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'1bis report describes the Data Evaluation Pl.an for the 10 MWe Central 
Receiver Solar Thermal Pilot Plant tEB.r Barstow, California. The 
objective, test and data meds, approach, applicability, expected output, 
and planned data dissemination are presented for each evaluation. 
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10 MWe CF.N1'RAL RECE!Vm. 

SOLAR '1HERMAL PILC1I' PLANT 
DATA EVALUATION PIAN 

Introduction 

'lbe Departnent of Erergy (DOE) and the Associates* have entemd into 
a Cooperative Agreeoent to design, construct, and operate a central 
mceiver pilot plant near Barstow, California. After construction and 
start-up tests have been completed, the Cooperative Agreeoent calls for a 
five-year Operational Test Period consisting of a two-year F.xperinental 
Test and Evaluation Phase followed by a thxee-year Power Production 
Phase. 'lbe F.xperinental Test and Evaluation Phase, scheduled to begin in 
mid-1982, will provide operating experience in all the operational nx>des, 
DX>nitor plant performance, and establish the staffing reeds of the Pi.lot 
Plant. 'lbe Power Production Phase will primarily deDX>nstrate the 
operational capability of the Pi.lot Plant to supply electrical power. 

'lbe overall evaluation of the Pi.lot Plant is being performed by 
thxee organizations. Sandia National Laboratories, Liverroom {SNLL), on 
behalf of OOE, will analY7,e and evaluate the data obtained from 
individual tests during start-up tests and the ~rinental Test and 
Evaluation Phase. Southern California F.dison (SCE) will keep operations 
and maintenance logs and mcords for the major plant eleoents. '!he 
Electric Power Research Institute (EPRI) will analym the experiences 
from the design and construction of the Pi.lot Plant and will assemble a 
library of all m levant documentation. 

'llrl.s mport describes a plan for the Pi.lot Plant data evaluation. 
In the mxt: section, the mlation between this plan and other Pi.lot Plant 
plaming documents is described. '!he Pi.lot Plant data evaluation program 
objectives are discussed, and a description of each planned evaluation 
is given. Finally, the planned data dissemination for the evaluation 
program is described. In the Appendixes, a brief description of the 
Pi.lot Plant is pmsented, and the Pi.lot Plant data acquisition and 
processing capabilities are discussed. Finally, computer codes to be 
used for the data analyses are described. 

* Southern California Edison, Los Angeles Departnent of Water 
and Power, and the California Erergy Commission. 
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Relation To Other Planning Docuuents 

'lbis plan is om of several docummts that ·have been developed to 
guide the Experl.Dental Test and Evaluation Phase of the Pilot Plant. The 
relationship of this plan to the other documents is shown in Figure 1. 

The Pilot Plant Startup and Acceptance Test Plan (Reference 1) 
described the requiremmts for preoperationa.l (prior to turbine roll) and 
acceptance (up to six months after turbine roll) tests. Construction 
delays, which deferred some preoperational tests past turbine roll, and 
the identification of additional desired tests dictated a med for an 
updated document that described the requirenents past turbine roll. 
The Operational .Test Requireuents (Reference 2) describes these 
requirenents. It provides top-level information on the objectivee, test 
schadule, types and duration of tests, instnmentation and data 
acquisition requirenents, and data :reduction and analysis requirenents 
for the operational tests. The Test Operations Plan (Reference 3) 
describes the specific tests mcessary to achieve operational readiness 
of the Pilot Plant. Manual control tests are described for each 
operating DDde; automatic control tests are described for clear- and 
cloudy-day scenarios. The Test Operations Plan also describes 
engineering tests used to investigate specific technical areas, e.g., 
mirror module life, that are important to the optimal operation of the 
Pilot Plant and the design of future central receiver power plants. The 
Data Evaluation Plan (this dC>CUIIent) describes the objective, tests and 
data mads, approach, applicability, expected output, and planned data 
dissemination for each evaluation of the Pilot Plant. The Test 
Procedures document (Reference 4) is a detailed specification of the 
step-by-step procedures to be followed in conducting each test. 

12 



Startup and Acceptance , ________ , 
Test Plan 

Test Operations 
Plan 

Test Procedures 

Operational Test 
Requuements 

Published And Archived Performance 
And C'.ost Information 

Figure 1. Pilot Plant Operational Control Docuo:ents 
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Objectives 

'!he objectives of the data evaluation program are to: 

- Establish t:he technical feasibility of the Pilot Pl.ant; 

- Provide information to support private sector decisions regarding 
designs and economics of future central receiver systems; and 

- Identify areas wh!re future central receiver research and 
developuent (R&D) may lead to significant performance 
improvements and increased capabilities. 

To meet these objectives, the program will analyze data from the 
Pilot Plant design and construction, start-up tests, and two-year 
Experimental Test and Evaluation Phase. Technical feasibility will be 
established by comparing measured and predicted pl.ant performance. 
Information to support private sector decisions will be provided by: (1) 
analyzing lessons learmd from the Pil0.t Pl.ant design and construction; 
(2) optimizing the performance of the Pilot Plant; (3) verifying the 
environuental, health, and safety impacts of the Pilot Plant-; (4) 
establishing the operating and maintenance procedures; (5) analyzing the 
Pilot Pl.ant costs; and (6) verifying and improving system design 
techniques. R&D needs for future central receiver systems will be 
assessed in several areas including: (1) heliostat optical performance; 
(2) mirror DX>dule corrosion and soiling; (3) heliostat wind load design 
criteria; (4) receiver absorber coating life; (5) receiver structural 
design; (6) stora~ fluid degradation; (7) storage tank thermal 
ratcheting; and (8) thermal cycling of pl.ant equipment. Table I 
describes son:e expected benefits from this program and their 
applicability to the Pilot Plant and future po,.-er pl.ants. 

14 
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TABLE I. Benefits of Data Evaluation Program to Barstow Pilot Plant and Future 
Power Plants 

Benefit 

Owrall Plant System 

1. Improved plant performance through 
optimal use of thermal storage 
and efficient start-up procedures 

2. Improved collector field design by 
examining interaction with receiver 

3. Decreased engimering design time 
by improving analytical nethods 

4. Reduced cost by improving accuracy of 
design criteria and performance 
predictions 

Collector System 

1. Increased reliability and life of 
heliostats by analysis of Barstow 
experience 

2. Decreased cost of heliostats by using 
measured in-field wind loads 

3. Determination of washing requireoents 

Receiver System 

1. Increased thermal efficiency by improving 
thermal analysis oethods 

2. Improved controllability by analysis of 
receiver dynamic tests 

Thermal Storage System 

1. Improved controllability by analysis of 
storage dynamic tests 

2. Reduced cost by improving accuracy of 
recoverable energy prediction 

Plant Control System 

1. Reduced operational staffing requirenents 
through automation 

Applicability 

Barstow Pilot 
Plant 

X 

X 

X 

X 

X 

· Future Power 
Plants 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2. Improved plant performance through automation X X 

Beam Characterization System 

Determination of future needs X 
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Program Iescrlption 

'!he data evaluations are keyed to tests described in the Test 
Operations Pl.an (Reference 3). A brief test description, excerpted from 

· this pl.an, is presented below. '!he data evaluations are then discussed. 

Test Progmm 

'!he Pilot Pl.ant test program provides an orderly completion of 
start-up tests and a systematic conduction of operational tests. Thus, 
the tests are organized under Start-Up and the two-year Experlnental.Test 
and Evaluation Phase. The gemral test categories are described in Table 
II. 

Startt! -- Start-Up is that period.of tine between turbine roll 
(construct n completion) and the beginning of the two-year Experiuental 
Test and Evaluation Phase. To accomuxxfate construction de lays, 
significant portions of the receiver and thermal storage tests wre 
deferred pa.st turbine roll. nirl.ng Start-Up, receiver testing will 
continue, and the activation of thermal storage will be initiated. All 
of this testing must be completed before intersystem testing can be 
perforned. 

~riuental Test and Evaluation Phase -- During the two-year 
Expe 11tal Test and Evaluation Phase, a wide variety of tests will be 
conducted to acCU1IUlate data on the performance of the Pilot Pl.ant and 
its systems. nirl.ng this period, the pl.ant will be exercised in all of 
its operating nodes and node sequences, through the entire range of 
reasonably foreseeable normal and abnormal operating conditions. Both 
manual control operational tests and automatic control operational tests 
will be perforoed. '!he plant will be fim-tuned to operate at or mar 
the optimal combination of annual emrgy output and operating and 
maintenance cost, and will be ready, by the end of this phase, for 
sustained power production operation during the Power Production Phase. 
Engineering tests will also be conducted in various areas of technical 
interest. 

The manual control tests will evaluate each of the pl.ant's operating 
nodes (see Figure 2). '1he tests for each IOOde include: 
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a. normal transitions between operational modes; 

b. pl.ant status using simulated compomnt failures 
to cause system trips; 

c. transitions between different !)()\er levels; 

d. transitions between different steam flow rates; and 

e. steady-state operation at various power levels, 
sun following, and load following. 



