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APPENDIX A 

SUMMARY OF PREVIOUS DOCUMENTATION 

Results of the Conceptual Design Phase of the Newman Unit 1 
Repowering Program were documented in "Newman Unit 1 
Repowering Final Report" (El Paso Electric Company, Volumes 
II, No. DOE/SG-10740-1/I,II. July 1980). 

Solar 
Solar 
I and 

These results were superseded by the Advanced Conceptual Design 
effort reported in "Newman Unit 1 Advanced Solar Repowering Final 
Report" (El Paso Electric Company, Volumes I and II, 
No. DOE/DF 11566-2. April 1982). The Table of Contents, List of 
Tables, and List of Figures for the April 19a2·report are 
provided in Tables A-1, A-2, and A-3, respectively. 

In addition, the following articles were published relating to 
this program: 

• 

• 

• 

• 

• 

"Solar Repowering an 82 MW 
presented at the 8th Energy 
Washington, D.C. March 10, 1981 

Reheat Steam Turbine," 
Technology Conference, 

"Solar Repowering: 
Power Generation," 
August 1982 

The Next Step to Commercial Solar 
Modern Power Systems, pp. 51-55. 

"Solar Repowering A Step Forward," Right of Way, 
pp. 18-20. August 1982 

"Preliminary Design 
Generating Station," 
Indianapolis, Indiana. 

of a Solar Repowered Gas-Fired 
ASME Joint Power Conference, 

September 28, 1983 

"Newman Unit 1 Solar Repowering Project," presented at 
the IEEE MEXICON 83, Cuernavaca, Mexico. November 23, 
1983 , 

A-1 



TABLE A-1 

TABLE OF CONTENTS 

VOLUME 1 

Section 

TITLE PAGE •• 

Title 

. . . . . . . . . . . . 
TABLE OF CONTENTS ••• . . . . . . 

LIST OF TABLES ••• 

LIST OF FIGURES. 

. . . . . . . . . . . . . . . 
. . . . . . . . . . . 

1. 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

2 

2.1 

2.2 

EXECUTIVE SUMMARY • 

BACKGROUND .••• 

SITE DESCRIPTION • 

PROJECT SUMMARY •• 

. . . 

. . . 

. . . 

. . . . . . . . . . . 
. . . . . . . . . . . . 

. . . . . . . . . . . . . . 

. . . . . . . . . . 
CONCEPTUAL DESIGN DESCRIPTION. . . . . . . . . . 
SYSTEM PERFORMANCE 

ECONOMIC FINDINGS. 

DEVELOPMENT PLAN. 

. . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . 

SITE OWNER'S ASSESSMENT •• . . . . . . . . . • • . . 
INTRODUCTION. . . . . . . . . . • • • • . . 

STUDY OBJECTIVE •• . . . . . . . . . . . . . . . . . 
TECHNICAL APPROACH AND UNIT SELECTION •• . . . . 

2.2.1 
2.2.2 
2.2.3 

Technical Approach •••••••••••••••• 
Selection of Newman Unit for Solar Repowering ••• 
History of Conceptual Design Evolution •••••• 

SITE LOCATION. . . . . . . . . . . . . . . . . . . . 2.3 

2.4 SITE GEOGRAPHY. . . . . . . . . . . . . . . 

2.5 CLIMATOLOGY •••••••••• 
2.5.1 CLIMATOLOGICAL DISCUSSION •• 
2.5.2 ON SITE METOROLOGICAL DATA. 

1 of 7 

A-2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

• 
Page 

A 

i 

vi 

ix 

1.1-1 

1.1-1 

1.2-1 

1.3-1 

1.4-1 

1.5-1 

1.6-1 • 1.7-1 

1.8-1 

2.1-1 

2.1-1 

2.2-1 

2.2-1 
2.2-1 
2.2.3 

2.3-1 

2.4-1 

2.5-1 
2.5-1 
2.5-2 

• 



• 

• 

• 

TABLE A-1 (Cont) 

TABLE OF CONTENTS (Cont) 

Section Title 

2.6 

2.7 

2.8 

2.9 

EXISTING UNIT DESCRIPTION. . . . . . . . . . 

EXISTING UNIT PERFORMANCE SUMMARY •• . . . . . . . . 
PROJECT ORGANIZATION •••• 

FINAL REPORT ORGANIZATION •• 

. . . . . . . 

. . . . . . . . . 
3 SELECTION OF PREFERRED SYSTEM. . . . . . . . . . . 
4 

4.1 

4.2 

4.3 

SYSTEM CONCEPTUAL DESIGN. . . . . . . . . . . . 

4.3.l 
4.3.2 
4.3.3 

4.4 

4. 5, 

4.5.l 
4.5.2 
4.5.3 

4.6 

4.6.l 
4.6.2 
4.6.3 
4.6.4 
4.6.5 
4.6.6 
4.6.7 
. 4. 6. 8 

SYSTEM DESCRIPTION •. 

FUNCTIONAL REQUIREMENTS. 

. . . . . . . . 

. . . . . . . . . 
DESIGN AND OPERATING CHARACTERISTICS .. . . . . 

Plant Arrangement ••••••••••••••••• 
Design Characteristics •••••••••••••• 
Operational Characteristics •••••••••••• 

SITE REQUIREMENTS. 

SYSTEM PERFORMANCE 

. . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 
Normal Operating Analysis ••••••••••••• 
Solar Receiver/Fossil Boiler Transient Interaction 
References •••••••••••••••••••• 

PROJECT CAPITAL COST SUMMARY. . . . . . . . . 
Direct Costs •••••••••••••••• 
Distributable Costs ••••••••••••• 
Indirect Costs ••••••••••••••• 
Allowance for Indeterminants •••••••• 

. . . . . . 
Escalation .••••••• . . . . . . . . . . . . . 
Owner's Costs ••••••••••••••••••• 
Allowance. for Funds Used During Construction ••• 
Spare Reciever Panels •• . . . . . . . . . . . . . . 

4.7 

4.7.l 
4.7.2 

OPERATIONS AND MAINTENANCE COSTS AND CONSIDERATIONS. 

Operations ................... . 
Maintenance Materials and Maintenance Labor •••• 

2 of 7 

A-3 

Page 

2.6-1 

2.7-1 

2.8-1 

2.9-1 

3.1-1 

4.1-1 

4.1-1 

4.2-1 

4.3-1 

4.3-1 
4.3-1 
4.3-2 

4.4-1 

4.5-1 

4.5-1 
4.5-3 
4.5-8 

4.6-1 

4.6-1 
4.6-2 
4.6-2 
4.6-2 
4.6-3 
4.6-3 
4.6-5 
4.6.5 

4.7-1 

4.7-1 
4.7-1 



TABLE A-1 (Cont) 

TABLE OF CONTENTS (Cont) 

Section Title Page 

4.8 

4.8.1 
4.8.2 
4.8.3 
4.8.4 

4.9 

4.9.1 
4.9.2 
4.9.3 
4.9.4 
4.9.5 

4.10 

SYSTEM SAFETY. . . . . . . . . . . . 
Technical Approach ..•.. 
Literature •••...••• 
Design Guidelines ..•.•. 
Solar Reflectance Hazards •• 

ENVIRONMENTAL CONSIDERATIONS 

. . . . . . . . . . . 

. . . . . . . . . . . 
. . . . . . . . . 

. . . . . . . . . . . 
. . . 

Summary of Major Environmental Considerations ••• 
Environmental Site Description ••••••.••. 
Environmental Impacts of Construction ••••••. 
Environmental Impacts of Operation .•.•••.• 
References •••••.•••••••.•.•• 

INSTITUTIONAL AND REGULATORY CONSIDERATIONS . . . . 

4.8-1 

4.8-1 
4.8-2 
4.8-3 
4.8-5 

4.9-1 

4.9-1 
4.9-2 
4.9-8 
4.9-12 
4.9-14 

4.10-1 

5 

5.1 

5.2 

SUBSYSTEM CONCEPTUAL DESIGN, COST, AND PERFORMANCE . . 5.1-1 

5.2.1 
5.2.2 
5.2.3 
5.2.4 

5.3 

5.3.1 
5.3.2 
5.3.3 
5.3.4 
5.3.5 
5.3.6 
5.3.7 

5.4 

5.5 

5.5.1 
5.5.2 
5.5.3 
5.5.4 

SUBSYSTEM DEFINITION. . . . . . . . . . 

COLLECTOR SUBSYSTEM. . . . . . . . . . . . . 
Design Bas i s • • • • • • • • • • • • . • • • . • • 
Collector Subsystems Design ••••••••••.• 
Collector Performance .••••••••••••.. 
Collector Field Costs ••••••••••••••• 

SOLAR RECEIVER SUBSYSTEM . . . . . . . . . . . . . . 

5.1-1 

5.2-1 

5.2-1 
5.2-3 
5.2-9 
5.2-10 

5.3-1 

Design Requirements ••.••••••••.•••. 5.3-1 
Primary Receiver Design. • • . • • • • . • • • 5.3-3 
The Reheat Receiver Design •.•••.•••••. 5.3-10 
Receiver Support Structure. • • . • • • • . . 5.3-11 
Receiver Thermal Performance • • • • • • • • • 5.3-13 
Modes of Operation and Startup ••.•.••... 5.3-16 
Receiver Weight and Cost Estimate •••.•.•••. 5.3-17 

FOSSIL BOILER SUBSYSTEM . .... . . . . . . 
ELECTRIC POWER GENERATING SYSTEM. . . . . . 

Functional Requirements •••••••••• 
Design . . . . . . . . . . . . . . . . . . 
Performance •••••.•••••••••• 
Cost • • • • • • • • . . . . . 

3 of 7 

A-4 

. . 

. . . . 

. . . . 

5.4-1 

5.5-1 

5.5-1 
5.5-1 
5.5-7 
5.5-9 

• 

• 

• 



• 

• 

• 

TABLE A-1 (Cont) 

TABLE OF CONTENTS (Cont) 

Section Title 

5.6 MASTER CONTROL SUBSYSTEM . •.... . . . . . . 
5.6.1 
5.6.2· 
5.6.3 
5.6.4 
5.6.5 
5.6.6 
5.6.7 

General Functional Requirements •••••••••• 
Process Computer System •••••••••••••• 
Operator/Unit Interface •••••••••••••• 
Collector Controls •••••••••••••••• 
Receiver Control ••••••••••••••••• 
Fossil Boiler Control ••••••••••••••• 
Plant Control Room Modifications ••••••••• 

5.7 

5.8 

5.8.1 
5.8.2 
5.8.3 

SITE PREPARATION •••••••• 

SITE FACILITIES AND STRUCTURES. 

. . 

. . 
. . . . . . . . 
. . . . . . . . 

Functional Requirements •••••••••••••• 
Design ...............•...... 
Cost • • • . • • • • • • • • • • • • • • • • • • • 

6 ECONOMIC ANALYSIS . . . . . . . . . . . . . . . . . . . 
6.1 

6.2 

6.3 

6.3.1 
6.3.2 

6.4 

6.5 

6.5.1 
6.5.2 
6.5.3 
6.5.4 

METHOD . . . . . . . . . . . . . . . . . . . . . 
UNIT OPERATING DESCRIPTION. . . . . . . . . • • • • 

EPE SYSTEM DESCRIPTION . . . . . . . . . . . . 
EPE System Expansion Plan ••••••••• . . . . 
Load Forecast ••••••••••••••• . . . . 

ECONOMIC ASSUMPTIONS . . . . . . . . . . . . . . . . 
ECONOMIC ANALYSIS RESULTS • . . . . . . . . . . . . . 

Multi-year Results Summary •••••••••••• 
Solar System Start-up Impact • • • • • • • • • • • 
Economic and Cost Sensitivity ••••••••••• 
Typical Solar Plant Operations •••••••••• 

7 

7.1 

DEVELOPMENT PLAN 

DESIGN PHASE. • • 

. . . . . 

. . . • • 

. . . . . . . . . . • • 

. . . . . . . 
7.1.1 
7.1.2 
7.1.3 

Preliminary Design •••••••••••• 
Procurement •••••••••••••••• 
Final Design ••••••••••••••• 

4 of 7 

A-5 

. . . . . . . . 

. . . . 

Page 

5.6-1 

5.6-1 
5.6-3 
5.6-5 
5.6-8 
5.6-12 
5.6-15 
5.6-18 

5.7-1 

5.8-1 

5.8-1 
5.8-1 
5.8-2 

6.1-1 

6.1-1 

6.2-1 

6~3-1 

6.3-1 
6.3-1 

6.4-1 

6.5-1 

6.5-1 
6.5-3 
6.5-3 
6.5-4 

7.1-1 

7.1-1 

7.1-1 
7.1-2 
7.1-2 



TABLE A-1 (Cont) 

TABLE OF CONTENTS (Cont) 

Section Title 

7.2 CONSTRUCTION PHASE . . . . . . . . . . . 
7.3 SYSTEM CHECKOUT AND STARTUP PHASE. . . . 
7.3.1 Component and Subsystem Checkout . . . 
7.3.2 System Startup . . . . . • . . . . . . 
7.4 SYSTEM PERFORMANCE VALIDATION PHASE. . . 
7.5 JOINT USER/DOE OPERATION PHASE . . . . . 
7.6 SCHEDULE AND MILESTONE CHART . . . . . . 

5 of 7 

A-6 

. . . . 

. . . . 
• • . . . • . . 
. . . . 
. . . . 
. . . . 

. . 

. . 

. . 
• . 
• . 
. . 
. . 

Page 

7.2-1 

7.3-1 

7.3-1 
7.3-1 

7.4-1 

7.5-1 

7.6-1 

• 

• 

• 



• 

• 

• 

VOLUME 2 

Appendix Title 

A 

A.l 

A.2 

SELECTION OF PREFERRED SYSTEM •••• • • . . . . . . . 

A.2.1 
A.2.2 
A.2.3 

A.3 

A.4 

DESCRIPTION OF SYSTEM ALTERNATIVE •• . . . . . . . . 
SUBSYSTEM ANALYSIS RESULTS . ••. . . . . . . . 

Collector Field Studies .••••••••••••• 
Water/Steam Receiver Concepts ••••••••••• 
Thermal Energy Buffer Storage Concepts •••••• 

SYSTEM ANALYSIS RESULTS • •• . . . . . . . .. 
CHARACTERISTICS OF PREFERRED SYSTEM . . . . . . . . . 

Page 

A.1-1 

A.1-1 

A.2-1 

A.2-1 
A.2-1 
A.2-3 

A.3-1 

A.4-1 

B NEWMAN UNIT 1 SOLAR REPOWERING SYSTEM SPECIFICATION . . B.1-1 

B.l 

B.1.1 
B.1.2 
B.1.3 

GENERAL. . . . . . . . . . . . . . . . 
Scope. • • • . • • • 
System Description • 
Definitions of Terms 

. . . . 

. . . . 

. . . . 
. . . . . . . . . . . 
. . . . . . . . . . . 
. . . . . . . . . . . 

B.2 

B.2.1 
B.2.2 

REFERENCES •••••• . . . . . . . . • • • • . . . 
Standards and Codes. • • • • • • • 
Other Publication and Documents •• 

. . . . . . . . . . . . . . 

B.3 REQUIREMENTS ••• . . . . . • • • • • • . . . . 
B.3.1 
B.3.2 
B.3.3 
B.3.4 
B.3.5 
B.3.6 
B.3.7 
B.3.8 
B.3.9 
B.3.10 

Site . . . . . . . . . . . . . . . . . . . . . . . 
Site Facilities •••••••••••••••••• 
Collector Subsystem •••••••••••••••• 
Receiver Subsystem •••••••••••••••• 
Master Control Subsystem ••••••••••••• 
Fossil Boiler Subsystem •••••••••••••• 
Electric Power Generation Subsytem •••••••• 
Service Life .•••••••••••••••••• 
Plant Availability and Reliability •••••••• 
Maintainability ••••••••••••••••. 

B.4 

B.4.1 
B.4.2 

ENVIRONMENTAL CRITERIA. • • • . . . . . . • • • 

C 

D 

Design Requirements •••• 
Environmental Standards •• 

. . . . . . . . . . 
. . . . . . . . . . . . 

SOLTES 1 INPUT DATA . •.•. . . . . . . . . . . . • • 

CONCEPTUAL DESIGN DRAWINGS AND DIAGRAMS. . . . . . . . 
6 of 7 

A-7 

B.1-1 

B.1-1 
B.1-1 
B.1-5 

B.2-1 

B.2-1 
B.2-2 

B.3-1 

B.3-1 
B.3-1 
B.3-2 
B.3-7 
B.3-9 
B.3-11 
B.3-12 
B.3-13 
B.3-13 
B.3-13 

B.4-1 

B.4-1 
B.4-2 

C.1-1 

D.1-1 



VOLUME 2 (Cont) 

Appendix Title 

E 

E.l 

EXISTING NEWMAN UNIT 1 • 

DESCRIPTION •.••• 

. . . . . . . 
. . . . . . 

. . . . . . 
. . . . . . . . 

E.l.l 
E.1.2 
E.l.3 
E.l.4 
E.1.5 
E.l.6 
E.1.7 
E.l.8 
E.1.9 

E.2 

E.2.l 
E.2.2 

Boiler . . . . . . . . . . . . . . . . . . . . . . 
Turbine-Generation ••••••••.••••••• 
Boiler and Turbine CoQtrol System ••••••••• 
Feedwater System ••••••••••••••••• 
Condensing and Circulating Water Systems ••••• 
Compressed Air Systems •••••••••••••• 
Chemical Feed System. • • • ••••••••• 
Electrical System ••••••••••••••••• 
Fire Protection System •••••••••••.•. 

EXISTING UNIT PERFORMANCE SUMMARY. . . . . . . . . . 
Unit Characteristics ••••••• 
Unit Performance ••••••••• 

7 of 7 

A-8 

. . . . . . • • 

. . . . . . . . 

