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INSTRUMENTATION FOR PRICETOWN I IN-SITU COAL GASIFICATION PROGRAM 

I .  INTRODUCTION 

The Morgantown Energy Technology Center (METC) i s  developing the 
technology required t o  recover the deep t h i n  seam Eastern bituminous 
coal resource by gasification in-situ. The approach i s  t o  prove 
concepts through f ie ld  tests and t o  support f i e l d  tes t ing  w i t h  theo- 
r e t i ca l  modeling. 

METC i s  currently f ie lding Pricetown I ,  the f i r s t  of two t e s t s  
scheduled f o r  the Pricetown, West Virginia, underground coal 
gasif icat ion f i e l d  t e s t .  Pricetown I i s  a small-scale t e s t  
designed t o  provide information concerning the i n - s i t u  characteris-  
t i c s  of the Pittsburgh coal seam; t o  g a i n  additional experience 
in the in-s i tu  combustion and gasification of bituminous coal ; 
and t o  evaluate the functional appl icabi l i ty  of the linked ver t ical  
concept t o  recover the Eastern resources. 

Mound Fac i l i ty  i s  participating w i t h  METC i n  the design and the 
implementation of the instrumentation necessary t o  monitor the 
surface and subsurface process and product gas stream; and acquire 
real-time gas analysis and subsurface thermal data. The principal 
objective of this e f f o r t  i s  t o  provide an integrated instrumentation 
system tha t  will permit rapid automatic monitoring of subsurface 
and surface varibles and to  ensure data storage, re t r ieval  and 
reduction f o r  process monitoring and resu l t s  interpretat ion.  
Mound also will support METC w i t h  the manpower and technical ass i s -  
tance necessary t o  operate the f i e l d  instrumentation d u r i n g  the 
in-situ tes t ing .  

11. GAS TRAIN ANALOG INSTRUMENTATION 

The analog instrumentation will provide flow, pressure, and temper- 
a ture  monitoring and control systems fo r  the high(_<_1000 psig) 
and low (5350 p s i g )  compressed a i r  injection p i p i n g  systems which 
feed combustion a i r  t o  the coal seam. Similar flow, pressure, 
and temperature instrumentation i s  t o  be applied t o  the product 
gas collection (750°F, 125 p s i g )  system. 

The instrument design will consist of using electronic t ransmit ters ,  
indicators ,  control lers  and recorders w i t h  pneumatically operated 
control valves. The control panel will be a Fisher type modular 
design w i t h  a sixteen point annunciator, f o u r  indicating control lers ,  
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twelve indicators and two three-pen recorders. A listing of the 
control panel instrument loops that *will be provided are given 
in Table 7 .  The Loop Diagrams and Instrument Specifications are 
contained in Appendices 1 and 2. 

111. GAS ANALYSIS SYSTEM 

Introduction 

The key to reliable, continuous on-line gas analysis is a well 
desi gned sampl e conditioning or cl ean-up system. 
conditioner must prepare the gas for analysis, presenting to the 
analytical instruments a continuously flowing sample which is harm- 
less to the instrument but which is unchanged in its compositional 
integrity. 
field test is designed to meet these basic requirements. 

The sampl e 

The sample conditioning system for the Pricetown I 

Detai 1 s 

A schematic diagram of the gas analysis system is shown in Figure 1. 

The gas analysis is performed by equipment consisting o f  a mass spec- 
trometer, two process gas chromatographs, and a chemoluminescent NO/NO, 
analyzer. These instruments are time-shared between the v.arious test 
wells and the product gas system under the direction o f  a computer. 
The source gas for analysis is selected by operation of automatic 
valves. 
puter failure, or when a special sample or calibration run is needed. 
The gas constituents analyzed for, the compositional ranges o f ,  and 
the precision for the instrumental methods are listed in Table 2. 

Provision is made for manual operation in the event of com- 

1. Product Gas. The product gas for analysis is taken from the 
process lines just downstream of the pressure reducing va lve  
and ahead of the incinerator. Process conditions at this point 
during normal operation are anticipated to be 700°F and 5 to 45 
psig. 

To minimize downtime for maintenance and repairs, redundant 
conditioning systems are utilized on the product gas sample. 
That is, parelle'l, identical clean-up trains are provided 
from the sample point to the gas analysis room. However, 
only one of the clean-up trains is in use at a time. 
will allow maintenance or reconditioning o f  one sample system 
while the other ns in operation. 

This 

In operation, a portion of the hot process gas is removed 
from the process through a sample probe designed to exclude 
particulate materials and inserted into the process line. This 
gas receives substantial pre-conditioning prior to being trans- 
ported 60-75' to the analyzer room for final clean-up and analysis. 
The pre-conditioning components are all mounted in a heated, 
insulated ovennear the sample point and maintained at 350°F. 
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TABLE 1. 

Control Panel Instrument Loops 

/."- 

Loop ID 
PICA-10 

PI-11 
FICA-20 
TI-30 

PI-12 
FICA-2 1 
TI-31 

F 1-22 , 2 3 

FI-33A, 33B 

TI-24 
PI-27 
TI-25 
PI-28 
TI-26 
PI-29 

TI-32 

PICA-17 

ZA- 50 

ZA- 60 

Title 
Low pressure (350 psig) Air Header Control 

High Pressure (1000 ps ig )  Air Pressure 
High Pressure Air Flow Control 
High Pressure Air Temperature 

Low Pressure Air Pressure 
Low Pressure Air Flow Control 
Low Pressure Air Temperature 

Product Gas Flow (High Volume , Low Pressure) 

Product Gas Flow (Low Volume, High Pressure) 

Well Head P1-1 Temperature 
Well Head P1-1 Pressure 
Well Head P7-2 Temperature 
Well Head P1-2 Pressure 
Well Head P1-3 Temperature 
Well Head P1-3 Pressure 

Product Gas Header Temperature 

Pressure Control-Product gas t o  Incinerator 

CO Moni tor/Alam-Control Bui 1 d ing  

CO Moni tor/Al arm-We1 1 Heads 

The following are local f ie ld  mounted instruments: 

TI-13 
PI-14 

PCV- 1 5 
PSV- 1 6 

PAL-18 . 

PI-19 

PCV-20 

Wet Instrument Air Header Temperature Guage 
Wet Instrument Air Header Pressure Gauge 

Back-up Instrument Air Supply Regulator 
Back-up Instrument Air Supply Pressure Relief 

Low Instrument Air Header Pressure Alarm 

Instrument Air Header Pressure Gauge 

Instrument Air Header Pressure Regulator 
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TABLE 2 

Specifications f o r  Coal Gasification Analyzers 

Gas Chromatograph 
Constituents Composition Range 

H 2  

N 2  

co 2 co 
CH 4 
Argon/O 2 
H 2O 
H S  

Ethane 
Propane 
Butane 
HCN 
cos 

si5 a 

H2 s 
Argon 

0-25% 
0- 7 00% 
0-20% 
0-20% 
0- 50% 
0-25% 
0-20% 
0-3% 
0- 3% 
0-2% 
0-2% 
0 4 %  
0-2000 ppm 
0-1000 ppm 

Mass Spectrometer 
' 

0-50% 
0-20% 
0-20% 
0-20% 
0-20% 
0-1 00% 
0- 3% 
0-2% 

Chemol umi nescence 

Precision* 

+2% 1 

1 1  

1 1  

11 

11 

+5% 1 1  

*2% 
1 1  

11 

11 

11 

I 1  

1 1  

_+2 % 
I 1  

1 1  

II 

11 

I t  

I1 

1 1  

a2 % 
I1 

I1 

*Analyzer precision is defined as deviation in measurement o f  standard 
gas at any time, assuming weekly calibration. 



A manual shut-off valve i n  the sample l i ne  i s  followed by an auto- 
matic valve which  . is activated by a pressure sensing switch (Px on 
the diagram) located s l igh t ly  downstream i n  the sample l ine.  
auto shut-off valve closes in the event of h i g h  pressure (260 p s i g )  
t o  protect other components of the sample system. 
matic over-pressure valve has closed i t  must be manually reset .  

The 

Once the auto- 

A small condenser -is used i n  the pre-treatment oven t o  condense 
compounds i n  the gas stream which  vaporize above 350°F. The gas 
leaving the condenser i s  a t  approximately 350°F and contains l iquid 
droplets of t a r  and h i a h  b o i l i n g  p o i n t  compounds formed i n  the con- 
denser. A manual drain valve i s  provided t o  periodically remove 
col 1 ected 1 i q u i  d from the condenser. 