TABLE II. Pilot Plant Test Categories 

Start-Up 

1030 B - Completion of Receiver System Checkout 
1040 A - Activation of Thermal Storage System Using Rental Boiler 
1040 B - Thermal Storage System Checkout Using Receiver-Gemrated 

Steam 

Two-Year Experinental Test and Evaluation Phase 

Manual Control Operational Tests 

1110 - Mode 1, Turbine Direct 
1120 - Mode 2, Turbine Direct and Charging 
1130 - Mode 3, Storage Boosted 
1140 - Mode 4, In-Line Flow 
1150 - Mode 5, Storage Charging 
1160 - Mode 6, Storage Discharging 
1170 - Mode 7, llial Flow 
1180 - Mode 8, Inactive 

Automatic Control Operational Tests 

1220 - Preliminary Tests 
1230 - Clear-Day Scenario 
1240 - Cloudy-Day Scenario 
1250 - Collector Prner Modulation 
1260 - Plant Operational Status Displays 

Engimering Tests 

1310 - Beam Characterization System Tests 
1320 - He liostat Tests 
1330 - Preliminary Power Production 
1340 - Control System Optimization 
1350 - Plant Optimization 
1360 - Associate Testing 
1370 - Special Heliostat Instnmentation and Meteorological 

Measm:en:ents Systems Tests 
1380 - Receiver Optical Tests 
1390 - Beam Safety Tests 

17 
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MOOE 1: TURBINE DIRECT (TD) MODE 2: TURBINE DIRECT & CHARGING (TD&Cl 

MODE 4: IN LINE FLOW IILF) 

IEPGSI G~.··EPGS B~ 
MODE 6: STORAGE CHARGING (SC) MODE 6: STORAGE DISCHARGING (SD) 

G EJ B 
MODE 7: DUAL FLOW (OF)• MODE 8: INACTIVE Ill 

Mode 1 Turbine Direct: 

Mode 2 Turbine Direct and 
Charging: 

Mode 3 Storage Boosted: 

Mode 4 In-Line Flow: 

Mode 5 Storage Charging: 

Mode 6 Storage Discharging: 

Mode 7 Dual Flow 

Receiver-generated steam directly powers the turbine. 

Receiver-generated steam powers the turbine and charges 
storage. 

Steam from the receiver and storage powers the turbine. 

Receiver steam charges storage, while storage steam is 
stimultaneously discharged powering the turbine. 

Receiver steam charges the storage system. 

Steam generated by the storage system is used to power 
the turbine. 

A combination of Modes 2 and 3 (probably only achieved 
during transitions). 

Mada 8 Inactive Major systems are standing by for operation. 

•Engineering Test and Transitory Modes 

Figure 2. Pilot Plant Steady-State Operating Modes 
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The automatic control tests will evaluate the automatic operation of 
the plant. The automatic capability includes automatic mde transitions 
and automatic control for clear- and cloudy-day operation. To cover the 
range of possible operating conditions, collector-to-mceiver power will 
be mdulated by the defocus of heliostats. Tests am also planned to 
check out the plant operational status displays that will be installed 
during the Experimental Test and Evaluation Phase. Operational display 
capability is required for integrated manual and automatic control. 'lhe 
displays will minimize the rrumber of operators rraeded to obsezve overall 
plant operation, 100nitor data, and control the plant through 
transitions. (The existing plant displays show data from one system at a 
time; several operators am required to monitor several system displays 
to obsene full plant status.) 

The planned data evaluations am summarized in Table III and 
described on the following pages. lbrlng the data evaluation program, 
data from those tests described in the Test Operations Plan will be 
analymd. The required tests are listed using the same notation as that 
used in the Test Operations Plan. No additional tests am currently 
planned. 'lhis approach will minimize disruption of the operational 
testing rraeded to establish the operational readiness of the Pilot 
Plant. A description of the major computer codes used for the data 
analyses is provided in Appendix C. 

TABLE III. Pilot Plant Planned Evaluations 

No. Evaluation 

1 Meteorologic.al Summaries 
2 Plant Steady-State Performance 
3 Plant Transient-State Performance 
4 Collector Performance 
5 Receiver Performance 
6 Thermal Storage Performance 
7 Plant Operations 
8 Plant Maintenance 
9 Plant Safety 

10 lessons learned 
11 Plant Costs 
12 Enviromental Assessnent 
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Title: 

SNLL Key 
Contact: 

Objective: 

Test 
Requirenents: 

Data 
Requirenents: 

Approach: 

Output and 
Applicability: 
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Evaluation Specification 1 

Meteorological Sunmaries 

Clay Mavis, (415) 422-3031 Fl'S 532-3031 

Collect meteorological data to evaluate plant 
performance and plant maintenance needs. 

All tests 

Wind speed 
Wind direction 
Ambient dry bulb temperature 
Ambient dew point temperature 
Ambient pressure 
Diffuse insolation 
Direct insolation 
Rainfall intensity and duration 
Atmospheric attenuation 

Meteorological (HEIRO) data will be taken by the 
Special Heliostat Instruaentation and Meteorological 
Measurements System (SHIMMS). '1hl.s system gathers 
data from sensors located on the receiver tower, on 
the control room roof, and throughout the heliostat 
field. 

These data will be used in the evaluation of the plant 
and its systems. For example, temperature, 
insolation, and attenuation are required for field 
performance calculations; rainfall will be used in 
evaluating he liostat washing requirements. 

Output Applicability 

Pilot Plant Future Power 
Plants 

1. Direct & Diffuse 
Insolation X 

2. Wind Speed & Direction X 
3. Ambient Temperature X 
4. Rainfall X 
5. Atmospheric Attenuation X 

X 
X 
X 
X 
X 



Title: 

SNLL Key 
Contacts: 

Objective: 

Test 
Requirements: 

Data 
Requirements: 

Approach: 

Evaluation Specification 2 

Plant Steady-State Performance 

Al Baker, (415) 422-2171 - F1'S 532-2171 
Christine Yang, (415) 422-2016 - F1'S 532-2016 
Jim Smith, (415) 422-2297 - F1'S 532-2297 

Verify Pilot Plant steady-state performance. Optimize 
Pilot Plant a.nrual performance. Identify areas where 
R&D may lead to performance improvements and increased 
capabilities. 

1110-7 to 1110-10, 1140-15 to 1140-23 

Fluid temperatures 
Fluid pressures 
Flow rates 
Plant control logic 

data 
Heliostat field performance 
Receiver performance 
Thermal storage performance 
Electrical power generation system performance 
Plant e lectrlcal output 

SOLTES is a collection of component subroutine 11'.Ddels 
orchestrated by a system manager to simulate the 
thermal-~aulic performance of an actual system (see 
Figure 3) • SOLTES input requirements are the 
heliostat field, receiver, thermal storage, and 
electrical power generation system performance, the 
system status at the beginning of an evaluation period 
and, thereafter, at specified time intervals. Ma.I1y of 
the SOLTES inputs will be obtained from the results of 
other evaluations, e.g., receiver performance. SOLTES 
will provide mass and energy flows, temperature, 
pressure, and entropy predictions at the entrance and 
exit of each component. SOLTES will also perform 
general energy accounting and can provide both 
instantaneous and integrated values of system 
performance parameters. 

SOLTES will be used in two ways. First, differences 
between the SOLTES predicted and actual plant 
paraneters will be investigated. Hardware problems or 
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Output and 
Applicability: 

22 

softwm:e inadequacies will be identified and resolved. Second, 
SOLTES will be used to identify operating strategies (e.g., 
optimal use of thermal storage) to increase plant output. 
Ultimately, information from SOLTES will lead to the design of 
100re efficient solar central receiver systems. 

Output Applicability 

Pilot Plant 

1. Verification of 
Steady-State Heat & 
Mass Balances 

2. Optimized Use of 
Thermal Storage 

3. Optimized Start-up 
Procedures 

FIELD 
CONlROLS 

RECEIVER 
CONTROLS 

RECEIVER. 
MODEL 

X 

X 

X 

, 

Figure 3. SOLTES System Mode 1 

--

Future Power 
Plants 

X 

X 

X 

THmMAL 
STORAGE 
CONTROLS 

1 

THmMAL 
STORAGE 

MODEL 

I 

TURBINE -
GENFRATOR 

MODEL 

TURBINE -
GENERATCR 

CONIROLS 



Title: 

SNU. Key 
Contact: 

Objective: 

Test 
Requb:ements: 

Data 
Requb:ements: 

Approach: 

Output and 
Applicability: 

Evaluation Specification 3 

Plant Transient-State Performance 

Hal Norris, (415) 422-2620 - Frs 532-2620 

Verify Pilot Plant transient-state performance. 

TBD 

Receiver incident heat flux (from HFl..IOS or MIR.VAL) 
Fluid temperatures 
Fluid pressures 
Flow rates 
Fluid levels of flash tanks 
Valve positions 
Controller commands 

The response of the plant to transients, both planned 
(i.e., load changes) and unplanned (i.e., insolation 
variations or trip conditions) will be anal~d as 
required. If the actual control responses are not 
those desired, then modifications to the control 
system or operating strategy may be necessary. These 
modifications will be evaluated with the RELAP 
computer code (see Figure 4) prior to incorporation in 
the actual plant. RELAP requires flux maps, system 
controls logic, set points, and steady-state data for 
initialization. RELAP will output transient 
thenoodynamic conditions and control element responses 
that can be compared to actual plant responses at 
various locations. 

