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10 W e  SOLAR THERHAL 
CENTRAL RECEIVER PILOT PLANT 

REMOTE OPERATION FEASIBILITY STUDY 

Contract Report Prepared 
Under SNLL Contract 91-1907 

HcDonnell Douglas Astronautics Company 

ABSTRACT 

This report describes the results of a feasibility study for remote 
operation of the 10 XWe Solar Thermal Central Receiver Pilot Plant 
located near Barstow, California. The plant, called Solar One, is a 
cooperative activity between the Department of Energy and the 
Associates: Southern California Edison, the Los Angeles Department of 
Water and Power, and the California Energy Commission. 
provides a description of the changes required to the plant and a rough 
cost estimate for the changes. 

This report 
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SOLAR THERMAL TECHNOLOGY 
FOREWORD 

The research and development described in this document was conducted 
within the U.S. 
Program. 
the engineering and scientific understanding of solar thermal technology, 
and to establish the technology base from which private industry can 
develop solar thermal power production options for introduction into the 
competitive energy market. 

Department of Energy's (DOE) Solar Thermal Technology 
The goal of the Solar Thermal Technology Program is to advance 

Solar thermal technology concentrates solar radiation by means of 
tracking mirrors or lenses onto a receiver where the solar energy is 
absorbed as heat and converted into electricity or incorporated into 
products as process heat. 
central receivers and distributed receivers, employ various point and 
line-focus optics to concentrate sunlight. Current central receiver 
systems use fields of heliostats (two-axis tracking mirrors) to focus the 
sun's radiant energy onto a single tower-mounted receiver. 
dishes up to 17 meters in diameter track the sun in two axes and use 
mirrors or Fresnel lenses to focus radiant energy onto a receiver, Troughs 
and bowls are line-focus tracking reflectors that concentrate sunlight onto 
receiver tubes along their focal lines. 
can be used alone or in a multi-module system. 
energy absorbed by the solar thermal receiver is transported to the 
conversion process by a circulating working fluid. 
range from 100°C in low-temperature troughs to over 15OO0C in dish 
and central receiver systems. 

The two primary solar thermal technologies, 

Parabolic 

Concentrating collector modules 
The concentrated radiant 

Receiver temperatures 

The Solar Thermal Technology Program is directing efforts to advance 
and improve promising system concepts through the research and development 
of solar thermal materials, components, and subsystems, and the testing and 
performance evaluation of subsystems and systems. 
carried out through the technical direction of DOE and its network of 
national laboratories who work with private industry. Together they have 
established a comprehensive, goal directed program to improve performance 
and provide technically proven options for eventual incorporation into the 
Nation's energy supply. 

These efforts are 

To be successful in contributing to an adequate national energy supply 
at reasonable cost, solar thermal energy must eventually be economically 
competitive with a variety of other energy sources. 
system-level performance targets have been developed as quantitative 
program goals. 
development activities, measuring progress, assessing alternative 
technology options, and making optimal component developments. These 
targets will be pursued vigorously to insure a successful program. 

Components and 

The performance targets are used in planning research and 

This report describes the results of a feasibility study for remote 
operation of the 10 MWe Solar Thermal Central Receiver Pilot Plant (Solar 
One). This is part of the continuing evaluation of the pilot plant for the 
Solar Thermal Technology Program. 
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I. INTRODUCTION 

This report describes a feasibility study for remote opera- 
tion of the Solar I Pilot Plant from the Southern California 
Edison's Coolwater Generating Station. 
of remote operation would be to reduce Solar I operating costs 
which would increase plant revenue. This study identifies 
changes required to existing plant hardware and software and 
provides rough cost and schedule estimates for accomplishing 
the work. 

The primary objective 

At the beginning of this study a set of objectives, guide- 
lines and ground rules were agreed to between the parties 
involved. These are delineated in Section 11. Section 111 

describes the baseline scenario to be used for the study. 
This scenario follows the operating procedures and automatic 
operation which is currently used daily at Solar I. 

Two alternate concepts for remote operations were devel- 
oped and are described in Section IV. Both concepts provide 
for a remote operator station for the Heliostat System and 
the Operational Control System (OCS-Supervisory Control). 
Alternate concept 1 also provides for a System Distributed 
Process Control (SDPC) remote operator station. This allows 
direct manual operation of various plant components and sub- 
systems without need for OCS operation. The two remote system 
hardware configurations are discussed as well as required 
Solar I modifications. 

Section V presents a work plan and proposed time-phased 
schedule for the remoting effort. Construction and develop- 
ment work packages are defined and the schedule shows the 
period of performance and major outputs of these tasks. 

1 



Section VI presents the estimated cost of the project for 
Alternates 1 and 2. 

11. OBJECTIVES, GUIDELINES AND GROUND RULES 

A. Objectives 
The objectives for remoting the controls of Solar I 

to the SCE Coolwater generating plant, located approximately 
two miles from Solar I, is three fold: 

1. Utilize the operating personnel at the Coolwater 
Generating Plant to monitor and control the 
Solar I Plant remotely and thereby significantly 
reduce or eliminate specific on-site operating 
staff requirements which in turn reduces plant 
operating costs. 

2. Obtain remote operating information, following 
the implementation of the remote operations at 
the Coolwater Generating Plant, that can be used 
to evaluate and determine remote operation 
feasibility and requirements for future solar 
central receiver generating plants. 

the Coolwater Generating Plant in a cost effec- 
tive manner. 

3. Provide the remote operation of Solar I from 

Demonstration of the first objective requires a high 
degree of automatic control of plant equipment for all phases 
of power production. Since Solar I was not designed initially 
for fully automatic operations, especially during startup and 
shutdown, some tradeoffs will be required between objectives 1 
and 3. 

2 
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B. Guidelines and Ground Rules 
The general guidelines and ground rules for the 

remote operation feasibility study of Solar I were derived 
from several informal meetings and presentations conducted 
between MDAC, SNLL and SCE to benefit the first and third 
objectives. These can be arranged into five categories con- 
sisting of: 1) operating guidelines/ground rules; 2) perfor- 
mance guidelines/ground rules; 3) facility guidelines/ground 
rules; 4) hardware guidelines/ground rules; and 5) software 
guidelines/ground rules. 

A general requirement was followed that directed the 
feasibility study to use the existing Solar I control and 
monitoring resources to the extent possible, extending these 
resources as required to meet the objectives. 

1. OPeratinq Guidelines and Ground Rules 
The operating guidelines and ground rules relate 

to the permissable operating allowances between the remote 
and local operations. The following operating requirements 
were agreed to for this study: 

a. 

b. 

C. 

d. 

e. 

Local Solar I operating capabilities shall 
not be compromised. 
Remote operation of Solar I shall lockout 
local operation of Solar I and vice versa. 
Configuration switching from local to 
remote operation or vice versa shall be 
performed only at the Coolwater remote 
site. 
The operating procedures and man-machine 
interface differences between local and 
remote Solar I operation shall be minimal. 
The OCS and HAC software shall remain 
transparent to local or remote operation 



2. Performance Guidelines and Ground Rules 
The performance guidelines and ground rules 

relate to the operating scaler differences allowed between 
local and remote operation. The following performance 
requirements were agreed to: 

a. The effectiveness of the Solar I plant 
operation (e.g. mode transition, startup, 
steady state, etc.) shall not be degraded 
when operating remotely. 

b. Remote operation shall be limited to Mode 8 
to Mode 9 to Mode 1 and the return sequence 
of events. 

c. The thermal storage subsystem (TSS) shall 
only provide auxillary steam to the other 
subsystems during remoting operation. 
Charging the TSS and discharging the TSS 
for power generation shall be controlled 
and monitored from the Solar I control 
room only. 

3. Facility Guidelines and Ground Rules 
The facility guidelines and ground rules are 

derived from utility ( S C E )  practices pertaining to the 
automation and remote control of plant systems. The following 
facility related requirements were reviewed and agreed to: 

a. The work functions between Solar I and 
Coolwater utility personnel are to be con- 
solidated, but without combining or inte- 
grating SCE job classifications. 

b. The work methods structure (e.g- clearance 
procedures, preoperational equipment 
inspections, etc.) of SCE shall be 
ma i nt a ined . 

, 
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c. The control room at the Coolwater Generat- 
ing plant shall be used to house the Solar I 
remoting equipment. 

4. Hardware Guidelines and Ground Rules 

to the variations in operating plant equipment that affect 
remote operation. The following hardware ground rules and 
guidelines were agreed to: 

The hardware guidelines and groundrules relate 

a. The turbine-generator controls are to be 
operated remotely from the Coolwater site. 

b. Hardware end elements (e.g. pumps, motors, 
valves, switchgear, etc.) that are manually 
operated at local stations away from the 
Solar I control room are not to be recon- 
figured f o r  remote operation. 

operated in the Solar I control room for 
emergency shutdown of a subsystem shall be 
provided at the remote Coolwater control 
room site. 

d. Only the TSS components required to supply 
auxillary steam f o r  conditioning equipment 
used in Mode 8 to Mode 9 to Mode 1 shall 
be controlled remotely. 

c. Hand switch functions that are manually 

5. Software Guidelines and Ground Rules 
The software guidelines and ground rules define 

the basis for implementing software to accommodate remote 
operation activities. The following rules were agreed to: 

a. The development of new software to support 

b. Software system6 startup (i.e. boot strap 
the reroting operation shall be minimal. 

loading) shall be accomplished at Solar I. 



c. The HAC and OCS computers shall be placed 
in the aRUN1o mode from the Solar I 
facility. 

111. BASELINE OPERATING SCENARIO 

In order to develop design alternatives for remoting 
Solar I operation, a baseline operating scenario was required 
from whence an evaluation of the tasks necessary for remoting 
could be identified. Using this baseline scenario two design 
alternatives were considered for remoting, each of which met 
the objectives, guidelines, and ground rules criteria outlined 
in Section 11. This section defines the baseline scenario. 
The two conceptual design alternatives are defined in 
Section IV. 

It had been established in the guidelines and ground rules 
that there would be one operating scenario from the Coolwater 
remoting site (See section 11, B, 2, b). This scenario tran- 
sitions the plant daily from an inactive status (Mode 8), 
where major systems are in standby, through receiver startup 
to the steam dump (Mode 9 ) .  where receiver steam is routed 
directly to the condenser, and then to the turbine (Mode 1) 
for power production. During shutdown the transitions are 
essentially the reverse: Mode 1 to Mode 9 to receiver shut- 
down and Mode 8. This scenario was selected from the variety 
of acceptable operating steady state modes of the Solar I 
plant shown in Figure 1. The following rationale prevailed 
for selecting this baseline: 

1. Mode 8 to Mode 9 to Mode 1 scenario is the most 
used scenario at Solar I and constitutes the 
modes and mode transitions used for the OCS 

automatic "clear day scenario." 
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MODE 3: 
STORAGE BOOSTED (s8) 

EPGS 

MODE 5 
CHARGING ONLY (CO1 

MODE 7: 
DUAL FLOW (DF) 

Mode 9: 
Steam Dump 

MODE 2 
BASIC NORMAL AND 
CHARGING (BN&C) 

MODE 4: 
IN-LINE FLOW (I LF) 

MODE 6: 
STORAGE 
DISCHARGING (SD) 

MODE 8: 
INACTIVE (1) 

Mode 1 

Mode 2 

Mode 3 

Mode 4 

Mode 5 
Mode 6 

Mode 7 

Mode 8 
Mode 9 

Turbine Di rect :  

Turbine D i rec t  and 
Cha rg i nq : 
Storage BoosTed : 

I n - l i n e  Flow: 

Storage C hargi  ng : 
Storage Discharging: 

Charging and Storage 
Boosted : 
Inac t i ve : 
Steam Dump: 

Receiver-generated steam d i r e c t l y  powers the 
turbine. 
Receiver-generated steam powers the tu rb ine  
and charges storage. 
Steam from the receiver  and storage powers the 
turbine. 
Receiver steam charges storage, whi le  storage 
steam i s  simultaneously discharged powering 
the turbine. 
Receiver steam charges the storage system. 
Steam generated by the storage system i s  
used t o  power the turbine. 
A combination o f  Modes 2 and 3 (probably on ly  
achieved dur ing t r a n s i t i o n s ) .  
Major systems are standing by f o r  operation. 
Receiver steam routed d i r e c t l y  t o  the Condenser 
(used f o r  startup, shutdown; and t r i p s ) ,  

Figure 1. Study State Operating Modes 
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2. This scenario contains representative hardware 
currently controlled and monitored from the 
Solar I control room. 

