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ABSTRACT 

During an in-situ energy extraction process, a continuous 

knowledge of the temperature profile through the combustion area 

is desirable for analysis and control. To provide this data, a 

telemetry system has been developed that will monitor the thermo

couples from b e neath the process bed, digiti z e the data into 

12 bit words and store them into memory. Every six hours, the 

stored data is transmitted laterally through the earth to a 

receiver outside of the high temperature zon~ and then sent to 

the surface by wire where it is stored on magnetic tape and 

processed and displayed on a ~~Silent 700 terminal. 
1£x'4s IN.STRu"1E:NTJ 

INTR OD U CTI ON 

Beneath portions of several western states lie very large 

deposits of tarsands, oil shale, and coal which at present are 

a~~essihle only through conventional extraction methods requiring 

physical excavation of a deposit area with attendant ecological 

and safety problems. However, several experimental programs have 

been undertaken, and more are planned, which seek to remove the 

energy content from n deposit without excavation. Most of these 

in-situ energy extraction concepts involve/ burning the deposit 

underground wliich requires temperature data for the control and 

analysis of the process. 

As an example of an in-situ process, consider an under-

ground coal gasification experiment. Air or oxygen is injected 

down n proc0ss wP11 to support a fire which has been ignited i.n 
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i s a c c om p 1 i s h c d t h r o u g h a n o t he r p r o c e s s we 11 

further down the senm. Between the injection and extraction 

process wells, several instrumentation wells are drilled into the 

coal seam to deter~ine the extent and position of the reaction 

zone. Within these wells, strings of thermocouples (TC's) are 

positioned on a messenger cable throughout the thickness of the 

scam, To prevent the escape of the product gases from the 

instrumentation wells, they are filled with grout after the TC's 

have been positioned. Preferably, the gasification process 

would first consume the coal in the lower part of the seam 

creating a void into which the remaining coal would fall, producing 

a reactor with a large surfac~ area. However, this ideal process 

geometry has been difficult to achieve, and in practite, the 

combustion area frequently moves to the center or top of the 

seam. When this occurs, the hot (>1100° 0 r~action zon~ severs 

the TC leads to the surface resulting in the loss of temperature 

data that could compromise the understanding of the process. 

This problem is overcome by using a second TC string connected 

to an instrumentation package beneath the seam. The telemetry 

package samples, digitizes, and stores the TC outputs every 

hour and then transmits the data every six hours via a low 

frequency (14,500 kHz) link to a receiver in a vertical shaft out-

side the high temperature zone. The receiver output is cabled 

to the surface, demodulated, and sent to a data processor. The. 

use of the dual T~strings guarantees temperature data regardless 

of where the burn is l~~ated in the seam until the time that the 

seam thickness is consumed. The low frequency propagation 

through the earth is discussed thoroughly in another report that 

is available(!) and is also treated in an extensive report on the 
. ( 2 ) 

telemetry system • This paper discu~sps some of the features 
. . '"' ,fi_ of the telemetry system and concludesAsom~ results of a recent 

coal gasification experiment. 
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MEASUREMENT TRANSMITTER UNIT 

The Measurement Transmitter Unit (MTU) is a totally self

contained unit that provi<les the timing and control for the 

entire system. The fielded unit was 146 inches long, 4 inches 

in diameter, weighed 99 pounds, and was divided into three 

sections. The first section or upper section is 14 inches long 

and has all the TC's permanently attached. The middle section, 

the electronics housing, is an aluminum tube 37 inches long 

which contains the digital module, the battery module containing 

six D-cell size lithium batteries connected in series, and the 

transmitter module. The lower piece, 86 inches long, is a fiber-

glass tube in which the transmitting antenna is encapsulated. 

The functioning of the MTU can be understood with the use of 

Figure 1. The "Read-Out Command" line shown on the diagram is 

used to force ari output for system checkout and to initialize the 

timing sequence. .It is cut off and seaied the day before in

stallation, and then the MTU depends upon a crystal-controlled 

clock to provide timing for the data cycle every hour and for 

transmission every si~ hours. 
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powered-up and reset by making the connection to the battery pack. 

The time of·co~~ection ~ets the moment of ea~h subsequent hour at 

which measurementi will be taken. When this moment is reached 

the clock energizes a relay that applies power to the encode 

electronics whereupon up to 13 TC's, two cold junction compensators, 

and a rcf~rence voltage are successively selected, amplified, 

converted to a 12-bit digital word, and stored into memory. Only 

one amplifier is used so thnt any drift in the amplifier off-

set voltage or change in amplifier gain can be detected by the 

.use of the reference voltage. Corrections can then be made to the 

f b 1 5 d ' S, i d k data by surface so·tware. A out • secon s 1µ requ re to ma·e 

the hourly measurement during which time 3.5 mA is drawn from 

the battery pack. When the system is idling between measurement 

periods the current drawn is 0.27 mA. 

When each sixth data cycle is complete, the transmitting 

circuit is enc r g i zed . A freq u c n c y of 14 2 2 5 ll'z corresponds to a 
•f 

binary ~ero .and 14775 ~z corresponds to a binary one. Alternate 

ones and zeros are sent during a three-second stabilization 
a-... /-en,-, a... 

period after which the l~o-G-p current is measured, converted to a 

six bit word, and transmitted preceeded by a sync word. The 

stored data are then ~ead out in chronological order and trans-

mitted. The bit rate during transmission is 78.5 bits/second and 

the measured spectrum bandwidth is 800 Hz. The Class-D loop 

driv~r provides a DC-to-AC conversion efficiency that decreases 

from 97% to 90% over the battery life. The current drain during 

the 19 seconds required for readout and transmission is 300 ~A. 

The total average battery demand each six ho~is is 505 µRI. 