E.l-l 

E.1-l 

E.l-l 
E.l-4 
E.l-6 
E.l-11 
E.l-12 
E.1-12 
E.l-12 
E.1-13 
E.1-13 

E.2-1 

E.2-1 
E.2-l 

• 

• 

• 



• 

• 

• 

TABLE A-2 

LIST OF TABLES 

Table 

Section 1 

1.1-1 

Title 

1982 Southwest Solar Repowering Utility Advisory Council 

Conceptual Design Summary Table 1.4-1 

1.5-1 

1.6-1 

1.6-2 

2.4-1 

2.5-1 

2.5-2 

2.8-1 

Section 

4.2-1 

4.5-1 

4.5-3 

4.6-1 

4.6-2 

4.6-3 

4.7-1 

4.7-2 

4.9-1 

4.9-2 

4 

System Performance Characteristics 

Economic Scenarios (1985) 

Multi-Year Cost/Value Summary (1982 M$ PWRR) 
Section 2 

Geographic Characteristics of Newman Station 

Climatological 40 Year Averages for El Paso 

Climatological Extremes 

1982 Southwest 'Solar Repowering Utility 
Advisory Council 

System Performance Requirements 

Conceptual Solar Field Performance 

List of Cases 

Construction Cost Estimate Summary 

Cost Account Scope Definition 

Owner's Costs 

Annual Plant Operations and Maintenance Costs 

Unit Operating Personnel 

Plants Occurring in the Area of the Newman Power Plant 
Site 

Mammals Likely to be Found at the Newman Station 

1 of 4 

A-9 



Table 

4.9-3 

Section 

5.2-1 

5.2-2 

5.2-3 

5.2-4 

5.2-5 

5.3-1 

5.3-2 

5.3-3 

5.3-4 

5.3-5 

5.3-6 

5.3-7 

5.3-8 

5.3-9 

5.3-10 

5.3-11 

5.3-12 

5.3-13 

5.5-1 

5.5-2 

5 

TABLE A-2 

LIST OF TABLES (Cont) 

Title 

Reduction in Air Pollutant Emissions Resulting from 
Operation of Solar Repowered Newman Unit 1 

Generic Heliostat Design Characteristics 

Heliostat Field Performance 

Flux Map, Noon Winter Solstice 

Flux Map, 10 a.m. Winter Solstice 

Flux Map, 9 a.m. Winter Solstice 

Primary Receiver Panel Data 

General Design Data for Primary Receiver Panels 

Primary Receiver Circulating System Data 

Reheater Receiver Panel Data 

Design Point Primary Receiver Flux Map 

Performance of Primary Receiver at Winter Solstice 
Design Point 

Design Point Reheat Receiver Flux Map 

Performance of Reheater Receiver At Winter Solstice 
Design Point 

Overall Thermal Efficiency At Various Times 

Energy Required for Warm-Up 

Start-Up Seguence--Receiver Cold 

Receiver Component Weights 

Budgetary Cost Estimate for Receiver Subsystem 

Operating Constraints of EPGS 

Solar Repowered System Piping 

2 of 4 

A-10 

• 

• 

• 



• 

• 

• 

Table 

5.5-3 

5.5-4 

5.7-1 

TABLE A-2 

LIST OF TABLES (Cont) 

Title 

Station Heat Rates 

Effect of Steam Temperature and Reheat Pressure Drop 
Variation on Unit Heat Rate 

Site Improvement Costs 

Section 6 

6.1-1 

6.1-2 

6.1-3 

6.2-1 

6.4-1 

6. 5"'.'"l 

6.5-2 

6.5-3 

6.5-4 

Dispatch Considerations in Solar Repowering Model 

Solar Unit Economic Measures 

Operating Value Factors 

Solar Repowered Newman Unit 1 

EPE Economic Scenarios (1987) 

Annual Operating Costs and Savings 

Multi-Year Cost Value Summary (1982 M$ PWRR) 

Electrical Energy Output Summary (GWh/year) 

Solar Plant Cost Sensitivity 

Appendix A 

A.1-1 

1\.1-2 

A.2-1 

A.2-2 

A.3-1 

A.3-2 

A.3-3 

A.3-4 

Solar Repowered Newman Unit 1 Characteristics of 
Alternate System Configurations 

Solar Repowered Newman Unit 1 Baseline Configuration 

Collector Subsystem-Trade Study Results 

Characteristics of Alternate Receiver Concepts 

EPE Economic Scenarios 

Cost/Benefit Analysis Results for Baseline Configuration 

Characteristics of Alternate Solar Repowering Systems 

Comparative Evaluation of System Alternatives 

3 of 4 

A-11 



Table 

A.4-1 

TABLE A-2 

LIST OF TABLES {Cont) 

Title 

Solar Repowered Newman Unit 1 Characteristics of 
Preferred Configuration 

Appendix C 

C-1 Summary of Plant Efficiencies for SOLTES Program Inputs 

Appendix E 

E.1-1 

E.1-2 

E.2-1 

Variation of Unit Heat Rate and Boiler Efficiency as a 
Function of Load 

Overall Efficiency of Generator and Exciters as a 
Function of Load 

Station Design Summary at Maximum Unit Capability 

4 of 4 

A-12 

• 

• 

• 



• 

• 

• 

Figure· 

Section 1 

1.1-1 

1.2-1 

1.2-2 

1.2-3 

1.4-1 

1.4-2 

1.4-3 

1.4-4 

1.4-5 

1.5-1 

1.5-2 

1.7-1 

Section 2 

2.3-1 

2.5-1 

Section 4 

4.1-1 

4.1-2 

4.1-3 

4.5-1 

4.5-2 

Title 

TABLE A-3 

LIST OF FIGURES 

Solar Repowered Newman Unit 1 

Location of Newman Station 

Newman Station Site and Surroundings 

Newman Station Units 1-4 

Simplified Flow Schematic 

Site Arrangement 

Second Generation Heliostats 

External Water/Steam Solar Receiver System 

Construction Cost Breakdown 

Solar Repowering Newman Units/Efficiency Chart 

Solar Repowered Unit Energy Output 

Milestone Schedule 

Location of Newman Station 

El Paso Wind Roses 

Solar Repowered Newman Unit l 

Simplified Flow Schematic 

Site Arrangement 

Solar Repowering Newman Unit l Efficiency Chart - Noon 
Winter Solstice 

Solar Repowering Newman Unit 1 Efficiency Chart - Annual 
Average 

1 of 7 

A-13 



Figure 

4.5-3 

4.5-4 

4.5-5 

4.5-6 

4.5-7 

4.5-8 

4.5-9 

4.5-10 

4.5-11 

4.5-12 

4.5-13 

4.5-14 

4.5-15 

4.5-16 

4.6-1 

4.6-2 

Section 5 

5.2-1 

5.2-2 

TABLE A-3 (Cont) 

Title 

Newman Solar Repowering Model (NSRM) Forcing Function • 
NSRM Block Diagram 

NSRM - Transient Response to 10 Percent Cloud Coverage 
with 8 m/sec Velocity 

NSRM - Transient Response to 50 Percent Cloud Coverage 
with 8 m/sec Velocity 

NSRM - Transient Response to 100 Percent Cloud Coverage 
with 8 m/sec Velocity 

NSRM - Transient Response to 10 Percent Cloud Coverage 
with 22 m/sec Velocity 

NSRM - Transient Response to 50 Percent Cloud Coverage 
with 22 m/sec Velocity 

NSRM - Transient Response to 100 Percent Cloud Coverage 
with 22 m/sec Velocity 

NSRM - Transient Response to 50 Percent Cloud Coverage 
with 8 m/sec Velocity 

NSRM - Transient Response to 50 Percent Cloud Coverage • with 22 m/sec Velocity 

NSRM Transient Response to 50 Percent Cloud Coverage 
with 8 m/sec Velocity 

NSRM - Transient Response to 50 Percent Cloud Coverage 
with 22 m/sec Velocity 

NSRM Transient Response to 50 Percent Cloud Coverage 
with 8 m/sec Velocity 

Advanced Solar Repowering SOLTES Model: Newman Unit 1 

Construction cost Breakdown 

Construction Cost Breakdown For Varying Heliostat Costs 

Heat Flux Profile 

El Paso Heliostat Field (2998 Heliostats) 

2 of 7 • 
A-14 



• 

• 

• 

Figure 

5.2-3 

5.3-1 

5.3-2 

5.3-3 

5.3-4 

5.3-5 

·5.3-6 

5.3-7 

5.3-8 

5.3-9 

5.3-10 

5.3-11 

5.3-12 

5.3-13 

5.3-14 

5.3-15 

5.3-16 

5.3-17 

5.3-18 

5.3-19 

5.3-20 

5.3-21 

TABLE A-3 {Cont) 

Title 

Second Generation Heliostats 

External Water/Steam Solar Receiver System 

Section Through Receivers 

Membrane Wall With Screen Tubes 

External Receiver Schematic 

Primary Receiver Panel Design 

Screen Tube Vibration Support 

Schematic Flow Diagram of Primary Receiver System 

Reheat Receiver System 

Reheater Panel Design 

Junction At Primary and Reheat Receiver 

Arrangement Of Columns and Vertical Braces 

Typical Truss In Primary Receiver Area 

Typical Truss In Reheat Receiver Area 

Top Support Steel 

Peak Incident Heat Flux At Various Elevations Of The 
Receiver For 3 Times A Day 

Power Distribution To Primary Receiver At Design Point 

Fluid and Metal Temperature Profile Of Primary Receiver 
At Design Point 

Power Distribution To Reheat Receiver 

Fluid And Metal Temperature Profile Of Reheat Receiver 
At Design Point 

Thermal Performance Of Receivers During Winter Solstice 
Day 

Receiver Thermal Losses Versus Power Output 

3 of 7 

A-15 



Figure 

5.3-22 

5.3-23 

5.3-24 

5.3-25 

5.3-26 

5.3-27 

5.5-1 

5.5-2 

5.5-3 

5.6-1 

5.6-2 

5.6-3 

5.6-4 

5.6-5 

5.6-6 

5.6-7 

5.6-8 

5.6-9 

5.6-10 

5.6-11 

5.6-12 

5.7-1 

5.7-2 

TABLE A-3 (Cont) 

Title 

Receiver Performance As Function Of Incident Power 

Temperature - Enthalpy Diagram At Design Point 

Boiler Start Up 

Primary Receiver Warm-Up Data 

Reheater Warm-Up Data 

Steam Consumption At Start Up 

Primary Steam Piping Interface 

Reheat Steam Piping Interface Points 

EPGS Efficiency 

Master Control System 

Primary Control Board 

Receiver Simplified Flow Diagram 

Solar Receiver Superheat Steam Temperature Control 

Biasing Valve Control 

Panel Bias Valve Control 

Solar Feedwater Control System 

Combustion Controls with Manual Fuel/Air Adjustment 

Feedwater Control System 

Steam Temperature Control System 

Control and Results Room 

Computer/Control Board Interface 

Site Arrangement 

Site Arrangement Showing Shallow Ditches 

4 of 7 

A-16 

• 

• 

• 



• 

• 

• 

TABLE A-3 (Cont) 

Figure Title 

Section 6 

6.1-1 Economic Model Flow Diagram 

6.5-1 Solar Repowered Unit Energy Output 

6.5-2 Conventional Energy Displaced by the Solar Repowered 

6.5-3 

6.5-4 

6.5-5 

6.5-6 

6.5-7 

6.5-8 

6.5-9 

6.5-10 

6.5-11 

Section 7 

7.6-1 

7.6-2 

7.6-3 

7.6-4 

Unit 

Day 174 (Summer Day) Total Unit Output 

Day 334 (Winter Day) Total Unit Output 

Day 174 (Summer Day) Original System 
Load 

Day 334 (Winter Day ) Original System 
Load 

Week 25 (Summer Week) Total Unit Output 

Week 48 (Winter Week) Total Unit Output 

Week 25 (Summer Week) Original System 
Load 

Week 48 (Winter Week) Original System 
Load 

1988 Original LDC and Adjusted LDC 

Project Milestone Schedule 

Project Summary Milestone Schedule 

Heliostat Schedule 

Receiver Schedule 

Appendix A 

and Solar Output 

and Solar Output 

Load and Adjusted 

Load and Adjusted 

and Solar Output 

and Solar Output 

Load and Adjusted 

Load and Adjusted 

A.2-1 Low Vapor Pressure Storage 
Desuperheat to Charge System 

Media Concept Using 

A.2-2 Variable Pressure Accumulator Heat Storage Concept 

5 of 7 

A-17 



TABLE A-3 (Cont) 

Figure Title 

A.3-1 Repowering Fraction Analysis for the Baseline 
Configuration 

Appendix B 

B.1-1 

B.1-2 

B.1-3 

Location of Newman Station 

Newman Station Site and Surroundings 

Proposed Site Arrangement 

Appendix C 

C-1 Receiver Performance As Function of Incident Power 

Appendix D 

14067-EM-9-SR-l 

14067-PID-l-l 

Flow Diagram - Solar Repowering, Reheat, 
Feedwater, and Main Steam 

Flow Diagram - Station Fundamental 

14067-FP-59A-SR-l Piping Arrangement of Solar Feedwater, Main 
Steam, and Reheat - Sheet 1 

14067-FP-59B-SR-2 Piping Arrangement of Solar Feedwater, Main 
Steam, and Reheat - Sheet 2 

Main Steam Line - Sheet 1 

Main Steam Line - Sheet 2 

High Temperature Reheat Steam 

High Temperature Reheat Steam 

Line - Sheet 

Line - Sheet 

13505-FP-lA-SR 

13505-FP-lB-SR 

13505-FP-2A-SR 

13505-FP-2B-SR 

13505-FP-JA-SR 

13505-fFP-3B-SR 

14067-EW-SlA-SR-l 

13505-FY-3A-SR 

Low Temperature Reheat Steam Line - Sheet 

Low Temperature Reheat Steam Line - Sheet 

One Line Diagram for Solar Repowering 

Lot Plan 

14067-FM-31A-SR-l General Arrangement - Heliostat Field 

14067-EM-31B-SR-l General Arrangement - Heliostat Field 

6 of 7 

A-18 

1 

2 

1 

2 

• 

• 

• 



• 

• 

• 

Figure 

B&W 5328J 

B&W 268068E 

Appendix E 

TABLE A-3 (Cont) 

Title 

Arrangement Solar Receiver with Reheater for 
Advanced Repowering 

Solar Boiler Plan - Sections A-A and B-B 

E.1-1 Newman Station Units 1-4 

E.1-2 Boiler Cross-Section 

E.1-3 Turbine Cross-Section 

E.1-4 Boiler-Following Unit Control Scheme 

E.2-1 Heat Balance Diagram - 83 MW Load 

E.2-2 Heat Balance Diagram - 41 MW Load 

7 of 7 

A-19 



• 

• 

• 



• 

• 

• 

APPENDIX B 

DESIGN REQUIREMENT DOCUMENT 

SOLAR REPOWERING NEWMAN UNIT 1 
EL PASO ELECTRIC CO • 



• 

• 

• 

Section 

1 

2 
2.1 
2.1.1 
2.1.2 
2.1.3 
2.1.4 
2.1.5 
2.1.6 
2.2 
2.3 
2.4 
2.4.1 
2.4.2 
2.5 
2.5.1 
2.5.2 
2.5.3 
2.5.4 
2.6 
2.6.1 
2.6.2 
2.6.3 
2.6.3.1 
2.6.3.2 
2.6.3.3 
2.7 
2.8 

3 
3.1 
3.2 

4 
4.1 
4.1.1 
4.1.2 
4 .1. 3 
4.1.4 

TABLE OF CONTENTS 

Title 

PURPOSE 

DESIGN REQUIREMENTS 
OVERALL SYSTEM REQUIREMENTS 
System Design Point Performance 
Station Fundamental Flow Diagram 
Plant Arrangement 
Economic Criteria 
Plant Availability and Reliability 
Maintainability 
SITE 
SITE FACILITIES 
COLLECTOR SUBSYSTEM 
Collector Field 
Heliostats 
RECEIVER SUBSYSTEM 
Structural Design 
Receiver 
Working Fluid 
Receiver Tower 
MASTER CONTROL SYSTEM (MCS) 
General Design Requirements 
Design Criteria 
Operating Modes 
Fossil Mode 
Solar Mode 
Combined Solar/Fossil Mode 
FOSSIL BOILER SUBSYSTEM 
ELECTRIC POWER GENERATING SUBSYSTEM (EPGS) 

ENVIRONMENTAL CRITERIA 
DESIGN REQUIREMENTS 
ENVIRONMENTAL STANDARDS 

DESIGN DOCUMENTS 
APPLICABLE DOCUMENTS 
Standards and Codes 
Other Publications and Documents 
Permits and Licenses Required 
Applicable Laws and Regulations 

B-i 



LIST OF FIGURES 

Figure Title 

B.2.1-1 Station Fundamental Flow Diagram 

B.2.1-2 Site Arrangement 

B-ii 

• 

• 

• 



• 

• 

• 

SECTION 1 

PURPOSE 

The purpose of the Design Requirement Document is to define 
design requirements and system environmental requirements for 
solar repowering Newman Unit 1. 

General and specific system 
presented in Section 2. 
functional and based on 
January 1983. 

and subsystem design requirements are 
These requirements are primarily 
a system configuration selected in 

Environmental criteria are provided in Section 3. These criteria 
will assist in proper selection of materials and s1z1ng of 
structures to support operational, survival and lifetime 
requirements. 

Applicable standards, codes, 
documents that may constrain 
Section 4 • 

regulations and 
plant design are 

B.1-1 

other published 
identified in 
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SECTION 2 

DESIGN REQUIREMENTS 

The Solar Repowered Newman Unit 1 shall be designed to 
reqµirements of this section. Section 2.1 describes 
system design requirements: Sections 2.2-2.6 provide 
design requirements for each subsystem. 

2.1 OVERALL SYSTEM REQUIREMENTS 

meet the 
overall 

specific 

General requirements applicable to all subsystems are presented 
as follows: 

2.1.1 System Design Point Performance 

The system design point shall achieve 50 percent repowering 
fraction, a nominal 41 MWe (net), at solar noon, winter solstice 
with a direct normal insolation level of 1000 watts/m2. The 
solar multiple at the design point is 1.0 which means that 
essentially all energy received is used immediately: no thermal 
storage is provided beyond the inherent thermal mass of the 
system. At the design point, 112 MW of thermal power is absorbed 
by the water/steam flow in the solar receiver. The thermal power 
incident on the receiver surface shall be sufficient to offset 
the losses due to reradiation and convection from the receiver, 
and the loss due to the reflectivity of the receiver surface, 
while still providing required thermal input to the water/steam 
flow. 

The repowering system shall supply 10.1 MPa/538°C (1465 
psia/1000°F) steam to the high pressure turbine inlet and 
1.52 MPa/533°C (220 psia/992°F) reheat steam to the intermediate 
stage turbine. 

2.1.2 Unit Fundamental Flow Diagram 

The concept 
Figure 2.1-1, 
configuration 
fossil/solar, 

for solar repowering Newman Unit 1 is summarized in 
"Unit Fundamental Flow Diagram." This 

allows for operation of the combined unit in either 
fossil-only or solar only mode. 

During fossil/solar operation, main steam generated by the 
receiver is mixed with the steam provided by the existing fossil 
steam generator prior to admission to the high pressure (HP) 
turbine. The cold reheat steam (HP turpine exhaust) is split 
between the fossil boiler reheater section and the solar reheat 
heat exchanger. The resulting hot reheat steam is mixed prior to 
entering the intermediate pressure (IP) turbine. Attemperation 
of the solar and fossil generated steam ensures that the 
temperature is maintained within turbine design limits • 

B.2-1 



Fossil-only unit operation requires isolation of the solar 
portion of the combined unit. Isolation is accomplished at the 
piping tie-in-points for feedwater, main steam and reheat steam. 

The fossil steam generator and first and second point heaters are 
isolated during solar-only operation. 

2.1.3 Existing Plant Arrangement 

Newman Station consists of four electric power generating units 
rated at a combined totax of 477 MWe. Newman Unit 1, the unit 
selected for solar repowering is an 82 MWe (net) unit built in 
1960. Unit 1 represents an ideal repowering situation for a 
water/steam cycle configuration. The plant arrangement minimizes 
feedwater, reheat steam and main steam piping runs by locating 
the receiver tower adjacent to the turbine building, which offers 
a simple repowering design. The placement of the receiver tower 
reduces piping costs, pressure drop, and thermal losses 
associated with long piping runs, and decreases the likelihood 
and extent of maintenance problems. 