3. Extensive software has been developed for auto- 
matic operation of this scenario. 

4. This scenario provides a lower software and 
control hardware implementation cost for 
rem0 t i ng . 

5. The logic. controls, and monitor systems 
required to operate the plant within this 
scenario manually represents all of the major 
systems of the Master Control Subsystem. 

The Mode 8 to Mode 7 to Mode 1 or Mode 2 or Mode 8 
to Mode 2 or Mode 4 scenarios for plant operation would appear 
more representative since all of these scenarios include the 
Thermal Storage System (TSS) operation. However. the transi- 
tion modes to and from the TSS require longer startup times, 
are not used every day because they provide a less efficient 
use of the steam resources, and are not as effectively auto- 
mated as the Mode 8 to Mode 1 and return scenario. Conse- 
quently, you could expect less power to be produced and less 
revenue, which is contrary to the first objective for remoting 
Solar I operation: reducing fixed costs so as to improve net 
revenues. 

Typically, the baseline scenario requires use of 
eight major operating sequences to transition f t o r  shutdown 
(Mode 8) to steady state receiver steam to turbine (Mode 1) 
and return to Mode 8. These sequences are: 

- Initial Plant Startup 
- Initial Fluids Circulation 
- Collector Field Startup 
- Receiver Startup 
- Turbine Activation 



- Plant Steady State Operation 
- Turbine/Receiver Shutdown 
- Plant Shutdown 

These operating sequences are shown in a time phased order in 
Figure 2. 

Each time phased operation requires a series of 
Control Operator (CO) activities with the Master Control Sub- 
system in the control room and, in addition, a series of non- 
control room related activities performed by the Plant Equip- 
ment Operator (PEO) .  A summary of the baseline scenario CO 
and PEO activities is presented in Figure 3. An examination 
of these activities clearly points up the requirement for a 
plant equipment operator on the premises at Solar I throughout 
the plant operating period. Also, the PEO must have frequent 
communications with the control operator at the remote Cool- 
water control room. It is also apparent that there is an 
appreciable amount of equipment that must be operated or 
attended to that is not controlled or monitored from the 
Solar I control room with the current configuration. 

The baseline scenario as described above was used 
for  the development of concepts for  remote operation of Solar 
I from the Coolwater Generating Plant. The remoting concepts 
defined in this report require specific Solar I on-site per- 
sonnel during remote operation. No attempt was made in this 
feasibility study to determine the engineering mechanization 
requirements for placing noncontrol room functions into the 
Master Control Subsystem and the costing to implement the 
mechanizations. 
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Setup Turbine Panel Controls 

m Worm and Roll Turbine 
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m Online (Synchronize) 
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I U I T I A L  PUNT STARTUP - 1 

COUTROL ROOM RELATED UOU-COWTROL ROOM RELATED 
OPERATOR (CO) ACTIOUS EQUIP. OPERATOR (PEO) ACTIOUS 

AUX S T W  (T.S. STEAM GEU) 
0 VERIFY PROPER BOILER WATER 

LEVEL 

0 F I L L  BOILER ( I F  REQ'D) 

0 TOGGLE BXTRACTIOU BOILER TO 

0 VERIFY PROPER OPERATIOU OF 
* * A n  STEAM'* MODE 

P305 ( O I L ) ,  P904 (WATER), 
AM) COUTROL VALVES 

AUX STEAM (ELECTRIC BOILER) 

COUDEUSATE SYSTEM 
0 CLOSE DEAERATOR F I L L  VALVE 

SDPC 0 CHECK SELECTED TRAIN VALVE 
ALIGNMEUT (TRAIUS ALTEWATED) 

0 O P W  GUp SUPPLY TO P-305 
0 OPRU BLOCK VALVES 019 L F Z  

COUTROL VALVES (LV350S & LV3605) 

( I F  REQ'D) 
SDPC 0 DRAIN BOILER LEVEL DOW 

SDPC 

SDPC 

0 DRAIU DOWU TO UOBWAL LEVEL 
(LEIUS THRU) 

TRAP-IU SERVICE) 

112  HR 

VALVE CHECK (GU2 - OFF, STEAM 

0 SWITCH TO "PBEHEAT MODE" FOR 

0 SWITCH TO **RUN MODE" 

SDPC 0 BYPASS INLIUE POLISHER 
(LV83B) 

(LV146 A & B) XU AUTO VALVE 

SEALS 

0 PLACE COUDBUSER LEVEL VALVES SDPC 0 THROTTLE P W  DISCHARGE BLOCK 

0 VALVE OUT RECEIVER FEED P W  

0 START COUDEUSATE P W  ( P 9 0 7 )  HARDWIRE 
( STOP /AUTO 1 

t 0 OPEN DISCHARGE BLOCK VALVE 
SDPC 0 PLACE IULIMEI DEnIYEaALIZER IN 

SERVICE 

Fipun 3. Summary of Operating Activities 
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I Y I T I A L  PLANT STARTUP - 2 

COUTROL ROOM RELATED UOU-COUTROL ROOM RELATED 
OPERATOR (CO) ACTIOUS EQUIP. OPERATOR (PEO) ACTIOUS 

DEAERATOR COUTROL 
0 CHECK MID ADJUST DEAERATOR SDPC APPLY GU2 TO DEAERATOR 

LEVEL (LV83B AUTO COUTROL) 

VACUUU SYSTEM 
0 CLOSE CONDENSER GUp SUPPLY- SDPC 0 CLOSE GU2 CONDEYSER HAUD 

UOV660 VALVES 
0 RACK I N  BREAKERS 
0 VALVE I N  SPRAY WATER TO G W D  

0 CHBCK VALVING 
SEAL EXHAUSTER 

0 START GLAND SEAL EXHAUSTER 
0 APPLY AUX STEAM TO TURBIUE 

0 START A I R  REUOVAL PUUP 
SEALS 

CIRC WATBR SYSTEM 

0 START OUE CIRC PUUP 

SDPC 
SDPC 

SDPC 

0 

0 

0 
0 

HARDWIRE 
( SToP/MJTO ) 

+ 
SDPC 

0 

0 

0 

VALVE 11s UAKEUP WATER SUPPLY 
LV210 
VALVE I N  CORROSIOU RACK 
CHBCK CIRC PUUP ( O I L  LEVEL) 
RACK I N  PUUP AND MOV BREAKERS 

ADJUST RISER DISCHARGE VALVES 
(18PSI PUUP DISCHARGE PRESS) 
VENT COUDglSSER (TUBESIDE) 
VENT BEARING COOLIMG WATER HEAT 
EXCHANGBR 

UISCELtMlEOUS 
0 VERIFY TURBINE DRAINS CLOSED SDPC 0 VALVE I N  SPARGE LIUE 
0 BgSBT STBAUDUUP 
0 WOUITOR DBAERATOR LEVEL 

SDPC 
SDPC 

Fiaun 3. Summary of Olnrrting Activities (continued) 
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IUITIAL CIRCULATIOU - 1 

COUTROL mon RELATED UOIP-COUTROL ROOW RELATED 
OPERATOR (CO) ACTIOUS EQUIP . OPKRATOR (PEO) ACTIOUS 

WATER TESTS 

RECEIVER FEED PUMP 

0 VERIFY PROPER COUTROUER STATUS SDPC 
0 RESET AUD START REC. FEED PUMP HARDWIRE 

+ 
SDPC 

0 OPEU mv33 SDPC 

0 GATHER AHD AUALYZE LOCAL SAMPLES 
COUDEUSATE TMlK 
DEHIUEaAtIZED WATER TAHK 
CIRC WATER SYSTEH (ADD ACID 
AS XEQ'D) 

0 AUALYZB LAB "PIPED IU" SAMPLES 
COUDBIYSATE SYSTEM 

0 

0 
0 

0 
0 

0 

0 
0 WONITOR PUMP DISCHABCE PRESSURE SDPC 
0 WOUITOR PUMP LOGIC SEQUEUCE SDPC 

(SCOOP-SPEED-PRESSURE COMTROL) 
0 

0 

OPEU SUCTIOU VALVE (BAD PUMP 
SEALS) 
OPEW SBAL WATER 
CHECK VALVE ALIGIPLIFUT 
RECIRC 
lloV33 BYPASS 

CHECK OIL LBVEL 
WHT FEED PUMP (AFTER OUTAGE) 

OPEU UOV33 BYPASS 
OPEU LV74C BLOCK VALVE 

VglYT FEEDWATER HEATERS 
CLOSE WV33 BYPASS 

Figurn 3. Summuy of 0p.ming Activities (ctmtirmrd) 
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IWITIAL CIRCULATIOW - 2 

COUTROL ROOM RELATED UOU-COUTROL ROOM RELATED 
OPERATOR (CO) ACTIOUS EOUIP . OPERATOR (PEO) ACTIOUS 

RECEIVER FLASH TANK FLOW 
0 ADJUST PV2002, LV74A, & LV74C 

As REQ'D 
APPLY GW2 TO FLASH TANK 

0 HOWITOR FLASH TANK LEVEL 

FEEDWATER TESTS 

RECEIVER VglOT AUD FILL 
0 BSTABLISH FLOW TO THE RECEIVER 
0 OPEN PREHEAT VEUT (AOV2007) 
0 CLOSE PREHEAT VEI!?T (AOV2007) 

AUD O P W  BOILER VEHT (AOV2903) 
0 CLOSE BOILER VEUT (AOV2903) 

&ID PRESSURIZE THE RECEIVER 

SDPC 

SDPC 
SDPC 

SDPC 
SDPC 
SDPC 

SDPC 

0 FEEDUATER CHEHISTRY TESTS 
0 FILL AHHOWIA AHD HYDRAZIWE 

DAY TANKS 

0 OBSERVE VEUT 
0 OBSERVE VEUT 

0 ILlSPECT RECEIVER FOR LEAKS 

0 THROTTLE COUDEWSATE P W  RECIRC 

Figure 3. Summmy of Oponting Activitin (continued) 
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COLLECTOR FIELD STARTUP - 1 

