Cablehead 

Refer t o  Figure 10 fo r  i den t i f i ca t ion  of a l l  the par t s  which a re  needed 

fo r  the assembly of the cablehead. 

1 )  Attach the logging cable to  the cable r e t a ine r  sub (Item 1) using the 

I same general procedure as used fo r  heading up the Gearhart-Owen single- 

ead. Normal precautions sho be taken t o  insure t h a t  

the armor s t rands do not cross  each other  a r  d the cone (Item 3 ) .  

Remove the surface gloss  on the  conductor insu la t ion  of the logging .. 2) 

i t h  steel wool to  ensure good adhesion t o  the epoxy. Degrease 

3) I n s t a l l  the  spacer ( I t e m  4) and place a small amount of silicone-rubber* 

sealant  a t  the locat ion ins ide  the spacer as shown i n  the assembly drawing. 
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Figure 11. Detail drawing of the cable retainer sub (Item 1) of the 
geothermal cablehead. 
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Figure 13. Detail drawing of the union nut (part of Item 2) of the 
geothermal cablehead. 
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Figure 14. Detail drawing of the union t a i l  piece (part of Item 2) of 
the geothermal cablehead. 
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Figure 15. Detail  drawing of the cone (Item 3)  of the geothermal 
cablehead. 
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Figure 16. Detail drawing of the spacer ( I t e m  4) for the geothermal 
cablehead. 
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4) Screw the  conductor-seal subassembly (Item 2) i n t o  the  cable-retainer 

subassembly (Item 1 ) .  Make sure  tha t  the  insu la ted  s t rands  a re  pulled 

through the  center  of the conductor-seal subassembly (Item 2) as shown 

i n  the  assembly drawing. I f  a minimum gap between the  two subs as shown 

i n  Figure 10 cannot be maintained, a second spacer (Item 4) should be 

in s t a l l ed .  

t o  ensure tha t  a gap is  maintained. 

Terminate the conductor leads t o  leave j u s t  enough length t o  so lder  them 

t o  the  modified female Burndy plug (Item 5 ) .  

appropriate temperature r a t i n g  fo r  the  intended use. 

F i l l  the  cavi ty  i n  the  conductor-seal subassembly (Item 2) with exopy 

using a p l a s t i c  syringe. 

The two pa r t s  should be screwed together securely and checked 

5 )  

Use so lder  t h a t  has the  

6 )  

The epoxy should have good adhesive p rope r t i e s  

t o  both metal and the  conductor insu la t ion .  

the appropriate operating temperature for  the intended use. 

The epoxy should a l so  have 

7 )  Push the modified female Burndy plug (Item 5 )  i n t o  the conductor-seal 

subassembly (Item 2) as shown i n  the  assembly drawing. 

i n  place u n t i l  the  epoxy is cured. 

subassembly (Item 2) i n t o  the  cable-retainer subassembly (Item 1) a f t e r  

the epoxy is cured because the  conductors W i l l  be damaged. 

Hold the  plug 

Do not t i gh ten  the  conductor-seal 

8) I n s t a l l  the zerk f i t t i n g s  (Item 7) i n  the conductor-seal subassembly 

** ' . (Item 2) and f i l l  the cavi ty  With high temperature s i l i c o n e  grease 

The cablehead is f i l l e d  when grease extrudes from t h e  top of t he  cable- 

r e t a i n e r  subassembly ( I t e m  1 ) .  

Remove the zerk f i t t i n g  (Item 7) from the  cable-retainer subassembly 

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

9 )  

* Dow Corning Si l icone  Rubber Sealant (o r  equivalent)  
**Dow Corning Si l icone  Vacuum Grease ( o r  equivalent 

. 
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This cablehead can be used i n  conjunction with any downhole instrument 

requi r ing  a s ing le  or  multi-conductor armored cable, a s  long as Item 1 and 

* I t e m  3 a r e  machined t o  f i t  t he  cable being used, A t  the Lawrence Berkeley 

Laboratory t h i s  cablehead is  used t o  connect a four-conductor armored cable 

t o  a downhole pressure and temperature instrument. 

Before each use the  cablehead should be regreased by following Step 8 of 

the  assembly procedure. 

and unbraided armored s t rands  of cable from the  corrosive proper t ies  of the  

brine.  