The function of the e lec t ros ta t ic  precipitator (ESP) i s  t o  co l l ec t  
and remove, from the sample gas stream, sol id  par t ic les  and  l iqu id  
droplets ,  whether entrained and carried out of the process o r  
formed i n  the condenser. A manual drain i s  also provided on the 
ESP. 

The f i l t e r  following the ESP provides a f ina l  polish t o  the gas, 
trapping any mist o r  other par t ic les  which escape the ESP. This 
f i l t e r ,  as are a l l  f i l t e r s  i n  the system, i s  a commercial item 
having a s ta in less  s teel  body and an easi ly  replaceable element. 

The sample gas is  conveyed from the pre-treatment oven t o  the gas 
analysis room via insulated, heat traced s ta in less  s tee l  t u b i n g ,  
3/8 in.-dia., maintained a t  400°F. The sample, a t  t h i s  p o i n t ,  has 
been stripped o f  h igh  boiling p o i n t  compounds. 
compounds w h i i h  remain in the gas are kept vaporized by the hot sample 
l i n e  (400°F) and the gas i s  conveyed t o  the analyzer room fo r  fur ther  
cleanup prior t o  analysis. 

Lower boiling point 

Further cleanup i s  accomplished by f i rs t  passing the 400°F gas 
through a condenser operated a t  190°F where l i q u i d  droplets o f  
l i g h t  and middle weight oils are  formed. 
tained a t  the lowest temperature (190°F) i n  the hot par t  o f  the 
clean-up system. 

Another ESP, located j u s t  a f t e r  the 190°F condenser, removes 
droplets and particulates.  A drain i s  available on t h i s  ESP as  
well as on the 190°F condenser. A f i l t e r  follows the ESP. These 
components, j u s t  described, are  maintained a t  190°F i n  an oven 
separate from the other components of the clean-up system. 
Redundancy is  maintained through this point by having two, paral le l  
?9O"F ovens. A manual three-way selector valve i n  one of the 
ovens i s  used t o  se lec t  e i ther  one of the two parallel  sampling 
t r a ins .  

This condenser i s  main- 
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The sample gas a t  this p o i n t  i s  a t  approximately 190°F and has been 
stripped of t a r s  and most of the oils. 
selected sampling t ra in  flows in to  a higher temperature oven i n  
wh ich  a l l  hardware components are maintained a t  212OF. 
oven i s  closely coupled t o  the 190°F oven t o  prevent cold spots 
i n  the t ransi t ion.  
prevents condensation of 1 ower boi 1 i ng po in t  compounds. 

Since i t  i s  deemed desirable t o  sample the product gas even where 
there i s  no posit ive pressure i n  the process l i nes ,  an automatic 
pressure switch is  provided t o  start pump PI i f  the pressure drops 
below approximately 5 p i g .  
h i g h ,  the pressure switch activates automatic valves t o  bypass 
the pump and t u r n  i t  o f f .  These components are  located i n  the 
212°F oven. 

The 190°F gas from the 

The 212°F 

The higher  temperature reheats the gas and 

When the l i ne  pressure is suf f ic ien t ly  

In this hotter zone, and fol lowing the pump/valve system, the sample 
gas flows in to  a bypass f i l t e r  (BPF) through which a larger  main 
flow passes unfil tered.  A smaller sidestream is taken through 
the f i l t e r  element of the BPF for additional cleaning of the gas 
going  t o  the analytical  instruments. The larger  mainstream flow 
goes through a back-pressure regulator (BP-3-1, s e t  t o  regulate a t  
3 p s i g ) ,  a rotameter, and on t o  the incinerator for 'd isposal .  
The bypass f i l t e r  enhances time response, allowing a h igh  r a t e  of  
flow while f i l t e r i n g  and passing only a small flow t o  the analytical 
instruments. 

The smaller sidestream is spl i t  t o  provide sample gas t o  the mass 
spec process flow loop and the NOx analyzer continuously. I f  the 
computer so d i rec ts ,  3-way valve Vlo  is opened t o  a lso d i rec t  
the process gas into the two gas chromatographs. 

Sample gas t o  the NOx analyzer and the mass spectrometer i s  cooled 
t o  a sub-ambient temperature w i t h  a refrigerated condensing system, 
f i l t e r e d ,  and passed i n  separate streams i n t o  the two analyzers. 

S p l i t  flows are  taken from the GC stream t o  operate G C I  and G C z  i n  
paral le l .  The sample gas for the GC's i s  not cooled, b u t  is main- 
tained a t  212°F t o  preserve water and low b o i l i n g  p o i n t  organic 
materials i n  the gaseous s ta te  for  measurement by the GC's. 

A J l  exhaust gases from the analyzers a re  passed t o  the incinerator 
o r  f l a r e  for disposal. 

2 .  Test Wells. 
through M4, i s  designed t o  operate independently of the downhole 
pressure. I t  is anticipated t h a t  this pressure may vary from 
0 p s i g  t o  about 350 ps ig .  

The sample conditioning system for  the test  wells, M I  
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Sample gas from the t e s t  wells i s  brought t o  the surface through i l l  

s ta in less  s tee l  tubing. A t  a depth of about 4 '  underground (below 
the prevail 
sample l i ne  
The Dekoron 
room and i s  
vaporized. 

The t e s t  we 

ng f r o s t  l i n e ) ,  Dekoron e l ec t r i ca l ly  traced and insulated 
i s  coupled t o  the longer, unheated downhole tubing. 
l i n e  i s  used to  convey the sample gas t o  the analyzer 
operated a t  about 250°F t o  keep the withdrawn gas t o t a l l y  

1s a re  sampled sequentially by operation of V 1  through 
V, as directed by the computer. 
valves is  open a t  a l l  times. 
discussed i n  a separate section, below. 

However, a t  l ea s t  one of these 
The valving logic is more f u l l y  

Gas flow from the t e s t  well being sampled enters the main, 212°F 
oven from a Dekoron 'line. A pressure transducer ( P x ) ,  located in 
the oven provides data t o  the computer for  logging t e s t  well pressures 
A gauge ( G )  i s  available fo r  immediate indication of l i ne  pressure. 
A manual shut-off valve following the gauge i s  available fo r  l i n e  
isolat ion.  

The gas flow i s  through a coarse f i l t e r  (F, -F5), the automatic valve, 
and in to  a r i n g  manifold. The r i n g  manifold minimizes the e f fec ts  
of dead volume inherent i n  valving a number of l ines  into a common 
p o i n t .  
and provides f i n e r  f i l t e r i n g  of the selected t e s t  well gas. 
i s  a pressure regulator s e t  t o  regulate a t  1 p s i g .  

F6 i s  a f i l t e r  i n  the common l ine  from the r i n g  manifold 
PR-5 

A pump follows PR-5 and is  used t o  increase the gas pressure up  t o  
3 p s i g  as s e t  on the back pressure regulator BP-3-2. I n  the event 
t ha t  downhole pressure i s  atmospheric (0 p s i g ) ,  PR-5 will  open 
fu l ly  and the pump will s t i l l  provide 3 psig a t  i t s  discharge. 
Thus as  downhole pressure varies between 0 and 350 psig, the pump 
i n p u t  i s  limited from 0 to  1 psig by PR-5, and the o u t p u t  remains 
constant a t  3 p s i g .  This ident ical ly  matches the pressure avail-  
able a t  the bypass f i l t e r  i n  the product gas system so t h a t  equal 
pressures are  presented t o  the downstream analytical instruments 
regardless of the gas source. 

A bypass f i l t e r  (BPF) takes the mainstream flow t h r o u g h  a rotameter 
and  t o  the incinerator for  disposal. 
bypass f i l t e r  goes through one channel of the refrigerated condenser, 
another f i l t e r ,  a flow adjusting rotameter, and into one channel 
of the mass spec. 

The f i l t e r e d  stream from the 

The refrigerated condenser operates a t  43°F and cools the sample 
gas t o  remove most o f  the water and  l igh t  o i l s ,  
gas will  be a t  ambient temperature. 

Before analysis the 

If  directed by the computer, 3-way valve V I O  i s  opened in the 
direction t o  take the t e s t  well sample into the two gas chroma- 
toaraohs. 