COUTROL ROOM RELATED WOW-CONTROL ROOLJ RELATED 
OPERATOR (CO) ACTIOUS EQUIP. OPERATOR (PEO) ACTIOUS 

!!!E!s 
0 VERIFY FIELD IS HAEUCED OR MARK HAC 

IS  REQUIRED COUSOLE 

DBFOCUS RELEASE 
0 RELEASE THE DEFOCUS TO PERMIT HAC 

THE HAC TO ACCEPT COMHkblDS COUSOLE 

AIM POIUT F I L E  
0 SELECT AUD EUTER DESIRED AIM HAC 

POINT F I L E  CONSOLE 
OR OCS 

IJUSTOW 
0 

0 ISSUE IJUSTOW COHWUJD HAC 

0 CORRECT ABUORXALITIES (TIMEOUTS, HAC 0 
COUSOLE 

LOST POWER, LOST CON?IUUICATON) COUSOLE 
e 

0 

"BACKROOM** FulycTIOUS 
0 UPDATE OFFLIUE COLLECTOR HAC 

VERIFY COLLECTOR FIELD IS CLEAR 

DEBRIS, BTC) 
OF OBJECTS (e.g., TRUCKS, 

FREE STUCK LIMIT SWITCHES 
(I PER DAY) 
CYCLE POWBB HELIOSTAT 
(1 PER DAY) 

BUCODER PROBLgWS (2  PER DAY) 
REPORT HELIOSTAT ORIENTATIOY - 

FIELD F I L E  TERMINAL 

REQUIRED PRIOR TO AUY TERXINAL 
COLLECTOR FIELD STARTUP TASKS) 

0 REBOOT HAC COMPUTER (HAY EE HAC 

Figure 3. Summary of Operating Activities (continudl 
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RECEIVER STARTUP - 1 

COUTROL ROOM RELATED 10011-COUTROL ROOM RELATED 
OPERATOR (CO) ACTIOUS EOUIP . OPERATOR (PEO) ACTIONS 

IUITIALIZATION 
0 EXECUTE RECEIVER INITIALIZATIOU SDPC 

SEQUBUCE OR OCS 

AUD RECEIVER FLOWS OR OCS 
a VERIFY PROPER COUTBOLLER STATUS SDPC 

HAC COMnAImS 
a BEGIff TRACKING THE RECEIVER HAC 

CONSOLE 
OR OCS 

INITIAL STEAMING 
a MONITOR RECEIVER PAUELS SDPC OR 

SWITCHING TO FLOW COUTROL ocs 
0 MONITOR RECEIVER PAUELS SDPC OR 

SWITCHING TO TEMP COUTROL ocs 
0 MONITOR RECEIVER TEMPERATURE SDPC OR 

RAMP TO SUPERHEAT MID MOISTURE OCS 
SEPARATOR LEVEL FALL OFF 

PRESSURIZE DOWUCOWgB 
MOUITOR GBAOUAL OPBUING OF SDPC OR 
W2905 AM) DOWMCOHBR OCS 
PRESSURIWTIOU PROCESS 
MONITOR OPERATION OF DOWUCOHBR SDPC OR 
BOOTLEG DRAINS ocs 

0 MONITOR DOWUCOHBR PRESSURE AM) SDPC OR 
TEMPERATURES OCS 

STEAM DUMP ACTIVATION 
0 NOUITOR RBALIGM(EUT OF 

AUXILIARY STEAM VALVES 
0 MOUITOR STEA&f DUMP COMING 

IUTO SERVICE 
0 MOUITOR RECEIVER FLASH TAUK 

BEIffG BEHOVED FROM SERVICE 
0 SECURE THEEWU STORAGE BOILER 

FROM AUXILIARY STEAM SERVICE 

SDPC OR 
OCS 

SDPC OR 
OCS 

SDPC OR 
OCS 
SDPC SHUTOFF GN2 TO AUXILIARY OIL 

PUMP P305 

RBQUIRED 
SHUTDOUU ELECTRIC BOILER IF 

Figure 3. Summary of Operating Activitioa (continuodl 
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TURBINE ACTIVATION 

COUTROL ROOM RELATED NOU-COUTROL ROOM RELATED 
OPERATOR (CO) ACTIONS EQUIP. OPBBATOR (PEO) ACTIONS 

ELECTROHYDRAULIC (Eli) SYSTEH 

0 START EH SYSTEM 

FIELD GROUUD TEST 
0 COWDUCT GENERATOR FIELD 

0 CHECK El4 SYSTSM (FLUID LEVEL, 
LEAKS, C E M E W  COWDITIONS) 

SDPC 0 OBSERVE BH SYSTEM (LEAK CHECK) 

TURBINE 
GROUND TEST PADIEL 

LUBE O I L  SYSTBW 
0 CHECK LUBE O I L  SYSTEM 

0 VERIFY RECEIPT OF DC LUBE SDPC 0 .COIpwCT LUBE O I L  PUMP SEQUENCE 
O I L  PUMP ALABn TEST 

"BACK ROOM** COUTROL CABINET 
0 VERIFY DC VOLTAGE DEVIATION TURBIUE 

METER BEADINGS CABINET 
0 VERIFY STADIDBY POWER SUPPLY TURBINE 

VOLTAGE CABIWET 
0 VERIFY V1 MID V2 DIAL SETTINGS TURBINE 

CABIUET 

TUBBIlyE PANEL 
0 COWDUCT LAW AHD METER CHECKS TURBINE 

0 ADJUST DIALS MD SWITCHES TO TURBIlSE 
PAHEL 

STARTUP POSITIONS PADIBL 

0 CONDUCT EMERGENCY T R I P  TEST TURBINE 0 RESET BREAKKBS 
PAUEL 

WARM MD BOLL TuRBIlog 
0 OPglp HAIN STEAM BLOCK VALVE SDPC 0 PRESSURIZK STEM LINE WITH 

0 ALfClY STEAH LINE MID TuRBIlSE SDPC 

0 WARM STEAM CHEST, HOUITOR SDPC 

(HOV1031) HOV1031 BYPASS 

DRAINS 

TURBINE TEMPERATURES 

0 



TURBINE ACTIVATION 

COUTROL Boow RELATED UOU-COUTROL ROOM RELATED 
OPERATOR (CO) ACTIONS EQUIP. OPERATOR (PEO) ACTIOUS 

0 ROLL TURBINE AND HOLD AT 

0 MOUITOR TURBINE SPEED, 

0 ROLL W I N E  TO SYUCHROUOUS 

1000 RPM 

TEHPERATURES AUD VIBRATIONS 

SPEED 

019 LIUE 
0 SYUCHRONIZE GENEBATOR 
0 UOTIFY DISPATCHER 

TRANSFER TO PRESSURE COUTROL 
0 INCREASE LOAD TO CLOSE S T W  

DUMP VALVE 

0 "ENABLE" STEAM DUHP 
0 ADJUST TURBINE PRESSURE 

COUTROL DIALS 

0 PLACE TURBIUE EXTRACTIOUS 
IN SERVICE 

"STEADY STATE" OPERATIOUS 
0 ADJUST STEAM TEHPERATURE AND 

0 SWITCH COLLECTOR AIM POIUTS 
PRESSURE SET POIUTS (AS REQ'D) 

TURBINE 0 
PANEL 

SDPC 

TURBINE 
PANEL 

TURBIUE 
PAUEL 

TURBINE 
PAUEL OR 

SDPC 
SDPC 

TURBINE 
PMlEL OR 

SDPC 
SDPC 0 

0 

SDPC 0 

HAC 0 

COUSOLE 
OR OCS 

SOUUD TURBINE 

VERIFY UOU RETURN VALVES OPEN 
COUDUCT NOU RETURU VALVE TEST 

COUDUCT WATEWSTEAM CHEMISTRY 
CHECKS (CHEM TECH) 
CHECK TURBIUE UOU RETURN VALVES 

Figura 3. Summary of Operating Actiritir (continual) 
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TURBIUE/RECEIVER SHUTDOWN - 1 

COUTROL ROOM RELATED UOU-COUTROL ROOM RELATED 
OPERATOR (CO) ACTIONS EOUIP . OPERATOR (PEO) ACTIOUS 

TUBBIUE OFFLINE 
"DISABLE" STEAM DUMP SYSTEM 
REDUCE LOAD 

REMOVE GENERATOR FROM GRID 
(LOW LOAD CUTOFF OR OPERATOR 
ACTION) AM) ADJUST COUTROL 
DIALS 
TEUNSFER RECEIVER FLOW BACK 
TO FLASH TAUK 

ADJUST RECEIVER TEMP SET 
POIUT FOR COOL DO^ 
**DEFOCUS" COLLECTOR FIELD 

MOUITOR RECEIVER TEHPERATURES 
DURING AMBIENT COOLDOWN 
STOP RECEIVER FEED PUMP 

STOW COLLECTOR FIELD 

SDPC 
TURBIUE 
PANEL 
OR SDPC 
TURBIUE 0 PLACE TURBINE OU TURUIUG GEAR 
PANEL OR (WHB19 TUBBIUE STOPS SPXWING) 
SDPC 0 RACK OUT GElyBRATOR BREAKER 

0 STOP SECOUD LUBE OIL Puwp 
SDPC AND 
HAC 

COUSOLE 
OR ocs 
SDPC 

HABDWIRE 
PUSH 
BUTTOU 
SDPC 

SDPC 0 CLOSE SUCTIOU VALVE 
0 SHUTOFF SEAL WATER 
0 CLOSE LV73C BLOCK VALVE 

HAC 
CONSOLE 

figure 3. Summary of Operating Actiritiea (continued) 
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L 

PUWP SHUTM)wtl TO HODK 8 - 1 

COUTBOL ROOM RELATBD 
OPERATOR (CO) ACTIOIPS IWUIP . OPERATOR (PBO) ACTIOUS 

8W-CO-L %ooLI RELATED 

0 SHUT Doull OWE CIRC WATER PUMP SDPC 0 

0 

0 

TuuBIllp sEALs/vacuuL( SYS SHUTDOW 
0 STOP AIR BgmlVAL PUMP SDPC , 
0 OPgll cll2 SUPPLY TO THE SDPC 0 

0 s E c u B g T u B B I N E s l u L s  SDPC 
0 STOP CLMD SEAL UXUUSTBR SDPC 
0 STOP COUDEUSATE PULIP SDPC 0 

COUDWSER 

0 
0 
0 

0 

0 

0 

0 STOP LAST OPERATIHG CIRC 
WATER PUMP 

SDPC 

THROTTLE COOLIMC M R  RISER 
LIUU TO PULlp DISCHARGE PRESSURS 
TO 18PSI 
CLOSE BLIICI VALVE OIP COOLING 
royIp ?ILL VALVE 
StlUTOPF CIPC WATER FLOW TO 
cORms101 RACK 

VALW 11 Cl2 TO COUDEUSBR AlSD 
DRABRATOR 

'LHBDRU -SATE PUMP 
D I S W  
OPIl l  -8 BgCIRC. 
SHUTO?F BlUIWLL MAICEUP LINKS 
sEIuIollcolREotwwBBTO 
ELECTRIC BOI- ( IF RSQ'D) 

HBITms 
CLOSB CIBI: UUKR SUPPLY MID 
RETUEM VALVES AT THE BEARING 
COOLIlC W m  HUT gXcHAtocBR 
ATTACH SIPncH UATBR (HOSE) TO 
BBARIMC cootflc WATBR HEAT 
BXCHILICIP I? REQ'D (SvwrtpR) 

VALW 11 a2 TO FEEDWATER 



IV. CONCEPT DEFINITION 

The remoting of Solar I monitor and control functions to 
the Coolwater Generating Plant, a distance of approximately 
two miles, was examined for each of the following two 
capabilities: 

a. Alternate 1 - Provide SDPC, HAC and OCS stations at 
Coolwater with the required duplicated set of omer- 
gency trip hand-switches. 

