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Abstract 

7he h i p  Irenrl in tle\doping new, and expnnr1in.q tiiwtloperl cqeolherttml , / icrldv I I . ~  i\l~idiiI~ir Fluid 
C’olleclion ontl 1~i.s~io.saI .\:y.slcnt (br*D.S) arid Power Plants tlui! to [he rtiggc?tl tcrrciin cirrrlior ~ i t t t p l c  di.stmc:o 
that makes long pipelines uneconomical lo connect these plants to the main initiall-v cleveloped site. 4s this 
sttiall (usually 20hllVc) A.lohIar 1’lanl.s increase in n jell. untttnnnetl operation q f its FCDS is (I g o d  
ccononrical oplion. This would require Jill autoitinlion rising a 1’C-baseti SCil DA, wherc*in a supenison, 
computer would autotiintically log and send data to the main plant jbr ttroniloring and recording purposes, 
Such system should be dcsipried lo he fail-sob. Alaintenancc and plant trip troubleshooting are then calerecl 
lo h-v per.soi?nel /rotti the main site (i.c. Ohaaki Plonl, NZ). ..I plan1 trip qf one ttrodule itrciy not have a 
signijicanl eflect on the lotal cnpabihp oJthe grid it is senling clue lo its sitiall capacicv.. The ttrodular plants, 
which were inlended to be base-load plants, u.rz iiflected b-v the total loading of the ttiain plant anti the grid, 
hence it. has heen exper iencing loadjluctuations. 

The scope if this paper covers on(v the basic nutottiation of the wellhead motorized valves, rirah-ing it 
load- foliowing. Good conlrol of the wellhead iiiotorized valve results irr a iiiiniiiruiti wastage oJ‘ vented stealti 
and uJtimate!v. the longevity of /he production je id .  The proposed .I?/srenr is PC-based and eitrplqv 
“inlelligent” instruttients which are readily available and are now in use in the iiitius@t One major feature of 
the system is the use of discrete conlrol signals instead of analog signals, which would elittiinate “hunting” 
d i e  lo [he littidelay in [he clelivety ofslenrtr frotti the wvlltiearl to the separalo,: 

1.0 INTRODUCTION 

Why automate? The obvious answer would be to reduce production cost by reducing manpower. This 
conics from the impression that machines could duplicate repetitive human activities. However, it has been 
experienced that autoniation could not only duplicate, but in many cases could do a better job than could be 
done manually (Bohannon, 1984), and could prevent exposure of humans to hazardous areas. Thus, increased 
efficiency, productivity and safety has become the main justification for automating processes. Computer-based 
instruments have enhanced the capability of automatic control, malung it possible to propose fully automatcd. 
unmanned proccss plants, geothernial systems included. An example of this is the Castle Rock Springs area of 
the Geysers field in California (Kumataka and Bayard, 1982). Future modular FCDS plants, with its remote 
location and small capacity, are prime candidates for a fully automatcd computer-based control system. 
Maintaining an operating crcw in a rcmotcly locatcd arca cntails high cost and safcty hazards. An unnianncd 
modular plant could be remotely monitored by an operator in the main plant using computer communications. 

Thc main hindrancc in thc full autoniation modular FCDS plants is thc variablc load it has bccii 
cxperiencing. Aulomating thc output of a production well, controllcd by a motorizcd valvc havc posed a major 
problem. It is the solution to this problem that is addressed in this paper. Once this step has been taken, the 
rcst or thc stcps towards full automation would easily bc implcmcntcd. Thc topics discusscd in this papcr 
includcs: the proposed control wcll automation scheme for Palinpinon-1 (PNOC-EDC Internal Keporl? 1987) 
using analog controllers, the reasons why this scheme did not work, the improvements proposed with 
intelligent controllers using discrete techniques, the simulations done to demonstrate its applicability, and its 
adaptation to a fully automatcd Supervisory Control and Data Acquisition (SCADA) system. The descriptions 
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givcn arc operational for casc of undcrstanding. and cornplcs niathcmatics and control cngincering jargon arc 
avoi dcd. 