Output 

Verification of 
Plant Transient 
Performance 

Applicability 

Pilot Plant 

X 

Future Power 
Plants 

X 
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- Control Logic -~tr 
- Flux Maps ---;-I RFrnVERMODEL I - Initial Conditions 

- Control Logic 
- Set Points 
- Initial Conditions 

I 
THERMAL 
STOOAGE 

MODEL 

TURBINE- Net 
GENERATCE. ---Output 

MODEL 

t 
- Control Logic 
- Set Points 
- Initial Conditions 

Figure 4. RELAP Transient Model 
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Title: 

SN[L Key 
Contact: 

Objectbe: 

Test 
Requirenents: 

Data 
Requirenents: 

Approach: 

Evaluation Specification 4 

Collector Performance 

Clay Mavis, {415) 422-3031 - ETS 532-3031 

Characterize he liostat performance. Identify m:eas 
whe:re he liostat R&D may lead to performance 
improveuents. Establish the reed for a Beam 
Characterization System (BCS) in future pc,.er plants. 

1310, 1320, 1370, and all operational tests 

Time/sun position 
Individual aim points 
Heliostat geouetry/position 
Equipnent temperatures 
Ambient dry bulb temperature 
Ambient dew point temperature 
Wind speed 
Wind di:rection 
Rainfall intensity and duration 
Reflectivity 
Beam quality 
Beam pointing 
Heliostat loading 

'Ibis activity will evaluate heliostat optical 
performance and envirormental survival over a two-year 
operational period. 

Optical Performance 

Heliostat optical performance will be derived from 
beam pointing, beam quality, and :reflectivity data. 
Beam pointing is the nea.su:re of how accurately a 
heliostat tracks its :reflected beam on a designated 
aim point. It is mainly a fimction of drive uechanism 
performance, wind loads, and control system accuracy. 
Beam quality describes the flux distribution of the 
:reflected beam image at the aim point. Beam quality 
is affected by mirror module focal length and 
waviness, and accuracy of the IOOdule IOOUnting on the 
heliostat. Reflectivity is the fraction of insolation 
incident on the heliostat that is contained in the 
:reflected beam. 

Beam pointing and quality will be ueasu:red on every 
heliostat by the BCS. Individual heliostats will be 
aioed to :reflect their beams onto large tower~d 
targets. Field-IOOUnted caneras will send the target 
images to a computer, whe:re the images will be 
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analymd to determine the flux distribution (quality) 
and the centroid {pointing) • The BCS interfaces 
directly with the Heliostat Array Controller (HAC). 
Daily operation is automatic and only requires that 
the operator input the list of heliostats to be 
tested. This system is capable of characterizing the 
entire field every 60 days. If the he liostats do not 

· change much with tine, it is possible that future 
plants will not require a BCS of the type used at the 
Pilot Plant. 

Beam pointing accuracy is output directly by the BCS. 
The effect of the wind loads on beam pointing will be 
evaluated with SHIMMS. Six heliostats located mar 
wind sensors have been instrumented with load cells. 
Tracking accuracy will be determined as a ftmction . .of 
wind loads. This will be compared with the static 
load testing previously perforned on prototype and 
production heliostats at the CRTF, SNLA, and SNLL. 

Assessuent of beam quality requires the analysis of 
the flux distribution using HELIOS or MIRV.AL. Because 
of the tine and expense of rurming these codes, 
detailed analysis of beam images will be perforned for 
selected heliostats throughout the field. A 
simplified ftmctional approximation, developed from 
these analyses, will provide a uethod for quantifying 
heliostat images and will allow rapid evaluation of 
beam quality by the operator. Since beam quality is 
strongly influenced by focal length (which is a 
function of temperature), SHIMMS data will be used in 
this analysis to determine m:>dule temperature and 
focal length. 

Reflectivity ueasureuents will be taken by traimd SCE 
operators with a portable specular reflectoueter. 
Bi-weekly ueasurements will be taken of several 
heliostats throughout the field. Soue of these 
heliostats will be used in an experinental washing 
program to assess different washing techniques and 
frequencies. Other heliostats will be stowed 
vertically to assess this design alternative. 

Beam pointing and quality will be compared with 
specifications. He liostats out of specification will 
be corrected and reported under plant O&M. 
Probability distributions of pointing accuracy, beam 
quality and reflectivity, and their changes over tine 
will be determined. 



Output and 
Applicability: 

Environoental Survival 

Heliostats are designed to have a service life in 
excess of 30 years. 'lhe major enviromnental 
conditions which affect this lifetine are the drive 
and structure loads imposed by high winds, corrosion 
of mirror oxxiule silvering as a result of attack by 
water, and survival of controllers and mtors under 
operating thermal loads. 

SlIDt1S data will be anal~d to evaluate load 
distributions for individual heliostats throughout the 
field as a function of wind speed and angle of 
attack. Results will be used to derive aerodynamic 
design criteria for future heliostats. 

Sensors, which will provide measurements of mtor, 
controller, mirror oxxiule, and structure temperatures, 
have been installed on the six SHIMMS heliostats. 
These measurements will be compared with design 
specifications including ambient operating conditions, 
allowable temperature rise under load, and duty 
cycle. Mirror oxxiule temperature, which affects the 
focal length, will be input into HELIOS or MIR.VAL as 
part of the optical performance evaluation. 

Mirror oxxiule silver corrosion occurs when water 
attacks the silvering on the back surface of the 
mirror. leak testing, controlled thermal cycling, 
in-situ temperature and humidity measurements, 
radiography to locate water, and computer sinu.lation 
of mirror oxxiules will be perforued to determine the 
extent and source of water in JIDdules and possible 
remedies. 

Oltput Applicability 

Pilot Plant Future PC>ler 
Plants 

1. Verification of 
Heliostat Optical 
Performance 

2. Need for a BCS 
3. Assessment of He liostat 

Wind Load Design 
Criteria 

4. Assessment of Mirror 
Module Corrosion 

5. Assessment of Preferred 
He liostat Stowage 
Position & Washing 
Techniques 

X 

X 

X 

X 
X 

X 

X 

X 
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Title: 

SNIL Key 
Contacts: 

Objective: 

Test 
Requireoents: 

Data 
Requirements: 

Approach: 

Evaluation Specification 5 

Receiver Performance 

Al Baker, (415) 422-2171 - F1'S 532-2171 
Hal Norris, (415) 422-2620 - F1'S 532-2620 

Characterize receiver performance. Identify areas 
where receiver R&D may lead to performance 
i.mproveoents. 

1110, 1120, 1130, 1140, 1150 

Fluid temperature 
Fluid pressure 
Flow rates 
Flash tank fluid leve 1 
Valve positions 
Controller comnands 
Feedwater pump speed and power 
Panel oetal temperatures 
Panel deflections 
Air temperature 
'Wind speed 
Wind direction 
Receiver incident power (from HELIOS or MIR.VAL) 
Receiver incident heat flux (from HELIOS or MIR.VAL) 

Tirl.s activity will evaluate receiver steady-state 
performance, transient-state performance, thermal 
stresses, and absorber coating. 

Steady-State 

The conversion efficiency of the receiver will be 
determined as a function of total incident solar 
power. The data from the collector field will be used 
as input to the HELIOS or MIR.VAL computer codes. 
HELIOS or MIR.VAL will compute the total solar erergy 
incident on the receiver as well as the erergy 
distribution. The power absorbed by the water/ steam 
flowing through the total receiver and the power 
absorbed by individual panels will be calculated from 
the water/steam flow rates and the enthalpy change 
through the receiver and individual patEls. The 
receiver efficiency is simply the ratio of the eIErgy 
absorbed by the water/steam to the total incident 
eIErgy supplied by the collector field. Individual 
pane 1 efficiencies and the apportioning of the 
receiver losses will be calculated with the SNIL 
thermal hydraulic computer codes, SAPPHIR. and PARFLO. 
'nlese codes use the calculated HELIOS or MIR.VAL 
incident erergy distribution, the oeasured water/steam 



flow rates, fluid inlet and outlet intensive 
properties, i:eceiver geonetry, i:eceiver metal . 
temperatui:es, and ambient temperatui:e and wind data 
to calculate the i:eflected energy loss, the emitted 

. radiative energy loss, and the convective energy 
loss. Tabulations of the i:eceiver efficiency as a 
function of incident power and atm:>spheric conditions 
(temperatui:e, wind speed, and wind direction) will 
describe the i:eceiver's steady-state performance. 
Comparisons with the design estimates will be made. 

Transient-State 

'lhe i:esponse of the i:eceiver (outlet steam conditions) 
to transients, both planned (i.e., load changes) and 
unplanned (i.e., insolation variations, or trip 
conditions) will be evaluated if i:equired. 'lhe 
evaluation will determine the suitability of the 
i:eceiver operating strategy and control system. The 
i:eceiver i:esponse to specific transients will be 
calculated with the RELAP i:eceiver computer IOOdel. 
'lhe uooel i:esponse will be compai:ed with the actual 
response to determine if the i:eceiver controls ai:e 
i:esponding as designed. If the actual control 
i:esponses ai:e other than desired, then mdifications 
to the control system or strategy can be evaluated 
with the RELAP uooel prior to incorporation into the 
actual plant. 