Di~iding tliis demand into ·the battery capacity of 8 AH provides a 

projected battery life of 660 days. An accelerated operational 

test of an MTU demonstrated battery capacity for 446 days, so 

that by either estimate the l:;k(' 180-day requirement is exceeded. 

THE RECEIVER 

The receiver is divided into two parts, the .buried· components 

and tbc surface componrints (Figure 2). The buried components are 

.. -.-·-~-·· 
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Figure S. Receiver Diagram 

powered fro~ the surface and provide· a low-noise amplifier vith 

. 60~<lB gain and a 3-dB bandw~dth o~ 4900 Hz centered at 14500 

Hz. On the surface. t~e signa·1 is down-converted to 3950 Hz and 

demodulated. The demodulator output to the microprocessor is 

inhibited by the phase-locked-loop signal detector un~il a signal 

is detected. This prevents high level transient noise from 

en~rgizing the surf~ce data processing equipment. The 14500 Hz 

demodulator, shown by das~ed. lines, was used at Hoe ~eek because 

the.range was only 10 m instead of the design range of 46 m. 

The c~rr~cr level was· thereby increnscd by 42 dll so that down
i.Jtrt 

conversion and n.1rrow band..,.filtering ~ not necessary. 

The buried rccei.ver is 64 inches long, 4 inches in diameter, 

nnd weighs 41+ pounds. The upper 17 inches of the unit is 

uncncnpsulatcd and strengthened with rin internal aluminum tube 

to provide room for the cncnpsulatcd pre~mplificr·nnd a hollow 

spacer within which the receiver antcnn;i/ leads are. c·oiled upon C} 
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assembly. T h e r em <1 i n d e r o f t he u n i t c o n t a i n s t h e r e c e iv e. r an t e n n a . 

For this fielding, the surface bandpass filters and demodulators 

were commercial items th<1t were available. In the future, band-

pass filters and dcmod~lators designed and built specifically 

for this use will be incorporated into. the system. 

THE SURF ACE D AT A PR 0 m S S 0 R 

Physically this equipment consists of three modules, a 

data processor, a demodu1~tor chassis, and a Texas Instruments 

Silent 700 terminal (Figure 3). Both the data processor and the 
c . 

demodulator chassis frontain elements of the surface receiver 

already described~ The surface data processor continually looks 

at the outp~t of t11e receiver for the string of ~lternating l's 

and O's that the MTU transmits first. Upon recognition of the 

alternating pattern, input signals to a buffer memory are turned 

on and the next 2048 bits of data received are loaded into the 

buffer memory. The memory is then scanned for a proper sync 
• word. If no sync word is found, data is regarded as noise and JS 

dumped. If the sync word is found, the microprocessor is flagged 

that data is ready. The rnicroproccssdr takes the data from the 
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buffer mem6ry, transfers it to cassette tapq f6r permanent 

storage, and th~n processes it into engineering units. The thermo-

couple data is'converted to degrees centigrade and the offset and 

gain monitors nre converted to volts. The converted cl.at a is then 

pr:i.nted on the ·TJ-700 terminal along with the time of' each enocde 
l'-'f 

cycle, 

II 0 E CR E E K EXP ER I EN m 

Th c MT U w a s 1 o c n t e d w i th in the II o c Cr e ck I I I c x per i men t 

slightly to the side of the line of. process wells ar\d was initiated 
and scaled at 0.930.00 MDT on July 3, 1979 (Julian Day 184) then 

t em po r a r i l y i n ~; t a 11 e <l a t a d e p t h o f 2 5 m c t c r s w h c r e i t h u n g o v e r -

night. The MTU w;1s retrcivcd the next day, the LLL-thcrmocouplcs 
I. 

were a t tac h c d , and both were em p 1 aced tog c t h·c r . 

initinte<l the next morning and the temperature 

v)(.lj c 1 ca r 1 y sec n i.:-1.H.-<~-JH.~-i-cU:l.<l- a S.)'...S.LJ!ln-{"~h.e-c-k: • 

G r o u t i n ;~ · w n s · · · 
. cat1sN 6'( -rt.e etCo t4Pr ,..,1 c. 

rise A t!--e-\:1-1=-tl-{n~ red/, (J>"-- 0 ./ /. · 

r" (17.d 

Hoe Creek III was ignited on Day 227 (August ·15, 1979) and, 

after a brief period of reverse combustion along the drilled 

borehole connecting the process wells, forward gasification was 

initiated. The arrival of the gasification process was detected 

first by the thermocouple nearest the coal overburden interface. 

Shortly after this time the LLL thermocouple string terminating 

at the surface failed, and the only temperature information below 

the burn in the Felix 2 seam was from the MTU. Figure 4 shows time 

histories for the top five thermocouples, and indicates the 

progressive n10vement of the ff:asification process down into the 

seam. Once having reache? approximately 1200°C, the top three 

thermocouples track one another indicating that these three have 

probably failed. The slower heating rate seen by the 5.5 m 

thermocouple, and its failure to reach ~asification temperatures, 

indicate that gasification was no longer active near the MTU 

well during the later stages of the test. 

The Hoe Creek III test ended on Day 282 and the ~'l'R:=AN .surface 

equipment was removed after the 0933.52 MDT readout on Day 296 • 

The downhole equipment was checked again on March 14, 1980, 
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and a normal transmission was received at 2036.10 MST. Temperature 

in the seam varied from 13°C at the bottom to 53° Cat the top 

and the monito~ed antenna/ current stiil had not diminished from 

its value when the system was initiated 255 days earlier indicat:i.ng 

the battery p.:ick was still delivering peak power. All initial 

design goals w~re met or exceeded for t.his experiment, and indica-· 

tions are that the ~ystem will still be functionin~ a year after 

its emplacement. 
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