8 .  



Since the downhole pressure will a t  times be qui te  h i g h ,  a means is  
provided a t  the ring manifold t o  increase the sample flow ra t e  from 
the t e s t  wells under h i g h  pressure conditions. T h i s  i s  necessary 
since the compressed volumetric flow of gas i s  only a f ract ional  
par t  of the volume flow a t  atmospheric pressure. A backpressure 
regulator (BP-3-3) i s  set t o  bleed off excess gas a t  pressures 
above 25 p s i g  and increase the flow as needed, The bleed gas i s  
discharged t o  the incinerator. 

A backflush system is  coupled to  the t e s t  well l ines  just ahead o f  
the course f i l t e r ,  F1  through F5 , and i s  u t i l i zed  t o  p u t  e i t he r  
h i g h  pressure argon o r  a l iquid solvent into the t e s t  well l i ne  
f o r  periodic cleaning. The backflush system i s  manually operated, 
completely subject t o  operator control 

3 .  Time-sharing Logic. The analytical instruments a re  time-shared 
between the various gas sources by having control valves V I  through 
V ,  and V i 0  under the direction of the computer. 
mass spec instrument i s  directed by the computer through valving 
internal t o  the instrument to  analyze e i the r  the product gas or 
the gas from the r i n g  manifold (one of the t e s t  wel ls) .  
Section IV for de ta i l s .  .Both o f  these gas streams flow continuously 
t h r o u g h  the mass spec, a l t h o u g h  only one is  being analyzed a t  a time. 

Additionally, the 

See 

The arrangement o f  the automatic valving i s  such tha t  arty gas source 
( M i  through M4, or  the product gas) can be connected t o  either the 
two GC's or the mass spec. The NO, analyzer is not time-shared 

Time-sharing logic i s  b u i l t  around operation o f  the mass spec. 
i n  operation, the mass spec will a l ternately analyze the product gas 
and whichever of the t e s t  wells i s  connected t o  the ring manifold 
(through one of Vi-Vs). The mass spec stream switching will be a t  
the ra te  of about once every two and one-half minutes, toggling 
a l te rna t ive ly  between t e s t  well gas and product gas. 

Automatic valves V i  t o  V S  will be opened i n  sequence. However, 
one o f  the f ive  will always be open t o  supply t e s t  well gas t o  the 
t e s t  well channel o f  the mass spec. 

T h u s ,  

Maximum u t i l i t y  will be derived from the two G C ' s ,  which have 
approximately a f i f teen  minute analysis cycle time, by b a s i n g  the 
selection of the source gas on the relat ively high-speed mass spec 
analysis.  In  other words, the GC,s will be directed t o  analyze 
the par t icular  gas source of most in te res t  as determined by the 
computer from the mass spec analysis. 
valve fo r  GC's and i s  e i ther  in a position to  flow product gas 
or  t e s t  well gas to  the GC's. 

Valve V L o  i s  the selector  

9. 



IV. 

Summarizing the overall logic, the mass spec alternatively analyzes 
the test well gas and the product gas on approximately a five minute 
cycle. Both streams f l o w  continuously through the instrument. As 
the product gas is being analyzed for a two and one-half minute 
period, the selected test well gas continues to flow. 
o f  the product gas analysis period (%2& minutes) the mass spec 
begins analysis of the test well gas for a two and.one-half minute 
period. 
after a very brief delay, the next well valve (V,-V,) is opened in 
sequence. 
with one o f  the test wells. 
for test well line purge, and devotes most o f  the overall analysis 
time to the product gas. The overall cycle time, assuming four 
test wells, would be twenty minutes. 

At the end 

The mass spec then switches back to the product gas, and 

This allowsmaximum time ( 5 minutes) 
Thus the mass spec analyzes the product gas alternatively 

The computer program will also allow the mass spec to dwell for 
more than one cycle on any test well having a gas composition of 
particular interest. However, the product gas will continue to 
be analyzed a1 ternatively. 

The two GC's, operated in parallel, will analyze the particular 
test well gas having the highest interest, as determined by the 
computer from the mass spec analysis. 
is selected by operation o f  ' V l o .  

The gas stream to the G C ' s  

Although the normal sequence of valve operation will be cgntrolled 
by the computer, all valves will have manual override switches for 
opening and closing valves independently of the computer and in 
case o f  computer failure. 

4. Data Logging. 
computer. 
GC outputs. 
data from the mass sipec and NO, analyzers. 

Analytical data will be recorded independently o f  the 
Each GC has an analog strip chart recorder for preserving 
A digital data logger will be used to collect output 

AUTOMATED DATA ACQUISITION AND CONTROL SYSTEM 

Introduction 

A real-time automated data acquisition system should include features 
such as dependability, ease of maintenance, rapid problem isolation 
and backup capability. A schematic diagram of the Pricetown I system 
indicating such features as well as the overall layout is shown in 
Figure 2. 

General Description of the Automated Data Acquisition and 
Control System 

The four satellite microprocessors are interfaced to a host minicomputer 

10. 
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(LSI-11) which acts as a d a t a  collector-concentrator. 
i n  Figure 2 each s a t e l l i t e  microprocessor i s  assigned a spec i f ic  
acquisition andjor control function. 
provides signals t o  the gas chromatograph s a t e l l i t e s  when i t s  detection 
a1 gori t h m  detects unusual data occurrences. 
data on disket tes  as the data are collected. 
as a first-in, f i r s t -ou t  (FIFO) buffer so as t o  always have as many 
current data items as possible on the diskette. 
data items are  overlaid by the most current data items. 

As indicated 

For example, microprocessor 4 

A1 1 sate1 1 i t e s  record 
The disket te  i s  managed 

Consequently the oldest  

Data items are  transmitted from the s a t e l l i t e  microprocessors upon 
command from the host computer. The position of the data item las t  
sent i s  maintained by the s a t e l l i t e  processor so tha t  the s a t e l l i t e  
software can detect the s i tua t ion  where the disket te  FIFO buffer over- 
flows before the host computer receives the data item. 
condition i s  transmitted to  the host computer on the f i r s t  opportunity. 

T h i s  overflow 

Each s a t e l l i t e  microprocessor maintains a time-of-day clock which is  
updated from a signal received from the clock module. All s a t e l l i t e s  
are  based on a M6800 microprocessor and a l l  software f o r  these micro- 
processors i s  coded i n  assembler language. The clock module i s  based 
on a INTEL 8080 microprocessor and i s  also coded i n  assembler language. 

Three basic categories are  collected by the described data acquisit ion 
and control system. They are  temperature readings and associated emf. 
readings from e.ach of the 40 downhole thermocouples (10 per monitoring 
we1 1 ) ; gas compositions obtained by mass spectrometry, NOx analyzer and  gas 
chromatography from each monitoring well and the product stream; and 
process variables and alarms associated w i t h  the gas t r a in  system. 
The acquired data a re  passed t o  the host computer where they a re  par t i -  
tioned into various f i l e  structures f o r  graphic control and report  
purposes. On a schedule basis a l l  acquired data are  written on an 
IBM format compatible magnetic tape fo r  a his tor ical  record and f o r  
fur ther  data analysis. 

1. Gas Train Varibles. 
of the analog display on the control panel a r e  routed t o  a Digitrend 
Data Logger fo r  transmission t o  the host computer system. 
signals are  generated and transmitted from di f fe ren t ia l  pressure, 
pressure , and temperature transducers and thermocouples s t ra teg i  - 
ca l ly  placed along the gas t ra in .  

Analog signals,  4-20 ma D.C. ,  from the terminals 

These 

For the h igh  pressure, low volume injection a i r  (reverse l ink 
mode) d i f fe ren t ia l  pressure, pressure , and temperature transducers 
designated as FICA-20, PI-11 and TI-30, respectively, a r e  monitored 
and usedfbrmass inflow computations. 
pressure, pressure, and temperature transducers designated as 
FICA-21, PI-12 and TI-31, respectively, a re  monitored and used f o r  
mass inflow computations d u r i n g  the low pressure, h i g h  volume inject ion 
a i r  f o r  the forward gasification mode. 

Likewise d i f fe ren t ia l  

1 2 .  