'lhermal Sti:esses 

Receiver thermal sti:esses will be analyzed based on 
operating data. These include panel lateral sti:esses, 
tube-to-header sti:esses (including welds), and tube 
front-to-back sti:esses. 'lhese analyses, along with 
thermal expansion data, will determine if the receiver 
is operating as designed. The effect of i:elaxing the 
design temperatui:e diffei:ence constraint between the 
panel metal and steam .temperatui:es will be studied. 

Absorber Coating 

Tbe performance and environmental survival of the 
i:eceiver absorber coating will be determined. 'lhe 
absorptivity of each i:eceiver panel will be measured 
at several locations and as a function of time. 
Visual inspections of the panel surfaces will also be 
performed. 
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Output and 
Applicability: Output Applicability 

Pilot Plant . Future Power 
Plants 

1. Verification of 
Receiver Efficiency X X 

2. Verification of 
Receiver Transient 
Response X X 

3. Verification of 
Receiver Structural 
Design Criteria X X 

4. Verification of 
Absorber Coating 
Performance X X 
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Title: 

SNU. Key 
Contact: 

Objectbe: 

Test 
Requimments: 

Data 
Requimments: 

Approach: 

Evaluation Specification 6 

Thermal Storage Barformance 

Scott Faas, (415) 422-2287 - Fl'S 532-2287 

Characterize thermal storage performance. Identify 
areas where thermal storage R&D may lead to 
performance improvenents. 

1120, 1130, 1140, 1150, 1160 

Fluid temperature distribution in storage tank 
Fluid pressures in storage tank 
Flow rates 
Flash tank fluid leve 1 
Valve positions 
Controller com:nands 
Pump speed and power 
Air temperature 
Wind speed 
Storage tank fluid level 
Strain gauge outputs 
Oil replenishment rate 
Oil chemical analyses 

This activity will evaluate the thermal storage 
steady-state performance, transient-state performance, 
fluid degradation, and tank thermal ratcheting. 

Steady-State 

'!be throughput efficiency of thermal storage will be 
determined, and the effects of charging rate, 
discharging rate and hold tine will be evaluated. 
Energy delivered to and reUDVed from storage will be 
DDnitored by an axial string of thenoocouples in the 
thermal storage tank •. The throughput efficiency is 
the total electrical energy generated by using storage 
divided by the total thermal energy sent to storage. 

To evaluate this efficiency, both heat losses from the 
system to the environoent and heat transfer within the 
oil/rock/ss.nd bed must be analYEd• The oil/rock/sand 
bed operates as a regenerative heat exchanger where 
the oil is the heat transfer fluid, and the rock and 
sand are sta~ionary. Energy is stored by establishing 
a thernDCl.1-ne with the hot region on top of the cold. 
'!be hot region of the thermcline provides the useful 
energy from storage; energy in the interface and cold 
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regions is not useful except for low-temperature seal 
and bl.a.nket steam production. The relative size of 
each region depends on the thermal storage system 
operation (charging rate, charging duration, hold 
tine, etc) • Minimizing the interface region will 
maximize the useful energy that can be recovered from 
the storage ta.rk. 

Heat losses from the storage ta.rk will be derived from 
tbenoocoup les embedded in the foundation, rock/ sand . 
bed, tank shell, and exterior surfaces of the storage 
ta.rk. 

Information concerning the size of the hot, cold, and 
interface regions is provided by thenoocouples . 
embedded in the rock/sand. Both axial and radial 
u:ea.su:renents are available. Axial neasu:renents will 
be compared to those predicted by a IOOdified vers_ioa .. 
of TE.SVR.4, a one-diuensional, variable property, 
finite-difference computer model. Plots of the radial 
profiles will be studied for nonisothermal 
characteristics; an ideal thenoocline .. has isothermal 
radial profiles. The extent of the three regions and 
the energy contained in each, referenced to the lowest 
useful temperature, will be analyzed. 

Transient-State 

The response of the thermal storage system to 
transients, both planned (i.e., charging steam 
conditions, or load changes) and unplanned (i.e., trip 
conditions), will be evaluated if required. The 
evaluation will determine the suitability of the 
thermal-storage operating strategy and control 
system. The thermal storage response data to specific 
transients will be calculated with a REL.AP storage 
computer model. The model response will be compared 
with the actual response to determine if the thermal 
storage. controls are responding as designed. If the 

. actual control responses are other than desired, then 
mdifications to the control system or strategy can be 
evaluated with the REL.AP model prior to incorporation 
into the actual plant. 

Fluid ~gradation 

The heat transfer oil, Ca.loria Hl'-43, will be used at 
temperatures at which it will undergo thermal cracking 
as well as form sludges. The rate of Caloria 
replenishnent and light hydrocarbon re100val will be 
tabulated on a 100nthly basis. Samples of the oil will 
be taken 100nthly or 100:re frequently if conditions 
require and sent to labs for analysis. 

, 
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and 
Applicab~lity: 

Tank 'lbermal Ratcheting 

A primary concem with dual media thermocline systems 
is the phenomenon of thermal ratcheting. 'lbermal 
ratcheting is caused when the tank expands as a result 
of h!ating, and the oil/rock/sand bed settles to fill 
the space. wt.!n the tank cools, it is unable to 
contract because of the settling of the bed and 
stresses am increased in the tank shell. 

Strain gauges am DDUnted on the tank's external 
surface to JOOnitor local strain from which stress may 
be calculated. 'lbe data provided by the strain gauges 
will be tabulated on a leekly basis, and a plot of 
stress or strain versus tine for each of the gauge 
locations will be provided. 

Output Applicability 

Pilot Plant Future Power 
Plants 

1. Verification of 'lbermal 
Storage Efficiency 

2. Verification of 'lbermal 
X X 

Storage Transient 
Response X X 

3. Verification of Storage 
Fluid Makeup Needs X X 

4. Verification of Storage 
Tank Design Criteria X X 

5. Verification of 'lberm-
cline Design Criteria X X 
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Title:. 

SNU. {<ey 
Contact: 

Objective: 

Test 
Requi.reuents: 

Data 
Requi.reuents: 

Approach: 

Evaluation Specification 7 

Plant Operations 

Jim Bartel, (619) 254-2971 

Establish the Pilot Plant operating· procedures and 

costs. ~termi.JE the Pilot Plant availability. 

All operational tests 

Operating costs 
Daylight hours 
Insolation 
Test hours 
Scheduled maintenance outage hours 
Unscheduled maintenance outage hours 
Weather outage hours 
Training hours 
Power production hours 
Energy production (MWeh gross and net) 

Operating Procedures 

Typical daily operating and special procedures and 
manpower requi.reuents will be reported, including 
start-up, shutdown, and plant trips. Operation of the 
collector subsystem will be addressed in detail. 

Operating Costs 

SCE currently operates computerized data acquisition 
and processing systems for the conventional power 
generating plants on its grid. These systems will be 
IOOdified to accoJDnDdate the Pilot Plant solar 
equipment and additional levels of cost accounting. 

The multilevel system allows accumulation and 
totalizing of costs with a great deal of flexibility. 
For example, operations labor and maintenance labor 
may be accumulated separately and charged to each 
system or equipnent type. The costs will be 
accumulated continuously by the SCE computerized 
system and will be summarized and reported mnthly. A 

current itemized listing by account and subaccount 
rrumber is presented in Appendix B. 

• 
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nitput and 
Applicability: 

Plant Availability 

Availability is defined as the percentage of total 
tine -- insolation and wind permitting -- that the 
plant is operable. 'lbe Data Acquisition System (DAS) 
will provide the insolation and wind data to establish 
the tine base for operable conditions and the tim 
that the plant is in actual operation. Operator daily 
logs will identify the 8DDUilt of and reason for down 
times in order to derbe the availability. 
Availability will be reported on a system and total 
plant basis. 

Output 

1. Operating Procedures 
2. Operating C.osts 
3. Plant Availability 

Applicability 

Pilot Plant Future Power 

X 
X 
X 

Plants 

X 
X 
X 
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Title: 

SNLL Key 
Contact: 

Objective: 

Test 
Requirenl!nts: 

Data 
Requiren:ents: 

Approach: 

Evaluation Specification 8 

Plant Maintenance 

Jim Smith, {415) 422-2297 - Frs 532-2297 

Establish the Pilot Plant maintenance needs and 
costs. ~termine plant and equipnent reliability. 

' 

All operational tests 

Maintenance costs 
Maintenance records 

Maintenance ~ds 

1. History 

SCE, using the computerized data acquisition and 
process systems for its conventional power generating 
plants, will acClmllate historical data by equipn:ent 
trumber for plant equipnent items. Data will be 
accumulated from preventive maintenance work orders 
and work orders originated by plant operators as a 
result of equipn:ent breakdown or malfimction. The 
collected data will include a description of the work_ 
perforned, replacenent parts required, and labor tine 
associated with repair. The data will be entered into 
the SCE Computerized Maintenance Generation Mana.gen:ent 
System and may be accessed by equipn:ent munber. 