Coolwater with the required duplicated set of emer- 
gency trip hand-switches. 

b. Alternate 2 - Provide only HAC and OCS stations at 

The Alternate 1 concept provides two levels of control 
and monitoring (automatic and manual) using displays, key- 
boards, switches identical to those found in the Solar I con- 
trol room. The Alternate 2 concept provides two levels of 
plant control for the collector subsystem (OCS automatic and 
HAC manual) and one level of plant control (OCS automatic) 
for the other major subsystems (i.e. receiver, EPGS, TSS, 
BOP). The displays, keyboards and switches used in the 
Alternate 2 concept are also identical to those used in the 
Solar I control room. 

Because the turbine-generator controls at Solar I are 
manual controls, the ability to perform the control and 
monitor functions through the SDPC at Solar I are required 
for both Alternate 1 and Alternate 2 concepts. 

Command, monitor, and handswitch functions to and from 
the Coolwater remote control room and the Solar I plant will 
be transmitted over hardwire for both alternate concepts using 
appropriate line drivers, line receivers and modems as 
r equir ed . 
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A. Alternate 1 Concept Definition 
The Alternate 1 concept provides the approach to 

remote monitor and control Solar I which deviates the least 
from the monitor and control system and operator practices 
now in use at Solar I. In order to implement this concept at 
least one Subsystem Distributed Process Control (SDPC) opera- 
tor station with report logger, one Heliostat Array Controller 
(HAC) station, and an Operational Control System (OCS) station 
would be remoted at the Coolwater Generating Plant along with 
the appropriate emergency handswitches. The following para- 
graphs define the requirements for each station. 

1. SDPC Operator Station 
To understand the remoting requirements for an 

SDPC operator station an explanation of the SDPC hardware and 
functions at Solar I needs to be presented. The SDPC consists 
of three Beckman Model Mv 8000 systems modified to allow any 
one, or combination, of up to four operator stations to com- 
municate with each of the three MV 8000 systems. A schematic 
of this configuration is shown in Figure 4. The operator 
station, being micro processor organized, accomplishes this 
task via digital processors that communicate with each MV 8000 
system in combination with a three position manual select 
switch (Console Access Processor or CAP) located at each 
operator otation. 

Each MV 8000 system data base is assigned to a 
specific control, monitoring and reporting function. One 
system data base is assigned to control and monitor the 
Receiver Subsystem, a second system and data base controls 
and monitors the Thermal Storage Subsystem, and the third 
W8000 system and data base controls and monitors the Elec- 
trical Pover Generation Subsystem and Balance of Plant (e.g. 
turbine-generator, water makeup, demineralization, etc.). 

22 
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Usual ly  one of the  f o u r  ope ra to r  s t a t i o n s  ser- 
vices one of t h e  three MV8000 system and t h e  corresponding 
p l a n t  subsystem data base. The f o u r t h  ope ra to r  s t a t i o n  is 
used a s  a yRoverw s t a t i o n  and provides:  1) a n  a u x i l l a r y  
d isp lay  monitor and c o n t r o l  o p e r a t o r  s t a t i o n  f o r  any one of 
t h e  three MV8000 systems and 2)  a backup s t a t i o n  i n  t h e  event  
one of t h e  o t h e r  s t a t i o n s  becomes inope ra t ive .  

Each MV8000 system is supported by a logger/  
p r i n t e r ,  used t o  record  i n  hardcopy form t h e  o p e r a t o r  
commands, system alarms and s h i f t  r e p o r t s .  Only one logger /  
p r i n t e r  can be p h y s i c a l l y  and l o g i c a l l y  ass igned  t o  a n  MV8000 

system. Hence, three l o g g e r / p r i n t e r  devices are connected t o  
the SDPC a t  So la r  I. 

For t h e  Alternate  1 remoting conf igu ra t ion ,  t h e  
SDPC system r o l e  would be a backup t o  t h e  Opera t iona l  Cont ro l  
System (OCS) and provide the  ope ra to r  adequate  c a p a b i l i t y  t o  
monitor and c o n t r o l  e lements  of a subsystem manually and 
semiautomatical ly ,  but  i n  a manner less respons ive  than  t h e  
l o c a l  S o l a r  I SDPC fou r  s t a t i o n  capabi l i ty .  The primary mode 
of ope ra t ing  S o l a r  I remotely would be through t h e  Opera t iona l  
Cont ro l  System. U s e  of the SDPC would be i n  the event  of a n  
OCS f a i l u r e .  Acknowledging a r educ t ion  i n  c o n t r o l  command 
and response performance t o  t h e  o p e r a t o r ,  a minimum s i n g l e  
ope ra to r  s t a t i o n  c o n f i g u r a t i o n  is judged t o  be adequate .  As 

a backup system, however, t h i s  c o n f i g u r a t i o n  would probably 
not be adequate  by i tself  t o  manage a p l a n t  emergency. The 
subsystem safe ty  systems, t he  OCS and HAC so f tware  and/or  
l o c a l  o n s i t e  So la r  I personnel  would have t o  suppor t  p l a n t  
emergencies. 
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The SDPC is currently at the maximum capacity of 
four operator stations. 
required to expand the operator station capacity. Conse- 
quently, the most cost effective approach is to move the 
uRoveru station from Solar I to the Coolwater remote site. A 

spare Plant Graphics Processor (POP), currently not used at 
Solar I would be remoted with the operator station. In addi- 
tion, a slave printer, interfacing with the Solar I SPDC, 
through the CAP switch, would require independent connections 
to each of the three Report Generator Processors for the 
transmission of operational messages, reports, alarms and 
diagnostic messages to a hard copy logger/printer. 

Major modifications would be 

To remote the rover station to the Coolwater 
remote site, the following additions would have to be provided 
to the SDPC System: 

a. Hardware 
1. Add full duplex 9600 modem pairs to 

twelve (12) digital communications 
links between the remote station and 
the CCM, HTP, RGP and logger/printer 
output for each of three BS8OOO sytems. 

remote station that properly houses 
the SDPC remoted equipment and pro- 
vides space to house the HAC and OCS 
operator stations. 

2. Manufacture a control console for the 

b. Software 
No new software or existing softvare modi- 
fications are required. 

A block diagram of the SDPC local and remote configuration is 
shown in Figure 5. 
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2. OCS Operator station 
Primary operation of Solar I from the remoting 

site at Coolwater for Alternate 1 is through the Operational 
Control System. The OCS consists of a MODCOMP computer system 
Model 7663 digital computer with support peripherals. The 
computer interconnects to the SDPC, DAS and HAC computers for 
data and control and interacts with the operator(8) through 
two color display systems with keyboards supported by two 
logger/printers, and one additional color monitor for display- 
ing trends. A block diagram of the OCS is shown in Figure 6. 

The OCS contains applications software to per- 
form near real time collector field control, supervisory con- 
trol and automatic clear day operation. In all cases very 
little operator intervention is required to manage specific 
plant and subsystem operations. However, limited OCS control 
of the turbine-generator is currently available to the opera- 
tor. A summary of plant automation functions and benefits is 
shown in Table 1. 

To remote the OCS capability at the Coolwater 
Generating Plant and maintain the local OCS capability at 
Solar I the following changes must be incorporated into the 
OCS syten: 

a. Hardware 
1. Add channel 3 and 4 electronics to 

the Aydin 5215 display generator for 
support of two additional OCS operator 
stations 

editor keyboards. 

assemblies. 

2. Add two Aydin Model 5L15A display 

3. Add two Aydin Model 5529 light pen 
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TABLE 1 

P L M T  AUTOHATIOH SucouBY 

DescriDtion MJor Benefits Category 

supervisory 0 Provides the operator 
Control With the capacity to 

automatically control 
and sequence the plant 
as desired for any one 
day with minimal real- 
tims interaction by 
operator. 

0 Thore are two levels of 
automation and control: 
clear day scenario and 
mode transitions. 

Automatic 
Co 1 lec tor 
Aimpoint 
control 

0 Decreases startup time of each 
system and plant compared to 
manual operation. 

0 Improves the maxirmm operating 
perfomnce of each system and 
plant. 

0 Improves the net on-line 
operating time for each system 
and plant. 

0 Reduces operator interaction 
with the plant. 

0 Reduces operator workload. 

0 Provides a uniform and 
consistent approach to plant 
operations. 

0 Provides the capability 0 Establishes required aimpoint 
set according to time of year to control aimpoints in 

one of three modes: and day. 
mpnual, semiautomatic, 
and automatic. 0 Three modes of operation for 

f lexibi li ty . 
0 Assures proper aimpoint set such 

that Bs performance is 
maintained. 

Plant 0 Provides the operator 0 
Surveillance with information resarding 
Functions the current state of 

plant operation and 
operating efficiency in 0 
the f o m  of alam 
sumuries, trends, 
operatiw status displays, 0 
and perforaonce related 
displays. 

Provides operator visibility 
into all plant operations 
via one console. 

Increases operator awareness 
of plant operating condition. 

Provides visibility of automatic 
sequences in terms of major 
steps and which step is 
currently in progress. 
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TABLE 1 (continued) 

PLANT AUTOMTIOU SulMABY 

Category Description Major Benefits 

Plant 
surveillance 
Functions 
( Cont inued ) 

0 Provides high resolution 
trending of historical data. 

0 Provides subsystem and overall 
plant efficiency measures which 
provide operator insight into 
ways of increasing efficiency. 

0 Alarm sunmrary consisting of all 
plant alarms which are color 
coded according to subsystem. 

0 Allows operator to monitor and 
control the plant from an energy 
management and efficiency 
standpoint. 

Han-Hachine 0 Provides the capability 0 Increase of display capability 
Interface (HllI) for the operator to and display response time. 

monitor and control from 
one console all systems 0 Operator access to all plant 
critical to overall plant controls, alarms, and data via 
operations. one console. 

0 Provides the capability 
for the operator to 
control the plant using 
OCS displays and applica- 
tion programs (supervisory 
control). 

Automatic 0 Provides the capability 0 Decreases the Bs startup time 
Collector to automatically regulate compared to manual operation. 
Field Control the collector field to 

achieve either startup 0 Maintains RS flowrate within 
full power, an inter- flash tank limit during startup. 
mediate power condition, 
a hot standby condition, 0 Limits incremental power 
or defocus of entire 
field. disturbances. 

increases to minimize system 
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TABLE 1 (continued) 

~ ~~ 

Ca tegorv Descrintion Mador Benefits 

Autoraotic 
Collector 
Field Control 
(Continued) 

0 Rapidly transition back to 
acceptable flash tank operating 
power conditions in order to 
keep receiver on-line during 
disturbances. 

0 Reduces the time and operator 
commpnds to achieve the desired 
power condition thereby improv- 
ing output and performance. 

SDPC a Provides the capability 0 Able to store current configura- 
Configuration to mointain the SDPC tion for future reference or 
Upload and data base. download. 
Download 

0 Able to quickly verify the data 
base in case configurations are 
in question. 

0 If data base gets "scrambled" 
for some reason, able to quickly 
download data base and resume 
operation. 

0 Keep track of data base changes 
over periods of time. 



4 .  

5 .  

6 .  

7 .  

8. 

9 .  

10. 

Add two Aydin Model 8830 high resolu- 
tion color monitors 
Add interconnecting cabling between 
keyboards, monitors, light pens and 
display generator channels. 
Add eight fiber optic cables with 
bidirectional signal line driving and 
receiving to providing remoting to 
10,000 feet. 
Add two logger/printers with RS 232 
three wire cables and modems to remote 
terminals 10.000 feet. 
Add one ISC Model 8001H color display 
system for parameter trending. 
Add one printonix Model MVP to hard- 
copy the trend display. 
Provide Cabinets, cooling fans and 
racks to house and support the opera- 
tor station hardware. 