A backpressure control loop designated as PICA-17 and placed 
downstream from the o r i f i c e  metering s ta t ion  i s  used t o  monitor 
the backpressure. The PICA-17 instrument loop provides product 
gas header backpressure regulation. The purpose i s  t o  keep the 
product gas flow from exceeding 250 f t /sec.  
gas flow d u r i n g  the reverse l i n k ,  s ignals from two d i f fe ren t ia l  
transducers designated as  FI-33A and FI-33B are  used. Because 
they monitor paral le l  p i p i n g  only one of these transducers i s  
ac t ive  a t  any given time. Similarly, d i f fe ren t ia l  pressure trans- 
ducers labeled FI-22 and FI-23 are  used t o  monitor the d i f fe ren t ia l  
pressure d u r i n g  the h i g h  volume, low pressure product gas flow f o r  
the forward gasif icat ion.  A temperature transducer upstream from 
the o r i f i ce  metering s ta t ion  is used to  measure the product gas 
temperature. 

To measure the product 

As j u s t  indicated,  data from these d a t a  nodes a re  collected for  
process monitoring, mass flow computations, and process control.  
Normally the data will be collected a t  the r a t e  o f  one data 
p o i n t  per 1 2  minutes. 
event driven by unusual d a t a  occurrences and can be as  h igh  a s  
one data p o i n t  per 1 5  seconds. 
controlled by two parameters passed t o  microprocessor 1 from 
the host computer. I f ,  however, the host computer s h o u l d  f a i l ,  
the  microprocessor will operate from a s e t  of default  parameters. 
The mass flows will  be computed by the classical  mass flow equation 

B u t  the d a t a  collection r a t e  a l so  can be 

The actual data density is  

Q = K G  

where the d i f fe ren t ia l  pressure ( A P )  i s  i n  inches, the pressure 
( P )  i s  i n  psia,  and the temperature (T)  i s  i n  degrees Rankine. 
The constant K has a dependence on o r i f i ce  s ize ,  and the compress- 
i b i l i t y  and specif ic  gravity of the gas and will be updated when 
changes i n  the gas composition occur, as determined by mass spec 
analysis.  I f  the mass spec i s  down then gas chromatographic 
analysi s w i  11 be used. 

2 

In  addition the pressure transducer located i n  the gas chromatograph 
oven w i l l  co l l ec t  and  log pressure data fo r  the four t e s t  wells. 
The data density will depend on events occurring both i n  the product 
and t e s t  well gas streams. B u t  again the maximum r a t e  would be 
one point per 1 5 seconds. 

. Temperature Data. 
a r e  routed t o  a Digitrend Data Logger, processed through microprocessor 
1 ,  and then transmitted t o  the hos t  computer. 
from each of 40 thermocouples, 10 per t e s t  well, and a to ta l  of  
six readings per thermocouple will be acquired, four temperature 
readings and two diagnostic readings. The re la t ive  positions of 
these thermocouples i n  the coal seam, the overburden, the under- 
burden, and the two interfaces between the coal and over-and under- 
burden are  shown i n  Figure 3. 

As indicated i n  Figure 2 the temperature signals 

Data will  be collected 

13. 
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Data from the thermocouples will be used t o  locate and map the 
burn f ront ,  and f o r  modeling purposes. Although the normal collec- 
t i o n  ra te  will be one data po in t  (channel reading) per 12 minutes, 
the  data collection ra te  can be event driven byunusual data occurr- 
ences and can reach a maximum ra te  of one data point per 15 seconds 
Like the surface gas t r a in  variables,  the actual data density 
will depend on events and on parameters determined from current 
data and then passed t o  microprocessor 1 from the host computer. 
Temperature readings will be adjusted i n  the host computer us ing  
grout ,  shale and coal conductivities. A projected maximum number 
of data points t o  be collected fo r  the project is  given i n  Table 
3 and an overview flow diagram for the collection o f  temperature 
information i s  shown i n  Figure 4. 

P 

Available graphics are  l i s t ed  i n  the graphics section. 

3. Gas Composition Data. 
monitoring wells gas streams i s  analyzed by mass spectrometric 
and gas chromatographic methods using a Perkin-Elmer Model MGA 
1200 mass spectrometer system and two Bendix Model 7170 process 
chromatograph systems; and a chemiluminescent NO/NOx analyzer 
dedicated t o  the product gas stream. Figure 5 i s  a schematic 
showing the relationship between the analytical systems and the 
gas streams. 

Under the direction of microprocessor 4 mass spectometer and gas 
chromatograph analytical systems are  time-shared among the gas  
streams through control valves V 1  t h r o u g h  V s  and V i 0  w h i c h  a re  
shown i n  Figure 1.  For greater de ta i l s  on the analytical  system 
including the valving and t i m i n g  logic,  see the section on the 
description o f  the Pricetown I gas analysis system. 

The gas composition of the product and 

The integration o f  microprocessor 4 which controls and co l lec ts  
data from the mass spectometer system, and in te rac ts  w i t h  
the microprocessors t ha t  control and co l lec t  data from the gas 
chromatograph system i s  depicted i n  Figure 2. 

As a l so  indicated i n  the section on the description o f  the Pricetown 
I gas analysis system the real-time control of the gas chromato- 
graphs will  be directed by microprocessor 4 a f t e r  analysis of . 
the mass spec data obtained from the different  gas streams. The 
actual switching among gas streams will  be determined by unusual  
data occurrences which will be detected by the computer code 
residing i n  microprocessor 4 and w i t h  the aid of a parameter passed 
from the host computer. 
processor w i  11 operate w i t h  a default  parameter. 

Should the host computer f a i l ,  the micro- 

A flow diagram fo r  the collection of mass spec and gas chromatograph 
data i s  shown i n  Figure 6 .  For the process stream the mass spec 
data r a t e  will be approximately one measurement per f ive  minutes 
and the gas chromatograph ra te  will be approximately one measurement 
per 30 minutes. W i t h  the f o u r  t e s t  wells the overall mass spec 
cycle time will be 20 minutes and the overall gas chromatograph cycle 
will be approximately 23 hours for normal conditions. However, the 
actual data density will depend on the number of unusual data 
Occurrences detected. 
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Type 

T/C 

GC 

GC 2 

Data 
Logger  

GC P 
P r o d u c t  
Well 

MS P 
T e s t  
Wells 

No. 
of 

t h i s  
Source Type 

D i g i t r e n d  40 

TABLE 3 

PROJECTED DATA DENSITY AND FILES FOR THE DIFFERENT DATA SOURCES 

,"M.S. MS P 
P r o d u c t  
Well 

M.S. MS P 
T e s t  
Wells 

Gas D i f f .  
Train P r e s s u r e  

v a r i a b l e ,  
p r e s  su re  
and  
t emp e r  a - 
t u re  
t r a n s -  
d u c e r s  
on g a s  
t r a i n  
s y s t e m  

2 

2 

1 

4 

20 

No. 
Rdgs.  

p e r  
Type 

6 

7 

7x4 
Wells 

8 

8 

1 

T o t a l  
No. p e r  
Data G e t  

240 

1 4  

56  

8 

32 

20 

Base 
Time 
Block 

(B.T.B. 1 

1 2  min. 

30 m i n .  

2 .5  hrs.  

2 . 5  min. 

1 0  m i n .  

1 2  m i n .  

T o t a l  
No. 

/ B . T . B .  

240 

1 4  

56 

8 

32 

20 

T o t a l  
No. 

/Hour 

1 2 0 0  

28 

--- 

192  

1 9 2  

100 

T o t a l  
T o t a l  T o t a l  No. T o t a l  

/ S h i f t  /Day / P r o j  ect  Of Piles 
No. (180 days) No. of F . No. 

9600 

224 

224 

1536 

1536  

800 

28800 10,057 ,OOO* 40 

6 7 2  

616 

4608 

4608 

2400 

120,960 1 

11 0,880 1 :  

1 829,440 
~ 

1 829,440 

846,720 JC 20 

$:assumed t h a t  f o r  2% o f  t he  t i m e ,  d a t a  would b e  a q u i r e d  a t  the m a x i m u m  r a t e  o f  l - d a t a  p o i n t  p e r  15sec .  
t 
t' l.8 , I < 
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L 
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Table 3 l i s t s  the projected number o f  data points. 
will be used f o r  modeling, monitoring, heat content [BTU) compu- 
ta t ion  and as an aiid i n  the development of a process control 
system. 