2.0 CONTROL WELL AUTOMATION USING AN ANALOG CONTROLLER 

The opcrating prcssure at thc turbinc inlct is kcpt constant using a pressure control loop (Fig. 1). 
Steainline prcssure (at the turbine interface) is iiieasured by a prcssure transmitter (PT-01) and transmitted to 
the intcrfacc prcssurc indicating controllcr (PIC4 1) wliich coniparcs ihc nicasurcd signal with thc dcsircd 
valuc or sctpoint. A signal which corrccls thc crror bctwccn thc two is scnt to thc final control clcmcnt -- tlic 
prcssurc control valve (PV-01) installcd on thc blow-off linc, wliich would eitlicr opcn to relieve exccss 
prcssurc (whcn thc turbinc load dccrcascs) or closc to add prcssurc (whcn tlic load incrcascs) to thc intcrfacc 
linc. PV-01 is calibratcd in tcrms orpcrccnt opcning. with 0% corrcsponding to a fully closc valvc and 100‘%. 
ruiiy open. 

An incrcasc in the load of thc turbinc which is more than thc reserved steam vented in the blow-oK line 
would cause PV-0 1 to Fully close. Whcn ths happens. additional stcam supply would havc to be provided from 
the production wells with wellhead motorized valves (MV). Currently, this action is done remote manually 
both in thc main and modular plants. 

Automating thc stcarn supply involves tlic control or the production wcll motorixd valvc (Fig. 1). Thc 
pcrccnt opcning or PV-01 is senscd using ;I psition transmitkr (XT-02). When PV-OI is ncar 0% or fully 
closc position (whi;h would mcan addiiional stcam supply is nccdcd). PIC-02 would scnci a signal to tlic 
morori~cd valvc (MV) to opcn, adding niorc stcarn into thc systcm. On thc otlicr hand. if PV-0 1. lvould havc a 
large opcning llie motorized valvc is automatically closcd. Such control systcm would seem satrsfactoy. but 
whcn a simziar schcmc was proposcd and tcstcd in Palinpinon 1, “hunting” was espcricnccd. Both PV-O 1 and 
MV wcrc oscillating - a constant opcning and closing of lhc valvcs. in  othcr words. tlic qstcm d d  not 
stabilize. 
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Figurc 1. Automatic load-following motorized valve (MV) control using an analog controller. 
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The first factor which makcs tlic analog control strategy fail is tlie distance bctwccn thc sensing point 
(XT-02) and tlic action point (MV). In control cnginccring. it is tcrnicd as dendirtre lag, cspresscd with tlic 
cqua Lion, 

Td = Dscl Vf (1) 

Where Td is tlic deadtiine lag, Dsc the distance betwcen the sensing point and tlie action point. and Vf is 
the vclocity of thc fluid. In fig. I Dsc would be cqual to A+B. However, XT-02 is actually sensing the position 
of PV-01, which is k i n g  controllcd using tlic signal froin PT-01, thcrcforc the total Dsc would k cqual to 
A+B+C. In the Nasuji Modular FCDS for esaniple, Dsc is about 825 meters. bi an esperiinent conducted. Td 
was mcasurcd to bc approsiinatcly 10 SCCS. This espcrimcnt was done by taking the timc from when MV was 
actuatcd (iiiovcd) to tlic timc wlicii ;I cliangc prcssiirc was sciiscd 31 PT-0 1. with tlic load constant. Siiicc 1hc 
solc purposc of actuating MV is to supply stcam lo copc up with load cliangcs as sciiscd by PT-01. its clTccts 
should ideally bc fclt at PT-01 iiiuncdiatcly. But for csamplc, if it would lakc 10 scconds for it to reach thc 
sensing point. other load changes (increase or dccrcase) could happen, even beforc the steam supply reaches 
PT-0 1. The effect of deadtime lag therefore, has to be taken into account to have an cffcctive control system. 