The heliostat field is to be located on available land north of 
the tower. Figure 2.1-2 is a site arrangement showing the 
approximate location of the tower and heliostat field relative to 
the existing unit. 

2.1.4 Economic Criteria 

The following nominal economic factors are used to support 
component tradeoff evaluations: 

1. Incremental plant capital cost: $2,000/kW (1983) 

2. Annual solar plant output: 70 GWh 

3. Incremental energy cost: $0.10/kWh 

2.1.5 Unit Availability and Reliability 

Consideration in the design shall be given to achieving high 
reliability, by providing design and operating margins and by 
utilizing sound engineering design practices. 

Special consideration shall be given to protecting receiver and 
tower external surfaces in the event of loss of heliostat 
tracking capability, and to protect heliostats from extreme 
weather conditions. This protection manifests itself primarily 
in careful design of a reliable power supply and control systems. 
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2.1.6 Maintainability 

Unit modifications and new installations shall be designed to be 
compatible with existing unit maintainability characteristics and 
practices. Potential maintenance locations shall be easily 
reached and components, such as electronic units, motors, 
drivers, etc., readily replaced. Elements subject to wear and 
damage shall be easily serviced or replaced. The combined unit 
shall be capable of being serviced with a minimum of specialized 
equipment or tools. 

2.2 SITE 

The heliostat field and other facilities associated with solar 
repowering Newman Unit 1 will require approximately 1.1 km 2 

(224 acres) of land north of the unit. Site preparation will 
include minor grading and surface preparation. An existing state 
highway, Farm-to-Market Road 2529, will be rerouted. Existing 
transmiision lines currently located along a right-of-way north 
of the Newman Station switchyard will be rerouted to the west of 
the heliostat field. A new access road to the Newman Station and 
a perimeter road around the heliostat field will be provided to 
support vehicular traffic. 

Heliostats shall be excluded from portions of the land where 
existing equipment and piping rights-of-way (ROWs) are required, 
and where future transmission line ROWs will be located . 

Existing underground natural gas and other pipelines which 
transect the northern portion of the field will remain, with an 
exclusion area provided along their 55 m (180 foot) ROW. ROW for 
pipelines currently along Farm-to-Market Road 2529 will be 
maintained. 

Drainage ditches are required to channel rain run-off away from 
the heliostat field to minimize erosion of the graded surfaces 
and protect foundation integrity. The solar repowering site 
shall include fences to protect against unauthorized entry to 
portions of the site. 

2.3 SITE FACILITIES 

New site facilities will include a new solar equipment building 
and new tower equipment rooms, as well as additions to the 
existing control room and maintenance building. 

The control room will require a second level to house the new 
electronic equipment. The second level shall be air condition to 
maintain the correct ambient temperature for the new computers 
and associated equipment. 

Suitable space will be located in the tower to house receiver 
control cabinet equipment and motor control centers • 
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An addition to the maintenance building will be required to 
enable plant personnel to repair and test complete heliostat 
assemblies. Additional evaporative coolers will be required to 
circulate fresh air through the maintenance area. 

A solar equipment building will be required to 
feed pumps, the solar repowering secondary unit 
motor control center, condensate polishing 
feedwater heaters. 

house the solar 
substation and 
equipment, and 

The existing fire protection system will be extended to protect 
the new site facilities. 

Outdoor lighting shall be provided along the heliostat field 
perimeter road and at the base and upper levels of the tower. 

2.4 COLLECTOR SUBSYSTEM 

The Collector Subsystem shall reflect solar radiation onto the 
Receiver Subsystem in a manner which satisfies receiver incident 
heat flux requirements specified in Section 2.4.2. In addition, 
the Collector Subsystem shall respond to commands from the Master 
Control System (MCS) for unit control integration, emergency 
defocusing of the reflected energy, or to protect the heliostat 
field against environmental extremes. The heliostats shall be 
properly positioned for repair or maintenance in response to 
either MCS or manual commands. Heliostat design shall provide 
for stored or safe positions for use at night, during periodic 
maintenance, and during adverse weather conditions. The 
Collector Subsystem shall be designed to provide energy in 
accordance with the requirements of the receiver. The Collector 
Subsystem shall include a Beam Characterization System (BCS) to 
provide periodic evaluation and correction of individual 
heliostat optical performance. 

2.4.1 Heliostat Field 

The heliostat field shall be designed so that 134 MWt of the 
redirected solar energy will impinge on the receiver absorber 
surfaces at solar noon, winter solstice, assuming a direct normal 
insolation value of 1000 W/m 2 , clean mirrors, and two percent of 
the heliostats unavailable. 

The heliostat field design shall provide minimum capital cost for 
the solar plant considering at least the following: 

• The power requirement given above 

• Limitations on the solar energy flux incident on 
receiver as specified by the receiver manufacturer 

• Installed cost of the heliostats 
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• Field wiring cost 

• Land availability 

• Height of center of the receiver above ground level 

• Cost of piping in the tower 

• Cost of foundations 

The Collector Subsystem shall function as appropriate for all 
steady-state modes of plant operation. This shall include the 
capability of controlling the number of heliostats in the 
tracking mode to vary the redirected flux to the receiver when 
necessary to maintain control of steam temeprature. 

Drive systems must be capable of positioning a heliostat to 
stowage, standby, cleaning, or maintenance orientation from any 
operational orientation in response to a command signal. 

Elevation and azimuth drives shall not drift from last commanded 
positions due to environmental conditions. 

The drive system shall provide for cost effective stowage of the 
reflective surface to minimize reflected beam safety hazards and 
dust or dirt build-up on the mirrors. Heliostat orientation 
shall be available to the MCS at all times . 

Heliostat control shall be by computer 
functions shall be accomplished as follows 
manner: 

Heliostat Array Controller (HAC) shall: 

hierarchy. Control 
or in a comparable 

• Initiate operational mode commands to heliostat 
field controller (HFC) 

• Address commands to HFC groups or individual 
heliostat controller (HC) 

• Respond to MCS commands and requests 

• Interface with BCS 

• Provide time base 

Heliostat Field Controller (HFC) shall: 

• 
• 
• 

Determine sun vector 

Transmit sun vector to HC 

Transmit status and data to HAC 
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• Initiate safe stowage command 

• Control groups of HCs 

Heliostat Controller (HC) shall: 

• Determine heliostat azimuth and elevation position 
requirements 

• Control drive motors 

• Provide heliostat axis position data to HFC 

The Collector Subsystem shall be capable of emergency defocusing 
upon command to reduce peak incident radiation on the receiver to 
less than 3 percent of initial value within 120 seconds. 

Heat fluxes on the tower and on normally unheated portions of the 
Receiver Subsystem are limited to 25 kW/m 2 (7,880 Btu/hr-ft 2 ). 

Heat fluxes on the receiver will satisfy flux distribution 
requirements specified by receiver design. 

Beam control strategy and equipment will protect personnel and 
property within and outside the plant facility, including air 
space. 

The Collector Subsystem will be designed to satisfy the 
environmental conditions specified in Section 3. 

2.4.2 Heliostats 

Detailed heliostat design requirements are provided in the 
heliostat field technical specification. 

2.5 RECEIVER SUBSYSTEM 

The Receiver Subsystem shall include a receiver mounted on a 
single tower and shall provide a means of transferring the 
incident radiant flux energy from the Collector Subsystem into 
water/steam flow and transport the main steam to the HP turbine 
(at throttle condition) 10.1 MPa/538°C (1,450 psig/1,000°F) and 
primary steam at 12.6 MPa/549°C (1,825 psia/l,020°F) to the 
reheat heat exchanger. 

2.5.1 Structural Design 

The receiver and tower shall be designed to provide access for 
maintenance and inspection of the tower structure, receiver, 
working fluid, instruments and controls, hydraulic equipment, 
etc. Consideration shall be given to ease of maintenance. 
Adequate provisions shall be made to ensure crew safety at all 
times for required operations, inspection, maintenance, and 
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repair. The receiver design shall be consistent with Section 1 
of the ASME Boiler Codes and appropriate sections of the 
construction codes. The design lifetime shall be 30 years. The 
tower and receiver will be designed to satisfy the environmental 
conditions specified in Section 3. 

2.5.2 Receiver 

The receiver shall have an external panel configuration with a 
forced recirculation boiler and shall face a north field of 
heliostats. The receiver shall be capable of operating safely 
and reliably for 30 years with heat flux levels not exceeding a 
skewed flux profile with a peak heat flux on the bottom half not 
to exceed 400 kW/m 2 at solar noon, winter solstice with an 
incident power level of 134 MWt. 

At solar noon, winter solstice (design point), the receiver shall 
be capable of absorbing 112 MWt with a receiver incident power of 
134 MWt and shall at least generate, in the first (primary) 
superheater pass, steam at the rate of 119,000 kg/hr (262,000 
lb/hr) with outlet conditions of 12.58 MPa/549°C (1,825 
psia/l,020°F) and, in the second (final) superheater pass, 
generate main steam at the rate of 131,000 kg/hr (289,000 lb/hr) 
with outlet conditions of 10.41 MPa/540.5°C (1,510 psia/l,005°F). 
The maximum allowable pressure drop in the two pass superheater 
shall not exceed 1.79 MPa (260 psi) in the first pass and 1.59 
MPa (230 psi) in the second pass • 

The receiver shall be designed for stable operation at all 
possible sun angles and for most expected partial cloud cover 
conditions. 

2.5.3 Working Fluid 

The receiver working fluid shall be water/steam for the first 
superheater pass and superheated steam for the second superheater 
pass. 

2.5.4 Receiver Tower 

The receiver tower must support the receiver, piping, other 
elements of the Receiver Subsystem, and the targets for the BCS. 
Tower design will be based on Section 3 and the following: 

• Tower height - 136 m (447 ft) 

• Elevation of receiver centerline - 155 m (509 ft) 

• Weight of receiver including support structure 
725,600 kg (1,600 kips) 

The tower will be required to support receiver feedwater, steam, 
and auxiliary piping and associated controls and provide access 
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for maintenance and repair. Two equipment rooms are provided 
near the top of the tower to house receiver instrumentation and 
control equipment. In addition to internal ladders, platforms, 
and walkways, the design of the tower shall include an internal 
elevator having a capacity of approximately 1225 kg (2,700 lb). 

2.6 MASTER CONTROL SYSTEM (MCS) 

The MCS provides overall supervisory plant control, integrating 
all major plant control functions. 

2.6.1 General Design Requirements 

The Newman Unit 1 control system and existing plant equipment 
shall be modified to provide daily cycling of the unit and 
utilize fossil and solar energy for generation of electrical 
power. The MCS shall control the solar steam supply system and 
the existing unit equipment in a safe and reliable condition for 
all modes of operation. 

The MCS shall permit the operator to select one of three unit 
operating modes: fossil-only, solar-only, or combined 
solar/fossil. 

The MCS shall operate the unit for all conditions including 
startup, shutdown, transient, steady state, and emergency 
operation. 

2.6.2 Design Criteria 

To satisfy the general design requirements the MCS shall meet the 
following design criteria: 

a. High Availability 

• High component/circuit reliability 
latest solid state technology and 
designs. 

employing the 
conservative 

• Major control systems and components shall have 
full redundant backup with automatic fail-over. 

• Modular architecture to enhance fault detection and 
maintenance. 

• Self-diagnostic capability wherever possible. 

b. Redundancy 

The MCS will include full system redundan~y where 
feasible. A failure of one computer processing unit 
(CPU) will not cause a reduction in control, monitoring, 
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• c. 

d • 

• 
e. 

• 

display recording, or other required plant control 
functions . 

Comprehensive Operator/Plant Interface 

• Adequate CRT display~ shall be provided to support 
the following: 

Process monitoring 

Trouble identification 

Operator guidance 

Interactive communications 

Status information 

Historical review 

• Main control board with conventional analog 
displays, control stations, alarms, etc, providing 
the operator with a familiar operation/process 
interface for those unit portions unaffected by the 
repowering. 

Flexibility 

All control logic functions and control algorithms are 
implemented in comprehensive direct digital control 
software. The system is programmed in a manner which 
allows changes to be made simply and quickly. 

System Modifications 

Existing control systems will be modified only where 
necessary. The following criteria will determine which 
controls are changed: 

• Direct interface with MCS. 

• Significant enhancement of the repowered unit's 
ability to meet the design requirements. 

• Ability of the equipment to function properly for 
the required 30-year lifetime. 

In general, all instrumentation replaced satisfies two 
or more of the above criteria • 

B.2-9 



2.6.3 Operating Modes 

Through the MCS, the operator shall select the unit operating 
mode. 

2.6.3.1 Fossil Mode 

When the fossil mode has been selected, the solar steam supply 
system is isolated from the existing fossil fueled plant. In 
this mode, the MCS allows the unit to be placed in either a 
boiler-following control, turbine-following control, or 
coordinated boiler/turbine control. 

2.6.3.2 Solar-Only Mode 

With clear day insolation available, the operator may select the 
solar-only mode of operation. The fossil boiler is isolated from 
the balance of plant (BOP) equipment and the solar steam supply 
system and the BOP is placed in a turbine following control. The 
solar receiver, and the Collector Subsystem will be automatically 
controlled to maximize thermal energy output from the solar steam 
supply system. The turbine inlet control valves will be 
automatically positioned to maintain stable steam conditions to 
the turbine inlets. 

2.6.3.3 Combined Solar/Fossil Mode 

When meteorological conditions are unstable or when it is 
economical to operate the unit at high load, the Master Control 
System will control the plant in a solar/fossil mode. The main 
steam from the solar receiver and the fossil boiler shall be 
combined prior to being admitted to the turbine. The control 
system will operate the solar steam supply system to max1m1ze 
solar thermal output and use the fossil boiler to supplement 
steam to meet the unit's load demand. 

2.7 FOSSIL BOILER SUBSYSTEM 

The Fossil Boiler Subsystem of Newman Unit 1 shall interface with 
the solar steam supply system according to the following boiler 
performance requirements: 

• Minimum automatic operation 
percent rated steam flow) 

28 percent load (36 

• Maximum boiler ramp rate - 10-20 percent/min (change in 
boiler thermal output) above 28 percent load. 

• Energy required from cold startup to 28 percent load -
1.06 x 10 11 J (100 MBtu) over 4 hours 

• Energy required from hot standby to 28 percent load -
1.58 x 10 10 J (15 MBtu) 
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• Boiler efficiency - 84.4 percent 

• Ability to maintain superheat and reheat temperature of 
538°C (l,000°F) to minimum load 

2.8 ELECTRIC POWER GENERATING SUBSYSTEM (EPGS) 

The EPGS will be required to accept steam from either or both the 
solar or fossil steam supply systems. 

Operating constraints imposed by the existing EPGS are as 
follows: 

a. 
b. 

c. 
d. 

e. 

f. 

Maximum gross electric output 
Rated main steam flow for guaranteed 
output 

Main steam rated temperature 
Reheat steam rated temperature 
(May be revised pending detailed 
reheat heat exchanger design) 
Main steam rated pressure 

Rated reheat pressure drop 

85.8 MWe 

257,000 kg/hr 
(567,000 lb/hr) 
538°C (1000°F) 
538°C (1000°F) 

10.1 MPa 
(1,450 psig) 
255 kPa ( 37 psi) 

g. Steam temperature limitations (at turbine main stop 
valve) 

1. Average over 
(l,000°F) 

12 months not to exceed 538°C 

2. 552°C (l,025°F) for not more than 400 hours for 
12 months 

3. 566°C (l,050°F) for up to 15 minutes: not more 
than 80 hours/year 

h. Steam pressure limitations 

1. 10.1 MPa (1,450 psig) at rated output 

2. 10.6 MPa (1,523 psig) as turbine approaches zero 
output 

3. 13.0 MPa (1,885 psig) momentarily, not exceeding 
12 hours/year 

i. Load limitations 

Rate of load change is limited by metal temperatures in 
critical areas of turbine. Normal turbine load change 
rates are limited to about 5 MWe/min. Faster load 
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SECTION 3 

ENVIRONMENTAL CRITERIA 

This section addresses plant environmental design requirements 
and environmental standards. 

3.1 DESIGN REQUIREMENTS 

The system shall be capable of operating in appropriate 
combinations of the following environments. 

a. Temperature: The plant shall be able to operate in the 
ambient air temperature range from -22° to +50°C 
(-8° to 122°F). Performance requirements shall be met 
throughout an ambient air temperature range of 0°C to 
50°C (32°F to 122°F). 

b. Wind: Performance requirements shall be met for a wind 
speed, including gusts of 12 m/s (27 mph) at a height of 
10 m (33 ft). The plant shall be capable of operating 
using a wind speed, including gusts of 16 m/s (36 mph) 
at a height of 10 m (33 ft.) for the operating condition 
(Degraded performance allowed). Wind analyses shall 
satisfy the requirements of ANSI A58.1-1982. 

The system shall be capable of surviving appropriate combinations 
of the environments specified below. 

a. 

b. 

c. 

d. 

Wind: The plant shall survive winds with a maximum 
speed, including gusts of 40.3 m/s (90 mph), at a height 
of 10 m (33 ft), without damage. Heliostats shall be 
designed to survive the 40.3 m/s (90 mph) winds when 
stowed in the horizontal position. In addition, the 
heliostats, in any orientation, shall survive winds with 
a maximum speed, including gusts of 22 m/s (50 MPH), 
without damage. A local wind vector variation of 
±10 degrees from the horizontal shall be assumed. Wind 
analyses shall satisfy the requirements of ANSI ASB.1-
1982. 

Snow: The plant shall survive a static snow load of 250 
Pa (5 lb/ft2) and a snow deposition rate of 0.3 m (1 ft) 
in 24 hours. 

Rain: The plant shall survive the following rainfall 
conditions at a maximum 24-hr rate of 75 mm (3 in). 

Ice: The plant shall survive freezing rain and ice 
deposits in a layer 50 mm (2 in) thick • 
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e. Earthquake: The receiver tower shall withstand loading 
consistent with a peak horizontal ground acceleration of 
0.05g. The response spectrum shall be developed based 
upon the procedures outlined in NRC Regulatory Guide 
1.60. Since wind load governs for the heliostats, 
seismic analysis is not required. 

f. Hail: The plant shall survive hail impact up to the 
following limits: 

Diameter 
Specific Gravity 
Terminal Velocity 
Temperature 

25 mm (1 in) 
0.9 
23 m/s (75 fps) 
-6.7°C (22°F) 

g. Sandstorm Environment: The plant shall survive after 
being exposed to flowing dust comparable to the 
conditions described by Methods 510 of MIL-STD-BlOB. 

h. Lightning: The plant shall be provided with a lightning 
protection system for the tower and receiver to protect 
against direct strikes. 