These data 

4. Data Acquisition Software (Temperature and Gas Train Variables). 
T h i s  code records data on a disket te  f o r  transmission t o  the 
host computer. 
and the 20 gas t r a in  variables. 
unusual data occurrences and transmits t h a t  event t o  the host 
computer. 

Keeps an entry for  each of the 40 thermocouples 
The code detects and f l ags  

5. Data Acquisition Software (Mass Spectrometer and Control Code). 
T h i s  code controls the mass spectrometer, detects and f lags  unusual 
data occurrences, and sends control signals t o  the GC s a t e l l i t e s .  
All MS data is recorded on a diskette and sent t o  the host computer. 
Data acquisit ion i s  i n i t i a t ed  by selecting a specif ic  i n l e t ,  
reading the data, recording the data on a disket te ,  reading 
the NOx data,  and recording on the diskette.  

6. Data Acquisition Software (Gas Chromatograph). This code records 
the data on a disket te  associated with each microprocessor. 
In the normal mode data will be collected on the product * 

gas stream and one of 'the t e s t  well as. streams on a sh i f t  
interval .  
GC's will acquire data from the selected gas stream. The GC's will 
return to  normal mode upon command from the controll ing micropvocessor 
or  a f t e r  aperiod o f  time, of approximately 15 minutes, during which 
no change is  recorded. 

Upon comimand of the Mass 9 pectrometer and Control code, the 

7. Background Software. The background software will include graphics, 
report  generation, f i l e  s t ructure  and f i l e  h a n d l i n g ,  operator-  
interface (operate system and respond to  alarm), executive, 
and calculation modules. The graphics module will plot  temperature 
data,  gas chromatograph and mass spectrometer data, gas t r a i n  
variable,  mass balance computations, heat content computations, 

All plots on the gr<aphics terminal will be fo r  the most recent 
30 data points. For  example, i f  hourly average temperature 
value are t o  be displayed, then the l a s t  30 hourly temperature 
averages would be plotted. Because the acquisition r a t e  can 
be event driven fo r  temperature readings and the gas t r a i n  variable 
the poss ib i l i ty  ex is t  t ha t  any given s e t  of 30 d a t a  p o i n t  m i g h t  
include a mix of time intervals .  The automatic scaling o f  the 

L 

c- 
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axis or axes would re f lec t  this for  the viewer. 
occur i n  a data s e t ,  th i s  gap likewise would be reflected i n  
the plot .  Up t o  four concurrent data plots are  possible on one 
graph. Plots available on the graphic terminal a re  given i n  
Table 4. Any of these display plots can be generated on demand 
b u t  normally hard copies of these plots are  issued on a scheduled 
basis. The frequency i s  indicated i n  Table 4. 
from the flatbed p lo t te r  also will be available and normally will 
be available on demand. 
fo r  the graphics terminal. 

Should a gap(s )  

Report quali ty plots 

Those p lo t s  available are the ones indicated 

The report generation module will provideanevent report for  the 
sh i f t  and a composite one fo r  the day. T h i s  module a lso will 
generate a l is t ing of the daily averages fo r  the gas t r a in  variables,  
a l i s t  of the h i g h  and low compositions, pressures and flows. 
Likewise a heating value report will be generated. 

Creation of new f i l e s ,  updates of existing f i l e s ,  deletions o f  
obsolete f i l e s ,  backup of c r i t i c a l  f i les  and monitoring of f i l e  
organization on the d isks  are  functions of the background f i l e  
s t ructure  module. 
in to  the event f i l e ,  graphics, system messages such as  clean tape 
heads, load paper, e tc .  , and operator requested messages from 
help f i l e s .  A l i s t  o f  f i l e s  is  given i n  Table 5. The  background 
executive module ca l l s  the graphics module, the report module, 
the f i l e  s t ructure  module, the operator interface module, and 
the calculation module. I t  also performs system checks t o  verify 
the condition of  peripherals and relays messages t o  the operator 
on status, information for the event log and comments from previous 
s h i f t s .  

The background operator module in i t ia tes  entries 

The calculation module computes mean values, generates s t a t i s t i c s  
and i n  general provides the computations needed for control,  graphic 
and report purposes. 

Overall the background tasks are projected t o  use approximately 
95% of the host computer time. 

8. Foreground Software. This software handles a l l  prompts and messages 
between the operator and the foreground tasks. 
operator i n p u t ,  controls the hardware diagnostics, queues the 
data acquisition for  the background tasks,  communicates w i t h  the 
background executive, initiates the acquisitions o f  s ta tus  reports,  
and detects equipment fa i lure .  
t o  the normal boilerplate ac t iv i t i e s  associated w i t h  the system. 
Approximately 5% of  the hos t  computer time will be devoted t o  
this software. 

I t  responds t o  

In addition this software attends 

2 1 .  



TABLE 4 

ON THE GRAP C TER! INAL PL TS V B 

No. of 
L i n e s /  

Source P o i n t s  D e f a u l t s  and. Type of Data . ( _  1 
I Type 

1 

2 

3 

4 

5 

6 

7 

8 

N 
N .. 

9 

1 0  

11 

When Where 

D a i l y  TEK 

T i t l e  N iiin be r 

4 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4 T.C. 's i n  coa l  seam on TEK 
H o u r l y  and d a i l y  averages. . 

Raw data  on TEK 

H o u r l y  average on TEK 

D i  g i  t r e n d  $/ 30 Temp vs  Time 

SO2 & H2S vs Time 

CH4/C0 vs Time 

GC1 & GC2 1/30 Dai 1 y TEK 

D a i l y  TEK 

D a i l y  TEK 

D a i l y  TE K 

D a i l y  TEK 

D a i l y  TEK 

D a i l y  TEK 

MS 1 /30  

H o u r l y  average on TEK 

Raw d a t a  on TEK I 
CO vs Time MS 2/ 30 

BTU & CH4 vs Time GC1 1/30 

CO/C02 vs Time MS 2/ 30 H o u r l y  average on TEK 

CH4/H2 vs Time MS 1/30 H o u r l y  average on TEK 

H o u r l y  average on TEK N, C, H !?i 0 
Mass Balance vs 

T i  me 

Mass 2/ 30 
Balance 
Cal c u l  a t  i ons 

& CO vs Time HZ 
N ( i n j e c t i o n )  & 
N ( p r o d u c t )  vs 

Time 

GC1 2/ 30 S h i f t  TEK 

S h i f t  TEK 

Raw data  on TEK ' 

C a l  c u l  a t e d  1 /30'  
Values 

H o u r l y  average on TEK 

H20 vs  Time GC1 1/30 D a i l y  TE K Raw data  on TEK 

4 
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T A B L E  4 (Continued) 

PLOTS AVAILABLE ON THE G R A P H I C  TERMINAL 

No. o f  
Lines/ 
Points TvPe 

1 2  

When Where 

Daily ’ TEK 

Source 

Digi  trend 

Defaults and  Type of Data 

Hourly average on TEK 

Number 

1 

Ti t le  

Back Pressure vs  
Time 

1/30 

13 1 Digi trend PI1, PI2, P I 3  
Pressure vs  Time 

2/ 30 Daily TEK Hourly average on TEK 

14 1 Dig1 trend 2/30 Daily TEK Hourly average on TEK P I 1 ,  PI2, PI3, 
P G H  Temperature 

vs Time 
N 
w 1 5  1 M1, M2, M3, M4 

Pressure vs  
T i  me 

Dig! trend 1 /30 Daily TE K Hourly average on TEK 

16 1 1 /30 Daily TEK Hourly average on TEK Flow Rate ( P )  & 
F low Rate ( I )  
vs Time 

Digi trend 



1. 

2 .  

3. 

4 .  

5 .  

6 .  

7 .  

8. 

9 .  

10. 

TABLE 5 

DATA FILES FOR BACKGROUND SOFTWARE 

4 0  Files for T/C data 

Utility file that contains depths of T/C's high and low 
values for TEWS, GAS C O W S ,  PRESSURES & flows for last 
5 days 

3 files for product well (GC1, G C 2 ,  MS) 

3 files for injection well (GC1, GC2, MS) 

12  files f o r  monitoring wells ( 4  wells ea GC1, GC2, MS) 

20 files for containing gas train data 

BTU file 

Flow rate file 

Mass balance file 

2 event files (shi.ft & day) 

System messages 11. 