The second factor affecting the systcm is the analog nature of the controller. The analog PIC42 
continuously scnsc the output of XT-02 and automatically apply a corrcction signal to actuate MV to thc 
proper valve opening. Because of its continuous naturc, it would keep on sensing XT-02 and applying the 
corrcction signal to MV, cvcn bcforc its previous correction has made an effect on the system due to the 
dcadtimc lag. Tlicrcforc it is applying thc wrong corrcction signal at MV to that scnscd at XT-02. If wc would 
use tlic abovc dcadtiiix lag of 10 scconds (Nasuji FCDS), tlic only way tlic controllcr can apply thc corrcct 
actuating signal to MV is to wait at least 10 seconds beforc sensing another signal at PT-01. But since the 
analog controller continuously sense pT-0 1 throughout the 10 seconds time span. it is sendmg unwanted 
signal to tlic control system which is considcrcd as noisc. Whcn noisc is inlroduccd into a control bop. its 
stability suffcrs, preventing it from reaching its cquilibrium statc. 

Thc third factor is the typc ofnicasureiiicnt XT-02 docs. It incasurcs thc position of PV-01. Both PV-01 
and XT-02 have mechanical parts, wluch could add another time delay if backlash is present, and precision of 
measurement would also come into question. For a fully automated system, the probability of failure would 
increase, since XT-01 would always depend on the reliability of PV-0 1. 

3.0 IMPROVED AUTOMATION SCHEME USXNG DIGITAL CONTROLLERS 

The introduction of microprocessor-based controllers in the industry have tremendously improved the 
ability to introduce complex strategies in control systems. These “intelligent” controllers are software dnven, 
and asidc from having tlic standard control functions, could also perform nuiiierical computations. logic 
functions, mcniory functions, timc delay, filtering, ctc. Big irnprovcments could be introduced into the control 
well automation system using digital controllers. 

Tlic wcllhcad MV control loop is now inadc indcpendcnt of the blow-off control loop (Fig. 2). This would 
remove the dcpendencc of the measurement on the reliability of PV-OI, and the possible time delay introduced 
by the blow-off control loop. Instead of measuring valve position, steam flow is dlrectly measured, making it 
accurate. Steam flow mcters employing orifice platcs have provcn rcliable and stable as pcr cspericnce. These 
are installed in the steam line on the turbine interface and immediately downstream of the separator. The 
reseme steam flow on the blow-off line is measured by the flow indicating controller (FIC-02) using the 
equation, 

SFb= SFs - SFi (2) 
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Wlicrc Sfi is tlic rcscrvc stcaiii vcntcd by tlic blow-oK SFs is tlic stcaiii flow at tlic scparalor iiicasurcd by 
IT-02.  and SFi the stcam flow at thc intcrfacc by iiicasurcd by FT-01. I t  would now bc possiblc to haw 
minimum amount of stcani vcntcd by thc blow-oIT by allowing SI% to opcratc in a spccific rangc. For csaniplc. 
if SFb is to bc kcpt bctwecn tlic liinits of 5 to 15 tons pcr hour (TPH) or 10 5 TPH , oncc it falls bclow 5 
TPH. FIC-02 would automatically opcn MV slightly to augment thc stcam supply. and on thc other hand. 
when it incrcases to more than 15 TPH, MV closcs slightly to reduce steam supply. Small additions and 
reductions in steam supply could be accomplished by making the action of MV to be timedependent. instead 
of position-dependent. For example, FIC-02 could move MV to open for only 2 seconds for each command. In 
the Nasuji FCDS for example, an 18 inch MV gate valve moves approximately 1M inch for a 2 second 
command. 

PIC-01 
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L -  

I FIC-02 I 

Figurc 2. Iniprovcd MV control using "intclligcnt controllcrs" 

By thc USC of a digital controllcr, dcadtitnc lag is takcii into consideration using discrctc-liinc sampling. 
SFb is sampled in a fixed time interval that would allow tlic action of MV lo first take eflect (SFs changc) 
upon the system before sampling again. For examplc, if the steam added at MV would take 10 seconds to have 
an effect of SFb, sampling wou1d.k done every 15 seconds to allow the system to stabilize. The output signal 
to MV is also discrcte or specific, since it actuates only at a fixed time duration, for example 2 seconds. 
Therefore, a properly timed discrete input and output of FIC-02 would make sure that the correction signal to 
MV is applied to the correct signal sensed at SFb. Noise due to a wrong signal input to FIC-02 is eliminated. 
A schematic ofthe strategy is shown in the block diagram (Fig. 3) below. 
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Figure 3. Control stratcgy of FIC-02. 