3.2 ENVIRONMENTAL STANDARDS 

Federal, state, and local regulations applicable to solar 
repowering Newman Unit 1 are presented in Section 4. 
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SECTION 4 

• DESIGN DOCUMENTS 

• 

• 

4.1 APPLICABLE DOCUMENTS 

Various codes, standards, and other documents identified below 
will provide the guidelines for development of designs that are 
presented in this document. These applicable documents will 
influence the design and selection of vessels, heat-transfer 
equipment, mechanical equipment, structures, civil work, piping, 
instrumentation, and electrical items that are used in the 
utility industry. 

4.1.1 Standards And Codes 

The latest revisions of e3ch of the following standards and codes 
in effect during final design will be used. 

American Society of Mechanical Engineers (ASME), Boiler and 
Pressure Vessel Code 

• ASME I Power Boilers, including: ANSI B31.l-1977 
Power Piping 

• ASME II - Materials Specifications 

• ASME VIII - Pressure Vessels 

Instrument Society of America 

• ASME TDP-1-1980, Part 1 Instrumentation and Controls 

Occupational Safety and Health Administration (OSHA), Code of 
Federal Regulations 

• OSHA Title 29, Part 1910 Occupational Safety and Health 
Standard 

NRC Regulatory Guides 1.60 

Institute of Electrical and Electronic Engineers (IEEE) Code 

• IEEE 112 - 1978 Test Procedures for Polyphase Induction 
Motors and Generators. 

National Electrical Manufacturers Association (NEMA) 

• NEMA ICS 1 - 1980 General Standards for Industrial Control 
and Systems 
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• NEMA ICS 2 - 1980 Industrial Control Devices, Controllers, 
and Assemblies 

• NEMA ICS 6 - 1980 Enclosures for Industrial Control Systems 

• NEMA MG 1 - 1978 Motors and Generators 

National Fire Protection Association (NFPA) National Fire Codes 
Human Engineering Design Criteria 

• MIL-STD-801C 

• MIL-STD-1472 

Design, Construction, and Fabrication Standards 

• Manual of Steel Construction, 8th edition, 1980, 
American Institute ~f Steel Construction (AISC) 

• ACI 318-77 Building Code Requirement for Reinforced 
Concrete-American Concrete Institute 

• Standards of TEMA (Tubular Exchanger Manufacturer's 
Association) 

• ANSI A58.l - 1982 Minimum Design Loads for Buildings and 
Other Structures - American National Standards Institute 

• Uniform Building Code, 1979 Edition, by International 
Conference of Building Officials. 

4.1.2 Other Publications And Documents 

Newman Station Spill Prevention Containment Countermeasure 
(SPCC) Plan 

4.1.3 Permits and Licenses Required 

Construction Permit 

Waste Water Discharge Permit National Pollutant Discharge 
Elimination System (NPDES) 

Air Navigation Approval Federal Aviation Administration (FAA) 

Elevator Permit/Certificate 

State (Highway Connector) 

Local (land use, general 
construction and use) 
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4.1.4 Applicable Laws and Regulations 

Texas Clean Air Act of 1973 (Air Control Board) 

Texas Water Quality Act of 1977 (Dept. of Water Resources) t) 

Federal Aviation Regulation, Part 77 (FAA) 

El Paso Building Laws 

El Paso Zoning Laws 

Department of Transportation, State Highway Dept Reg 

Texas Regulation, Control of Air Pollution from Visible 
Emissions of 1975 

B.4-3 



• 

• 

• 



• 

• 

• 

APPENDIX C 

Appendix C consists of the following components: 

C.l Description of Work 
Owners Costs 

C.2 Capital Cost Estimate 

Includes Direct Cost Items and 

C.3 Detail of Solar Receiver Costs 
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APPENDIX C.l 

DESCRIPTION OF WORK 
NEWMAN UNIT 1 - SOLAR REPOWERING 

EL PASO ELECTRIC COMPANY 

This Description of Work discusses or provides references to the 
individual items identified and included in the capital cost 
estimate, detailed in Appendix C.2. The same account numbers are 
used for the Description of Work and cost estimate for easy cross 
reference. Metric units are not shown since they were not used 
to derive cost information. 
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5100 

5100.101 

5100.102 

5100.103 

5100.104 

SITE IMPROVEMENTS $1,700,000* 

Clearing and Grading 

An approximate 275-acre portion of the site will be 
cleared of vegetative growth and graded to provide 
a reasonably smooth working surface and to control 
drainage. The natural configuration of the ground 
will be retained, as much as practicable, in order 
to minimize earthwork. 

*Stem account 
dollars. 

estimated costs shown in 1983 

Diversion Channel and Drainage - Heliostat Field 

A diversion channel, approximately 5,000 ft long, 
will be constructed from the southwest corner of 
the heliostat field around the north side of the 
field. This channel will intercept several arroyos 
which enter the site area from the west. These 
arroyos carry significant flows after intense 
storms in nearby mountains. The diversion channel 
and ditches will have side slopes of approximately 
2.5 horizontal to 1 vertical. The first 1,000 ft 
will be about 3 ft deep with a 5-ft bottom width. 
The remainder will be about 5-ft deep with a 10-ft 
bottom width. No special allowances for unusual 
design of the pipeline crossing for the diversion 
channel have been included pending detailed design. 

Site drainage ditches will be designed to utilize 
the existing contours as much as practicable. The 
diversion channel and drainage ditches will be 
lined with riprap or gravel or asphalt pavement 
where necessary to prevent erosion. 

Crushed Rock Surface - Heliostat Field 

Heavily traveled areas in the heliostat field will 
be provided with a crushed stone surface for added 
trafficability and dust prevention. 

Roads 

A paved perimeter road around the heliostat field, 
approximately 10,200-ft long x 30-ft wide for 
access to service the heliostats, will be 
constructed. A new paved access road to the 
existing plant, approximately 3,200-ft long x 30-ft 
wide, will be provided • 
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Fences and Gates 

A new 8-ft high chain link fence, approximately • 
12,500 ft in length, will be installed around the 
perimeter of the heliostat field and will connect 
with the existing fence. Gates will be provided at 
roadways - and for access to the El Paso Natural Gas 
Company and Southern Pacific Pipelines ROWs. 

Waste Disposal System 

Existing liquid and solid waste disposal facilities 
at the Newman Station will be utilized. 

Yard Fire Protection 

The existing yard fire protection will be extended 
and fire hydrants added as required to protect the 
added buildings. Fire protection for the heliostat 
field will be in the form of wheeled, dry, chemical 
units. 

Electrical Structures 

New duct lines will be provided 
tower, solar equipment building, 
field. New structures will be 
station grounding system. 

Wire and Cable 

to the receiver 
and heliostat 

tied into the 

Control and 
provided for 
heliostats. 

power cable and ground wire will be 
operation and protection of the 

Power to the 2,400 V bus 
Building will be supplied 
underground duct, connected 
transformer secondary. 

in the Solar Equipment 
by a cable, in 

to the auxiliary solar 

The 2,400 V transfer bus will provide startup and 
backup power for the solar auxiliaries. This bus 
is accessible in a junction box located on Reserve 
Station Service Transformer No. 1. A feeder will 
be run in underground duct from this junction box 
to the 2,400 V solar bus. 

A source of 480 V, 3-phase, 60 Hz, power will be 
supplied to the Maintenance Building from the motor 
control center (MCC) in the Solar Equipment 
Building. This feeder will be run in underground 
duct. 
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Drawings 

General Arrangement Heliostat Field 14380-EE-Sl 

Main One-Line Diagram Solar Repowering 14380-EW-lA 
System 

One-Line Diagram 480 V Motor Control 
Centers 

Electrical Equipment 

14380-EW-3A 

An auxiliary solar transformer, 5,000 kVA, 
13.8/2.4 kV, 3-phase, 60 Hz, will be located 
adjacent to Unit 1 generator step-up (GSU) 
transformer and tied to the GSU transformer 
13,800 V bus. This transformer secondary· will 
supply power to the solar 2,400 V bus in the Solar 
Equipment Building. 

A 480 V feeder fed from the motor control center in 
the Solar Equipment Building will supply power to 
the uninterruptible power supply (UPS) which serves 
the control room, solar equipment building, and 
receiver tower. 

Additional yard lighting will be provided by El 
Paso Electric Company • 

Yard Piping and Supports 

Drainage from the new structures will be tied into 
the existing drainage system in the yard. Any fire 
protection water required in the new structures 
will be supplied from the existing yard fire 
protection system. 

Service water return lines will be rerouted in the 
area of the new Solar Equipment Building. 

SITE FACILITIES 

Control Room Extension (Results Center) 

Substructure 

$1,700,000 

The substructure for the building extension will 
consist of a concrete floor slab with concrete 
grade beams and footings to support the structural 
steel framing • 
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Superstructure 

A second floor approximately 1,650 sq ft will be • 
added to the existing control room for solar 
repowering electronic equipment. All new 
structural and architectural materials such as 
steel framing, siding, roofing, and interior 
finishes will be selected on the basis of 
compatibility with the existing construction. 

Fire Protection and Facilities 

The computer room and the relay room will each have 
a separate, self-contained Halon fire protection 
system. Portable fire extinguishers will be 
provided for the other areas of the control room. 

Heating, ventilating, and air conditioning will be 
provided in all areas of the control room 
extension. The men and ladies rooms will have 
separate exhaust systems. 

Wire and Cable 

A separate 480 V, 3-phase, 
taken from the existing Unit 1 
center, will supply power for 
in the control room extension. 

Electrical Equipment 

60 Hz, power feeder, 
station service load 
the electrical loads 

One lighting transformer and one distribution panel 
will be provided for the 120 V ac loads. An 
uninterruptible power supply (UPS), including a 
125 V de battery, battery charger, inverter, and 
UPS bypass transformer will be provided to power 
the computer complex and instrumentation. This 
battery will be sized to power the UPS for 
15 minutes upon loss of ac power. Emergency 
lighting will consist of an emergency fluorescent 
battery pack in selected normal fluorescent 
lighting fixtures. 

The 125 V de battery for the UPS will be caged in a 
metal mesh enclosure on the Unit 1 turbine building 
mezzanine floor. 

Piping and Supports 

The existing plumbing will be extended to provide 
drinking water and water for new sanitary 
facilities (men's and ladies' rooms). Sanitary 
drainage from the new sanitary facility will be 
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added and tied into the existing yard p1p1ng. New 
roof drains will collect and transfer the rain 
water to the existing yard storm drainage piping • 

Solar Equipment Building 

Substructure 

The substructure for the building will consist of a 
concrete floor slab with concrete grade beams and 
footings to support the structural steel framing 
and mechanical equipment. 

Superstructure 

The Solar Equipment Building will be a two-level 
steel framed building with insulated metal siding. 
The ground level will be approximately 3,125 sq ft 
and the second level will be approximately 1,743 sq 
ft. 

Fire Protection and Facilities 

Fire protection will be provided by the 
installation of interior hose stations fed from the 
existing yard loop. Ventilation and cooling will 
be provided by evapo~ative coolers and exhaust 
fans. Heating will be provided by gas or electric 
unit heaters. Floor and equipment drainage piping 
will also be provided. 

Wire and Cable 

Control wire and cable will be provided for 
and instrumentation associated with the 
loads and power sources. Power cable 
provided for connection of the pump and MOV 
to the 2,400 V and 480 V buses. 

Drawings 

control 
various 
will be 

motors 

Main One-line Diagram Solar 
Repowering System 

14380-EW-lA 

One-Line Diagram 480 V 
Motor Control Centers 

Electrical Equipment 

14380-EW-3A 

The solar 2,400 V switchgear; solar secondary unit 
substation comprised of one 750 kVA, 2,400/480 V, 
3-phase, 60 Hz transformer and one 480 V bus; 
backup 750 kVA, 2,400/480 V 3-phase, 60 Hz 
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transformer; and one 480 V motor control center 
will be housed in the Solar Equipment Building. 
These will supply power to the heliostat field • 
power centers, solar feed and recirculation pumps, 
service water pumps, fire pump, motor-operated 
valves, HVAC system, uninterruptible power system, 
lighting; and other miscellaneous electrical 
accessories in the Solar Equipment Building, and 
all loads in the receiver and tower. The 2,400 V 
bus will consist of Bus Sections A and B with a bus 
tie breaker inbetween. The backup 750 kVA 
transformer will be connected to solar 2,400 V 
Bus A. Station solar Bus A will be connected to 
the station 2,400 V transfer bus through a 2,400 V 
ACB and disconnect switch. The connection to the 
transfer bus will be made in a junction box on 
Unit 1 Reserve Station Service Transformer. 

A 240 kW, 0.8 p.f. (300 kVA), 2,400 V, 3-phase, 
60 Hz emergency diesel engine generator (housed in 
an outdoor enclosure) will supply power to the 
heliostats upon loss of system and station power. 

Drawings 

Main One-Line Diagram Solar 
Repower System 

One-Line Diagram 480 V Motor 
Control Centers 

Piping and Supports 

14380-EW-lA 

14380-EW-3A 

Steel framing will be provided above the electrical 
equipment area for pipe support. 

Drawings 

General Arrangement-Solar 
Equipment Building, Solar 
Reheat Exchanger 

Maintenance Building Extension 

Substructure 

Plan EM-232A-SR-l 
Sect. EM-232B-SR-l 

The substructure for the building extension will 
consist of a concrete floor slab with concrete 
grade beams and footings to support the structural 
steel framing. 
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Superstructure 

The existing maintenance building will be extended 
to provide space for assembly and testing of 
heliostats prior to field installation. The new 
maintenance area, 40 ft x 60 ft, will be enclosed 
by a. steel framed building with insulated metal 
siding. 

Fire Protection and Facilities 

New interior hose stations will be provided. These 
stations will be fed from the existing yard fire 
protection loop. 

Ventilation and cooling will be provided by 
evaporative coolers and exhaust fans. Heating will 
be provided by gas or electric unit heaters. Floor 
and equipment drainage piping will also be 
provided. 

Wire and Cable 

Wire and cable will be provided for lighting and 
the distribution circuits to miscellaneous 120 V, 
1-phase loads. 

Electrical Equipment 

One 480 V, 3-phase, distribution panel and lighting 
transformer with one 120 V, 1-phase, distribution 
panel will be provided for electrical loads in the 
building, including the HVAC system lighting, and 
other miscellaneous loads. 

Drawings 

One-Line Diagram 
480 V Motor Control Centers 

Piping and Supports 

Covered in account 5230.201. 

COLLECTOR SUBSYSTEM 

Heliostat Foundations 

14380-EW-3A 

$56,600,000 

Foundations for heliostats will consist of a cast
in-place reinforced concrete pier installed in an 
augered hole approximately 2 ft-6 in. in dia, using 
selected depths of 15 and 20 ft • 
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Sketches 

Heliostat Foundation No. 14380-SSK-lA 

Heliostat Assemblies 

The collector field will consist of 1,875 heliostat 
assemblies which will include modules, structural 
support, drive units, control sensors, pedestal and 
mounting interface to foundations, and heliostat 
cabling and termination boxes. 

Heliostat Controls 

Heliostat controls consist of a heliostat field 
controller, redundant heliostat array controller, 
heliostat controllers, and peripherals. Heliostat 
controls are provided by the heliostat vendor. 

Beam Characterization System 

The beam characterization system will be provided 
by the heliostat vendor and includes the beam 
characterization computer, specification for the 
beam targets, television cameras, and peripherals. 
Three BCS targets will be provided. 

Heliostat Field Wiring 

The heliostat field and the three beam 
characterization installations will utilize armored 
direct burial power and control cable or cables in 
PVC conduit. The cable will be buried in a trench 
system designed for optimum use of the cable. A 
No. 4/0 bare copper ground cable will also be run 
in the trench to each heliostat and power supply 
transformer. Four 200-ft deep uncased grounding 
wells will be driven in the heliostat field. 
No. 4/0 bare copper cable connected to the 
heliostat field ground grid will be dropped to the 
bottom of each well. 

Drawings 

General Arrg't Heliostat Field 

Electrical Equipment 

14380-EE-Sl 

Fifteen 75 kVA, 2,400/208/120 V, 3-phase, 60 Hz, 
transformers with a low voltage distribution 
cabinet will be· located throughout the heliostat 
field for powering the heliostats and heliostat 
field controllers. 
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RECEIVER SYSTEM 

Tower Foundation 

$22,700,000 

The foundation for the receiver tower will consist 
of a circular reinforced concrete mat 85 ft in dia. 
Excavation for the foundation will include removal 
of unsuitable soils and replacement with compacted 
backfill to a depth of approximately 25 ft. 

Drawings 

Receiver Tower and Foundation EC-601A-SR 
EC-601B-SR 

Tower Superstructure including Platforms, Stairs, 
Instrument and Control Equipment Rooms. 

The solar central receiver will be supported on a 
reinforced concretre tower 447 ft high. The tower 
will support feedwater, steam and auxiliary piping, 
and associated controls with access for maintenance 
and repairs provided by internal stairs, ladders, 
platforms, and walkways. Two equipment rooms will 
be located near the top of the tower to house 
receiver instrumentation and control equipment. 

Drawings 

Receiver Tower and Foundation 

Elevator 

EC-601A-SR 
EC-601B-SR 

A 2,700 lb capacity rack and p1n1on type electric 
elevator will be furnished. The elevator will 
provide access to the equipment rooms, receiver, 
and pipe support platforms. The elevator speed 
will be 105 fpm. 

Receiver 

The solar receiver will supply main steam at 
approximately 310,000 lb/hr at l,000°F and 
1,450 psig to the existing Newman Unit 1 Turbine
Generator. The receiver absorber surface will be 
made up of 18 panels, supported by structural 
steel, consisting of economizers, evaporators, and 
multiple stages of superheaters. Details of 
receiver cost scope are presented in Appendix C.3 • 

C.1-9 



5400.202 

5400.203 

5400.204 

5400.205 

Heat Exchanger (Reheater} 

The heat exchanger (reheater) is located near the • 
base of the tower. It receives reheating steam 
from the primary superheater of the solar receiver. 
Cold reheating steam is returned to the solar 
receiver. The reheat heat exchanger will be a 
single pass shell and tube design, approximately 
4 ft in dia by 50 ft long. The shell side design 
pressure and temperature are 500 psig and l,005°F, 
respectively. The tube side design pressure and 
temperature are 2,250 psig and l,045°F, using type 
304 SS tubes. The exchanger will contain 
13,125 ft 2 of heating surface. 

Recirculation Drain Tank, Pump, and Driver 

The recirculation drain tank, located at the base 
of the receiver tower, will provide storage 
capability for the receiver water inventory for 
maintenance and for overnight storage when freeze
up is likely. The tank will be designed to 50 psig 
and 300°F. Capacity will be 8,000 gal. The tank 
will be fabricated in accordance with ASME 
Section VIII. A return pump will be provided to 
return the water in the drain tank to the receiver 
before daily plant operation begins if water 
chemistry permits. The pump would be a horizontal 
centrifugal pump with a design point of 200 gpm and • 
800 ft tdh. The pump driver will be a 50 hp, 480 V 
odp electric motor. 