A block diagram of the OCS hardware system with remoted 
stations is shown in Figure 7. 

b. Software 
1. Modify existing OCS system software 

to accommodate two additional OCS 
operator stations and two additional 
logger printers. 

2. Add applications software that allows 
control (e.g. warming, rolling, 
synchronizing, pressure or load con- 
trol set point manipulation, generator 
power factor adjustment, and turbine 
shutdown) and monitoring of the auto- 
mated turbine-generator functions. 
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3. Add protective software to the OCS 
that selects either remote or local 
operator stations for control access 
through the remote OCS operator 
station and provides a capability to 
determine and status of SDPC, OCS, 
DAS and HAC system availability before 
and during remote plant operation. 

A pictorial chart of the OCS software with the additions and 
modifications for remoting is shown in Figure 8 .  

c. Operational Limitations 
In keeping with the guideline to minimize 

new software development, the operation of the expanded OCS 
with the remoting capability will have limitations. These 
limitations are: 

1. The olBootstrapii loading of software 
into the OCS computer must be accom- 
plished at Solar 1. No Capabilities 
will exist to bring the computer up 
and on line from a cold start at the 
Coolwater remote operator station. 

erals during operation must be accom- 
plished from the Solar I site. Local 
equipment status lights (e.g. ready, 
offline, etc.) would not be remoted 
or conditioned to be monitored by a 
computer system. Equipment statusing 
would be limited to running the equip- 
ment diagnostics capabilities fur- 
nished as software by Modular Computer 
Systems Inc .  before and during OCS 
operation. 

2. The functional statusing of periph- 
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3. Only the remote or local OCS operator 
stations will be active when OCS is 
operating. Selection of local or 
remote operation would be assigned 
from the remote Coolwater operator 
stat ion. 

4. The OCS uses DAS data to monitor plant 
functions. The DAS computer and 
associated data acquisition system 
front-end processors require initial- 
ization (booting up) occasionally. 
This operation would be done at the 
Solar I facility. 

3. Heliostat Array Controller Operator Station 
The operation of the collector fields can be 

accomplished from commands output by the OCS using OCS CRT 
displays with keyboards that communicate with the Operational 
Control System computer. However, direct control of the 
collector field from the Heliostat Array Controller (HAC) is 
required in the event the OCS to HAC communications link is 
lost. 

The HAC is a redundant computer system comprised 
of two Modular Computer System Model 7861 minicomputers that 
communicate to the operator and between themselves via shared 
input and output hardware devices (i.e. peripheral control 
switches, shadow memory, and universal communications 
devices). A block diagram of the Dual-Redundant Heliostat 
Array Controller is shown in Figure 9. 
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One of the two HAC computers is declared by the 
operator as the prime controller and has the capability and 
capacity to control and monitor the collector field of 1818 
heliostats as well as interact with the operator to accept 
field and heliostat commands and provide status information. 
The remaining HAC computer is designated as the backup con- 
troller. This computer, with the same capacity and capabil- 
ities as the prime HAC, mimics and monitors the primary HAC 
computer operations, but does not output commands or status 
info rma t ion . 

The switchover from the primary HAC to the 
backup HAC can OCCUL one way automatically upon detection of 
a data base update latency that exceeds a preset time interval 
value. Reestablishing the redundancy following a fail over 
to the backup computer is an offline function that is accom- 
plished with the.collector field in the stow position. 

Two modes of collector field control are avail- 
able: One mode allows the plant operator to control the field 
and individual heliostats by typing commands at the HAC 
operator station: the second mode provides complete automatic 
control using time sequenced commands stored on computer disk 
memory and activated from the Operational Control System. 

The applications software for the Heliostat 
Array Controller operates within the MAX IV/MAX NET operating 
system provided by Modular Computer Systems Inc. Memory 
resident routines interacting with external interfaces and a 
common data base, as shown in Figure 10, provide the intelli- 
gence for managing the collector field. The identical soft- 
ware configuration is resident in both HAC computers with only 
the data base differing in the backup HAC by a maximum time 
lag of one-half second. 
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R.dundrm Heliomt A m v  Controller Block Di#m 
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Remoting the Heliostat Array Controller monitor 
and controls capabilities for the Alternate 1 configuration 
requires hardware additions in the HAC. A duplicated HAC 
operator station would be provided at the remote Coolwater 
Generating Plant. The following changes and modifications 
would be required: 

a. Hardware 
1. Add an ISC 8001G color CRT display 

2. Add a TI-810 printer/logger to the 

3. Relocate an existing redundant 

terminal to the HAC. 

HAC. 

Chromatics 1599 color CRT monitor 
from Solar I to the remote Coolwater 
facility. 

remoted equipment from the HAC com- 
puters at Solar I to the control room 
at the Coolwater Generating Plant. 

5. Provide an equipment rack for housing 
added communications equipment (i.e. 
modems, line drivers, line receivers, 
etc.) at Solar I. 

A block diagram of the HAC hardware configuration with remot- 
ing capability is presented in Figure 11. 

b. Software 

4. Add nine wires with modems for the 

1. Modify the HAC computer codes (MANMIF 
Software Module) to perform the opera- 
tor station switching function between 
local (Solar I) and remote (Coolwater 
Generating Plant) operation. 
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2. Modify the MAX IV Operating System 
Generation to include the added ISC 
8001G color CRT display terminal and 
the added TI 810 printer/logger 
terminal. 

The HAC software structure concept that includes the software 
switching of operator stations is shown in Figure 12. A soft- 
ware switch designed into the HAC Computer Codes would perform 
the operator station switching function with software as pro- 
posed for the OCS operator station. This implementation 
method would reduce the wiring requirements between Solar I 
and the remoting site and on the surface appears simple to 
accomplish. However, even though the HAC software design is 
modular and the revisions required to select remote or local 
operation by a software switch are minor, there can be abnor- 
mal risk in modifying the software to perform the operator 
station switching. This is because adequate computer perfor- 
mance margins may not exist for program execution timing if 
major revisions are required. Software programs other than 
the MANMIF Modular (e.g. status, alarms, EXTINF, etc.) may 
require changes to implant the software switch. A proper 
assessment of the software change impact on HAC has not been 
conducted at this time. 

c. operational Limitations 
There are limitations of operation associ- 

ated with remoting the HAC operator station. These limita- 
tions are: 

1. The collector field will only be 
monitored and controlled from one 
operator station as determined by the 
hardware or software switch selection 
position. 
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2. The hardware or software switching 
can only be done from the remote site. 

3. The servicing of computer offline 
(e.g. command file update, source 
editing, computer rebooting, BCS 
candidate list entry, and running 
diagnostics) will be accomplished at 
Solar I. 

Characterization System (BCS) in con- 
junction with the collector field will 
have to be initialized and started 
from the Solar I control room. 

5. The statusing of HAC computer hardware 
(i.e. ready lights, power lights, 
etc.) will be accomplished at Solar I. 

4. The operation of the heliostat Beam 

The HAC computers interface to the DAS, 

oCS and BcS computers. The operational integrity of the DAS 

and BCS interfaces with the HAC must be verified locally at 
Solar I. The OCS to HAC interface integrity will be verified 
running diagnostic tests that can be initialized through the 
remote OCS operator station and conducted by the OCS computer. 

4. Turbine-Generator Control Operator Station 
The operation of the turbine-generator system 

at Solar I is currently conducted from an operator analog 
manual panel board consisting of lighted indicators, push 
buttons, analog meters, and potentiometer adjustment knobs. 
Typical panel8 used in turbine-generator control are shown in 
Figure 13. Warmup rolling, sychronizing and loading the 
turbine-generator is accomplished manually by the control 
operator or assistant control operator from this large panel. 
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A Plant Equipment Operator is sent to the turbine-generator 
set during startup to watch and listen for abnormalities 
(i.e. excessive vibration, seal leaks, verify local gage 
readings with panel readings, etc.) that could cause a hard- 
ware failure. Following generator sychronization, the 
turbine-generator can be controlled through the SDPC in the 
pressure control mode or manually at the turbine-generator 
panel in pressure control or load control modes. 

The turbine-generator system is started manually 
from a cold, warm or hot condition following a prescribed 
procedure that includes defined metal soaking periods for each 
condition. The operator can manually select to warmup and 
roll the turbine from either the high pressure inlet (receiver 
subsystem) or the admission inlet (thermal storage subsystem) 
steam (above 500 PSIG). Turbine-generator shell temperatures, 
bearing oil pressures and steam pressures are monitored on 
the analog control panel and by the SDPC through an operator 
station color CBT display. 

The basic functions for startup and speed con- 
trol are shown in Figure 14. The Startup Speed Control (SSC) 
logic and generator sychronization with the utility grid sys- 
tem provided by the turbine-generator manufacturer are capable 
of automatic operation from the analog panel or Master Control 
(e.g. SDPC, SLS, OCS). However, the control wiring from the 
manual turbine-generator control panel switch, meter, and 
setpoint functions to the Master Control is not completed or 
checked out. Turbine-generator monitoring functions (e.g. 
shell temperatures, generator temperatures, etc.) are cur- 
rently wired to Master Control and used by the SDPC and OCS 
color CRT displays. to characterize the operating status and 
alarm conditions of the turbine-generator system. 
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The following paragraphs describe the approach 
and changes or modifications which will be required to operate 
the turbine-genrator from a remote location through the SDPC 
and OCS. 

a. Approach 
The method selected for remote operation 

of the turbine-generator for the Alternate 1 concept is to 
establish the monitor and control in the SDPC and OCS instead 
of duplicating the present analog panels and functions at the 
remote site. This approach is considered the most feasible 
for the following reasons: 

1. Duplicating the analog monitor and 
control panels at the remote site with 
the expectations of installing over 
100 two wire functions a distance of 
approximately two miles would require: 
a) Significant design changes to 
existing turbine-generator logic to 
accommodate local/remote control 
sensing and switching and b) new 
design to provide long distance signal 
driving and receiving capabilities 
for the remoted turbine-generator 
monitor and control functions. 

2. The turbine-generator monitor and 
control functions have been provided 
by the manufacturer that are adaptable 
to external control with automatic 
logic capabilities internally avail- 
able for Speed control and generator 
sychronization with the utility elec- 
trical grid. 



3. A portion of the turbine-generator 
monitor functions have already been 
installed and used by the operators 
in the SDPC to monitor turbine- 
generator related activities. In 
addition, SDPC and ILS logic has been 
developed to operate the turbine- 
generator system in the pressure con- 
trol mode following sychronization 
with the utility grid. 

4. Cabling turbine-generator monitor and 
control functions to the SDPC and ILS 
requires short runs of several hundred 
feet all within the confines of the 
Solar I control building, substan- 
tially reducing long line communca- 
tions design and implementation costs. 

through the OCS and SDPC as opposed 
to operating the machinery from the 
analog panels should reduce operator 
workload using automatic operating 
logic where possible. 

5. Operating the turbine-generator 

b. Hardware 
Provide hardware to completely control the 
turbine-generator from the SDPC. 
1. Complete the wiring of the turbine- 

generator control monitor functions 
to the SDPC and I L S .  

2. Procure and install the input/output 
hardware required in the I L S  and SDPC 
to interface with the wiring to the 
turbine-generator panel and logic 
circuitry. 
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c. Software 
Provide software to completely control the turbine- 
generator functions from the SDPC. 
1. Establish the SDPC and I L S  logic to safely 

operate the turbine-generator functions from 
an external source and conduct a checkout of 
the SDPC/ILS operation of the turbine-generator. 