12. Operator requested messages 

2 4 .  
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IS Number vs.  Instrument Type 

CONTROL PANEL MOUNTED INSTRUMENTS 

(IW) IS 08 - 

IS 10 - 

IS 11 - 

IS 12 - 

IS 13 - 

IS 14 - 

IS 15 - 

IS 18 .  - 

IS 20 - 

IS 24 - 

INSTRUMENT CASE - For accomodating one or more control 
panel instruments. 

ANNUNCIATOR - Single or  multiple s ta t ion alarm device w i t h  display 
fo r  each s t a t ion .  Plug-in alarm cards are IS 91. 

RECORDER - o r  multiple recorder w i t h  driven chart  and one 
o r  more pens. 

RECORDER/CONTROL STATION - Control s ta t ion w i t h  measurement 
pen recorder. 

INDICATOR/CONTROL STATION - Control s ta t ion w i t h  measurement 
indicator. Includes service t ransfer  s ta t ion , indicators.  

COMPUTER SET STATION - Control panel interface f o r  computer 
supervisory control and DDC. 

FUNCTION COMPUTING STATION - Station which performs an analog 
computation. 
d i v i d e r ,  and high-low signal selector.  

Includes square root extractors,  multiplier/  

MULTIPOINT TEMPERATURE INDICATOR/RECORDER - Multiple p o i n t  
switched i n p u t  temperature indicator o r  recorder. 

POWER SUPPLY - Power supplies for  energizing control panel 
instruments from AC l ine.  

TRANSDUCER/RELAY - Signal transducer, converter and alarm 
device such as  transmations - - NOT I/P's  instal led on control 
valves 

FIELD MOUNTED INSTRUMENTS 

IS 26 - PRESSURE REGULATING VALVE - Self-contained pressure reducing 
o r  back pressure regulator. 

IS 27 - CONTROL VALVE - All types except but terf ly  valves. 

IS 28 - BUTTERFLY VALVE - All types. 

IS 29 - SOLENOID VALVE - All types. 
IS 30 - CONTROL VALVE - All types. 

Superseded by IS 27 and 28. 



IS 31 - ON-OFF VALVE- - All types-w/accessories. 

IS 32 - MAG FLOW METER - - Includes primary and converter. 

IS 33 - TURBINE METER - - Includes primary and converter. 

IS 34 - LEVEL DISPLACER - Pneumatic o r  electronic displacer level 
transmitters and controllers.  

IS 35 - LEVEL PROBE - Capacitance probe, ultrasonic nuclear level 
gage and a l l  others for  liquids and so l id s  - - Not pressure 
and di spl acer types. 

IS 36 - PRESSURE ACTUATED TRANSMITTER - Pressure transmitters 
for gage absolute , f 1 ow d/p level measurement. Incl udes 
flange-mounted and integral o r i f ice  types. 

IS 37 - FLOW PROBE - Flow primaries and transmitters other than 
or i f ice  meter types - includes annubar ,  p i t o t  tube, Taylor 
pitot-venturi ,  flow nozzles and target  meter. 
rotameter and turbine meter. 

- - Not 

IS 38 - LOAD CELL MEIGHT SYSTEM - Hydraulic or  e lec t r ica l  types 
and secondaries. 

IS 39 - FIELD MOUNTED CONTROLLER - General purpose pneumat!c 
control ler  w i t h  case for  f i e ld  mount ing .  

IS 40 - PH ELEMENT - Primary element for  solution potential analyzers 
(pH, ORP & Selective Ion). 

IS 41 - PH TRANSMITTER - - Secondaries for pH, ORP & Selective Ion. 

IS 43 - FILLED SYSTEM TEMPERATURE INSTRUMENT - All c lasses ,  
pneumatic and electronic,  transmitters o r  control lers ,  
i n d i  ca t  i ng arid non- i n d i  cat  i n g . 

IS 44 - ROTAMETER - 1\11 types. 

IS 45 - ORIFICE METERING ELEMENTS - Meter runs, o r i f i ce  plates and 
flanges. 

IS 46 - TEMPERATURE E:LEMENT/TRANSMITTER - Thermocouples, resistance 
bulbs and/or  transmitters. 

IS 47 - PROCESS ACTUATED SWITCH - Switches actuated d i rec t ly  by a 
flow, pressure, level or  temperature measurement when a s e t  

. 

p o i n t  i s  reached. 



IS 49 - 

IS 50 - 
IS 51 - 
IS 52 - 
IS 53 - 
IS 54 - 
IS 55 - 

PRESSURE GAGE OR MANOMETER - A1 7 types, including receiver 
gages. For Comnodity gages, use IS 67. 

LEVEL GAGE - Transparent, reflex and magnetic types. 

TEMPERATURE INDICATOR - All types of thermometers. 

RELIEF VALVE - A1 1 types. 

RUPTURE DISC - All types. 

CONSERVATION VENT - All types. 

.POSITIVE DISPLACEMENT METER - Gear, piston and compound 
types. 

MISCELLANEOUS INSTRUMENTS 

IS 56 - 
IS 57 - 

IS 58 - 
IS 59 - 

IS 60 - 

IS 67 - 

IS 91 - 

IS 96, 97, 

PNEUMATIC SELECTOR SWITCH - All types. 

PROGRAMMER - Pulse actuated stepping drum (Tenor) 
programers - - Not timer operated types. 

TIMER PROGRAMMER - Motor driven cam operated switch type. 

TIMER - Electronic or electromechanical delay types, 
indicating o r  non-i ndicating . 
COUNTER - Electromechanical or electronic types, indicating 
o r  non-indicating. 

Reserved category f o r  handling of corrunodity instrument items- 
never printed. 

ALARM CARD - Plug  i n  c i r c u i t  assemblies f o r  alarm annunciators 
( I S  10). 

98, and 99 - BLANK IS FORM - To be used where exis t ing IS 
types a re  no t  appl icable. 
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.J 

. 