An added feature in the system is that a trend could be computed for Sib, and if a fast decrease is 
rccordcd, such as when the turbine is still loading towards its maiimum. the tinic duration of the MV action 
could bc increased, say from 2 to 4 seconds. either automatically or by manual input of the opcrator. This 
would cnsure adcquate steam supply for fast rising loads. 

What niakcs lhc discrctc slratcgy advantagcous is that i t  modcls more closcly \vIial thc liuiiian operator 
does. Whcn an alarm sounds to annunciatc a dcpletcd blow-off stcam supply for esample. he prcsses thc 
“opcn” pushbutton of the Mv for a few seconds, then wait for and eIFect on the system, before he decides 
whcthcr or not i t  would bc ncccssaty to push tlic button again. His waiting tinic is cquivalcnt to the discrctc- 
tinic sampling intcrval, and thc fcw scconds duration hc prcsscs thc button is cquivalcnt to the duration of the 
dmrete MV command or actuation. Discrete control strategy thercforc, closcly duplicates the actions of thc 
human opcrator. 

4.0 RESULTS OF SIMULATION 

Manual tests were done at thc Nasuji modular FCDS to simulate thc action of the discrete controller FIC- 
02. Both addition and reduction of steam supply were tested. The niain objective of the test was to bring up 
(for addition) or down (for rcduction) SFb to a targct raiigc that is bctwccn 10 TPH or & 5 TPH limits. This 
targct rangc was bascd on an obscrvcd normal llucluation of Sfs of 3 TPH (dcpcnding on thc production 
wclls on line) and Sfi fluctuation o f t  0.5 TPH at stcady load. Tlic proccdurc was to r a d  or saniplc SFb from 
an indmtor cvcry 15 scconds and push thc opcn or closc button of MV for 2 scconds if Slb is not within thc 
target rangc. The wells on linc wcrc NWD (55.6 TPH), NJ5D (80.1 TPH), and thc motorized valvc controllcd 
well OK6 (59.6 TPH at 100% opening). Load range was at 18 to 19 MWe and SFi at 144 to 147 TPH. The 
results are shown on Table 1. It is noted that Sib stabilized within thc targct range after 6 and 7 MV actuations 
for steam addition and reduction respectively. 
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PARAMETERS 
Sampling Intcnral 
Duration MV actuation 
Targct SFb 

ADDITION TEST REDUCTION TEST 
I5 .wconti.s IS sccontls 
2 seconds 2 seconcls 

45-55 TPH 35-45 TPH 
Initial SFb 
Final SFb 

5.0 THE ROAD AHEAD -TOWARDS FULL AUTOMATION 

29 TPH I 51 TPH 
4Y TPH 38 TPH 

A computcr-based autoiliatic control system is not ncw in thc proccss industry. Although carly recorded 
use was in the late 1950s by Louisiana Powcr & Light and Tesaco, it was in the years bctween 1965 to 1970 
whcn its popularity bccamc widcsprcad. During that cra. multiplc analog controllers wcrc rcplaccd with oiic 
centralized dgital computer. This scheme, known as Direct Digital Control (DDC). not only optimized plant 
operations and reduced manpower, but also providcd automatic recordmg of process paranieters in its 
database. These systems were hooked up to creative graphic nionitors which could siniultaneously display the 
process scheniatic and real time data trends. Nunierical calculations could also be done autoiiiatically and 
loaded into the database for later retrieval by concerned sections. Tlie DDC however had its own 
disadvantages, which liiiiitcd its popularity in iiicdiutii and small scale plants. 1s usc of niainfranie and 
minicoinputcrs madc hardwarc and maintcnancc costs too cspcnsivc to justify in siiiallcr proccsscs. 
Unfortunately, it is these processes that ideally should bc fully automated. Advancement in the control system 
technology introduced another scheme known as the Distributed Control System (DCS). It is composed of 
analog controllcrs locally mountcd in thc ficld which could coinmunicatc with a host computer. usually a 
iiuniconiputer or workstation size. The controllcrs could either receive comniands from the host. or could work 
ns a stand-aione when the computer or communications are down. Still the DCS was too complex and 
cspcnsivc for small applications. Howcvcr, it was thc forcrunner of !he SCADA scheme which has become 
popular today. The SCADA still uses thc dstributcd control principle but has taken advantage of the latcst 
state-of-the-art Information Technology. (IT), using Personal Computers (PC) and Data Coinniunications. The 
first user’s of SCADA were in thc oilficld industry. using a computer located on a control cciiter for 
monitoring and control of rcmotc production wells. gathcring stations and pipclines. Later. i t  spread to othcr 
industries such as power plants, electric transinission lines, water systems. transportation. security systems. 
etc. 