This w i l l  p ro tec t  the  in t e rna l  p a r t s  of t he  cablehead 

An O-ring seal is  used t o  prevent f l u i d  from enter ing  the  cablehead 

and downhole instrument. 

s i l i c o n e  grease and slipped over t he  l i p  provided on the  conductor-seal 

subassembly. 

The O-ring (Figure 2, Item G) should be coated with 

To connect the  cablehead t o  the  instrument, i n s e r t  the  female 

e l e c t r i c a l  connector on the  cablehead i n t o  the  male connector on the  ins t ru-  

ment. 

t h e  cablehead t o  the  i n s t r  . Make sure  t h a t  the  connection is made 

Without r o t a t i n g  the  instrument or  t he  cablehead, t i gh ten  t h e  nut on 

The armored cable, cab le  ead and instrument a re  now joined with a 

t i g h t  mechanical and e l e c t  i c a l  connection. 

LINE DRIVER 

f Description 

When using Paro 

simultaneous i n t  nce test measurements, it is des i r ab le  t o  transmit t he  

da t a  from the  s i te  t o  a c e n t r a l  a-acquisit ion location. This 



allows for accurate clock synchronization, observation of all instrument 

functions, and rapid fault detection and isolation. 

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. 

amplified, and transmitted by the line driver circuit. 

Because the pressure 

The signal from the transducer is detected, 

The line-driver circuitry is housed in a small instrument enclosure 

(Figure 17). 

at the well where the pressure transducer is being used and connected to it 

with a three-conductor lead. 

The line driver and two 12-volt automotive batteries are placed 

An inexpensive two-conductor wire is used to 

transmit the signal from the line driver to the central data acquisition 

location. The signal from the line driver can be transmitted for a distance 

of four miles. 

Circuitry 

Power is supplied > the line driver and Paroscientific tran du er 

by two 12-volt automotive batteries. 

contains a pair of diodes to ensure that the power is supplied from the 

The line driver circuit (Figure 18) 

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 LM309 (or equivalent) voltage 

regulator. 

The signal from the transducer is detected and amplified by a SE 555 

(or equivalent) timer IC. 

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

The timer IC is not used for its typical applica- 
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Figure 17. The instrument housing for the line driver. 
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input c i r c u i t  which is designed t o  simulate the same impedance seen by 

the output of the pressure transducer when it is connected d i r e c t l y  t o  the  

Pa rosc i en t i f i c  Digiquartz Transducer. The c i r c u i t  configuration, which is 

shown i n  Figure 18, provides r e l a t i v e l y  high input impedance and threshold 

de tec t ion  with hys t e re s i s  fo r  noise  immunity. 

The s igna l  i s  t ransmit ted from the  l i n e  dr iver  t o  the cent ra l  da ta  

acquis i t ion  system with a 9612 ( o r  equivalent)  d i f f e r e n t i a l  l i n e  d r ive r  

manufactured by Fa i rch i ld  Semiconductor. 

t he  s igna l  transmission over low-cost, twisted-pair mi l i t a ry  surplus f i e l d  

telephone wire. 

It provides balanced dr ive  fo r  

The dashed l i n e  i n  Figure 18 shows an emergency wiring 

configurat ion provided i n  case of f i r s t  d r ive r  f a i l u r e  without t o t a l  destruc- 

t i o n  of the I C .  The output of the l i n e  dr iver  is a square wave. 

Use - 
r 

The l i n e  d r ive r  i n  i t s  metal housing i s  placed c lose  t o  the  w e l l  

instrumented by a Pa rosc i en t i f i c  Pressure Transducer. 

motive b a t t e r i e s  a re  connected t o  the  ele s on the l i n e  

d r ive r  (Figure 17). The t teries provid ressure  transducer 

and l i n e  dr iver .  One ba r y  a t  a t i m e  can be replaced without in te r rupt ion  

of data.  The power, s igna l ,  and nd leads from the  pressure transducer are 

a l s o  connected t o  the  e l e c t r i c a l  f i t t i n g s  on the l ine  dr iver  (Figure 17). 

Inexpensive two conductor wire connects the  l i n e  dr iver  t o  the input and 

ground receptacles  of the  Pa rosc i en t i f i c  Computer. 