Fire Protection and Facilities 

Fire protection will be provided for the tower 
equipment room by a high pressure carbon dioxide 
system with automatic detection and activation. 
Each control equipment room will have a separate, 
se.lf-contained fire protection system. The upper 
equipment room will be cooled by a single air 
conditioning unit. The lower equipment room will 
be cooled by a vent fan. Each area will be heated 
by an electric unit heater. A floor and equipment 
drainage system will be provided to serve the 
equipment at the top of the tower. 

Boiler Blowoff Tank 

The boiler blowoff tank, located near the base of 
the receiver tower, will provide storage capability 
of emergency drain from the receiver steam drum 
during cloud transients. The tank will be designed 
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to 50 psig and 
4,000 gallons • 

655°F. Capacity will 

Receiver Instrumentation and Controls (Local) 

be 

The receiver controls are a microprocessor-based 
distributed system provided by the receiver 
manufacturer and interface with other plant 
controls via a "data highway" brought to the upper 
equipment room. 

Wire and Cable 

The output signals from the solar receiver control 
system provided by the receiver manufacturer will 
be routed to the control interface in the upper 
equipment control room. A new motor control center 
(MCC) and one MCC provided by the receiver 
manufacturer, located in the same tower equipment 
room, will be powered by a 480 V feeder from the 
load center in the solar equipment building. 

Wire and cable will be provided for tower aircraft 
obstruction lighting, tower lightning protection, 
tower grounding, internal tower lighting below the 
receiver level, tower elevator and hoist, and tower 
equipment rooms, vent and HVAC systems. Lighting 
in the receiver area and all wire and cable in the 
upper equipment room directly below the receiver, 
except as listed above, will be provided by the 
receiver manufacturer. 

Drawings 

One-Line Diagram 480 V 
Motor Control Centers 

Electrical Equipment 

14380-EW-3A 

The following electrical equipment will be provided 
and installed in the tower: 

• One 480 V, 3-phase, 60 Hz MCC 

• Aircraft Obstruction Lighting 

• Tower Lightning Protection and Grounding 

• Internal Tower Lighting below the receiver 
area 
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The following electrical equipment will be provided 
and installed in the solar tower by the receiver 
manufacturer: 

• One 480 V, 3-phase, 60 Hz MCC 

• All· receiver controls in the equipment room 
immediately below the solar boiler area 

• All equipment 
receiver area 

including lighting in the 

Drawings 

One-Line Diagram 480V 
Motor Control Centers 

CONTROL SYSTEM 

Solar System 

Miscellaneous Foundations 

14380-EW-3A 

Concrete pad foundations will be provided for 
heliostat field controller. Power supply boxes to 
be provided by the heliostat manufacturer. 

Master Control System Including Computer and 
Control Board (Solar and Fossil) 

The master control system includes all hardware and 
software required to integrate the operation of the 
solar collector, solar receiver, fossil boiler 
control and burner management subsystems. The 
system includes sequence recording, data logging 
annunciation, sequential control hardware and 
software, algorithms software and operator/system 
interface console. Also included are input/output 
cabinets for field interfaces, trend recorders, 
printers, and engineers programming and analysis 
console. Dedicated controls for safety oriented 
functions are included on the operator/system 
interface main control board console. 

Miscellaneous Instruments and Controls 

Miscellaneous instruments and controls includes 
field mounted transmitters, process sensing 
elements, indicators, switches and local 
controllers associated with the solar receiver and 
its support subsystems. 
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Existing Fossil Control System 

Modifications to Existing Fossil Unit Control 
System and Miscellaneous Instruments and controls 

Existing fossil unit modifications include a new 
burner management system, new boiler control 
system, and modified turbine-generator control 
system. 

Instrumentation and control equipment located in 
the field is provided to monitor and control 
equipment from the MCS. Included are transmitters, 
switches, analyzers, valves, etc. 

ELECTRICAL POWER GENERATION SYSTEM 

Miscellaneous Foundations 

10,400,000 

Foundations will be provided for additional small 
pumps such as feed pumps, seal water pumps, and 
high pressure auxiliary service water pumps. 
Foundation dimensions will be 2 ft x 4 ft x 12 in. 

Pipe Support Structures 

Steel structures will be provided to support pipes 
from the solar equipment building and the receiver 
tower. 

Solar Feedwater Pumps and Drivers 

Two half-size, six-stage horizontal centrifugal 
motor-driven feedwater pumps, rated at 450 gpm and 
6,300 ft tdh, will be provided. Each pump will be 
driven by an 1,250 hp, 2,400 V, odp electric motor. 

Solar Feedwater Booster Pumps Drivers 

Two full-size horizontal, end suction, tap 
discharge centrifugal, single-stage motor-driven 
solar feedwater booster pumps, rated at 900 gpm and 
100 ft tdh, will be provided. Each pump will be 
driven by a 40 hp, 480 V, odp electric motor. 

Solar Feedwater Heaters 

Two new shell and tube horizontal heat exchangers, 
"A" and "B", will be provided to heat the solar 
feedwater. Both the "A" and "B" heaters will be 
approximately 2.5 ft in dia x 31 ft long with total 
surface areas of 1,800 sq ft each. The "A" heater 
shell side design pressure and temperature will be 
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510 psig and 770°F while the tube side will be 
designed for 3,000 psig and 510°F. The "B" heater 
shell side will have a design pressure and • 
temperature of 190 psig and 850°F while the tube 
side will be designed to 3,000 psig and 420°F. 

Condensate Polishing System 

The polishing system shall be a powdered resin type 
of unit. The system shall consist of one equipment 
skid measuring 8 ft x 20 ft x 15 ;thigh, a NEMA 
ICS Type 12 control panel measuring 4 ft-6 in. 
x 10 ft-6 in. x 7 ft-6 in. high, and a freestanding 
sample sink measuring 48 in. x 10 in. 

The equipment skid shall contain the following 
major components: 

• Three 50 percent unlined carbon steel 
polishing filter vessels constructed in 
accordance with the VIII ASME code. 

• One 100 percent three-coat epoxy lined 
carbon steel precoat tank (atmospheric). 

• Two - 100 percent capacity precoat pumps with 
stainless steel wetted parts construction. 

• Two - 100 percent capacity backwash pumps with 
stainless steel wetted parts construction. 

• One - stainless steel precoat tank agitation. 

• Internal (skid boundary) 
piping and instrumentation. 

interconnecting 

• Resin strainers utilizing a carbon steel body 
and a 24 x 110 mesh stainless steel basket. 

Chemical Feed Equipment 

With 
feed 
all 
with 

the exception of a new coordinated phosphate 
system (skid mounted), chemical control using 
volatile treatment (AVT) may be accomplished 
existing chemical feed equipment. 

A new coordinated phosphate feed system shall be 
provided for protection of the receiver in the 
event of a condensate polishing system upset. The. 
system consists of a 316L stainless steel mixing 
tank (150 gal capacity), mixer, one metering pump 
and associated controls, valves, and piping, all 
mounted on a skid. The approximate dimensions of 
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the skid are 7 ft x 4 ft x 6 ft high. The 
discharge line from the skid shall feed directly 
into the receiver drum • 

High Pressure Auxiliary Service Water Pumps and 
Drivers 

Two full-size single stage centrifugal motor-driven 
pumps rated at 30 gpm, 430 ft tdh, shall be 
provided. Each pump will be driven by a 7.5 hp, 
480 V, TEFC motor. 

High Pressure Auxiliary Service Water Tank 

Provided by receiver manufacturer. 

HVAC Equipment 

Covered in 
5230.201. 

accounts 5210.201, 5220.201, and 

Relocated Equipment 

No allowance included 

New Control System for Existing Turbine-Generator 

The existing turbine-generator mechanical hydraulic 
control system will be modified to include a 
throttle pressure control which will interface with 
the MCS. Additional turbine monitoring 
instrumentation will be added to provide closed 
loop control for an automatic turbine startup. 

Wire and Cable 

The control wiring for the fossil 
turbine-generator modifications will be 
the addition to the control room. 

Electrical Equipment 

Supplied by others, see controls. 

Heat Tracing 

boiler and 
routed to 

Electric heat tracing will be provided for freeze 
protection of piping as described below: 
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Inside Receiver Tower 

Feedwater Line Top to base of tower, Boiler • 
Blowdown Vent and Drain Lines Top to base of 
tower, Main and High Pressure Steam Drain Lines -
Top to base of tower, Main Stream Valves - Top of 
Tower 

Outside on Open Pipe Rack 

Feedwater Line 

Main and High Pressure Steam Drain Lines 

Cold and Hot Reheat Motor Operator and Air 
Operated Valves 

Hot Reheat Steam Drain Lines 

The equipment/material will consist of distribution 
transformers, centralized power distribution 
controllers, sensors (RTDs), heat tracing cable 
(MI), and supporting hardware. Isometric drawings 
will be provided as required. 

The power source for heat tracing inside the tower 
will be from the MCC in the lower equipment room 
beneath the boiler. The power source for heat 
tracing outside will be from the MCC in the Solar • 
Equipment Building. 

Relocated Electrical Equipment, Wire and Cable, and 
Cable Trays 

No allowance included 

Communications 

The communications system will be an extension to 
the present Gai Tronics voice-paging system in the 
plant. A handset station with speakers will be 
provided in the following locations: 

Solar Equipment Building 
Tower Upper Equipment Room 
Base of Tower 
Maintenance Building Extension 

Piping and Supports 

Piping shall be provided for each of the following 
systems: 
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A. Solar Feedwater 

Drawings 

Solar Feedwater Booster 
Piping -
Existing Turbine Building 

Plan EP-660A-SR-l 
Sect. EP-660B-SR-l 

Boiler Feed Suction Piping - Plan and Sect. 
Existing Turbine Building EP-605A-SR-l 

P&IDs 

Feedwater System 14380-PID-6-lA-SR 
14380-PID-6-lB-SR 
14380-PID-6-lC-SR 

B. New 1st and 2nd Point Extraction Steam 

c. 

Drawings 

2nd Point Extraction -
Steam System 

P&IDs 

Extraction Steam System 

Attemperation piping will 
be as shown on 

Plan EP-607-A-SR-l 

14380-PID-3-4-SR-l 

14380-PID-6-l-SR 

D. Solar Steam 

A chromium coating will be applied to the 
steam side surface of the main, high pressure 
and hot reheat steam piping to alleviate scale 
exfoliation. The solar steam systems will 
include the piping for the following systems: 

High Pressure Steam 

Drawings 

Area Piping - Existing 
Turbine Building 
Tower 

P&IDs 

Plan EP-659A-SR-l 
Plan EP-659B-SR-l 
Sect. EP-659C-SR-l 

Main and High Pressure Steam 
Systems 14380-PID-3-lA-SR 
Steam Systems 14380-PID-3-lB-SR 
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F. 

Main Steam 

Drawings 

Main Steam Piping - Plan EP-601A-SR-l 
Existing Turbine Building Sect. EP-601B-SR-l 

P&IDs 

Main and High Pressure Steam 
Systems 14380-PID-3-lA-SR 

14380-PID-3-lB-SR 

Cold Reheat Steam 

Drawings 

Low Temp. Reheat Steam 
Piping Plan EP-603A-SR-l 
Existing Turbine Building Sect. EP-603B-SR-l 

P&IDs 

Cold and Hot Reheat System 14380-PID-3-2-SR 

Hot Reheat Steam 

Drawings 

High Temp. Reheat Steam 
Piping - Plan EP-602A-SR-l 
Existing Turbine Building Sect. EP-602B-SR-l 

All the steam piping will be provided with 
vents and drain piping. 

Safety relief valves vent piping will be 
provided for safety valves on the solar steam 
lines. 

P&IDs 

Solar Heater Drain, Vent 14380-PID-6-6-SR 
Relief System 

Receiver Blowdown, Vents, and Drains System 
piping is shown on 14380-PID-ll-3-SR. 

Condensate Polishing System is shown on Sketch 
14380-WT-l. 

The turbine plant sampling system 
water quality analyzers, pressure 

will include 
reducers, a 
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sample cooker, main sample conditioning panel, and 
a recording and monitoring panel • 

Valves and Specialties 

All necessary gear operated and manual isolation 
valves, check valves, motor-operated stop valves, 
feedwater regulator valves, nonreturn valves, 
bypass valves, air operated and solenoid control 
valves, safety valves, vent and drain valves are 
provided. 

Specialties such as tempora:y strainers, traps, 
restricting orifices, expansion joints, blowoff 
pots, orifices, desuperheaters, and other 
miscellaneous pipe fittings for pipe and 
instruments, etc., are included. 

Insulation 

Thermal Insulation (calcium silicate) will be used 
for equipment and piping whose operating 
temperature is above 150°F for energy conservation 
and safety. 

Relocated Piping and Supports 

No allowance included • 

OWNERS COSTS (Cost shown in 1987 dollars} 

A. 

B. 

c. 

Land Requirements 

A total 
addition 
includes 
relocated 
employee 
estimated 

of 418 acres will be required for the 
of the solar facilities. This 

land for the heliostat field, 
transmission line ROWs, relocated 
park and the relocated highway. The 
cost of this land is $1,066,000. 

Relocation of the State Highway 

The estimated cost for relocating Farm-to
Market Road 2529 which borders the existing 
Newman Station at its northern boundary is 
$895,000. This estimate is based on 
relocating the highway to the south as shown 
on the drawings in Appendix I. 

Perimeter Lighting 

An estimated 28 lighting fixtures spaced every 
400 ft around the perimeter of the heliostat 
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D. 

field will be installed for security and 
inspection purposes. The cost of this 
activity is estimated at $134,000. 

Relocation of Transmission Lines 

Five transmission lines will have to be 
relocated as a result of solar repowering 
Newman Unit 1. The cost to perform this 
relocation is estimated at $551,000. The cost 
of additional ROWs is included in 
Subsection A. 

E. Distribution Facilities Relocation 

The cost of this activity is $130,000. This 
work includes rerouting existing distribution 
lines and relocating transformers servicing a 
pump station and a landfill, relocating 
existing present overhead lighting in the 
collector field area and providing underground 
power to water wells located north of the 
fossil plant. 

F. Environmental Studies 

G. 

An allowance of $125,000 is included to cover 
the cost of environmental studies necessary 
for the licensing of the solar plant and for 
the relocation of the state highway. 

Relocation of Irrigation System 

Existing wastewater at the Newman Station is 
used for irrigation of land just north of the 
plant. The location of the collector field 
will necessitate relocating the irrigation 
system. The cost of this activity is 
estimated at $131,000. 

H. Relocation of Employee Park 

An allowance of $113,000 is included to cover 
the cost of rebuilding the existing employee 
park located north of the plant. The land 
requirements for the park are included in 
Subsection A. 

I. Public Relations 

An allowance of $101,000 is included to cover 
the cost of the Public Relations' activities 
associated with the dissemination of 
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TABLE C.1-1 

OWNER'S COSTS FOR EPE 

Description 

Site Land Requirement 

Relocating State Highway 

Relocation of Transmission Lines 

Perimeter Lighting 

Relocation of Distribution Facilities 

Environmental Studies 

Relocation of Irrigation System 

Relocating Employee Park 

Public Relations Activities 

Total {1983 dollars) 

Escalation 

Total Owner's Cost in First Quarter 
1987 dollars 

1 of 1 

1983 Dollars 

1,028,000 

852,000 

524,000 

125,000 

123,000 

122,000 

121,000 

104,000 

100,000 

$3,099,000 

147,000 

3, 246-, 000 
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TABLE C.2-1 

Account Description 

CAPITAL COST ESTIMATE 
MATERIAL 

COST 

5100 SITE IMPROVEMENTS 

5100.101 Clearing and Brading 

5100.102 Di'tersion Channel and Drainage - heliostat 
field 

5100.103 Crushed Rock Surface - heliostat field 

5: oc,. !04 Reads 

5100,1:)5 Fence:. and Sates 

5100.20: Waste Disposal System - Existing Facilities 

5100.202 Yard Fire Protection 

5100.~Ql Electrical Structure 

5100.402 Wire and Cable 

5100.403 Electrica! Equipment 

5100.bOl Yard Piping and Supports 

TOTAL 5100 SITE IMPROVEMENT 

5200 SITE FACILITIES 

5210 Control Room E~tension 

5210.101 Substructure 

5210.102 Superstructure 

5210,201 Fi re Protec ti on 

~210.402 Wire and Cable 

5210.403 Electrical Eqaip1ent 

5210.601 Piping ar.d Supports (Ir.cl. in A/C 521v,201i 

5220 Solar Equipment Building 

5220.101 Substructure (Incl. in A/C 5220.102) 

c.2-1 

0 

138,000 

lb,300 

200,SOO 

48,75) 

0 

29.600 

J5,3(;0 

63,944 

61,600 

5,000 

599,294 

0 

63,756 

36,760 

4,298 

83,400 

0 

0 

L~B•R 
COST 

378,955 

289,717 

10,954 

137,200 

26,250 

0 

15,012 

61!235 

84,870 

17,290 

15,012 

1,056,495 

0 

77,220 

54,324 

28,203 

13,SBO 

0 

0 

TDHIL 
COST 

378,955 

427,717 

27,254-

338,000 

75,000 

0 

44,612 

116,535 

148,814 

78,890 

20,012 

1,655,789 

0 

140,976 

91,084 

J2,501 

96,980 

0 

0 
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TABLE C.2-1 
CAPITAL COST ESTIMATE (CONT) 

NA:ERIAL 
Account Descr i pti •n COST 

LABOR 
COST 

TOTAL 
COST 

-------------------------------------·---------------------------------------------------------------------

5220.102 Superstructure 

5220.2)1 Fire ?rJtectiJ1 

5220.402 Wire and Cable 

5220, 4i)3 Electrical E~uipment 

52;:'0,601 Piping and Supports (Incl. in A/C 5220.201) 

5230 Maintenance Building E~tension 

5230.101 Subst~ucture (Incl. in A/C 5230.102) 

523(1• l.02 Superstructure 

5230.201 Fire Protection 

5230.402 wire 3nd Cable 

5230.403 Electrical EqJip1ent 

5230,601 Fiping and Supports (Incl. 111 A!C 5230.2011 

TDTAL 5200 SITE FACE.ITI:S 

5300 COLLECTOR SUBSYSTEM 

5300.101 HeliJstat Foundations 

5300.201 Heliostat Assemblies including drivers 

5300.301 Heliostat Controls 

5300.302 Beam Characteri:ation System 

5300,402 He!iostat Field Wiring (Power and Control) 

5300.403 Electrical Equipment 

TOTAL 5300 COLLECTOR SUP.SYSTEM 

sno RECEIVER SYSTEM 

c.2-2 

147,622 

10,04~ 

9,•'!99 

486,710 

0 

0 

129,600 

12,930 

3,690 

8,732 

0 

997,037 

855,575 

47,000,000 

300 

197,889 

1,740,228 

133~500 

49,927,492 

164,109 311,731 

13,924 23~864 

t:.3,101 72,600 

87,782 574,492 

0 0 

0 0 

147.688 277!488 

29!3(14 42,234 

221395 2b,OB5 

3,760 12!512 

0 (1 

705,51') 1,702,547 

l,46~,360 2)316,935 

3,000,000 50,000,000 

10,500 10,SOC 

!08,092 305,981 

2,041,957 3,782,185 

63,525 197,025 

6,68~,434 56,612,926 



TABEL C.2-1 
CAPITAL COST ESTIMATE (CONT) 

l'IATEH~L LABOR TOTAL 

• Account Descr i pti 011 COST COST COST 
--~-------------------------------------------------------------------------------------------------------