Obviously, the PC-based SCADA is the scheme that is most applicable in fully automating the reinotely 
located modular FCDS. “Intelligent” controllers, which are now available in the market, would be used for 
automatic prcssurc and level control, and intcrface with a PC which would communicate with the main plant 
for supcrvision, data logging and rccording. Such PC is capablc not only of automatically rccording ficld 
paramcters such as pressure, temperature, steam flow, condensate flow and steam quality, but also for 
numerical calculations such as computing the mass withdrawn, mass injected. field enthalpy and field steam 
capability. This will also include automatic data logging of bore output ineasurements and onsite analysis 
(Morris and Clotworthy, 1993). All thc data is stored on its database, and also communicated to the main plant 
and head ofice for ease of retrieval by concerned sections. A similar scheme was proposed for the Palinpinon- 
1 FCDS in 1986 by A. J. Brodic (PNOC-EDC Internal Rcporl, 1986). If a fail-safe plant shutdown intcrlock is 
incorporated into the system, plant operators would no longer bc necessary. Maintenancc, troublcshooting and 
start-up would be serviced by personnel from the main plant. 

The scenario of a PC-based SCADA as applied to modular FCDS plants is shown in Fig. 4. The reniote 
terminal unit @TU) incorporates the functions of the automatic digital controllers, data loggers and recorders. 
Data is transmitted to the main plant through a microwave link, where it is stored on a Management 
Information System (MIS) database. Field personncl from Production, Reservoir Engineering and 

238 



Gcoscicntific scctions havc an acccss to thc data through a local arca nctwork (LAN). Tlic VSAT link will lx 
uscd to autoniatically send data to thc main oflicc at Fort Bonifncio. Prc-forniattcd intcgratcd rcports will bc 
rcadtly availablc from thc MIS. 

MODULAR PLANT FCDS 

Nomcnclaturc 

L/./. . . . 

SQM - Steam Quality Monitoring / NCG levels. 
SF - Steam flow at separator, turbinc intcrfacc and blow,-off. 
WF - Water flow at reinjection wells. 
MF - Total mass withdrawal calculated by mass balance (SF + WF). 
H - Avcrage ficld cnthalpy calculatcd by hcat balancc (MF s H = SF x hg + WF s hT). 
WHP- Production and reinjection wellhcad prcssurcs. 
WL - Separator water level. 

Figure 4. The Future: SCADA in modular FCDS plants. 
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6.0 CONCLUSION 

Tlic advantagcs or using “intclligcnt” controllcrs cniploying discrctc control signals ovcr analog 
controllcrs for stcani supply automation can be suiiiniarizcd as rollows: 

It niodcls closely tlic actions donc by a human opcrator. 
It can drcctly compute the blow-off steam flow instead of infcrring it from tlic position of tlic control 
valve. 
Discretc sanipling techniques takes into considcration the deadtiine lag problem. 
Discrete timcdcpendent command to lhc motorized valve (MV) allow small and prccisc addition and 
reduction of steani supply. 
It can readily adapt to a PC-bascd SCADA. 

Autoniating thc slcani supply rronl tlic control wclls is tlic iiiost complicatcd stcp towards uniiiaiincd 
operation. It is hoped that the solution presented in this paper would lcad to the realization of fully autoniatcd 
modular FCDS plants. 
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