2. Preventive Maintenance (PM) 

The PM system will be managed by the SCE Maintenance 
Generation Mana.gen:ent System. PM instructions and 
schedule will be entered into the system by equipn:ent 
rrumber. PM work orders in hard copy format will be 
issued on schedule by the system. The status and 
disposition of issued work orders will be available 
from the system. Required repairs will be added to 
the equipn:ent history. 

3. Spare Parts 

SCE will maintain an inventory of spare parts unique 
to the solar plant in an on-site warehouse. Parts for 
equipn:ent items common to other SCE generating 
stations may be drawn from corporate-wide inventory. 
The central, corporate-wide, computerized Materials 
Managen:ent System will be used for full inventory 
control and access to required spare parts. 



.. 

Output and 
Applicability: 

Maintenance Costs 

The SCE computerized data acquisition and processing 
system that was described tmder Operating Costs (see 
Evaluation Specification 7) will also be used to 
i-eport maintenance costs • 

Reliability 

The i-eliability of key plant components will be 
evaluated to identify marginal system elenents that 
i-equire improvement. Special attention will be 
directed to the plant computer sytems to identify high 
and low failure components. A IIDilthly status 1'eport 
of the collector field, which is made up of 1818 
essentially identical heliostats, is also pl.anred. 
'Ibis mport will describe the number of heliostats 
i-epaued, type of i-epairs, number of new failures 
during the mnth, and number of adjustnents i-equired. 
'lbe percent of the field in operation at the end of 
each mnth will be i-eported. 

Cbtput 

1. Plant Reliability 
2. Equipment Maintenance 

History 
3. Preventive Mainte-

nance Needs 
4. Spam Parts Needs 
5. Maintenance Costs 

Applicability 

Pilot Plant 

X 

X 

X 
X 
X 

Futu1.'e Pc:Mer 
Plants 

X 

X 

X 
X 
X 
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Title: 

SNIL Key 
Contact: 

Objective: 

Test 
Requirements: 

Data 
Requii:euents: 

Approach: 

Evaluation Specification 9 

Plant Safety 

Tom Brumleve, (415) 422-2941 - FrS 532-2941 

Verify Pilot Plant safety. 

1360, 1390, and all operational tests 

TBD 

This activity will evaluate reliostat beam and 
receiver optical safety and the ability of the plant 
to safely slru.tdown following tre loss of power or the 
failure of a major component. 

Heliostat Beam Safety 

The eye hazards of reliostat beams in the airspace 
above the plant and at ground level will be 
evaluated. Beam brightness will be neasured at 
various altitudes and locations when heliostats are at 
standby, face-down, and face-up stowage positions, or 
are undergoing maneuvers (i.e., wire-walk or expanding 
ring) to achieve these positions. 

Receiver Brightness 

The eye hazard of the reflected light from the 
receiver will be evaluated. Receiver brightness will 
be ueasured at several ground locations when the 
receiver is operating at or mar full power. 

Plant Safe Shutdown 

The ability of the plant to shutdown safely will be 
evaluated for three conditions: (1) loss of power to 
tre collector field; (2) loss of power to the 
collector field and all the plant auxiliaries; and (3) 
failure of major components. 



Output and 
Applicability: Output Applicability 

Pilot Plant Future Power 
Plants 

1. Verification of 
Heliostat Beam Safety 

2. Verification of 
X X 

Receiver Brightness 
Safety X X 

3. Verification of Plant 
Safe Shutdown 
Procedmes X X 
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Title: 

EPR.I Key 
Contact: 

Objective: 

Test 
Requi.renents: 

Data 
Requi.renents: 

Approach: 

CXltput and 
Applicability: 

Evaluation Specification 10 

Lessons I.earned 

John Bigger, (415) 855-2178 

Anal~ Pilot Plant design and construction experience 
and compile a library of ·all relevant documentation. 

None 

None 

The lessons learned during the design and construction 
of the Pilot Plant will be evaluated by an 
architectural and engineering firm under contract to 
EHU. Both ma.nageuent and contracting operations will 
be explored. 

An index and abstracts of all reports that were 
prepared during the Pilot Plant component testing, 
design, construction, and operation will also be 
issued by the firm. A complete set of reports will be 
assembled at the Pilot Plant administrative offices. 

Output 

1. Design & Construction 
Lessons I.earned 

2. Compilation of Reports 

Applicability 

Pilot Plant 

X 

Future Power 
Plants 

X 
X 



Title: 

SNU, Key 
Contacts: 

Objective: 

Test 
Requirements: 

Data 
Requirements: 

Approach: 

Output and 
Applicability: 

Evaluation Specification 11 

Plant Costs 

•Hal Norris, (415) 422-2620 - Fl'S 532-2620 
Jim Bartel, (619) 254-2971 

Analyze the Pilot Plant project costs. Estimate the 
costs of future 10 MWe plants and scaled plants using 
the Pilot Plant technology. 

Nore 

Townsend and Bottum, Inc. , Solar 10 MWe Pilot Plant 
cost estimate 
Operations and maintenance costs (see Evaluation 
Specifications 7 and 8) 

Pilot Plant Project Costs 

The Pilot Plant project costs (design, engineering, 
construction, and owners costs) will be sorted into a 
standardized cost b:reakdown structure being fonm.ilated 
by Polydyre, Inc. Data will be used from the Townsend 
and Bottum Probe code listing and from other cost 
records as required. 'l'lE data will be preserved in a 
Cost Data Management System and will be part of a CV:lta 
bank of central receiver estimated and actual cost 
information. 

Future Plant Costs 

Pilot Plant costs will be analyzed to identify unique 
costs associated with the Pilot Plant, such as special 
instnmentation costs, special procurement costs, 
special testing costs, as we 11 as non-recurring 
costs. costs will be estimated based on recorded 
plant data. 

Future plant costs will be estimated for additional 
plants of the same size as the Pilot Plant as well as 
for larger plants, e.g., 100 MWe. 

Output Applicability 

Pilot Plant Future Power 
Plants 

1. Pilot Plant Project Costs X 
2. Future Plant Costs X 
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Title: 

SNLL Key 
Contact: 

Objective: 

Test 
Requil:emants: 

Data 
Requireuents: 

Approach: 

Output and 
Applicability: 

Evaluation Specification 12 

F.nvironmental Assessuent 

TBD 

Evaluate the environmental, health, and safety 
experiences of the Pi.lot Plant. Identify mitigation 
techniques for future 1)0",er plants. 

TBD 

TBD 

This activity will evaluate six Pilot Plant 
envirormental issues that must be resolved prior to 
significant public deployuent of central receiver 
technology: handling and disposal of system fluids and 
wastes, potable water contamination, heliostat 
reflection, ecological impacts of the heliostat field, 
alteration of the microclimate, and land use. Each 
issue will be addressed by reporting actual 
experiences for the Pilot Plant and by suggesting 
techniques for mitigation. 

Output Applicability 

Pilot Plant 

1. Envirormental, Health, 
and Safety Experiences 

2. Identification of 
Mitigation Techniques 

X 

Future Power 
Plants 

X 

X 



Data Dissemination 

Technology transfer activities ai:e a crucial part of the Pi.lot Plant 
Experimental Test and Evaluation Phase. These activities will include 
both technical presentations and written reports. Information about the 
Pilot Plant will be disseminated at technical conferences and workshops. 
A OOE-sponsored workshop, similar to the recent International Workshop on 
the Operation of Solar Central Receiver Plants, will be held in late 1984 
to discuss the Pi.lot Plant testing and evaluation after the Experimental 
Test and Evaluation Phase is complete. 

SNU., SCE, and EPRI will issue reports that describe the Pilot Pl.ant 
design and construction experience, Pi.lot Plant costs, evaluation 
methodologies, and evaluation results. The topics and actual or planmd 
date of issuance ai:e described in Table IV. McDonrell Jbuglas 
Astronautics Company (MDAC), under contract to SNU., will be conducting 
the operational tests during the Experimental Test and Evaluation Riase. 
As part of this activity MDAC will issue reports that provide a record of 
the operational tests. 'lbe reports, which ai:e listed in Table V, 
ai:e primarily test reports and will contain only a very limited m.nnber of 
analyses. 

Meteorological data evaluation reports will not be issued separately 
but will be summarized in anrual reports (described below) and combined 
with other topical reports. Evaluation reports on specific topics will 
gemrally not be issued l.llltil the Experimental Test and Evaluation Phase 
is complete. Several topics may be combined into a single report 
depending on the content. Amrual reports that describe the status of 
both the testing and evaluations, and mnthly and quarterly reports that 
highlight operational and maintenance data for the Pilot Plant, will be 
issued. To assure that any significant findings ai:e disseminated quickly 
SNLL will issue several monographs. These short reports (2-4 pages) will 
provide timely evaluation information on subjects of special interest. 