2. Design, code, and validate OCS supervisory 
software that integrates the turbine-generator 
automatic operation into the clear day scenario, 
mode transitions, and plant startup and shutdown 
capabilities. 

A block diagram showing the remoting configura- 
tion for the turbine generator system is presented in 
Figure 15. The control and monitoring functions and their 
installation status in the ILS/SDPC systems to provide the 
basic remote automatic control capability for OCS are identi- 
fied in Figure 16. There are an estimated sixty (60) control 
and monitor functions that need to be wired to the ILS/SDPC 
from the turbine-generator panel in order for the operator to 
manually (or automatically) perform the startup and turbine 
loading functions in the SDPC from the remote site. 

5. Trip switch Panel 
There are seven trip switches and one reset 

switch located on four different panels within the Solar I 
operator control station. These panels and the switches are 
identified in Figure 17. The seven trip switches are com- 
prised of: a) plant trip switch; b) receiver trip (as)  switch: 
c) Steam Dump (SDS) trip switch; d) thermal storage charging 
(charging trip) and thermal storage extraction (extraction 
trip) trip switches; e) turbine-generator (emergency trip) 
trip switch; and f) the collector field defocus trip switch. 
The reset switch is to reset a turbine-generator trip. 
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STATUS 

I = IWSTALLED 

W = WOT INSTALLED 

PARAMETER WAME 

MSTER 

FUWCTIOW TYPE OF COWTROL STATUS 

SIGWAL SYSTEM 

Remote/Local Control 
1000 RPH Hold PB 
3570 RPM Hold PB 
Cold S t a r t  Up Accel. PB 
Warm S t a r t  Up Accel. PB 
H o t  S t a r t  Up Accel. PB 
Auto Synch Ramp PB 
S t a r t  Up Speed Control 

Speed/Loab Control 
Load L i m i t  Controller 

S t a r t  Up Speed Control 

S t a r t  Up Speed Control Range 

1000 RPM Hold 

In/Out 

Setpo i n t  

Se tpo i n  t 

3570 RPM Hold 

Generator Synch 

Cold S t a r t  Up Accel. 
Warm S t a r t  Accel. 
H o t  S t a r t  Accel. 

Auto Synch Ramp 
Load Limit Control 

SSC Reset PB 

Contro 1 

Control 
Con t ro 1 
Control 
Con t ro 1 
Control 
Control 
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Monitor 
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STATUS 
1 -  I = IWSTALLED 

19 = UOT INSTALLED 

PARAMETER W A H E  

MSTER 

FUUCTIOU TYPE OF COUTROL STATUS 

SIGNAL SYSTEM 

SCC Reset L i t e  

SCC Out  

mnitor  
Monitor 

Speed Holding Monitor 
S t a r t  Up Speed Control In Monitor 

Speed Monitor 
Computer Enable Switch Contro 1 

Range 

Main Inlet  Pressure 
Control 

Control 

Admission Inlet  Pressure Control 

Generator Temperature Con t ro 1 

Turbine tube Oil Cooling Control 
Turbine s h e l l  Temperatures Monitor 
Hain Inlet Pressure Control 

Admission Inlet  Pressure Control 

Admission Stop Valve Control 

Spe,eQ Load Control Setpoint Control 
Inlet Pressure L i m i t e r  Control 
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STATUS 

I = IUSTALLED 
Is = UOT INSTALLED 

PARAMETER UAME 

~~ ~ ~~ ~ 

W T E R  

FUUCTIOW TYPE OF COUTROL STATUS 
SIGUAL SYSTEM 

USV Closed 
MSV Open 
USV Auto Closed 
l l s V  Position Control 
CSBV Open 
CSBV Closed 
CSBV Auto Open 
CSBV Position Control 
V1 Speed/Load Contr. Limit 
V2 Speed/Load Contr. Limit 
+30 VDC Standby PS 
+30 VDC Standby PS OU 
-22 VDC Standby PS 
-22 VDC Standby PS OW 

+26 VDC Standby PS 
+26 M C  Standby PS ON 
Generator Field Breaker 
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Voltage Regulator 
Turbine Trip Reset 

Posit ion 
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The trip switches are hardwired to the plant 
trip box and also to the Interlock Logic system (ILS) where 
the functions are transformed to a digital form that is 
displayed within the SDPC and OCS systems. The switch func- 
tions cannot be activated from the SDPC or OCS with the 
current design implementation. 

For remoting the seven trip functions, the 
following hardware and software tasks must be completed. 

a. Hardware 
1. Provide a single panel that contains 

the eight function push buttons 
required for the seven trips defined 
above and one turbine-generator reset. 

water remote site to accommodate the 
activation of the trip functions. 

2. Add ILS logic hardware at the Cool- 

3 .  Add wiring and ILS logic hardware from 
the ILS at Solar I to the plant trip 
box and that allows activation of the 
seven trip functions and one reset 
from the ILS/SDPC system. 

4. Modify the plant trip logic box to 
add relays or relay contacts to 
accommodate parallel activating func- 
tions and provide adequate isolation 
of the remote inputs. 

b. Software 
1. Add logic and data base in the ILS 

and SDPC systems that allows activa- 
tion of the seven trip functions and 
one reset from the remote site. 
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2. Add software in the OCS to status the 
trip and reset functions transmitted 
from the remote site. 

A diagram of the mechanization of the remote 
hand switch panel is shown in Figure 18. The Solar I hand 
switches are hardwired to the Plant Trip Box with status 
information fed back to the ILS and subsequently the SDPC and 
OCS systems. The remoting of the hand switches at Coolwater 
would be accomplished in a different way to minimize cabling 
over long distances (approximately two miles) and reduce the 
affects of electrical noise. The remote hand switch panel 
would be wired to ILS input and output conditioning equipment 
at the Coolwater remote location as an extension of the Solar 
I site ILS system. This extension would be connected to the 
main interlock logic system by a single coaxial cable. Added 
logic. data base, and software in the ILS. SDPC and OCS would 
provide the linkage between these systems. Additional wiring 
from existing ILS input and output conditioners in remote 
station 4 at Solar I to the plant trip box would complete the 
connections. 

6. Alternate 1 ConceDt Remote System Confiquration 
a. Remote Site (Coolwater) 

Alternate 1 concept would consist of adding the following 
elements at Coolwater: 

The remote system configuration for the 

1. SDPC 
a. One Beckman MV8000 Operator 

Station Color CRT Display 
b. One Beckman MV8000 Operator 

Station Annunciator Keyboa rd 
c. One Beckman MV8000 Operator 

Station Touch Keyboard 
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d. One Beckman MV8000 Operator 
Station Logger/Printer 

e. One Beckman MV8000 Communications 
Access Processor switch 

f. One Beckman MV8000 Light Pen 
2 .  ocs 

a. Two Operator station AYDIN 8830 
Color CRT Displays 

b. Two Operator Station AYDIN 5115A 

Keyboards 
c. Two Operator Station AYDIN 5529 

Light Pens 
d. Two Texas Instruments 810 Logger/ 

Printers (or equivalent) 
e. One ISC 8001G Color CRT Monitor 
f. One Prinhonix MVP Hardcopier 

a. One Operation Station ISC 8001G 

b. One Operator Station Texas 

3. HAC 

Color CRT Displays with Keyboards 

Instruments 810 Logger/Printer 
(or equivalent) 

c. One Operator Station Chromatics 
1599 Color Graphics CRT Display 
System 

One Custom Hand Switch Trip Panel 
consisting of Eight (8) switches 
and Eight (8) light indicators 

4. Trip Panel 
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5. Console 
One Operator Station Custom con- 
sole to accommodate the SDPC. 
0cs8 HAC and trip panel hardware 

a. One Modicon 584 1/0 Module Hous- 
ing with I/O wire terminals. 
MODBUS connectors and power 
supply to service the remote trip 
panel 
Two Modicon B260 analog output 
modules to service trip panel 
hand switches 

c. Two Modicon B243 Analog Input 
Modules to service trip panel 
light indicators 

6 .  Support Equipment 

b. 

d. Thirty ( 3 0 )  short haul BAD Model 
SW-6D Modems to service two ISC 
8001G color CRT displays. one 
SDPC operator station. and four 
TI 810 logger/printers over long 
distance 

e. One Wire Termination J-Box for  
communication wiring termination 

f. Two 19" x 2 4 "  x 60" closed cabi- 
nets to house support equipment 

A block diagram of the remoting station 
hardware concept is shown in Figure 19. 
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b. Solar I Modifications 
The configuration changes and additions 

within the monitor/control equipment at Solar I consists of 
the following elements: 

1. SDPC/fLS 
a. Remove llRoverii operator station 

from the SDPC console for use at 
the remoting station and fill 
the vacated CRT display station 
with the receiver subsystem 
operation station. 

operator keyboards with metal 
plates. 

accommodate turbine-generator 
functions. 

d. Add eight (8) Modicon B260 Analog 
Output Modules and eight (8) 
Modicon 8243 input Modules. 

e. Move OCS ISC 8001G CRT ttend/x-y 
monitor to former Receiver Sub- 
system operator station location. 

b. Cover annunciator keyboard and 

c. Add logic and data base to 

2.  ocs 
a. Add two (2) AYDIN 5215A display 

generator circuit board channels 
to the existing four channel 
display generator controller. 

control the turbine-generator 
system. 

control receiver startup and 
shutdown functions. 

b. Add software to monitor and 

c. Add software to monitor and 
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d. 

e. 

f. 

Q -  

h. 

3. HAC 
a. 

b. 

Add software to incorporate the 
software switching function for 
remote or local terminal 
activation. 
Generate a new system configura- 
tion to include the remote 
operator station hardware (e.g. 
three CRT display units and two 
logger/printers) 
Add diagnostic software that 
appraises HAC, DAS, and SDPC 
availability. 
Add software to status the remote 
trip functions. 
Add one (1) Artel Communications 
Corporation Model 2016/2017 Fiber 
Optics Computer Graphics ROB 
Video and data interface module. 

Remove Chromatics 1599 Color 
Graphics Terminal from DAS eval- 
uation room (remoted at the 
Coolwater Generating Plant) 
Relocate existing MODCOMP 4811 

Asychronous Controller from a 
4903 Peripheral Controller inter- 
face and place in vacant slot a 
4906 Peripheral Control switch 
to service remote ISC 8001G CRT 
display terminal and logger/ 
printer. 



c. Modify system generation to 
include the added ISC 8001G CRT 
display terminal and the TI 810 
logger/printer terminal. 

d. Modify HAC software codes to 
incorporate a software switch 
for selecting remote or local 
HAC terminal activation. 

a. Wire an estimated sixty (60) 
4. Turbine-Generator 

turbine-generator functions from 
T-G logic circuitry and operator 
panel to SDPC and ILS input and 
output conditioning modules in 
remote station 4. 

b. Add local/remote indicator light 
on turbine-generator control 
panel. 

5 .  Trip Panel 
a. Add wiring between remote station 

#4 ILS and the Plant Trip Box. 
b. Modify the Plant Trip logic to 

provide trip switch isolation 
and permit parallel wiring of 
trip functions (local and 
remote). 

A diagram showing the areas of the control room that 
changes occured is shown in Figure 20. 