c 

I I  

I I 
: I ,  . . I  

12 PACK CASE 

I 2  3 4  5 6 7 8 9 D l l I 2  

*. 6 PACK CASE * .4 PACK CASE 

~~~ 

/' 

/ I 2 3 ' 4  
CASE NAMEPLATE 

1 30 

4.5 L 

I 
i ~E~ZCONSTBUCTION A N O ~  OPTIONS i 

-.- .- 

. .  



12 PACK CASE 
l i  11 

6PACK CASE 4 PACK CASE 

I 2 3 4 5 6  I 2  3 4  

- _  



l -  

- ~. ~. - .  -__- -- - . 

---- 
ANNUNCIATOR 

C O M P A  SPEC1 FlCATlONS 

I I 





Pn fc 

a 

3 

6* 

2 

4* 

5' 

DIVISION PLANT 'SPEC NO. Monsanto RECEIVER - CONTROLLER 1s / 3  
DEPT O R  AREA SHEET REV C O M P A N Y  SPEC! FI CAT ION AUTH NO. 

J ELECTRONIC - PNEUMATIC 
LOCATION -OF- 

lnstntment No. J P r r - l o  I P r - 1 2  F Z C - Z I  

LOW PRES5 LOW PRESS. L P hfv  
ation -Panel or Equipment No. . CPt  CP\ cP1 

Service PROLE55 AIR Pf?OtfS.S AIR PROCESS AIR 

~~ 

Manufacturer l F 6 H E R  FISHER I F \s HE R 
'Receiver Catalog No. z TL 131 ITL 102 
'Controller Catalog No. I T 1  \nl 1 



2 
4' 

5' 

C O M P A N Y  

ES 112 ~ 1 0 1 6 0 1  



Per IL 

i 

3 

6* 

2 
4' 
5* 

-. . . 

DIVISION PLANT 'SPEC NO. Monsanto RECEIVER - CONTROLLER IS / 3  
C O U P A N Y  SP ECI FI CAT 10 N AUTH NO. DEPTOR A R E A  SHEET REV 

3 ELECTRONIC - PNEUMATIC 
LOCATION -0 F- 

I 



Per f 

. .  

3 
6. 

( 

SPECIFICATION 
ELECTRONIC - PNEUMATIC 

Service 

Location - Panel or Equipment No. 
Record Indicate Ccntrol 

> 

Ratio, Cascade, Computer - Set 
Auto - Manual By Pass 

Measurement Range & Units 

v) Controller 

Power Supply - Electric. Pneumatic 
Electrical Area Classification 
Accesscries or Special Features 

, L\MF \ 

Manufacturer 

5 *Receiver Catalog No. 
L 'Controller Caalog No. 

P.O. No. 
Price 

3 

AA - 
s ,  A 

ES 1 1 2  I1 0 '661 



2 

4* 
5. 

i 

u) 
Y a '  

2 .  
LINE 2 TiFM P I T F M P  
LINE 3 WFLL=Z 1 W E L L  
LINE 4 

I I I 

I , I I I 

I I 

*Receiver Catalog No. Tl-131 I 
Manufacturer FISHER 

*Controller Catalog No. 

I 
I=\ 5 14 ER 
TL\3\ 



..~ . . -.. , .. . 

P H  7. 

3 

b* 

2 

4* 

5. 

C O M P A N Y  

LOCATION 

Instrument No. 
Service 

ition - Panel or Equipment No. 
Record Indicate Control 

Proportional Band % 
Auto-Reset Mode 
Rate Mode 
On Msorursrnmt Increom - 

Instrument Output 

Measurement Range & Units 

Power Supply - Electric, Pneumatic 
Electrical Area Classification 
Accessories or  Special Features 

N A M E .  P L A T E  
R k M i F  P L U G  

LtNF. 1 
I I N F  2 

LINEL) 

Lf ( 1 2  1101611 



-. . 

Per Tf 

a 
e* 

2 

4* 

5' 

C O M P A N Y  

ELECTRONIC - PNEUMATIC 

.ES 1 1 2  110/66J 
.- . . ..- . . .- .- . . ..-.. - .. 



. .  .. ._ 

P u  7. 

C O M P A N Y  

ELECTRONIC -PNEUMATIC 



P 

-__- . _ _  
P a  7' 

3 
6. 

2 
4* 

DIVISION PLANT *SPEC NO. M 0 nsa nto RECEIVER - CONTROLLER 1s /3 
SHEET REV C O M P A N Y  SPECIFICATION AUTH NO. D E P T O R A R E A  

ELECTRONIC - PNEUMATIC 
LOCATION Z O F -  I 

.E5 112 I 1 O i 6 6 1  



Pw 7' 

i I  

3 
6* 



c 

t- 

i,. i 

OIVISION PLANT SPEC NO. 

1s /5 
AUTH NO. OEPTORAFIEA SHEET REV 

Monsanto INSTRUMENT 

LOCATION L O E -  0 
Instrument No. , ~ #= >/ -20 C F > ’  - Z /  

SPECIFICATIONS C O M P A N Y  

Service 

I I I 



OlVlSlON PLANT SPEC NO. 
IS 15- 

AUTX NO. OEPT O R  A R E A  
INSTRUMENT 

SPECIFICATIONS 
LOCATION -OF- a 
Instrument No. -3 
SeNlce $ 0 .  R T. E L G S ~ ~ G Y O ~ C  J 

I I 

cs I .  . 
I I 

E, c 

I I 

~ I 

r r  





P 





SPEC NO. ! COMPANY PLANT 

IS- 2 7 E 3  ! I 
-. 

SHEET R F L l  

II . - I OEP7 I I, I 
Y .  ..".I .- .... -.- 

4LLATION DETAIL% 

$& A. FACC 7 0  FACE 

8. FACE TO CENTER 
C. FACE TO CENTER 
D. CLEATANCE 

E. CLEARANCE I I 
H. ACTUATOR D!A I 

I I 11 I I 



3 

6 

2 

5' 



Par 7. 
4' 

i .  
t. ' 

6 

2 

5. 

OIVISION PLANT * SPEC NO. 

IS 3co 
AUTH NO. OEPT OR A R E A  SHEET REV SPECIFICATIONS C O M P A N Y  

LOCATION -OF- 2 / 
Instrument No. 
Senrice 



4' 

_, 5' 

! . . .  

._  - .  

DIVISION PLANT SPEC NO. Pw 8* 

Monsanto *DIFFERENTIAL PRESSURE IS 36 
C O M P h N 7  INSTRUMENT AUTH NO. DEPT OR AREA SHEET [REV 

3 

6' 

c 

...I 

2 

LOCATION . - I 1,F-I 3 1 SPECIFICATIONS _ _  
Instrument No. - -  &=r-20 FT-21 

. U/PR/iU V'OL l d  PR/d/ VOL 
Equipment No. or Line 80. P Size . - /".f l /f i  ''Z. 9 2 P-/%"Z 

Service -- _ _  mOC€SS 4fR R5Ks.S 4lR 

A / R  Process Material - - _ _  _ _ _  ___ __ - ._ ____ A 1.R 



3 

6 

2 

(- '8 



P n  r* 

4* 

,- '. . ' 

3 

6 

r (-5. 

DIVISION PLANT * SPEC NO. 

Is. 36 
AUTH NO. DEPT OR AREA SHEET REV 

Monsanto 'PRESSURE INSTRUMENT 

/ -OF- 5 
SPEC1 Fl CATIONS C O M P A N Y  

. LOCATION 

Instrument No. PT-28 1 P T - 2 9  
Service PROWCT CAS IPRO'DUCT GAS 



3 

C O M P A N Y  *INSTRUMENT 
SPEC1 FlCATIONS 

Instrument No. 

Equipment No. or Line No. S Size 
* 

.. . .  ~. . . -. . . 



Par at 
44 

5' 

. I  

. I  

=3 

2 z w 

LL 
E -  

3 

Range Limits 0- K i d ' '  d .  c 0-/50" wc 
, Body Rating@ 60°F &.do0 PSlC 2000 PSI& 

3 1 6  Ss 3/6 SS 
3 l G  s.5 3 / 6  Is 

*Body Matettai 
Element Material 

7. 

6' 

. s  
! :  

2 

ES 1 1 7  1101011 





I I '  

3' 
4' 
9 

Monsanto 
C O M P A N Y  SHEET RE 

*DIRECT OPERATED DIVISION PLANT 

AUTH NO. OEPTORAREA 
*PRESSURE REGULATING 1 

*VALVE 

.. . 

L 

8* 

7 

9' 

2 
6. 

LOCATION I SPECIFKATJONS I I I L 0 F - I  1 
Valve Na I P C V - - / 5  I I P C V - / t I  I 
Service IBAW UP A I R I PRES< C e m l  I 

0 I I 

i 1 





Per 10- 
3* 
4. 

u r 1 All orifice handles !O Le stamed on ooztiearn I 
I 1 I I 

I I 1 '  



t 

L 



PIPE9 OHIFICE, AND +METER D A T A  
€3 

d 
-- 

ACTUAL P I P E  O I A M E f E R  . 0.95700 INCHES 
0 . 0  I NCl4FC OHAIf f  OH VENT U I N E T E R  

. 

. ._ -_ - .  - UPSlHEAM CONDITIONS 

HA-XIMUM FLOW. 7L29&-%6 SCFti 
R A T I O  OF (UURMAL TO MAXIMUM FLOW 0 83300 
N Of? N A UFL u w 

FLOWING-TEnPEt3A7Ut3F 