All reports will be prepai:ed for gemral distribution. Monthly and 
quarterly reports and monographs will be issued to a limited m.nnber of 
interested parties. Topical and anrual reports will be sent directly to 
a limited number of persons, but copies will be available through the 
National Technical Information Service (NITS), U. S. ~partment of 
C'.om:IBrce, 5285 Port Royal Road, Springfield, Virginia 22161. Much of 
this information will also be described in articles that will be 
submitted to appropriate journals (e.g., Solar Energy and Solar Energy 
Engineering) for publication. 
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TABLE IV. Evaluation Reports 

Evaluation Issuing 
Category Topic/Report Organization Date 

1. Meteorological Summaries FY82 Annual Report SNLL Apr 1983 
FY83 Annual Report SNLL Apr 1984 
FY84 Annual Report SNLL Apr 1985 

2. Plant Steady-State Plant Steady-State 
Performance Performance Monograph SNLL Jan 1984 

Final Report SNLL Dec 1984 

3. Plant Transient-State RELAP Receiver Model SNIA Aug 1981 
Performance {SANDBl-1220) 

RELAP 'lberma.1 Storar SNIA Oct 1981 
Model (SANDBl-1831 

RELAP Turbine- SNLA TBD 
Gemrator Model 

Final Report SNLL Dec 1984 

4. Collector Performance Collector Performance 
Monograph SNLL Apr 1983 

Optical Performance SNLL Dec 1984 
Need for a BCS SNLL Dec 1984 
leliostat Washing SNLL Dec 1984 
Heliostat Wind Loads SNLL Dec 1984 
Mirror Module SNLL Dec 1984 

Corrosion 

5. Receiver Performance 1030 Test Evaluation 
Monograph SNLL Feb 1983 

Receiver Performance 
Monograph SNLL Apr 1983 

Receiver Efficiency SNLL Dec 1984 
Receiver 'lllerma.l SNLL Dec 1984 
Stresses 

Receiver .Absorber 
Coating SNLL Dec 1984 

6. Thermal Storage 1040 Test Evaluation 
Performance Monograph SNLL Mar 1983 

Storage Performance 
Monograph SNLL May 1983 

Storage Efficiency SNLL Dec 1984 
Storage Fluid SNLL Dec 1984 
Degradation 

Tank 'lbermal SNLL Dec 1984 
Ratcheting 

7. Plant Operations Operating Costs SNLL TBD 
Operations SCE Monthly 
Operations Summary SNLL Q.:iarterly 
Operations Monograph SNLL Mar 1983 
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TABLE IV. (contirued) 

8. Plant Maintenance Maintenance Costs SNLL TBD 
Maintenance SCE Monthly 
Maintenance Summary SNLL TBD 

... Maintenance Monograph SNLL Sep 1983 

9. Plant Safety He liostat Beam Safety SNLL Mar 1983 
Receiver Brightness SNLL Mar 1983 
Plant Safe Shutdown SNLL Dec 1984 

10. lessons I.earned Final Report EPRI TBD 
Index and Abstracts 
of Pilot Plant 
Reports EPlU TBD 

11. Plant Costs Pilot Plant Project SNLL TBD 
Costs 

Future Plant Costs SNLL TBD 

12. Environo:ental Envirormental, Health TBD TBD 
Assessuent and Safety Experiences 

Mitigation Techniques TBD TBD 

13. General FY82 Amrual Report SNLL Apr 1983 
FY83 Amrual Report SNLL Apr 1984 
FY84 Amrual Report SNLL Apr 1985 

• 
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TABLE V. Test Reports 

Topic/Report Preparing Organization Date 

1030 Tests MDAC Feb 1983 

1040 Tests MDAC Mar 1983 

Meteorological Tests MDAC Mar 1983 

1110 Tests MDAC Mar 1983 

1150/1160 Tests MDAC Apr 1983 

1120/1130/1140 Tests MDAC Oct 1983 

1200 Tests MDAC TBD 

1300 Tests TBD TBD 
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Special requests for information from private and govenment 
organizations are expected to range from raw data on system and component 
performance to complex analyses of component interactions. Requests, 
which will be handled as quickly as possible, should be directed to: 

J. F. Genoni 
Solar Central Receiver Department - 8450 

Sandia National Laboratories 
Livenoore, CA 94550 

or 

P. Tong 
Pilot Plant Visitor's Center 
Southern California Edison 

Cool Water Generating Station 
Daggett, CA 92327 
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APPENDIX A -- PILOT PLANT DFSOUPITON 

The Pilot Plant consists of seven major systems: the collector, 
receiver, thermal storage, plant control, plant support, beam 
characterization, and electrical po-er generating systems (see Figure 
A-1). The heliostats in the collector system reflect the solar energy 
onto the receiver, which is mounted on a central tower. '!be receiver 
absorbs the solar energy in water that is boiled and converted to high-
pressure steam. '!his steam po-ers a turbine-generator for the generation 
of electrical energy. Steam from the receiver, in excess of the energy 
required for the generation of 10 MWe net ~r to the utility grid, is 
diverted to thermal storage for use when output from the receiver is less 
than that needed for rated electrical po-er. 

Collector System - The collector field consists of 1818 heliostats. 
F.ach heliostat has 39.3 m.'2 reflective area, and the total field 
reflector area is 71,447 m2. 
Receiver System - 'llle receiver system consists of a single-
pass-to-superheat boiler with external tubing, a tower, pumps, 
piping, wiring, and controls necessary to provide the required amount 
of steam to the turbine. '!be receiver is designed to produce 516°c 
steam at 10.3 MPa. The receiver is 7 m in di.aneter and 13. 7 m high 
with a total surface area of 330 m2. The tower supporting the 
receiver is 72 m to the bottom of the receiver. 

'lbermal Sto~ s1stem - The thermal storage system provides for. 
storage of rma energy to extend the plant's electrical pmer 
generating capability. It also provides steam for keeping selected 
portions of the plant warm during nonoperating hours. The storage 
tank is 13. 7 m high and 19.8 m in di.aneter. The tank is filled with 
rock, sand, and thermal oil. When fully charged, the mixture has a 
temperature of 302°C. When the system is discharging, the oil is 
pumped through a heat exchanger to produce steam at 274°C, 2. 7 MPa, 
for delivery to the turbine. 'lhe net rated electrical capacity of 
the plant operating on thermal storage is 28 MWhe or 7 MWe for four 
hours. 

Plant Control~stem - The plant control system provides for plant 
control from control room. It supplies overall coordinated 
supervisory control to individual system controls. In the final 
configuration, the plant can be operated automatically. 

Plant S~rt System - The plant support system is composed of all 
support systems, such as service water, nitrogen, air, electrical 
power distribution, and fire protection. 

Beam Characterlzation System - The beam characterization system 
consists of vidicon cameras, a microcomputer, and associa.ted 
automatic controls. It is used to calibrate each heliostat with 
respect to its aim point on the receiver and its beam shape. 
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Figure A-1. Pilot Plant System Schematic 



Electrical POEr Gen!ra~stem - The electrical power gemrating 
system consists of the-gererator, rated at 12.8 MWe, and 
associated support functions, such as feedwater chemistry, 
uninterruptible power supply, condenser, and cooling and lubrication 
systems. 
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APPENDIX B -- DATA ACCJT.[SITION AND PROCF.SSm'.; 

Data acquisition and processing falls into two categories: 
collection of data for performance evaluations by the plant Data 
Acquisition System (DAS) and the collection of operations and maintenance 
data. The main purpose of the DAS is to create archival data files for 
all engireering analyses and evaluations. The DAS will collect and 
record all plant and system data. These data include performance 
evaluation data, control and alarm data, and environoental (weather) 
data. Sone data are converted to engineering units within the DAS 
computer and are avail.able in near real time at the site. The 
information can be displayed in tabular and graphical form, and hard copy 
can be generated on demand. DAS data are also sent, via comm.mication 
lines, to McDonne 11 Douglas Astronautics Company (MDAC) in .Huntington 
Beach, California, where they are converted to engineering units. The 
information is then avail.able for analysis by SNLL or MDAC. Direct 
terminal connections from MDAC to the plant and SNU. allow quick and easy 
access to the information. Both tabular and graphical data can be 
displayed. Reduced data will be sent to SNLL on magnetic tape for 
further analysis. 