B. Alternate 2 ConceDt Definition 
The Alternate 2 concept provides an approach to 

monitoring and control of the Solar I Plant using the OCS. 
HAC and hand trip switch panel only. The SDPC and functions 
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performed by the SDPC would remain at Solar I. This config- 
uration allows the operator to monitor and control the plant 
within the categories defined in Table 1. 

Manual manipulation of individual control loops would 
have to be accomplished at Solar I through the SDPC operator 
station. The control of Balance of Plant (BOP) and Thermal 
Storage Subsystem (TSS) operation would be most affected with- 
out an SDPC operator station at the remote site. However, 
under the guidelines and ground rules as defined in Section 
ILA and IIB. this alternate can provide adequate monitoring 
and control of the Solar I Plant as defined in the Operating 
Activities Summary shown in Figure 3 and providing the opera- 
tor actions that use the SDPC are defined by software added 
to the OCS. The non-control room activities performed by a 
Plant Equipment Operator (PEO) would not be affected. 

1. OCS Olperator Station 
The OCS operator station concept for the Alter- 

nate 2 plan would the same as for the Alternate 1 plan 
described in paragraph IV.A.2 (OCS Operator Station). A block 
diagram of the OCS hardware with the remoted stations is shown 
in Figure 7. The software modifications and changes are shown 
in Figure 8. 

2. Heliostat Arrav Controller Olperator Station 
The Heliostat Array Controller (HAC) operating 

station for the Alternate 2 concept is identical to the HAC 
Operator Station defined for the Alternate 1 concept. The 
HAC hardware configuration block diagram with remoting 
Capability is shown in Figure 11. Figure 12 shows a block 
diagram of the software structure/concept for remoting. 
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3. Turbine-Generator Control Operator Station 
The turbine-generator monitor and control 

station for the Alternate 2 concept is identical to the 
turbine-generator operator station concept defined for the 
Alternate 1 concept, in paragraph IV.A.4.. The turbine- 
generator controls remoting configuration block diagram for 
the Alternate 2 concept is as shown in Figure 15. 

4. Trip Switch Panel 
The trip switch panel for the Alternate 2 con- 

cept is identical to the trip switch panel concept defined 
for the Alternate 1 concept, paragraph IV.A.5. The mechaniza- 
tion of this panel at the remote Coolwater Generating Plant 
site is as presented in Figure 18. 

5. Alternate 2 Concept Remote System Confiauration 
a. Remote site (Coolwater) 

The remote system configuration for the 
Alternate 2 concept would consist of adding the following 
elements. 

1. SDPC 
a. No hardware elements required 

for the SDPC. 
2 .  ocs 

a. Two operator station AYDIN 8830 
Color CRT displays 

b. TWO operator station AYDIN 5115A 
keyboards 

c. Two operator station AYDIN 5529 
Light Pens 

d. Two Texas Instruments 810 Logger/ 
Printers (or equivalent) 

e. O n e  ISC 80010 Color CRT monitor 
f. One Printonix MVP hardcopier 
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3 .  

4. 

5 .  

6 .  

HAC 
a. One operator station ISC 8001G 

b. One operator station Texas 
Color CRT display with keyboard 

Instruments 810 Logger/Printer 
(or equivalent) 

c. One operator station chromatics 
1599 color graphics CRT display 
system. 

One custom hand switch trip panel 
consisting of eight (8) switches 
and eight (8) light indicators. 

One operator station custom con- 
sole to accommodate the OCS, HAC, 
and trip panel hardware 

Trip Panel 

Console 

Support Equipment 
a. 

b. 

C. 

d. 

One MODICON 584 1/0 Module hous- 
ing with 1/0 wire terminals, 
MODBUS connectors and power 
supply to service the remote trip 
panel 
Two MODICON 8260 ANALOG output 
modules to service trip panel 
hand switches 
Two MODICON 8243 ANALOG input 
modules to service trip panel 
light indicators 
Seven (7) short haul RAD Model 
SBn-6D MODEMS to service two ISC 
80010 Color CRT displays and two 
TI 810 Logger/ Printers over long 
distances. 
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e. One wire termination J-box for 
communication wiring termination 

f. Two 19" x 2 4 "  x 60a8 closed cabi- 
nets to house support equipment 

A block diagram of the remoting station hardware 
layout is shown in Figure 21. 

b. Solar I Modieications 
The configuration changes and additions 

within the monitor/control equipment at Solar I consist of 
the following elements: 

1. ocs 
a. 

b. 

C. 

d. 

e. 

f .  

Add two (2) AYDIN 5215A display 
generator circuit board channels 
to the existing four channel 
display generator controller 
Add software to monitor and 
control the turbine-generator 
system 
Add software to monitor and 
control receiver startup and 
shut down f unc t ions 
Add software to incorporate the 
software switching function for 
remote or local terminal 
activation 
Generate a new system configura- 
tion to include the remote 
operator station hardware (e.g. 
three CRT display units and two 
logger/printers 
Add diagnostic software that 
appraises HAC. DAS and SDPC 
availability 

69 



70 



g. Add software to status the remote 
trip functions. 

h. Add one (1) Artel Communications 
Corporation Model 2016/2017 Fiber 
Optics Computer Graphics RGB 
Video and Data Interface Module. 

2. HAC 
a. Remove Chromatics 1599 Color 

Graphics Terminal from DAS eval- 
uation room (remoted at the 
Coolwater Generating Plant) 

Asychronous controller from a 
4903 Peripheral Controller inter- 
face and place vacant slot in a 
4906 Peripheral control switch 
to service remote ISC 8001G CRT 
display terminal and logger/ * 

printer 

include the added ISC 8001G CRT 
display terminal and the TI 810 
logger/printer terminal 

d. Modify HAC software codes to 
incorporate a software switch 
for selecting remote or local 
HAC terminal activation 

a. Wire an estimated sixty (60) 

b. Relocate existing MODCOMP 4811 

c. Modify system generation to 

3. Turbine-Generator 

turbine-generator functions from 
T-G logic circuitry and operator 
panel to SDPC and ILS input and 
Output conditioning modules in 
remote station 4. 
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b. Add local/remote indicator light 
on turbine-generator control 
panel. 

4. Trip Panel 
a. Add wiring between remote station 

84 Its and the Plant Trip box 
b. Modify the Plant Trip logic to 

provide trip switch isolation 
and permit parallel wiring of 
trip functions (local and remote) 

A diagram showing the areas of the control room 
where changes would occur is shown in Figure 22. 

C. Remote Communications Concept Definition 
The communications between the Solar I site and the 

Coolwater Generating Plant remoting site will be hardwire and 
fiber optic cable using MODEM line driving/line receiving 
devices to accomplish the long distance transmission of digi- 
tal and analog signals. Both the Alternate 1 and Alternate 2 
concepts will use the same communications design concept with 
the numbers of wire being the basic difference. 

Wire and cables at the Solar I site for communication 
would be installed in existing underground conduits from the 
control room complex south to manhole number 7, the point 
along the southern plant perimeter near the Administration 
Building. At this point the cable would emerge and run on 
existing power poles above ground to the Coolwater facility. 
Within the Coolwater facility the cables and wires would run 
underground in existing conduit that go to Coolwater Generat- 
ing Plants 1 and 2, emerging in the control/equipment building 
complex where the remote Solar I operator station would be 
located. 
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The wire and cable communications will span a 
distance estimated to be 9,700 feet. Approximately 1200 feet 
of this distance will be underground at Solar I and another 
1200 feet will be underground at Coolwater. The remainder of 
the run, 7300 feet, will be above ground, strung on the 
existing power poles. A layout of the proposed wire route is 
presented in Figure 23. 

It will be necessary to provide cable stress relief 
between the power pole spans. This will be done in the same 
manner used by the telephone industry, providing a wire rope 
between spans and typing the cables to this rope. A stain- 
less steel 3/8" type 302 IWRC with a breaking strength of 
17,500 pounds was selected for this application. A midline 
wire rope clamp of the variety that permits the attachment of 
a continuous cable will secure the cable to each pole. 

The HAC, SDPC and the Trend CRT monitor from the OCS 
system will use 88232 Asychronous Digital Communications 
Hardwire techniques for long line transmission of commands 
and data. Consequently, telephonic MODEMS will be required. 
MODEM requirements for all three applications can use the 
lashort haul" MODEM variety such as the BAD Computers Inc. 
Model SRM-6D which is packaged in a connector. This type of 
MODEM produces rate selection from 1200 BAUD to 19.2K BAUD. 

The ILS Digital Communications will use the existing 
1/0 channel capability for driving signals up to 15,000 feet. 
No additional hardware is required to perform this function. 
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The SDPC operator station requires four (4) wire 
transmission links between the remote station and Solar I .  
These links consist of: 1) the historic trend processor to 
keyboard processor; 2) the report generator processor to the 
keyboard processor; 3) the report generator to the remote 
logger/printer and 4) the console communications processor to 
the operator station CRT. 

The AYDIN 5215 Color Display System requires a four 
(4) fiber optic cable with a standard 50 um core, graded index 
with a drop of less than 4 db/km. An Artel Communications 
Corp. model 2016/2017 video signal interface system will 
interface with the RGB computer generated RS170 composite signal 
as well as the keyboard/editor signals for the fiber optic 
cable. 

One 75 conductor cable will provide the EXA RS232C 
type transmission line for the Alternate 1 concept. Sixty-six 
(66) of the wires in this cable will be used leaving nine (9) 
wires for spares. The Alternate 2 concept will require 
eighteen E I A  RS232C type conductors that will be accommodated 
in a single twenty conductor cable that provides two (2) spare 
conductors. The ILS transmission link will use a single RG6-U 
Coaxial cable. A summary wire schedule is presented in Pig- 
ure 24. The schedule identifies cable and connector types 
that would be satisfactory for the remoting wiring needs. 
There are other manufacturers and types that could be adequate 
substitutes. This schedule in no way implies the use of the 
products identified as mandatory requirements. 
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WIRE MUHBEBOF LWGTH COUMECTOR 
SYSTEU FUUCTIOU TYPE COUDUCTORS RSQD TYPE 

Trip 1. WODICOU Ser ia l  COnaa. RC6-U One 10,000 FT GEROLD 

Panel Data Hiway From 584 t o  (Belden F Type 

R e m o t e  I10 89120) 

( A 1  ternate 
Concepts 2.  Trip Function Analog 1 6  AWG 32 100 FT LUG 

1 and 2)  Signal from Trip Panel (2 Belden 

t o  Remote ILS 8621/9622) 

Turbine- 1. Analog1Discrete 16 AWG 2 Per C i r -  200 FT LUG 

Generator Signals-60 I10 c u i  t (120 

Functions T-G Panel and Total) 5 

Logic Cabinet t o  ILS i n  Belden 

(Alternate Remote Stat ion 84 9622 

Concepts 

1 and 2) 

SDPC 1. RS232C Digi ta l  Conmr. 18 4 Wires 10,000 * TB 25 

for Links t o  CCn; TSJ Per l ink  

HTP; RGP and R e m o t e  (48 Total)  
A 1  ternate Logger Printer f o r  Each 

Concept of Three wV8000 Systems 

(#l only) 

HISCBL 1. Secure Comunications Wire Rope 1 7,300 U/A 
Wire Between Power Type 302 Hcnaster- 

(Alternate Pole Loops - Stress Stainless Carr 

Concepts Relieve CormPlnications S tee l  (34581940) 

1 and 2) Cables. 318 Inch 

osc 1. Video Signals-Two Fiber 3 Per CRT 10,000 FT Amphenol 

AYDIM 8830 Optics (6 Total) 906 

Figun 24. Connecting W i n  Sch.dule 
# 



W I R R  WWBBROF LBWGTH COUUBCTOR 
SYSTBU M C T I O W  TYPE COlllDUCTORS REQD TYPE 

(Alternate CBT Displays t o  S21SA 

Concepts Display Generator 
1 and 2) 2.  Keyboard 

Two S11SA Keyboards 

t o  S21SA Display Gener- 
a tor  

3. RS232C Digital  Comm. 

Two T I  810 Logger 

Pr inters  t o  OCS com- 
puter. 