540C.101 TaNer Foundation 126,859 462,646 589,505 

5400.102 Tower Superstructure (including platforms, 1,013,120 1,341,023 2,354,143 
stairs, instrument and Control Equipment Roam) 

5400.103 Elevator 190,532 36,015 22b,54? 

5401:. 2(1! Receiver ll,868~000 o, n4 10•0 181602,COO 

5400.20:' Reheat Heat Exchanger 35(\ 000 23,81)0 373,800 

5~00.203 Drain Tank and Return Puitp c111d Driver 281000 5:950 33,950 

5400.2,)4 Fire Protection 52,100 75,%0 128,0bO 

5400.2('5 Boiler Rlcwoff Tank 14, 0(1(1 11750 15,750 

54!)1),301 Receiver Instruientation and Co~trals (L<J,:ali 0 0 ,) 

{Included in A.'C 5400.201 i 

• 5400.402 Wire and Cable 30,264 153,817 184,081 

5400.403 Electrical Equipment 48,650 21,560 70,210 

5400.41)4 Electric Heat Tracing 65,862 55,634 121,496 

5400.601 Piping and Supports fincl. in 5800,bOll 0 0 0 

:5400.602 Valve and Specialties (Incl. in 5800.602) 0 0 0 

54M.603 Insulation (Incl, in 5800,603) 0 0 0 

TOTAL 5400 RECEIVER SVSTEM 13,787,387 8,912,155 22,699,542 

550() CONTROL SYSTEM 

5510 Solar System 

5510.101 Miscellaneous Foundations 7,075 13,532 20,607 

5510.301 liaster Control System (Solar and Fossil l 1,348,550 143,500 1,492,050 
including computer and control board 

• 5510.302 Miscellaneous Instruments and Controls b3,256 541,838 123,096 

5520 Existing Fossil Control System 
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TABLE C.2-1 
CAPITAL COST ESTIMATE (CONT) 

Account Description 

5520,301 Modifications to fxistir.g Fossil Unit Control 
Ststem and Misc, Instruments a~d Cantrols 

TOTAL 5500 CONTROL SYSTEM 

5900 ELETRICAL POWER BEIIIERATiotl SYSTEM 

5800.1')1 M~s::e:la.11a~us Fou!ldations 

5500,102 Pipe Support Structure 

531)0.201 Solar Feedwater Pumps and Drivers 

5800,202 Solar Feedwater Booster Pumps and Drivers 

5B00,203 Solar Feedwater Heaters 

5800.204 Condensate Polishing System 

5800.205 Chemical Feed Equipment 

5800.206 High Prssure Auxiliary Service Water Pumps 
and Drivers 

5800.207 High Pressure Au~iliary Service Water Tank 
!Included in AiC 5400.2011 

581)0.208 HVAC Equipment i!ncl. in Bldg. Accts, l 

5600.209 Relocated Equipment (No Allow. Included) 

5800.301 Mew Control System for E~istin~ Turbine 
Generator 

5B00.402 Wire and Cable 

5800.403 Electrical Equipment !None Required) 

5800,405 Relocated Electrical Equipment, Wire l Cable 
and Cable Trays (No Alla~. Included) 

5800.406 Communication System 

5800.601 Piping and Supports 

j800.602 Valves and Specialties 

5800,603 Insulation 

C. 2.,..4 

MATERIAL 
COST 

527 

396,000 

180,000 

260,000 

123,000 

6,000 

0 

0 

0 

25,000 

1,402 

0 

0 

4,666 

3,577,211 

774,361 

LABOR 
COST 

25l,070 

11/?00 

10,500 

43,750 

3,150 

0 

0 

0 

2,BOO 

15,981 

0 

0 

12,756 

3,741,837 

448,427 

TDTAL 
COST 

40,520 

2,407 

El,30 

419, 1(1(] 

38,900 

270,500 

166,750 

9,150 

0 

0 

• 

27 ,BCtO 

0 

0 

943,240 

893,:m 
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Ac:count Ilescripti;:m 

TABLE C.2-1 
CAPITAL COST ESTIMATE (CONT) 

MATERIAL 
COST 

LABJR 
COST 

TOTAL 
COST 

----------------------------------------------------------------------------------------------------------

5800.604 Relocated Piping and Supports mo AlloN Inell O -0 0 

TOTAL 5800 ELECTRICAL POWER GENERATION SYSTEM 5,B71,397 4,526,827 10,398,224 

TOTAL DIRECT COSTS 72,602,810 22,!42,491 94,745,301 

5900 OTHER COSTS 

5900.010 Distributable Costs 200,000 1,341,048 1,541,048 

TOTAL CONSTRUCTION COSTS 72,802,810 23,~£3,539 %,Zac,349 

590(1.020 Indirect C.:ists 1,422,000 6,895,662 8,317,6~2 

TOTAL CONSTRUCTION i INDIRECTS 74,224,810 30,379,201 m,to4!er11 

5900.030 Allowance for !~determinates 1 i 571,000 3,096,274 4,667,274 

TOTAL ESWlATE - PRESENT DAY, 01 SEPT 83 75,795,810 33,475,475 109,L71,285 

5900.040 Escal~tion 9,757,000 3,883,000 13,640,000 

TOTAL EST. EXCL OWNERS COSTS, AFUDC & SPARE PARTS 85,552,810 37,35£.,~75 122!911,285 

5900.050 Owners Costs 3,246,000 0 3,246,000 

5900.060 AFUDC 17,158,000 0 17, 158,Q(l(i 

TOTAL ESTIMATE 105,956,810 37,358,475 143,315,285 
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APPENDIX C.3 

C.3. RECEIVER COST ESTIMATE DETAIL 

This section describes the costs for the receiver subsystem. The 
scope of work includes engineering, materials, fabrication, 
erection, checkout and performance evaluation of all the 
equipment located above the top of the tower. The major 
components are the receiver, tanks, piping, pump, valves, 
insulation, instruments, controls, structural steel, enclosure 
and all auxiliary equipment. 

The receiver cost used for the the capital cost estimate is 
$18,200,000* in 1983 dollars. Table C.3-1 identifies a complete 
breakdown per the significant items that make up the receiver 
subsystem cost. 

*For the commercially binding estimate required by EPE, a 
cost of $14,570,000 was provided with a cost tolerance set 
from +25 percent to-10 percent of this value, resulting in a 
range from $18,200,000 to $13,100,000. 

The approach used to prepare the reeeiver cost estimates are 
typical of the methods used to establish a commercially binding 
quote for a boiler being supplied to the utility industry. Some 
general information pertaining to the procedures used to obtain 
the cost estimates are as follows: 

• 

• 
• 

• 

• 

Material and equipment costs include freight and 
insurance, and are FOB the job site. 

Spare panels and parts are included • 

Competitive bid approach has not been used due to 
limitation in time and money. However, the quotes have 
been obtained from organizations selected as being 
viable suppliers on past utility type boiler contracts. 

A contingency factor has been provided to cover areas 
where insufficient design information is available, or 
where the cost database is minimal. 

The methods of cost estimating were vendor quotes, 
"inhouse" estimating, ratioing based on prior 
information from other contracts and some judgment 
applied where impact on cost was considered negligible. 
Construction costs include all those services normally 
furnished in the construction of a boiler for the 
utility industry~ Typical items covered are: 
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- Temporary Housing 
- Erection Equipment 
- Site Supervision 
- Craft Management 
- Material Procurement 
- Site Supervision Costs 
- Clean Up 

• Escalation, AFUDC, transaction privilege taxes, etc, 
have not been included since it is included when the 
overall plant estimate is prepared. 

The impact of having to produce a commercially binding quote has 
resulted in a sizeable additional uncertainty factor to be 
considered on top of the $14,570,000 base estimate. The upper 
limit of this range from +25 percent to -10 percent (or 
$18,200,000 to $13,100,000) exceeds those used as previous 
estimates for this and other solar receiver subsystem studies. 
The implied meaning is that although the estimates are sound and 
legitimate, the unknowns such as incomplete workscope, time of 
performance not being well defined, and lack of a positive data 
point for costs of a solar water/steam receiver, necessitate that 
one more engineering phase and resulting cost estimate must be 
provided before a commercial venture of this size can be 
undertaken. 

The final phase of engineering would produce a set of fabrication 
drawings, erection drawings, hardware specifications and a 
detailed engineering workscope for the receiver subsystem and a 
formal cost estimate which would reduce this large uncertainty. 
It is recommended that for this study, the cost figures given in 
Table 6.3-1 be used without the uncertainty factor to provide a 
consistent rationale between this and other solar repowering 
studies. 

It is noted 
checkout is 
network. 

that receiver fabrication, erection, startup, and 
the expected critical path of the construction 
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Item 

Panel 
Assemblies 

Piping 

Steam Drum 

Tooling 

Pump 

Valves 

Instruments/ 
Controls 

Structural 
Steel/Stairs 

Supports, 
(Piping, Panels) 

Water Storage 
Tank 

Engineering 

Erection 

Startup Cost 

Subtotal 

Spare Parts 

TABLE C.3-1 

SOLAR RECEIVER 
CAPITAL COST DETAIL 

Material Labor Total 

$1,634,600 $1,796,000 $ 3,430,600 

791,700 443,700 1,235,400 

61,900 133,300 195,200 

509,500 509,500 

493,600 493,600 

405,700 405,700 

946,600 946,600 

448,300 448,300 

78,500 78,500 

13,500 13,500 

1,690,500 1,690,500 

1,953,500 2,885,000 4,838,500 

284,000 284,000 

$7,337,400 $7,232,500 $14,570,000* 

311,000 

Factor for Commercial Price 

Total 

3,721,000 

$18,602,000 

* Rounded to nearest thousand dollars 

1 of 2 

Remarks 

( 1 ) 

( 1 ) 

( 1 ) 

( 1) 

( 2 ) 

( 2 ) 

( 1 ) 

( 2 ) 

( 3) 

( 2 ) 

( 1 ) 

( 2 ) 

( 1 ) 



NOTES: 

1. By Estimating Department 

2. Outside vendor quote 

3. Engineering estimate using ratioing methods and other 
approximating techniques 
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• • D.1 Solar Feedwater System 

•••••••••••••••••••H••••••••••••••••••••••• .... ••••••••••••••••••••••H•••••••••lfit•••••H**••H•••HMMM••••••••••MMM•••••••••n•u. FTSK COHPOIIEtlT COMPONENT AUD HETIIOD 01' EFFECT ON SYSTEH OTHER REMARKS 
IDENTIFIER FAILURE HOOE FAU.URE DETECTION 

••••••••••••••••• 
SOLAR-A SFHSOOll 

SOLAR-8 SfHSDD21 

SOLAR-D 5FH50032 

SOLAR-0 SFHS0046 

SOLAR-D SFHS0056 

SOLAR-E SFHS0062 

SOLAR-E SFHS0076 

SCllt.R-E SFH50086 

SOLAR-6 SFHS0092 

SOLAR-6 SFl-150101 

·······••1t11••··· 
FEEDlfATER SYSTEH 
PIPING 
COllttoN HOOE 
FAILURE 

FAILURE OF 
HEATER FLOII 
RECEIVER COHTROL 
SYSTElt 

FDHTR BOOSTR PSA 
FAILS TO OPERATE 
LEAHAGE 
PID-6-lA-SR 

PI 56A 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-6-lA-SR 

FDWTR BOOSTR PIIP 
LINE A 
COIIIIOl-1 HOOE 
OPERATOR ERROR 

FOHTR BOOSTR P58 
FAILS TO OPERATE 
LEAHAGE 
PID-6-lA-SR 

Pl 568 
FAILS TO OPERATE 
FALSE OUTPUT 
PlD-6-lA-SR 

FDWTR BOOSTR PlaiP 
LIHE 8 
COIUlotl IIODE 
OPERATOR ERROR 

FE 20A 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-6-1B-SR 

FDIITR Pla1P LIIIE A 
COIII0/1 HOUE 
OPERATOR ERROR 

••••• .. ••• .. ••••n•••- ••••••••-••••--•••••H•••• .. •••••• ••-•-••••**••••••--• 
Af'HJtlCIATED IH FAILURE OF SOLAR FEEDHATER SYSTEH CATEGORY A-B-C 
cotrmOL ROOH PID-llA-CI-SR 

ANNUHCIATED IN FAILURE OF SOLAR FEEDlfATER SYSTEH CATEGORY C 
CotllROL RDOH PID-llA-CI-SR SWITCH TO LIC 31 

ItllICATitlG LIGHT LOSS OF BOOSTER PUt-lP LINE A CATEGORY C 
IN CONTROL ROCH PlD-6-lA-SR 2-lOOZ CAPACITY PUIIPS 

DUAL FAILURE REQUIRED 

PERIODIC INSPECTION LOSS OF BOOSTER PUHP LINE A CATEGORY C 
PID-6-lA-SR ttNO IHPACT DHtt 

•SYSTEH RELIABILITY• 

PERIODIC IHSPECTION LOSS Of BOOSTER PUI-IP LINE A CATEGORY C 
PID-6-IA-SR 2-1001. CAPACITY LINES 

DUAL FAILURE REQUIRED 

Itl>ICATitlG LIGHT LOSS Of BOOSTER PUHP UNE 8 CATEGORY C 
IN CONTROL. ROOH Pl0-6-lA-SR 2-lOOZ CAPACITY PUHPS 

DUAL FAILURE REQUIRED 

PERIODIC IHSPECTIDN LOSS OF BOOSTER Pllfl LINE B CATEGORY C 
PID-6-lA-SR 11NO IIIPACT ON• 

•SYSTEII RELIABILITY• 

PERIODIC INSPECTION LOSS OF BOOSTER PUMP LINE B CATEGORY C 
PID-6-lA-SR 2-1001. CAPACITY LINES 

DUAL FAILURE REQUIRED 

INDICATitri LIGHT LOSS OF FDHTR PlJF LINE A CATEGORY C 
IN CONTROL. ROOH PID-6-18-SH 11tl0 IMPACT Ott• 

11SYSTEH RELIABILITY• 

AtHJNCIATED IN LOSS OF FDHTR Pl.I-IP LINE A CATEGORY B 
CONTROL RDOII PID-6-18-SR 2-501. CAPACITY LIHES 

,~~ · 1 I . · 1 !FAILURE HODES AND EFFECTS ANALYSIS 
I I__ I __ I I__ I __ I SOLAR FEEDHATER SYSTEH IQl __ lll __ lzl __ lll __ l 
I I I I I I I I I FHEA-sot APFHs SU 1 
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D.l Solar Feedwater System (Cont) 

.................................................................................................................................... 
FTSH COIIPotll:HT COIIPOHEITT AtlD ttETIIOD OF EFFECT ON SYSTEH OTHER REHAAKS 

IDEITTIFIER FAILURE HOOE FAILURE DETECTION 
•••••••• ••••••••• 
SOLAR-F SFHS0112 

SOLAR-F SFHS0121 

SOLAR-C SFHS0136 

SOLAR-C SfHSOlQl 

SOLAR-H SFHS0156 

SOLAR-H SFHS0161 

SOLAR-D SFtlSOll6 

SOLAR-D SFHS0186 

SOLAR-D SFHS0196 

SOLAR-D StHS0201 

• 

•••••••••••••••• 
FE 208-FT-FIC 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-6-18-SR 

FDHTR PlllP LIHE 8 
COIHIH HOOE 
OPERATOR ERROR 

BLOCK LV 31 
FAILS TO REHAIH 
OPEN OR LEAKS 
PID-6-16-SR 

FDHTR cotfTROL 
HAIN LitlE 
COIi iON tlODE 
OPERATOR ERROR 

BLOCK LV 32 
FAILS TO REtlAIN 
OPtN OR LEAKAGE 
PID-6-18-SR 

FDHTR CONTROL 
STRTlP-BYPSS LN 
COltlON HOOE 
OPERATOR ERROR 

LOCNED OPEN VALVE 
FAILS TO REMAIN 
OPEN OR LEAICAGE 
PJD-4-lA-SR 

AV 51A 
ItlADVERT OPENitl& 
tlECH FAILURE 
LEAK PID-6-lA-SR 

OIECK VALVE 
FAILS TO REHAIN 
OPEH OR CHECK 
LEAK PID-6-lA-SR 

START-STOP VALVE 
POSITION ZS 57A 
ltlADVERT CLOSlRE 
LEAK PID-6-1 

...................................................................................... 
lt1JICATIH6 LIGHT LOSS Of FDHTR PUIIP LltlE B CATEGOlcY C 
IH COHTROL ROOH PlD-6-18-SR •tlO IIIPACT DH• 

•SYSTEH RELIAliILITY• 

AtHH:IATED ltl LOSS OF FDHTR PUHP LIHE B CATEGORY B 
CONTROL AOOH PID-6-16-SR 2-501. CAPACITY LINES 

DUAL FAILlJIE REQUIRED 

PERIODIC ItlSPECTIOtl LOSS OF HAIN LIHE FDHTR CONTROL CATEGORY B 
PID-6-18-SR STARTUP-BYPASS LitlE 

AVAILABLE 

AtHll:IATED IH LOSS Of HAitj LIHE FDHTR CONTROL CATEGORY 8 
CONTROL R00H PID-6-18-SR STARTUP-BYPASS LINE 

AVAILABLE 

PERIODIC DISPECTION LOSS OF STRTlP-BYPSS FDHTR CONTROL CATEGORY C 
PID-6-18-SR LINE REQUIRED FOR 

STARTUP-BYPASS ONLY 

ARUICIAT£D ltl LOSS OF STRTlP-BYPSS FDHTR CONTROL CATEGORY C 
CONTROL ROON PI0-6-18-SA LIHE REQUIRED FOR 

STARTUP-BYPASS OtL Y 

PERICIIIC ltlSPECTION LOSS OF BOOSTER PUIII LIHE A CATEGORY C 
PID-6-lA-SR 2-1001. CAPACITY LDIES 

DUAL FAILURE REQUIRED 

PERIODIC ltlSPECTION LOSS OF BOOSTER Pll-lP LINE A CATEGORY C 
PID-6-lA-SR 2-1001. CAPACITY LINES 

DUAL FAILURE REQUIRED 

PERIODIC lflSPECTION LOSS OF BOOSTER PU111 LINE A CATEGORY C 
PID-6-lA-SR 2-1001. CAPACITY LIHES 

DUAL FAILURE REQUIRED 

AtlNLliCIATED IN LOSS OF BOOSTER Pll1P LINE A CATEGORY C 
COIITROL ROOH PID-6-lA-SR 2-1001. CAPACITY LIHES 

DUAi.. FAILURE REQUIRED 

I ~~~ I I r~-7FAILURE HODES AND EFFECTS AIIALYSIS 
I I__ I __ I I__ I __ I SOLAR FEEDHATER SYSTEH 
lql __ lll __ l2l __ lll __ l 
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D.l Solar Feedwater System (Cont) 