As part of the Pilot Plant operational responsibility, SCE will 
maintain records and acCUillllate data to evaluate operation and 
maintenance costs, equipnent maintenance needs, plant avail.ability, and 
re liability. SCE will use computeri2.ed data acquisition and processing 
systems that now perform similar functions for the conventional pc,ler 
generating plants on their grid. Modifications of programs to 
accomoodate additional levels of cost accounting associated with the 
Pilot Plant and the solar equipnent will be made. Plant costs will be 
aCCUillllated under several major categories: 

1. Field office 
2. Operations 
3. Miscellaneous nonproductive costs 
4. Maintenance (this category is further divided into several system 

categories) 

Under these accounts, two sublevels are provided. 'lbe first sublevel 
generally identifies activities, plant systems, and equipnent 
categories. The second sublevel defines a minimum of ten cost 
categories: 

O. Labor 
1. Materials 
2. Contract services 
3. TBD 
4. TBD 
5. Construction/Start-Up completion items 
6. TBD 
7. TBD 
8. Field design change requests 
9. Miscellaneous 

A current itemized listing by account and subaccount number is given in 
Table B-I. 53 



54 

TABLE B-I. Pilot Plant O&M Accounts 

FIELD OFFICE 

Research & Development 
Engineering & Construction Department 
Office Services 
Valuation Department 

Supervision 

Engineering 
Accounting and Clerical 
Stationery and Office Supplies 

Grievance Under Labor Contract 
Automotive Expense 

OPERATIONS 

Operation Supervision 
Beam Safety/Air Pollution 
Plant Operation General 
Receiver Operation 
Thermal Storage Operation 
Collector Operation 
Turbine/Generator Operation 
Auxiliary Equipment Operation 
Water and Chemical Analysis 

MISCELLANEOUS NON-PRODUCTIVE COSTS 

Station Supplies/Services 
Safety Meetings 
Security Officers 
Expendable Small Hand Tools 
Job Training Meetings 
Station Ground Keeping 
Station Rentals 

MAINTENANCE 

Maintenance Supervision 
Warehousing and Store Keeping 
Maintenance Indirect Costs 
Miscellaneous Maintenance Material 

ACCOUNT NUMBER 

931.lOX 
.20X 
.30X 
.40X 

908.00X 
.01x 
.02X 
.03X· 
.04X 
.05X 
.OGX 
.07X 

908.lOX 
.11 X 
.12X 
.13X 
.14X 
.15X 
.16X 
.17X 
.18X 

908.20X 
.21X 
.22X 
.23X 
.24X 
.25X 
.26X 

908.30X 
.31X 
.32X 
.33X 
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TABLE B-I (Continued) 

CONTROL SYSTEMS - General 
Beckman - Remote Station 
Beckman - Control Room 
Modcomp - Heliostat Array Control 
Modcomp - All Other 
Modicon - Interlocking Logic System 
Modicon - Red Line Unit 
Cyber 
Intelligent System Corp. 
HFCs, HCs and 1/0 

RECEIVER SYSTEM - General 
Preheat Panel 
Boiler Panel 
Temperature Control Valves 
Receiver Steam Dump Equipment 
Valves . 
Controls Primary Elements and Transmitters 
Chemical Cleaning 
Electrical 
Daily Start-Up/Shutdown 

THERMAL STORAGE SYSTEM - General 
Thermal Storage Tank 
TSS Charging System (Steam) .. · 
TSS Extraction System (Steam) 
TSS Charging System (Caloria) 
TSS Extraction System (Caloria) 
Strainers and Filters 
Attemperator 
Valves 
Ulleage Maintenance System 

COLLECTOR SYSTEM - General 
Heliostat 
Heliostat Motors 
Mirror Facets 
Collector Field Electrical 
Encoder 
Rectifier 
Gear Drive 
Electrical 
Heliostat Wash 

EPGS SYSTEMS - General 
Secondary Steam Production (Aux. Boiler) 
Condensate System 
Switchgear 
Feedwater System 
Steam Turbine 
Generator 
Cooling Water System 

ACCOUNT NUMBER 

.40X 

.41X 

.42X 

.43X 

.44X 

.45X 

.46X 

.47X 

.48X 

.49X 

908.SOX 
.51X 
.52X 
.53X 
.54X 
.55X 
.56X 
.57X .sax 
.59X 

908.60X 
.61X 
.62X 
.63X 
.64X 
.65X 
.66X 
.67X 
.68X 
.69X 

908.70X 
.71X 
.72X 
.73X 
.74X 
.75X 
.76X 
.77X 
.78X 
.79X 

908.BOX 
.81X 
.82X 
.83X 
.84X 
.85X 
.86X 
.87X 
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Miscellaneous 
SHIMMS 

TABLE B-I (Continued) 

Fire Water/Service Water System 

ACCOUNT NUMBER 

Repairing Shop and Miscellaneous Equipment 
Buildings and Grounds 

.90X 

.91X 

.92X 

.93X 

PROGRAM ADMINISTRATION 938.00X 

{Not to be billed to DOE) 

Note: The last significant digit (X) represents the following 
activities: 

Activities: 

o. Labor 6. -------------1. Materials 7. -------------2. Contract Services 8. Field Design Change 
3. ----------- Requests 
4. ----------- 9. Miscellaneous 
5. Construction/Start-Up 

Completion Items 

.. 
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APPENDIX C -- C01PUTER CODES 

SOLTES 
(Simulator of Large Thermal Energy Systems) 

SOLTES is a mxlular, thenoodynamic, heat-and-mass balance code which 
simulates the quasi-transient or steady-state response of thermal energy 
systems to tine-varying data such as weather and loads. nie mxlular form 
of SOLTES allows very complex systems to be IIX>deled. Component performance 
is described by thermodynamic IOOde ls. A preprocessor is used to construct 
and edit system IOOde ls and to generate the main SOLTES program. Computer 
core requirenents are minimized because only those routines required for a 
particular system simulation are included in the SOLTES program. With 
SOLTES, it is possible to realistically simulate a wide variety of thermal 
energy systems such as solar, fossil or rruclear paver plants, solar heating 
and cooling, geothermal energy, and solar hot water. 

In order to nm SOLTES, four categories of input are needed; two 
optional categories are available depending on the system IOOdel and options 
chosen. 

1. Component/Information Routine Data--'Ihis file contains the input needed 
by the various individual information, component, and system 
performance routines. lbese routines can be drawn from the SOLTES 
library or provided by the user. The library includes thermodynamic 
and mathematical i:oodels of solar collectors, pumps, switching 
decisions, thermal energy storage, thermal boilers, auxiliary boilers, 
heat exchangers, extraction turbines, extraction turbine-generators, 
condensers, regenerative heaters, and air conditioners. 

2. Executive Routine Control Data--This file provides input data that 
define the simulation period, tine increnent, desired output, steady-
state convergence criteria, and problem identification. Energy 
accounting is available and instantaneous and integrated values for 
system performance para.ueters may be determined. 

3. Loop Definition Data--This file defines fluid loops by specifying the 
fluid, initial values of temperature, pressure, flow rate, and the 
unique integer identifiers for each component in the loop. 

4. Fluid Property Data--This file contains the constants used to calculate 
heat transfer properties {density, specific heat, kinematic viscosity, 
thermal conductivity) as a function of temperature. Constants that 
characterize power-cycle working fluids (100lecular weight, normal 
boiling point, critical temperature, pressure and volUDB, Pitzer's 
acentric factor, liquid density at a given reference temperature, 
constants for the ideal yas heat capacity equation, heat of 
vaporization, Goldhammer s constant) are also given in this file. 
Fluid property data may be obtained from the SOLTES data bank or 
provided by the user. 
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5. Weather Data--This is an optional file which can be used to supply 
weather data. Hourly weather data for typical neteorological years for 
26 locations in the United States are available in the SOLTES library 
or may be supplied by the user for any tine increnent. 

6. Load Data--This file may be provided to simulate arbitrary energy 
dispatch. Cooling, heating, electrical, nechanical, thermal, and hot 
water loads may be read from this file, then scaled or peak-shaved, and 
followed. 

Currently, new SOLTES routines which provide further definition for 
solar thermal central receiver systems are being developed. fucumentation 
is available on many of these routines. To obtain further information, a 
user's manual (Reference 5), or the code, contact N. R. Grandjean or 
M. E. Fewell at Sandia National Laboratories Albuquerque. 

MIR.VAL 

MIR.VAL is a Monte Carlo ray tracing program which simulates individual 
heliostats and a portion of the receiver in calculating the optical 
performance of well-defined solar thermal central receiver systems. MIR.VAL 
was created for detailed evaluation and comparison of fixed heliostat, 
heliostat field, and receiver designs. It simulates shadowing, blocking, 
heliostat. tracking, random errors in tracking and in the conformation of 
the reflective surface, insolation, angular distribution of incoming sun 
rays to account for limb da:rl<ening and scattering, attenuation between the 
heliostats and the receiver, reflectivity of the mirror surface, and aiming 
strategy. 

Power runs at a point in tine, and energy runs which integrate power 
over tine, require about the sane tine to execute. Rays of light are 
selected from the vicinity of the sun and are traced tmtil they are 
intercepted by the receiver, lost in a prior absorption process, or 
deflected enough to miss the receiver. For a power run, the output 
includes the power incident on the receiver; the power density on the 
terminal surface; the power shadowed by the mirrors, the receiver, or both; 
the power blocked by mirrors; the power incident on the ground; the power 
that clears the heliostats after reflection but misses the receiver; and 
the power that clears the heliostats but is absorbed or scattered before 
reaching the receiver. For energy runs, the output refers to tine-averaged 
power. 

Three different types of information must be supplied to MIR.VAL: 

1. A file which groups the he liostats in the he liostat field in a regular 
way is required for efficient calculations. The coordinates of the 
centers of each he liostat are read by a preprocessor which creates the 
necessary file, so that those mirrors which interact with an incoming 
light ray can be identified. 