w-sCFy- 

30.O.*&.DE G 1 - 
1015.000 P S I A  

' 0 . 0 2 4 0 0  CP 

- __ FLOkINCi PHtSSUHE 

VISCOSITY 
QEBS.ITY A T  FLOnING CONDITIONS 

- 
3 C r l Q M l B L F T  3 

DENSITY A T  60  F AND 1 ATM 0 . 0 7 6 4 0  L R / F T 3  
HE A T-C A PAC I T Y- -t4 A T 1-0 t -CP / C V . Lr3 9 0 0 0 
PIPE REYNOLDS hO. A T  NORMAL FLOW 126085.3 

- .  .-.. ~ _ _  . . . . . . . . 

* COttPUTED B Y  PROGRAMI TABLE CONTHOL CODE = 1 

http://30.O.*&.DE


- 3 

PIPE9 ORIFICE9 AND SHETER D A T A  
8 

6 ACTUAL PIPE DIAMETER 4m02600 INCHES 
DRAIEr OR VtNT UZAMFTFR 0 . 0  INCHFZ 

3 -- TYPE OF ORlFICE --- TAPS FI AN; 

i MA&DIF_F L B E l A R 5  T 1- * a r E l . . ~  
3; IN0 H20 INCHES z 

230,o 0-0 0 5 z . L O 0 1 2 1 6 9  
300.001) 0.50551 2.03510 

UP5TffEAN CONDITIONS 

FLU_IO-NAME Le9-RE S S 4  I R 
FLUIO C ( i ~ 0 1 T I O t u  GAS 
MAXIMUM FLU# 339Y99_*93B_SCfH 

M W i & U U Q w  1 7 9999.938- 
R A T 1 0  OF NURMAL T O  MAXIMUM ELOW 0.75000 

--C 1.0 Y I NG -T t PIP ERA TIME 3Q.b 0-DEG-F 
FLOWING PHESSUnE 365.000 P S I A  

VISCOSITY 0*02400 C P  

DErqSITY A T  60 F A N i )  1 A T M  0.07640 L R / F T S  
HE A T.-C AP A C I T Y_-H A T 1  0 9 - c p / C V -1 03 9 0 0 . 0  
P I P E  H&YNOLDS .hOa AT NORMAL FLOW 899492.9 

DE4S.X T Y A T  FLU a I J 3 L O . 0 ~ 1  ON S 1 2 5 ! . l t I L L B / L  

- 

* COMPUTECJ B Y  PHOGRAMt ?=LE CONTROL CODE = 1 





1 

8' 

9' 
@,h 7. 

2 
I' 

_ _  - 
DIVISION PLANT *SPEC NO. 

*FLOW MEASURING 1s q-57 
C O M P A N Y  'ELEMENT AUTH NO. DEPT OR A R E A  

O F  
SF'ECIFICATIONS 

Instrument No. ._. F E  3-5 43 1 
Service - _ _  .- I --__ - I A o a o r r L & S  I 

I 
. - - - - . ,I . I 

__ -_ Pioce& Material 
Line No. 

6OF & 14.73 PSlA 
Barometric Preswtre 



TYPE OF URlFICE TAPS FL&NGE 

MAX. OIFF.  * BETA R A T I O  * OWIF, UIAN 
IN. HZU INCHES 

5 0 .  0 O U  004016tr 0 0 by252 
10lr.uou 0.39157 0.5tl735 
13u.000 * 0.35949 0.531 74 
2 9 U . 0 0 U  0,33063 0 e 4 9 5 9 5  

250.000 0 . 3 1 3 1 9  0.46979 
3UO.  U D C  0.29Y61 9 . 4 r r 1 4 1  
3 5 u . u o 0  o . 2 a t w  0043287 
4UU.UUU 0.27971 0 04 1956 

UPSTHEAM CUNDITIONS 

- 
V I S C O S I  1 Y  0.01000 CQ 

- 0 7 1 100  LB/ f  1'3 
UEi\IblTY A T  fa0 F 4NIJ 1 & T M  0 * 0 4 7 ( J 0  Ld/F 13 
O E r q S I T Y  AT F L O k I N G  C!)NUfTIONS 

kEAl CAPACIIY H A T 1 0 1  CP/CV 1.30000 
P f P t  HEYNULUS BO. A T  IJUHMAL FLObd l t 5 Y  1 0 1  0 



Pr 1P 
3. 
E 

#g 1. 

w 
(r 

i' 

2 
Iz: 

8* 

9* 
\ .*7+ 

I I 
All orifice handles to be stamped on upstream i 
side with 'Inlet", bore dra, nom pipe ID, flange 1 
rating, instrument number and plate material 

705-DS 'Catalog Number ., i 

f 
Price I I 

---i 

Manufacturer DAN1 
I 

Purchase Order Number 

b- 

2 
5' 

i- 

DIVISION PLANT *SPEC NO. 

*FLOW MEASURING 1s- 4s 
*ELEMENT AUTH NO. DEPTORAREA 

Monsanto 
C O M P A N Y  

instrument No. 
Service 

Process Material 
No. 
Size. Schedble 

Pipe ID (D), In I 1 

d / D  Ratio (a  ) - J 

Meter Range - Inches Water Dry I 
Type of Meter oav a/ P 
Chart or Scale Ranae I 

i -- Orifice ID (d), In. - 
I 

Drain or Vent Hole I h f 8 U b  
I 
I 

I 1 Chart Factor *, 

I I I I 
1 I 1 

. __ - ES I C 3  ( 1 D I 6 6 1  1 1 1  E N T E R  PIPING SPECIF ICATION FOR _RAD.LIS cn P I P C  T A P a  _ _  . _ _  - 



FE-22 E0040 P r! 
HIbH VULlrrlt LOk PHESSUHE PW0UCT GAS 9/51 i A  

MAX. DIFF.  * BETA R A T I O  Q ORIF, OIAM ! 

i 

t 

U h5785 3 . 9 ~ 3 9 ~  I 

I N .  H2O INCHkS 

50.00U 0.75072 4.5531 1 
100. ( ruu  
13U.0UU 006036Z 3r66UYS 
200. 003 0.56711 3.43950 

250. 00U 0.53979 3.27364 
3OU. 0 0 IJ 0 . Sltt%O 3. 14291 
350.000 0.5005O 3. O3S52 
4 U U . 0 0 U  0.48559 2 . Y 4  5 1 0 

! 
i 

i 
i 

\ 
i 

i 
; UPS TdEAil C O W  1 T I ON5 

FLOWING TEMPEHnTtJkE 750.0 UECi F 
FLUMING PKtbSUHE 1 3 Y r t O O  PSAA 









2 
4' 

" 



% Explos ion-Proof Housii l  



.. ... 
. .. 

SPEC1 Fl CAT1 ON$ 



P n  7. 

3. 

c;* 
* PRESSURE GAUGE 
SPECIFICATIONS C O M P A N Y  

LOCATIO 

6* 

'SPEC NO. ' DIVISION PLANT 

IS 4 9  
L O F -  

SHEET REV AUTH NO. DEPT OR AREA 

5' 

s-- L 

G E N E F W  NOTES 
FZ-/3 
Prc/# 

2 
A= 

PI-io 

I: 
2 

'Span & uni ts 
Type 
. Element Material 

. Connection Size & Type 
Connection 0 ri en! at ion 
*Dial Size 
Dial Color Scheme 
Case Materi al W e  Case) 
Ring Type 
Mounting Type 
Crystal Material 
Micrometer Zero Adjustment 
Safety Release Type 

5 Socket Material 

5!- 
5 

Mmufacturer Ash fY8 t 9 S K C R o  F T 

P.O. No. 
*Catalog No. / 3z  O B  1320 8 

-Quantity Required I 

$& Movement Material 
2; Guaranteed Accuracy 

Body hlateri a1 
2 Dirphragm Material 
u-1- r', Fill Liquid 
6 Proc. Temp "C I AMB. Temp OC- 

I Cleanout Connection 
W V I  

Process Connections Size & Type 
Manufacturer's Ty, &Model 
Accesscries & Special Features 

a 

$& Movement Material I s.s, S 7-3. 
2; Guaranteed Accuracy I 

Body hlateri a1 

Proc. Temp "C AMB. Temp OC- 

a I I 1 

Price I 1 I 
A 
A 

W A 



c? --- - INDICATING DlWSlDN CLINT 

WELT REV &urn NO. O r C l  on *REA 
k! o fi sa n t o THERMOMETERS - 

THERI1DWEtL c o U C 4 N V  

-E--- LOCATIOM- SPECIFICATIONS 91 75/ ,OF- 

CENERALOTES: I I T I - 3 3 -  I 

I f  I I 1 

I I 1 
I I 

U n l  I 
c 
3 

I 

i I I I 

I I I I I 





7 PLANT 

SPECIFICAVONS 

. .  
AUTH HO. 

Monsanto 
PRESSURE-V ACUW* 

LOCATION 

Instrument N0-o.- I P S V - I  
s?.Nlce I Co H #1465JEb A I R  

\ / = I  A I R  RECdtYFR I ___ --4- 3 S T F A ; R  
Equipment No. or Line No. 8 Size I 

I I I C o n n e c t i o n s  I I I 

I 1 I i I 





L 

P 

DIVISION PLANT SPEC NO. 

D E P T O Q A R C A  AUTM NO. 
INSTRUMENT 

SPEC1 FlCATlONS 
: -  

C O M P A N Y  

e 

r -  ... ... ..-. 



i 

A 



. .  

!------F----i--- __-I---- 

c 

.. 



4 

.. 
.. 

I I ... + - - - - - t - - - i  I 
-------- 

-- _- I S  * I t  i s :  ,.., 





4 