•••••••••••• .. ••iHlllil••••••••••••••H•••• .... ••-•• .. •••-••••••lf-11 .... •••••••-HNlfil••••••-•••H*IHHHHt**••o•••••••• .. •nno•••• 
FTSK COIIPONENT CotlPOHENT AtlD HfTHOD OF EFFECT OH SYSTEH OTHER REHARICi 

IDENTIFIER FAILURE HOOE FAILURE DETECTiotl ........ ........ . 
SOI..AR-E SFHS0216 

SOLAR-E SFHS0226 

SOLAR-E SFHS02l6 

SOI..AR-E SFHS024l 

SOLAR-G SFHS0251 

SOLAR-& SFH50266 

SOLAR-G 5FHS0276 

SOLAR-K SFHS028l 

SOLAR-K SFHS0292 

SOLAR..J SFHS0!06 

................ 
LOCHED OPEN VALVE 
FAILS TO REMAIN 
OPEN OR LEAKS 
PID-6-lA-SR 

DRAIN RV 518 
INADVERT OPENING 
HECH FAILURE 
LEAH PID~6-1A-SR 

CHECK VALVE 
FAILS TO REHAIH 
OPEN OR tttECK 
LEAi( PID-6-lA-SR 

START-STOP VALVE 
POSITION ZS 578 
INADVERT CLOSURE 
LEAK PID-6-1 

LOCKED oPEH VALVE 
FAILS TO REHAIU 
OPEN OR LEAKS 
PID-6-lB-SR 

RV 21A 
IIIAOVERT OPENIHG 
LEAKAGE 
PID-6-16-SR 

CHECH VALVE 
FAILS TO REMAIN 
OPEN OR CHECK 
LEAH PlD-6-16-SR 

FDHTR PUP COIITRL 
FS ZJA-PS 22A 
FAILS TO OPERATE 
PlD-6-18-SR 

PRESS TRAllSft zqA 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-6-lB-SR 

ORIFICE RO 27A 
LEAKAGE 
OR BLOCKAGE 
PID-6-1B-SR 

.. ............. -···- .................... .._ .............................. ....... 
PERIOOIC INSPECTION LOSS OF BOOSTER PlJHP LINE B CATEGORY C 

PID-6-lA-SR 2-100% CAPACITY Lna 
DUAL FAILURE REQUIRED 

PERIODIC INSPECTION LOSS OF BOOSTER PUI-IP LINE B CATEGORY C 
PID-6-lA-SR 2-lOOZ CAPACITY LINES 

DUAL FAILURE REQUIRED 

PERIODIC IHSPECTIOII LOSS OF BOOSTER PUHP LINE 8 CATEGORY C 
PlD-6-lA-SR 2-lOOZ CAPACITY LINES 

DUAL FAILURE REQUIRED 

ANNUNCIATED IN LOSS OF BOOSTER P~IP LINE I CATEGORY C 
COHTROL ROOH PID-6-lA-SR 2-1001. CAPACITY LINES 

DUAL FAILURE REQUIRED 

AtlNUliCIATED IN LOSS OF FDHTR PUHP LINE A CATEGORY I 
CONTROL ROOH PID-6-1B-SR 2-507. CAPACITY LINES 

PERIODIC INSPECTION LOSS OF FDHTR PUI-IP LINE A CATEGORY B 
PID-6-11-SR 2-507. CAPACITY LINES 

PERIODIC INSPECTION LOSS Of FDHTR PIJ.P LINE A CATEGORY I 
PlD-6-1B-SR 2-SOY. CAPACITY LINES 

AtHJtlCIATED IN LOSS OF FDHTR PUHP LINE A CATEGORY 8 
COt!TROL ROOH PID-6-1B-SR SHITCH TO 

FV 26A AND HOV 28A 

IHDICATIN6 LIGHT LOSS OF FDHTR PUtlP LltlE A CATEGORY C 
Itl CONTROL ROOH PID-6-lB-SR aNO ItlPACT Ofl• 

•SYSTEH RELIABILITY• 

PERIODIC IHSPECTictl LOSS Of FDKTR PUHP LINE A CATEGORY C 
PID-6-lB-SR 11NO DIPACT otl• 

•SYSTEH RELIABILITY• 

I I I I !FAILURE HODES AND EFFECTS ANALYSIS 
I I__ I __ I I__ I __ I SOLAR FEEDHATER SYSTEH 
l4I_IJl __ l2l __ l1l_l 
I I I I I I I I I FHEA-SOLAREtJS SH 1 
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D.1 Solar Feedwater System (Cont) 

•-••••••u• .. •••--•••••••-••••••• .. -•• .. •-.... • .. ••-•••• .. o••-••••••• .. ••u1tttt1--.. •••n-•• .. •-•••• 
FTSK COHPONElfT COHPONEtlT AND HETHOD OF EFFECT ON SYSTEH OTHER REMARKS 

IDENTIFIER FAILURE HODE FAILURE DETECTION ................. 
SOLAR-J SFHS0316 

501..AR-J SFHS0J26 

SOLAR-P SPHS03Jl 

SOLAR-F SFHS0344 

SOLAR-F SFHS0J56 

SOLAR-H SfHSOl61 

SOLAR-H SFHSOJ72 

SOLAR-L SFHSOl86 

SOLAR-L SFN50l96 

SOLAR-L SFHS0406 

• 

***••••••••o••• 
SHUTOFF VALVE 
FAILS TO OPERATE 
LEANAGE 
PI0-6-18-SR 

CHECK VALVE 
FAILS TO REHAIN 
OPEN OR CHECK 
LEAK PlD-6-lB-SR 

LOCKED OPEN VALVE 
FAILS TO REHAIN 
OPEN OR LEANS 
PID-6-18-SR 

RV ZlB 
INADVERT OPENING 
LEAHAGE 
PID-6-lB-SR 

CHECK VALV! 
FAILS TO REHAIN 
OPEN OR CHECK 
LEAK PlD-6-lB-SR 

FDHTR PHP cmmn. 
FS 238-PS 228 
FAILS TO OPERATE 
PID-6-18-SR 

PRESS taANSH 248 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-6-18-SR 

ORIFICE RO 278 
LEAKAGE 
OR BLOCNAGE 
PID-6-lB-SR 

SHUTOFF VALVE 
FAILS TO OPERATE 
LEAKAGE 
PID-6-lB-SR 

CHECH VALVE 
FAILS TO REHAIN 
OPEN OR CHECK 
LEAK PID-6-lB-SR 

...................................................................................... 
PERIODIC IHSPECTION LOSS OF FDHTR PUHP LIIIE A CATEGORY C 

PlD-6-lB-SR •NO IHPACT ON• 
. •SYSTEH RELIABILITY• 

PERIODIC INSPECTION LOSS OF FOHTR Pll-P LINE A CATEGORY C 
PID-6-lB-SR •NO IHPACT OH• 

•SYSTEH RELIABILITY• 

AtttlfCIATED IN LOSS Of FDHTR PllP LINE B CATEGORY B 
CONTROL ROOH PID-6-1B-SR 2-50% CAPACITY LINES 

PERIODIC INSPECTION LOSS OF FDHTR PUtlP LINE B CATEGORY B 
PID-6-lB-SR 2-50% CAPACITY LINES 

PERIOOIC INSPECTION LOSS Of FDHTR Plffl LUIE B CATEGORY B 
PID-6-18-SR 2-50% CAPACITY LIHES 

AIHH:IATED IN LOSS Of FDHTR PUHP LINE B CATEGORY B 
CONTROL ROOH PlD-6-18-SR SHITCH TO 

fV 268 AND HOV 288 

ltl>ICATIHG LIGHT LOSS OF FDHTR NIP LINE B CATEGORY C 
IN COtlTROL ROOH PlD-6-lB-SR •NO IHPACT ON1t 

•SYSTEH RELIABILITY• 

PERIODIC IHSPECTION LOSS OF FDHTR NIP LIIIE B CATEGORY C 
PID-6-lB-SR •NO ItlPACT OH• 

.SYSTEH RELIABILITY• 

PERIOOIC INSPECTION LOSS Of FOHTR PUP LINE B CATEGORY C 
PlD-6-18-SR tlNO IHPACT 0Ntf 

•SYSTEH RELIABILITY• 

PERIODIC INSPECTION LOSS OF FDHTR PUIIP LINE B CATEGORY C 
PID-6-11-SR •NO IHPACT otf1t 

•SYSTEH RELIABILITY• 

I I · I · I ·· }FAILURE HODES Atm EFFECTS ANALYSIS 
I I __ I __ I I __ I __ I SOLAR FEEDHATER SYSTEH 
141 __ 111 __ 121_111_1 
I I I I I I I I I FHEA-SOLARFHS SU 9 
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• • • D.1 Solar Feedwater System (Cont) 

·············"·· .. ························-· ......... ltlt ................ _ ••••••••••••• _ ........................ ltlt ......... .. 
FTSK COIIPO?IEtfT COHPONENT Atlll HETIIOD OF EFFECT Otf SYSTEH OTHER REIIARKS 

IDENTIFIER FAILURE HOOE PAnURE DETECTION ................. ................ .. ...................... ·--··--•*••-----••**- .. ........................ 
SOLAR-C SFH50412 HOV 29 ltl:IICATING LIGHT LOSS OF HAIN LINE FDHTR CONTROL CATEGORY B 

FAILS Q.OSED IN COtlTROL ROOH PID-6•18-SR BYPASS-START\JI LINE 
LEAIIAGE AVAILABLE 
PID-6-1B-SR 

SOLAR-C SfH50422 HOTOR FAILURE INDICATING LIGHT LOSS Of HAIN LINE FOHTR CONTROL CATEGORY B 
SPURIOUS SIGtW.. IN cotfTROL ROOH PID-6-18-SR BYPASS-STARTUP LDIE 
HOV 29 AVAnABLE 
PID-6-1B-SR 

SOLAR-C SFH504l2 SRCS FAILI.ME INDICATING LIGHT LOSS Of HAIN LINE FDHTR CONTROL CATEGORY B 
HOV 29 IN COHTROL ROCH PID-6-18-SR 
PID-6-1B-SR 

SOLAR-C SFHS0441 LV 31 ANNlllCIATED IN LOSS Of HAIN LINE FDHTR CONTROL CATEGORY B 
I AIR OPERATED l CONTROL ROOH PID-6-lB-SR BYPASS-START\JI LINE 
FAILS TO OPERATE AVAILABLE 
PID-6-1B-SR 

SOLAR-C SFHS0451 LVL TRANSD LV 11 AtHIICIATED IN LOSS Of HAIN LINE fOHTR COltTROL CATEGORY B-C 
FAILURE CONTROL ROOH PID-6-18-SR SPURIOUS SIGlfAL 
SPWIOUS SIGNAL Q.OSES LV 31 
PID-6-18-SR 

SOLAR-H SFH50462 HOV 30 FAILS TO IHDICATitl& LIGHT LOSS Of STRT\F-BYPSS FDHTR CONTROL CATEGORY C 
REHAIN CLOSED lN CONTROL ROOH PID-6-1B-SR LINE tlOT REQUIRED 
LEAK PID-6-18-SR FOR NORHAL OPERATION 

SOLAR-H 5FHS0472 HOTOR FAILURE INDICATING LIGHT LOSS Of STRTUP-BYPSS FDHTR CONTROL CATEGORY C 
HOV 30 IN CONTROL ROOM PID-6-1B-SR LINE NOT REQUIRED 
PID-6-1B-SR FOR NORHAL OPERATION 

SOLAR-H SFH50482 SRCS FAILURE INDICATING LIGHT LOSS Of STllT\F-BYPSS FDHTR CONTROL CATEGORY C 
IIOV 30 IN CONTROL ROON PID-6-1B-SR LINE NOT REQUIRED 
PID-6-18-SR FOR tlORHAL OPERATION 

SOLAR-H SFHS0491 LV 32 AtfNUtfCIATED IN LOSS OF STRT\F-BYPSS FOHTR CONTROL CATEGORY C 
IAIR OPERATED> CONTROL ROOH PID-6-1B-SR LltlE NOT REQUIRED 
FAILS TD OPERATE FOR tlORtlAL OPERATIOH 
PID-6-18-SR 

SOLAR-H SFH5050l LVL TRAtlSD LV 32 AIIHUNCIATED Ill LOSS OF STRTUP-BYPSS FDHTR CONTROL CATEGORY C 
FAILURE CotfTROI.. ROOH PID-6-1B-SR LINE NOT REQUIRED 
SPURIOUS SIGtlAL FOR flORIIAL OPERATION 
PID-6-18-SR 

SOLAR-P SFHS0516 ISOLATION IIOV 61 PERIODIC INSPECTION FAILURE Of FDHTR HTR "A" CATEGORY t 
FAILS TO REHAIN ISOL HOV 61 PID-6-lC-SR BYPASS VALVE FOR 
CLOSED OR LEAKS "811 SOLAR IIEATER 
PID-6-lC-SR 

r~fLJ~=-r ,_-_-_· l"~e,=~:T~S~~~:~rs AtW.YSIS--1 
. l4l __ lll_l2l __ l1I __ I I 
I I I I I I I I I FHEA-sm.ARFHS SH s I 
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D.l Solar Feedwater System (Cont) 

••••••---• ....... -•1ttt .. -••••--••-fftHl • ..._1HtlHHf•------.. IHHt ............................................. . ffSK COHPONEtlT COl1PONEHT Atm HETHOD OF EFFECT ON SYSTEH OTHER REHAR~ IDENTIFIER FAILURE HOOE FAILURE DETECTION ........ ••IHHHHHttt •••• .. •HH• N• N• ...................................................................................... 
SOLAR-N SFHS0526 ISOLATIOII HOV 66 PERIODIC ItlSPECTION 

FAILS TO REHAIN 
Q.OSED OR LEAl<S 
PID-6-lC-SR 

SOLAR-& SFHS0536 HOV 28A PERIODIC INSPECTION 
FAILS Q.OSEO 
LEAt<AGE 
PID-6-18-SR 

SOLAR-& SFHS0542 HOTOR FAILURE Dl>ICATING LIGHT 
HOV Z8A IN CONTROL ROOH 
PID-6-18-SR 

SOLAR-8 SFHSOS52 LOGIC FAILURE ltlJICATING LIGHT 
SPURIOUS SIGHAL IN CONTROL ROOH 
HOV 28A 
PID-6-1B-SR 

SOLAR-F SFHSOS66 HOV 288 PERIODIC INSPECTION 
FAILS Q.OSED 
LEAt<AGE 
PID-6-18-SR 

SOLAR-F SFHS0572 HOTOR FAILURE Itl>ICATING LIGHT 
HOV 288 IN CONTROL ROOH 
PID-6-18-SR 

SOLAR-F SFHS0582 LOGIC FAILURE ltlJICATING LIGHT 
SPURIOUS SIGNAL IN CONTROL ROOM 
HOV 28B 
PID-6-18-SR 

SOLAR-P SFHSOS92 PT 35-PE-PI IHDICATnfG LIGHT 
FAILS TO OPERATE 1H CONTROL Rootl 
FALSE OUTPUT 
PID-6-lC-SR 

SOLAR-P SFHS0601 ,.A., HEATER EJ AtlU'ICIATED IH 
FAILS OR LEAHS CONTROL ROOH 
BLOCKAGE 
PID-6-lC-SR 

-SOLAR-P SFHS06ll FDliTR HTR PATH A AtUH:IATED IN 
COIDION HOOE CONTROL ROOH 
OPERATOR ERROR 
PID-6-lC-SR 

FAILURE OP FDHTR HTR "B" 
lSOL HOV 66 PID-6-lC-SR 

LOSS OF FDHTR PUIP LIHE A 
PID-6-18-SR 

LOSS OF FDHTR Pt»tP LINE A 
PID• -IB-SR 

LOSS OF FDHTR PlllP LINE A 
PID-6-1B-SR -

LOSS Of FDHTR PlJIP LINE B 
PID-6-18-SR 

LOSS OF FDHTR PUHP LDff B 
PID-6-18-SR 

LOSS OF FDHTR PUtlP LINE B 
PID-6-18-SR 

FAILURE OF FDHTR HEATER PATH A 
PID-6-lC-SR 

FAILURE OF FDHTR HEATER PATH A 
PlD-6-lC-SR 

FAILURE OF FDHTR HEATER PATH A 
PID-6-lC-SR 

CATEGORY C 
BYPASS VALVE FOR 
"A" SOLAR HEATE~ 

CATEGORY B 
2-50Z CAPACITY LINES 

CATEGORY 8 
2-soz CAPACITY LINES 

CATEGORY B-C 
SPlJUOUS SIGNAL 
CLOSES HOV 28A 

CATEGORY B 
2-50?. CAPACITY LINES 

CATEGORY 8 
2-50?. CAPACITY LINES 

CATEGORY B-C 
SPURIOUS SIGNAL 
Q.OSES HOV 288 

CATEGORY C 
•tlO IMPACT OH• 

•SYSTEH RELIABILITY• 

CATEGORY C 
HEATER CAN BE BYPASSED 

CATEGORY C 

• 
1 

~~ · 1 ~ , - .• FAILURE HODES AND EFFECTS AtW. YSIS 
I I __ I __ j __ l I __ I SOLAR FEEDHATER SYSTEH 
l1tl __ lJl __ l2l __ 111 __ I 
I I I I I I I I I FHEA-SOLARFHS SH f 
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• • D.l Solar Feedwater System (Cont) 

•••••••••••••••••••••••••••••••••••••••-• .. •-•• .. •-H••~••••••••••••••••••••••••••••H•N••••••••ittt•••••u••••••••••••H••••••• 
FTSK COI-IPONENT CotlPONEtfT All> HETHOD Of EFFECT ON SYSTEH OTHER REHARKS 

IDENTIFIER FAILURE HOOE FAILURE DETECTION 
••••••••••••••••• 

i SOLAR-N SFHS062! 