Two 12-volt auto- 

* 
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WATER LEVEL INDICATOR 

Description 

Fluid l eve l  i nd ica to r s ,  as used i n  w e l l  t e s t i n g ,  are portable 

instruments used t o  de tec t  the  water l eve l  i n  the  wellbore. The most commonly 

used probe is a conductivity-type gauge. The weighted probe attached t o  a 

two conductor cable i s  run down a w e l l .  When the probe contac ts  the  water 

an electrical c i r c u i t  is completed and the  current flow is detected a t  the  

surface. When used i n  cold water w e l l s ,  such a probe performs adequately; 

but for  hot w e l l s  it is o f t en  unre l iab le .  Because a conductivity-type gauge 

relies so le ly  on the  conductivity of the  downhole f l u i d  t o  complete the  

e l e c t r i c a l  c i r c u i t ,  erroneous readings may r e s u l t  due t o  heavy steam layers ,  

s p i l l  over from pumps, and casing leaks. Nonconductive f l u i d s  f l o a t i n g  on 

t h e  water surface,  such as l i qu id  pa ra f f in  or  o i l ,  can a l s o  cause erroneous 

readings. 

We have found tha t  by rep lac ing  a conventional conductivity-type 

probe with a GEMS model LS-1700 liquid-level switch, these  problems can be 

avoided. I n  the  GEMS u n i t  a magnet-equipped f l o a t  rises with the  f l u i d  l e v e l  

and c loses  a reed switch encased i n  the  uni t ' s  c e n t r a l  s t e m .  An e l e c t r i c a l  

c i r c u i t  is completed and the  cur ren t  is detected at  the  surface. 

Fabr i c a t  ion 

The assembly and f ab r i ca t ion  drawings a re  as shown i n  Figure 19. The 

GEMS l iqu id- leve l  switch (model LS-1700) i s  inexpensive and r ead i ly  available.  

The p a r t s  surrounding the  u n i t ,  P a r t s  3 and 4 (see assembly drawing) should be 

made of a nonmagnetic material t o  avoid in te r fe rence  with the  operation of the  

probe. 
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Ass emb 1 y 

Refer t o  Figure 19 f o r  i d e n t i f i c a t i o n  of a l l  the  pa r t s  mentioned i n  t h i s  

s e c t  ion. 

6) 

Use - 

I n s e r t  the  GEMS l i q u i d  l eve l  switch i n t o  the  fabr ica ted  housing (Items 

3 and 4) l e t t i n g  the  leads and threaded portion of the  GEMS u n i t  protrude 

through t h e  hole  (Item 4). 

F i l l  t h e  hose f i t t i n g  with s i l i c o n e  rubber sea lan t  and screw it securely 

t o  t h e  GEMS u n i t .  

I n s e r t  t he  two-conductor cable with the  conductivity type probe removed 

through a one-foot s ec t ion  of appropriately-sized heat shr ink  tubing. 

Solder t he  leads from t h e  GEMS Unit t o  t h e  leads of t he  two-conductor 

cable approximately two inches beyond t h e  end of t he  hose f i t t i n g .  

Cover the  so lder  j o i n t ,  t h e  cable,  and the  end of t h e  hose f i t t i n g  with 

s i l i c o n e  rubber sea lan t .  

S l i p  t h e  shrink tubing over t he  cable so lder  j o i n t  and hose f i t t i n g .  

Heat the  shrink tubing u n t i l  it f i t s  snugly on the  cable. 

t h e  probe u n t i l  t he  s i l i c o n e  rubber sea l an t  has set. 

Add sp l i t - type  lead weights t o  the  cable t o  f a c i l i t a t e  running the  

S l i p  the  hose f i t t i n g  (Item 2) over the  leads.  

Do not use 

probe down a well. 

The u n i t  described here  can be subs t i t u t ed  on the  end of a conventional 

conductivity-type water-level ind ica tor .  When the  f l u i d  l e v e l  i s  reached, an 

e l e c t r i c a l  c i r c u i t  is completed and w i l l  be detected on the  sur face  read-out 

provided with the  wa te r - l eve l  i nd ica to r ,  

i s  t o  be constructed,  a s u i t a b l e  s u b s t i t u t e  f o r  t h e  sur face  readout i s  an 

ohmmeter . 

I f  an e n t i r e  water l e v e l  ind ica tor  
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