4. RS232C Digital  Conan. 

One I S C  8001G CRT 

t o  OCS Computer 
5.  RS232 Parallel Digital  

Conaa. I S C  8001G t o  

Printronix wvp 

Fiber 1 Per  CRT 10,000 FT Amphenol 

Optics ( 2  Total) 906 

18 AUG 3 Per 60,000 W TB 25 

TSJ Logged 

(6 Total)  

18 AldG 3 Per CRT 30,000 FT* TB 25 

TSJ (3 Total) 

22 AUG 9 

TSJ ( C e n t  ron- 

i C S  324- 

383 1 

30 PT Centronics 

HAC 1. Bs232C Digital  Conan. 18 3 Pe r  C r t  30,000 * TB 25 

One ISC 80016 CBT TSJ (3 Total)  
(Alternate t o  HAC Computer 

Concepts 2.  RS232C Digital  Conan. 18 Awc 3 Per  CRT 30,000 * TB 25 

1 and 2) One TI910 Logger TSJ (3 Total)  
Pr in te r  t o  HAC 

Computer 

3. RS232C Digital  Coram. 18 AUG 2 Per  CRT 30,000 * TB 25 

One Chromatics 1599 TSJ (3 Total) 
CRT t o  HAC Computer 

*Single 10,000 FT Hult i  Conductor Cable 

Alternate 1 - Alpha 2S170/70 

Alternate 2 - Alpha 2S170/20 

Figure 24. Conmeting Wire Schedule (continued) 
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D. Solar I Eauipment Layout Concept at the Coolwater 
Generating Plant 

cabinets are to be located in the Coolwater Generating Plant 
Unit X 1  and Unit XZ Control Room. This room is located on 
the second floor of building 502,  above the Unit 1 and 2 wire 
switch gear room. 

The Solar I Remote Console and the two equipment 

The control room layout, shown in Figure 25 ,  is 
configured in a manner that positions the control equipment 
in a rectangle with the operators inside the rectangle. The 
Solar I controls are co-located with the Coolwater Unit #l 
and Unit X2 controls using the packaging densities shown in 
Figures 19 and 21. No control room modifications are required 
to accommodate Solar I equipment cabinets and racks. All 
wiring can be layed in cable trays in the cable and switch 
gear room below the control room. Cables then penetrate the 
floor directly below the equipment cabinets. 

V. PROJECT WORK PLAN AND SCHEDULE 

A. AssumDtions 
For the purpose of managing and scheduling activities 

that lead to remoting the controls from Solar I to the Cool- 
water Generating Plant the following assumptions are made: 

1. The work will be handled in a manner consistent 
with other construction projects at Solar I. 
This includes the development of construction 
packages, procurement specifications, competi- 
tive bidding where applicable, and construction 
ma nag em en t . 
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2 .  

3 .  

4 .  

Where peculiar knowledge, skills or jurisdiction 
is apparent, the entities with the knowledge, 
skills or jurisdiction are assumed to be appro- 
priate to accomplish the work. Learning curves 
are not factored into the plan and schedule. 

Construction and access permits are not required 
for this project since this entire construction 
job takes place on Southern California Edison 
(SCE) property. SCE would dictate the regula- 
tions that the project must adhere to. 

The documentation of the remoting project would 
follow the existing documentation guidelines 
used for construction of Solar I. 

B. Work Packaqe Tasks 
The remoting of the monitor and controls functions 

at the Coolwater Generating Station 1 and 2 control room would 
have five (5) major tasks associated with the project. These 
tasks, defined as work packages would be: 

0 Remote station development work package 
0 Transmission link development work package 
0 Software and data base development work package 
0 Turbine-generator monitor and controls altera- 

0 System integration and test work package 
tions work package 

Each work package would require detail design. hard- 
ware procurement. fabrication, installation and checkout as 
major subtasks of a package. In addition, each work package 
would envelop technical areas of expertise that can be 
effectively managed and worked. 
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1. Remote Station Development Work Packaqe 
The remote station development package would 

require the design, procurement, fabrication, installation, 
checkout and documentation of: 1) a console housing the remote 
operator station, CRTs, keyboards, logger/printers and trip 
panel; 2) two cabinets housing electrical wire termination 
panels and input/output electronics for the trip panel and 
log line information transmitting and receiving; and 3) a 
manual trip panel and 4) the preparation of the Coolwater 
Generating Station control room to receive the Solar one 
remote operator station. This package would output specifi- 
cations for transmission line wire and cable and drawings of 
the Coolwater Generating Plant control room modification 
requirements. 

2. Transmission Link Development Work Packaqe 
The transmission link development work package 

would require design, procurement, fabrication, installation 
checkout and documentation of the long line transmission 
system between Solar I control building and the Coolwater 
Generating Plant unit 1 6  2 control room. Wire and cable 
specifications for this package would be obtained from the 
remote station development work package. 

3. Software and Data Base Development Work Packaqe 
The software and data base development work 

package would require design, coding checkout and documenta- 
tion of the turbine-generator supervisory operations program, 
the protect and statue program, software operator station 
switch and the systems generation for  added displays and 
printers all of which is to be accomplished in the OCS 
computer. In addition, this package would modify the HAC 
computer codes to add the remote operator CRT terminal, 
logger/printer and the software operator station switch. 

a2 



. 

Data base and logic-additions and changes 
required in the SDPC and ILS to operate the turbine-generator 
would be accomplished in this task. 

4. Turbine-Generator Monitor and Controls 
Alterations Work Packacre 

alterations work packages would require the design, procure- 
ment, fabrication, installation checkout and documentation 
that permits full operation of the turbine-generator system 
from the SDPC. This includes the wiring from T-G functions 
to the appropriate SDPC/ILS input/output module. This task 
also would output the SDPC and ILS logic, specifications, and 
algorithms used to design the SDPC, ILS and OCS turbine- 
generator operating functions. 

The turbine-generator monitor and controls 

5. System Intearation and Test Work Package 

would require the integrated test plan, test procedures, tests 
and test result reporting for the remoting operation system 
level testing. The output of this task would be the qualifi- 
cation of the remoting center for utility everyday operations 
use. Included in this task would be the detailed step by step 
operating procedures of the plant from the remote site. 

The system integration and test work package 

C. Schedule 
A projected over-all implementation schedule is 

presented in Figure 26. The remoting project is estimated to 
require about eighteen months from the ATP date to completion. 
The project organization would require the team selection, a 
project plan and a detailed time phased schedule prior to the 
authority to proceed (ATP) date. This activity is estimated 
to require no more than three months to complete. 
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The remote console build up, transmission cable 
procurements and the turbine-generator monitor and control 
alterations would be expected to be the pacing items. 

The turbine-generator alteration requirements are 
the least understood and need to be surveyed before the ATP. 
It is expected that the alterations to the T-G controls would 
be done on a second or third shift or in a work-around basis 
on first shift, since it would not be practical to put the 
plant down for extended periods of time. It would be expected 
that upon completion of each alteration to the T-G controls a 
test would have to be conducted to assure proper system 
operation from the manual control panel. Some down time of 
the T-G can be expected to complete the auto sychronization 
system alterations. This could be scheduled to occur during 
a planned plant outage. 

There appears to be negligible schedule change to 
implement either the Alternate 1 or Alternate 2 concept. The 
difference between Alternate 1 concept and the Alternate 2 
concept is the remoting of the fourth (@@Roveri@) SDPC operator 
station at Solar I into the alternate 1 remote concept. The 
SDPC station remoting would impact cable size, remote console 
design, and the integration and test which in our opinion 
would not add significant schedule growth. 

The schedule reflects the utilization of skilled 
personnel who here-to-fore were involved in the design, con- 
struction and testing of the Solar I plant. To use other 
people unacquainted with the control and monitor system 
design, plant equipment and plant operation would extend the 
projected eighteen month schedule. 



VI. ESTIMATED PROJECT COSTS 

A. Cost Summary 
Costs pertaining to the project of remoting controls 

from Solar I to the Coolwater Generating Plant can be summar- 
ized as follows: 

Total Estimated Cost: 
0 Hardware 

Alternate 1 $426,252.65 

Alternate 2 284,983.95 
0 Labor 

Alternate 1 52.8 man months 
52.3 man months Alternate 2 

~ . - --_ - - 

The costs do not include costs incurred by Southern 
California Edison personnel supporting the project nor do 
these costs include fees or profits that contractors would 
receive f o r  their services. 

The labor cost estimate is approximately the same 
f o r  Alternate 1 and Alternate 2 concepts. The only difference 
is in the control console installation of one existing SDPC 
operator station for the Alternate 1 concept that is estimated 
to be approximately 80 man hours. 

8 .  Cost Development 

project breakdwon structures: 
24aterial and labor estimates were made for the listed 

0 PrO)eCt/COnStrUCtiOn/BUS~ne68 Management 
0 Engineering 
0 Construction 
0 Hardware 
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The management and engineering efforts were estimated 
by management and technical engineering personnel who worked 
in the specific disciplines at Solar I. Major construction 
and hardware costs were estimated from the 1985 Richardson 
Process Plant Construction Estimating Standards and supplier 
information (e.g. catalogs, quotations, etc.) 

The following sections describe the rationale for 
costing the remoting of Solar I controls at the Coolwater 
Generating Plant units 1 and 2 control room. The Labor and 
material requirements are based on the technical approaches 
discussed in the previous sections of this report. 

A time phased manload estimate is shown in Figure 27 
and a summary list of major hardware costs is presented in 
Figure 28. 

1. Project/Construction/Business Management 
The managment of the Solar I controls renoting 

project would consist of a part-time project/construction 
manager and a part-time business manager. Both activities 
would start prior to the ATP date and the business managing 
activities to close out the work releases and accounts would 
continue one month following work completion. 

This effort consists of project management, 
construction management, contract administration, and sched- 
ules, technical and financial progress reports. The project 
managing activities constitute approximately 28% of the 
project estimated cost. 
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2. Enaineer inq 
Engineering estimates include the efforts to: 

1) coordinate with suppliers and contractors; 2) perform the 
engineering work associated with the remote station design, 
turbine-generator control development, drawing development 
for the transmission lines; construction package development, 
software and data base development and support test, test 
data evaluation and documentation functions. This effort 
constitutes approximately 67% of the project estimated cost. 

3. Construction 
The construction estimates encompass the work 

to fabricate and wire the trip panel, install wires' from the 
turbine-genetator manual monitor and control panel to the ILS 
and SDPC input and output conditioners, install wire and 
cables from Solar I to the Coolwater Generating Plant, install 
the equipment in the Coolwater Generating Plant and install 
the wiring from the remote Solar I operating station in the 
Coolwater control room to the wiring junction boxes in the 
Coolwater control room. This effort constitutes approximately 
5% of the estimated contract costs. 

4. Hardware 
All of the hardware is purchased from commercial 

suppliers. The summary of major hardware items and their 
costs is shown in Figure 28. Included in these costs is the 
cost to install the CRT equipment in the remote operator 
station console. This task would be done at the suppliers 
facility prior to Shipping the console to the site. 
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