2. Stmshape information that describes the angular dependence of the power 
coming from the sun must be provided. 
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3. A namlist is used to provide the balance of the system description. 
nrl.s includes information regarding heliostat type, configuration, 
dinensions and performance; receiver type and dinensions; zoning 
options; insolation; attem.Jation; starting and stopping tines for a 
calculation; miscellaneous paran:eters; and graphs. 
Thl:ee receiver types {external cylinder, cylindrical cavity with a 

downward-facing aperture, and north-facing cavity) and four heliostat types 
{three which track in elevation and azinuth, including one enclosed in a 
plastic dooe, and lowered mirror mdules which are supported on a rack 
which rotates about a horizontal axis) are included in the code. MIR.VAL 
can be modified for evaluation of other heliostats or receivers by changing 
a small m.nnber of subroutines. A user's marual {Reference 6) and the code 
can be obtained from P. L. Leary at Sandia National Laboratories Livenoore. 

HELIOS 

HELIOS is a computer code originally developed for mdeling the 
Central Receiver Test Facility. The performance of central receiver 
heliostats, parabolic dish, and other reflecting solar energy collector 
systems can now be evaluated with this code. HELIOS uses cone optics to 
evaluate flux density. Calculations are made with respect to fields of 
individual solar concentrators and a single target surface. Safety 
considerations with respect to abnormal he liostat tracking can be 
evaluated • 

Effects included in HELIOS are declination of the sun, earth orbit . 
eccentricity, 100lecular and aerosol scattering in several standard cl.ear 
atxoospheres, atxoospherlc refraction, angular distribution of sunlight, 
reflectivity of the facet surface, shapes of focused facets, distribution 
of errors in the surface curvature, aiming, and facet orientation, and 
shadowing and blocking. 

Input data to HELIOS are divided into seven groups: 

1. Problem and output data define a.roount of output, plotting, degree of 
shadowing and blocking, execution of flux density calculations, 
heliostats to be evaluated, and execution of atlOOspheric attem.Jation 
calculations. 

2. Sun parameters define insolation, sunshape, method and frequency of 
evaluating sunshape convolution, sunshape error distribution, 
concentrator errors, sun tracking errors, and calculation bounds. 

3. Receiver parameters define target points, target point output, degree 
and type of power density output, target orientation, focal points, aim 
points, type of receiver, shape and location of aperture, overall shape 
of the receiver, location and shape of the tower, and target surface. 

4. Facet parameters define facets on heliostats, subfacets for pc,,,er 
density calculations, shape of facet surface, facet reflectivity, and 
whether or not gravity or wind loading effects are to be included. 
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5. Feliostat paraneters define rrumber of beliostats, focusing and canting, 
tracking uooe, criteria for shadowing and blocking, and heliostat 
jitter resulting from the discrete mtion of the drive motors. 

6. Time paraueters define days and times of day to be evaluated and the 
day at which heliostat facets are aligned. 

7. Atmospheric paraneters define atmospheric pressure, standard sea leve 1 
pressure, atmospheric temperature at the top of the tower, attenuation 
uooel, and propagation loss uooel. 

HELIOS is written in a series of five overlays in order to minimize 
the computer core required for execution. An extensive revision of the 
user's manual is being prepared. For information or copies of the code and 
current documentation (References 7 to 9), contact C. N. Vittitoe or F. 
Biggs at Sandia National Laboratories Albuquerque. 

RELAP 

The RELAP family of computer programs is the result of an extensive 
effort to develop codes capable of analyzing the transient response of 
In.1Clear po-war plants. This code uooels one-dimensional, two-phase flow 
with a control volume approach, assuming the fluid within each volume to be 
in thermal equilibrium. The flow paths between volumes are called 
11jtmctions,11 and heat transfer to and between volumes is accomplished with 
uooe ls for thermal conductors called ''heat slabs.'' The RELAP4/MOD6 version 
of the code was chosen to analyze solar central receiver systems, primarily 
because of an energy deposition option available for ioodeling radiant 
heating in the receiver system (Reference 10). 

As a first step, RELAP calculations -were perforned for a five-tube 
solar paIEl simulating the proposed operation of the Pilot Plant receiver 
(References 11 and 12). With appropriate mdifications, the code gave 
reasonably accurate representations of the experiuental results. These 
included the achieveuent of operating conditions from a cold-water 
zero-po-war start-up, the presence of thermal-hydraulic oscillations after 
the onset of boiling, and the effect of variations in flow path 
resistance on those oscillations. 

The mxt: step consisted of performing RELAP calculations for a single, 
full-scale, 70-tube test receiver panel that essentially duplicated, both 
physically and functionally, the Pilot Plant design (Reference 13). The 
majority of these analyses addressed system response to new effects, such 
as . lateral and axial flux gradients and flux and flow transients. The 
experience gained in both the five-tube and 70-tube panel test analyses is 
being used to develop a RELAP mdel for the 24-panel Pilot Plant receiver. 

A RELAP ioodel for the Pilot Plant thermal storage system has also been 
developed (Reference 14). A finite-difference, predictor-corrector, 
Illlllerical technique has been included in RELAP to solve for fluid and solid 
temperature distributions in one-dimensional flow through the dual-nedia 
storage tank's packed bed. Nominal flow operating conditions can be 
calculated from zero-point, cold- and hot-oil start-ups for the charging 
and extraction mdes, respectively. 



SAPPHIR, PARFI.O 

Two codes, SAPPHIR and PARFLO, will be used to evaluate the receiver 
steady-state performance. In the SAPPHIR code, the thermal-hydraulic 
:functioning of a receiver panel is approximated by a single 
"representative" tube within the panel. SAPPHIR will calculate 
(approximately) the following thermal performance parau2ters: 

a. the circumferential and axial distributions of the temperature 
through the walls of a tube; 

b. the axial variation of the thenoodynamic state {e.g., pressure, 
temperature, quality) of the water-steam flow in a tube; 

c. the allocation of the panel energy losses anxmg the uecha.nisms of 
reflection, radiation, convection, and conduction; and 

d. the panel and receiver efficiency (Le., the fraction of the 
incident solar power retained by the working fluid). 

'lbe PARFLO code is similar to SAPPHIR, but it also calculates the 
distribution of the total panel flow 8l1D1lg the individual tubes and the 
performance of the individual tubes. The flow distribution within an 
actual receiver panel is non-uniform due to the use of different-sized 
orifices at the tube inlets and the presence of lateral solar flux 
gradients. 

The operational data which are input to both codes are the water flow 
rate to each pane 1 and the pressures and temperatures in the inlet and 
outlet headers. The distribution of the solar power incident on each 
panel, which is also required, will be determined by the heliostat 
performance codes, HELIOS or MIR.VAL. 

SAPPHIR and PARFLO are currently under deve lopnent. It is anticipated 
that PARFLO will require considerably mre computer tine to nm than 
SAPPHIR.. 
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UNLIMITED RELF.ASE 

INITIAL DIS'lRIBUrION 

U. S. !Epartoent of Energy (4) 
Division of Solar Thermal Technology 
Forrestal Building 
1000 Independence Ave. , S. W. 
Washington, DC 20585 
Attn: G. W. Braun 

K. T. Cherian 
C. B. McFarland 
M. R. Screve 

R. W. Hughey 
U. S. !Epartoent of Energy 
San Francisco Operations Office 
1333 Broadway 
Oakland, CA 94612 

S. D. Elliott (3) 
U. S. !Epartoent of Energy 
Solar Energy Division 
P.O. Box 366 
Daggett, CA 92327 

J. Bigger (3) 
EPlU 
3412 Hillview Ave. 
Palo Alto, CA 94303 

c. La Porta 
Solar Energy Industries Association 
1001 Conmcticut Ave., N. w. 
Suite 800 
Washington, DC 20037 

T. H. Springer 
Rockwell International 
Energy Systems Group 
8900 IE Soto Ave. 
Canoga Parle, CA 91304 

McDonmll Douglas Astronautics Company (3) 
5301 Bolsa Ave. 
Huntington Beach, CA 92647 
Attn: R. Gervais 

R. Hallet 
J. Raetz 

J. N. Reeves 
Southern California Edison 
P.O. Box 800 
Roseuead, CA 91770 

P. E. Skvama (2) 
Southern California Edison 
P.O. Box 366 
Daggett, CA 92327 65 



R. S. Claassen, 8000; Attn: D. M. Olson, 8100 
A. N. Blaclaell, .8200 
B. F. Murphey, .8300 
D. L. Hartley, 8500 

c. s. Selvage, 8000A 

L. Gutierrez, 8400; Attn: R. A. Baroody, 8410 
W. E. Alzheiner, 8440 
J. F. Barham, 8460 

R. C. Wayre, 8430; Attn: J. B. Woodard, 8431 
L. G. Radosevich, 8431 (3) 
J. B. Wright, 8450 
A. F. Baker, 8452 
J. J. Bartel, 8452 
S. E. Faas, 8452 
H.F. Norris, 8452 
A. C. Skinrood, 8452 {25) 
J. W. Smith, 8452 
D. N. Tanner, 8452 
C. L. Yang, 8452 
T. D. Brumle~ 1 8453 
C. L. Mavis, H453 
W. G. Wilson, 8453 
Publications Division, 8265/Technical Library Processes Division, 3141 
Publications Division, 8265, for TIC (27) 
Technical Library Processes Di.vision, 3141 (3) 
M. A. Pound, 8214, for Central Technical Files (3) 
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