SOLAR-N SFHS06ll 

SOLAR-N SFHS061ll 

SOLAR-P SFHS0656 

SOI..AR-P SFHS0666 

SOLAR-Q SFHS0676 

SOLAR--Q SFHS0682 

SOLAR-R SFHS0696 

SOLAR-R SFHS0702 

SOLAR-N 5FliS0716 

................ 
TH llO-TE-TI 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-6-lC-SR 

"8" HEATER E4 
FAILS OR LEAl<S 
BLOCKAGE 
PI0-6-lC-SR 

FDHTR HTR PATIi B 
cotlHON HOOE 
OPERATOR ERROR 
PID-6-lC-SR 

TH 33 
FAILS TO OPERATE 
PID-6-lC-SR 

TH 114-TE-TI 
FAILS TD OPERATE 
FALSE OUTPUT 
PID-6-lC-SR 

RV 37 
ItlAIIVERT OPENING 
LEAHAGE 
PID-6-lC-SR 

LOGIC INTEGRAL 
CS FAILURE 
FDHm HTR PATH A 
PID-6-lC-SR 

RV 42 
Il'IADVERT OPENIIIG 
LEAHAGE 
PID-6-lC-SR 

LOGIC ItffEGRAL 
CS FAILURE 
FDHTR HTA PATIi B 
PID-6-lC-SR 

TH '16-TE-TI 
FAILS 10 OPERATE 
FALSE OUTPUT 
PlD-6-lC-SR 

u••••••••••••••u•o•H ••••••o••••••••••••••• .. •• .. ••••••• •• .. ••••••o•••••••••••••• 
INDICATING LIGHT FAILURE 01' FDHTR HEATER PATH B CATEGORY C 
IN CONTROL ROOH PID-6-lC-SR 

AtltUICIATED IN FAILURE OF FDHTR HEATER PATH B CATEGORY C 
CONTROL ROOtt Pm-6-lC-SR HEATER CAN BE BYPASSED 

Alf'UlCIATED IN FAILUiE OF FDHTR HEATER PATH B CATEGORY C 
cotffROL ROOH Pm-6-lC-SR 

PERIODIC INSPECTION NONI! CATEGORY C 
NN0 IMPACT ON• 

•SYSTEH RELIABILITY• 

PERIODIC INSPECTION NONE CATEGORY C 
NNO DIPACT ON• 

•SYSTEH RELIABILITY• 

PERIODIC INSPECTION FAILURE OF FDHTR HEATER PATH A CATEGORY C 
PID-6-lC-SR HEATER CAN BE BYPASSED 

INDICATIH& LIGHT FAILURE OF FDHTR HEATER PATH A CATEGORY C 
DI CONTROL ROCH PID-6-lC-SR INCREASES,PROBABILITY 

OF SYSTEH FAILURE 

PERIODIC INSPECTION FAILURE 01' FDHTR HEATER PATH B CATEGORY C 
PID-6-lC-SR HEATER CAN BE BYPASSED 

INDICATING LIGHT FAILURE OF FDHTR HEATER PATH B CATEGORY C 
Itf cotfTROL ROOH PID-6-lC-SR INCREASES PROBABILITY 

OF SYSTEH FAILURE 

PERIODIC IHSPECTION NOHE CATEGORY C 
11NO IIIPACT ON1t 

•SYSTEII RELIABILITY1t 

I I I !FAILURE HODES AND EFFECTS ANALYSIS 
I I __ I I__ I__ I __ I SOLAR FEEDHATER SYSTEM 
lttl __ lll __ lZl __ lll __ t 
I I I I I I I I I FtlEA-SQLARFHS SH 7 
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D.l Solar Feedwater System (Cont) 

...... tttttl ....................................... llllHilililllll .. ffil .......................................... llilffilil .... ____ .. ll ................. ... 
FTSH COHPONENT COI-IPONENT AND HETHOD OF EFFECT ON SYSTEH OTHER REHARKS 

IDENTlfIER FAILURE HOOE FAILURE DETECTION .............. llil.......... .. ........ - ......... . 
SOLAR-N SFHS0726 nt 47 

PAILS TO OPERATE 
PID-6-lC-SR 

SOLAR-Q SFHS0736 FDHTR HTR PATH A 
BLOCK HOV 62 
FAILS CLOSED 
LEAK PID-6-lC-SR 

SOI..AR-Q SFHS0746 FDHTR HTR PATH A 
BYPASS VALVE 
FAILS OPEN 
LEAK PID-6-lC-SR 

SOLAR-A SFHS0756 FDHTR HTR PATH B 
BLOCK HOV 65 
FAILS TO CLOSE 
LEAK PlD-6-lC-SR 

SOLAR-A SFHS0766 FDlfTR HTR PATIi B 
BYPASS VALVE 
FAILS OPEN 
LEAK PID-6-lC-SR 

SOLAR-& SFHS0771 507. CAPACITY 
SOLAR FDHTR P2A 
FAILS TO OPERATE 
LEAK PID-6-lB-SR 

SOLAR-F SFHS078l 507. CAPACITY 
SOLAR FDHTR P28 
FAILS TO OPERATE 
LEAK PID-6-lB-SR 

SOLAR-Q SFHS0196 FDHTR HTR PATH A 
BLOCK HOV 61 
FAILS CLOSED 
LEAK PID-6-lC-SR 

SOLAR-Q SFHS0802 FDHTR HTR PATH A 
HOTOR FAILURE 
BLOCH tlOV 61 
PID-6-lC-SR 

SOLAR-A SFHS0816 FDHTR HTR PATH B 
BLOCK HOV 64 
FAILS CLOSED 
LEAK PID-6-lC-SR 

• 

.................................................................. IIIIII .. ililllil .. il ..................... 11 .. il .. ilil 

PERIODIC IHSPECTICllt NONE CATEGORY C 
•ND Ill'ACT Otf11 

t1SYSTEH RELIABILITY• 

PERIOOIC INSPECTION FAILURE Of FDHTR HEATER PATH A CATEGORY C , 
PID-6-lC-SR . DOII.IIJ-:>"l}l(A ,.,, iJL(i(.1' "V AUit:. i 

l!i '/Pt.~ ... ~ VA~C AUA 11...AIIL.f: 1 

PERIOOIC INSPECTION FAILURE Of fDHTR HEATER PATH A CATEGORY C 
PID-6-lC-SR VALVE USED FOR 

BYPASS 01'1.Y 

PERIOOIC INSPECTION FAILURE Of FOHTR HEATER PATH B CATEGORY C 1 

PID-6-lC-SR lkhJlhT)lLJU,\ oLllC.K. Vl\l VL t 
¥, 't' fA ~'> \/ Au., £. A\J/U lftBLJ,a: 

PERIODIC INSPECTION FAILURE OF FDHTR HEATER PATH B CATEGORY C 
PID-6-lC-SR USED FDR START\F-

BYPASS OflLY 

AtHIICIATED IN LOSS OF FDHTR Plff' LINE A CATEGORY 8 
COHTROL Roott PID-6-18-SR 2-507. CAPACITY PUHPS 

AtffJNCIATEO IH LOSS Of FDHTR PUHP LIHE B CATEGORY B 
COHTROL Roott PID-6-lB-SR 2-50% CAPACITY PlfflS 

PERIODIC INSPECTION FAILURE OF FDHTR HEATER PATH A CATEGORY C 
PID-6-lC-SR HEATER CAN BE BYPASSED 

ltl>ICATING LIGHT FAILURE OF FDHTR HEATER PATH A CATEGORY C 
IN COHTROL ROOH PID-6-lC-SR HEATER CAN BE BYPASSED 

PERIOOIC INSPECTION FAILURE Of FDHTR HEATER PATH 8 CATEGORY C 
PID-6-lC-SR HEATER CAN BE BYPASSED 

r I I I !FAILURE ttooEs AND EFFEcTs ANALYs1s 1 I I__ I__ I__ I __ I SOLAR FEEDHATER SYSTEII I l4l __ lll __ l2l __ lll __ l I 
I I I I I I I I I FIJEA-sOLARFtJS SU a I 
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• • • D.l Solar Fccdwatcr System (Cont) 

............................................................................................................................... 1t11••· 
fTSI( COflPOIIEtlT COIIPOHEIIT AUD HETIIOD OF EFFECT ON SYSlEH OTHER REHARKS 

IDEIITIFIER FAILURE HOOE FAILURE DETECTiotl 
••••••••••••••••• •••••••••••••••• .. ........... ~ .......... .................................... .......................... 
SOLAR-A SFIIS0822 fDHTR HTR PAlll B INDICATitE LIGHT FAILURE Of FDHTR HEATER PATH B CATEGORY C 

tlOTOR FAILURE Itl CONTROL ROOH PID-6-lC-SR HEATER CAtl BE BYPASSED 
BLOCH HOV 64 
PI0-6-lC-5R 

501.AR-P SFHS1Sl2 HOTOR FAILURE ltmICATING LIGHT FAILURE OP FDHTII HTR •A• CATEGORY C ... ISOLAT!OII HOV 6J IH CONTNOL ROOH ISOL HOV 61 PlD-6-lC-SR BYPASS VALVE FOR 
Pl0-6-lC-SR "B" SOLAR HEATER 

SOLAR-ti SFIIS1.li22 HOTOR FAILURE ItllICATIIIG LIGHT FAILURE Of FDHTR HlR uan CATEGORY C 
ISOLATIOII IIOV 66 !ti CDtlTROL ROOH ISOL HOV 66 PID-6-lC-SR BYPASS VALVE FON 
PID-6-lC-SR •A" SOLAR HEATER 

SOLAR-Q SFHSlll2 FDITTA HTA PATIi A ItflICAT!lfG LIGHT FAILURE OF FDlfTR HEATER PATH A CATEGORY C 
IIOTOR FAILURE IN CONTROL ROOH PlD-6-lC-SR Dowus,wuu Bta.K. VALVt. • 
BLOCK HOV 62 6YPA•J·, v.\LV'- AVA1t.J\f>U::. 

. 
PlD-6-lC-SR 

SOLAR-R SFHS1752 FDIITR IITR PATIi 8 ItlJICATING LIGHT FAILURE OF FDHTR HEATER PATH B CATEGORY C 
HOTOA FAILURE IN CONTROL ROOH PID-6-lC-SR oowu~,I-ILA/,1 e,wcK \IAL-VI:., t, 
BLOCIC HOV 65 BtPAsJ V/\L'\Jl:. i\VAlLAUE. 

1 

PlD-6-lC-SR 

1 ·· I I I !FAILURE HODES AND EFFECTS ANALYSIS 
I I __ I I__ I__ i __ l SOLAR FEEDHATER SYSTEtl 
141 __ 111 __ 121_111 __ 1 
I I I I I I I I I FHEA-SQJ,ARFHS su I 

D.1-9 



D.l Solar Feedwater System (Cont) 

•1111•1111 ..... 11 .... ____ ....... ll .................... ffllffllll .. ll·llff-----ffll• llllllllllllllll•ff---• IIHIIII 
11TREBIL FAlA.T TREE BUILDING PROGRAH - TR£BIL.V6L1 • 
···••11•••--11• .......................... _. ___ .............. - ...................................... .. 

EL PASO SOLAR REPOHERINB NEtlWt wt!T 11 SOLAR FEEDHATER SYSTEH 
• OPERATIN& HOOE 
ENDOPH 
* RATES 

COI-IPONEHT INDICES, NAHES, AND FAILURE RATES IPEA HOllU -

TREE Jfl>EX 
1 
2 
J 
4 
s 
6 
l 
8 
9 

10 
11 
12 
11 
lit 
15 
16 
ll 
18 
19 
20 
21 
22 
23 
2ft 
25 
26 
27 
28 
29 
30 
31 
32 
3J 
34 
35 
36 
37 
38 
39 
IJO 
"1 
42 
4] 
41J 
115 

• 

COtFONEHT NAHE 
SFHS0756 
Sft1Sll52 
SFHS0736 
SFHS1732 
SFtlS0816 
SFHS0822 
SFH50l96 
SFH50802 
SFHS0716 
SFH50l26 
SFH50656 
SFHS0666 
SFHS0526 
SFH51522 
SFH50516 
SFtlS1512 
SFHS0566 
SFHS0572 
SFH50582 
SFH50536 
SFH50542 
SFHS0552 
SFHSO'l91 
SFHS0501 
SFHSOl&42 
SFHS0472 
SFHS0'182 
SFHSOl&'ll 
SFHSO'l51 
SFHSOl&l2 
SFH50422 
SFHSO'll2 
SFHS0366 
5FHSOl96 
SFHS0'106 
SFHS0361 
SFHS0372 
SFHS0306 
SFHS0316 
SFHSOl26 
SFHS0281 
SFHS0292 
SFHS0216 
SFHS0226 
SFUSOZ36 

LAHBDAIFAILURE IHTENSITYIHR.) 
1.000000-05 
2.50000D-05 
l. 000000-05 , 
2.50000D-05 
1.000000-05 
2.sooooo-os 
1.000000-05 
2.50000D-OS 
2.00000D-H 
o.o 
o.o 
2.00000D-06 
1.000000-0s 
2.60000D-05 
1.000000-05 
2.sooooo-05 
1.00000D-OS 
2.500000-05 
l.00000D-06 
1.000000-05 
2.60000D-05 
l.000000-06 
J.50000D-05 
2.000000-8' 
2.000000-os 
2.60000D-OS 
l.00000D-06 
2.000000-05 
2.00000D-06 
1.000000-05 
2.50000D-06 
l.00000D-06 
1.00000D-Ol 
5.00000D-8' 
8.00000D-06 
1.50000D-05 
J.00000D-06 
1.00000D-07 
5.00000D-06 
8.00000D-06 
1.500000-05 
J.00000D-06 
1.100000-05 
1.500000-05 
2.000000-05 

TAU 
9.000000+00 
2.000000+01 
9.000000+00 
2.00000D+Ol 
9.00000D • OO 
2.000000+01 
9.000000+00 
2.000000+01 
8.00000D • OO 
o.o 
o.o 
8.000000+00 
9.000000• 00 
2.000000+01 
9.000000+00 
2.000000+01 
9.00000D+OO 
2.00000D+Ol 
1.50000D+Ol 
9.00000D• OO 
2.00000D+Ol 
1.50000D+Ol 
4.00000D• Ol 
8.00000D • OO 
1.00000D• Ol 

.l.00000D • OO 
1.60000D• Ol 
4.50000D• Ol 
8.00000D• OO 
9.00000D• OO 
2.00000D+Ol 
1.50000D+Ol 
1.000000+00 
8.000000 • 00 
9.00000D+OO 
J.OOOOOD+Ol 
1.000000+01 
1.000000+00 
8.000000+00 
9.00000D • OO 
3.00000D+Ol 
1.000000 • 01 
,.000000+00 
1,000000• 01 
9.00000D+OO 
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C 0 0 
D.l Solar Feedwater System (Cont) 

146 SFHSD21U. 2.20000D-05 1.20000D+Ol 
47 SFHS0176 1.30000D-05 9.00000D+OO 
48 SFHS0186 1.50000D-05 1.000000 • 01 qg SFHSD196 2.00000D-05 9.00000D+OG 
50 SFHS02Dl 2.200000-05 l.20000D tOl 
51 SFHS0766 1.00000D-05 9.000000+00 
52 SFHSD746 1.00000D-05 9.000000 • 00 
5l SFHSD696 1.500000-05 1.00000D tOl 
5'l SFHS0702 l.00000D-06 1.50000D+Ol 
55 SFHS0676 1.500000-05 l.OOOOODtOl 
.56 SFHS0682 l.00000D-06 l.SOOOODtOl 
57 SFHS0622 2.000000-06 8.000000tOO 
58 SFHS0631 l.60000D-OS l.600000t01 
59 SFHS0641 9.000000-05 2.000000tOtlJ 
60 5FHS0592 ].000000-06 l.00000D+Ol 
61 SFHSD60l 7.60000D-05 1.60000D+Ol 
62 SFHS06ll ,.000000-os 2.00000D+OOJ 
6J SFHSOl31 l.300000-05 9.000000• 00 
64 SFHS0346 1.50000D-OS l.OOOOOD+Ol 
65 SFHSD356 2.00000D-05 9.00000DtOIII 
66 SFHS0251 1.30000D-05 ,.000000+00 
67 SFHS0266 1.50000D-05 1.00000D• Ol 
68 SFHS0276 2.000000-os t.OOOOODtOC!I 

" SFHS0156 1.30000D-05 9.00000D+Olll 
70 SFHS016l ,.000000-os 2.000000 • 0111 n SFHS013' 1.30000D-05 t.OOOOOD • OO 
72 SFHSOllil ,.000000-os 2.000000+0111 
73 SFHSD112 2.000000-06 4.000000 • 00 
74 SFHS0121 9.00000D-05 2.000000+0111 
75 SFHS078l 1.120000-011 4.20000D+Ol 
76 5FHSOD92 2.000000-0, 4.00000D+OO 
77 SFliSOlOl 9.000000-05 2.000000+00) 
78 SFHS077l 1.12000D-04 'l.200000 • 01 
79 SFHS0062 9.20000D-05 8.800000+01 
80 SFHS0076 o.o o.o 
&l SFHS0086 9.00000D-05 2.00000D+OO 
82 SFHSOOl2 9.20000D-05 a.aoOoODtOl 
83 SFHS0046 o.o o.o 
811 SFH50056 9.00000D-05 2.000000+00 
85 SFH5002l 'l.000000-06 7.00000D+OII 
86 SfHSOOll 9.00000D-06 2.00000D • Ol 
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T (HOLRSJ 
o.o 
7.300000000• 02 
1.46000000D+OJ 
2.19000000D+03 
2.920000000+03 
J.65000000D+OJ 
4.38000000D+Ol 
5.11000000D+Ol 
5.840000000+01 
6.57000000D+OJ 
l,JOOOOOOOD+OJ 
8.030000000+03 
8.760000000+0] 

SYSTEH INJ'ORHATIOII-UPPER BOtH>S 
D.l Solar Feedwater System (Cont) 

DIFFERENTIAL atARACTERISTICS-UPPER BOlH>S 

T CHOlllS) 
7.JOOOOOODD+02 
l.'16000000D+OJ 
2,19000000D+Ol 
2.92000000D+Ol 
J.65000000D+OJ 
4.l800000DD+Ol 
5.11000000D+OJ 
5,84000000D+OJ 
6.57000000D+OJ 
l.JOOOOOOOD• OJ 
8.0JOOOOOOD+OJ 
8.76000000D+OJ 

q H 
o.o 1.30000000D-05 
3.47432899D-04 i.461447180-05 
J.47432899D-Oll 2.461447180-05 
3.474328t9D-04 2.1161447180-05 
J.4l4J2899D-Ofl 2.461447180-05 
J.47432899D-04 2.116144718D-05 
3.47432899D-04 2.461114718D-05 
3.47432899D-04 2.1161447180-05 
J.47432899D-04 2.461447180-05 
J.47'132899D-04 2.11614'17180-05 
J,474328990-04 2.4611147180-05 
J.47"32899D-04 2.461447180-05 
J.471fl2899D-0'I 2."61447180-05 

IKTEGRAL CHARACTERISTICS-lFPER 80Utl>S 

HSUH 
1.372928220-02 
J.16978466D-02 
4,96664110D-02 
6.763497511D-02 
8.560153980-02 
1.0357210.1!D-01 
1,21540669D-01 
l,19509231D-Ol 
1.57477797D-Ol 
1.75446362D-Ol 
1.9341.1!926D-01 
2.11J8l491D-Ol 

-•IICOtlCLUSION OF OUTPUT FRDH KITT-1-H 
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PSUH 
1.36'385.1!54D-02 
3.120981140-02 
4.811680589D-02 
6,541886'l1D-02 
8.206770380-02 
9.84199573D-02 
1.1411809080-0l 
1,3025574SD-Ol 
l.45749566D-Ol 
l.609673770-0l 
1.7591409110-0l 
1.90594546D-Ol 

• • 

L 
l.JOOOOOOOD-05 
2.'16230266D-05 
2.46230266D-05 
2.46230266D-05 
2.q6230266D-05 
2 .46230266D-05 
2.46230266D-05 
2.46230266D-05 
2.46230266D-05 
2.462302660-05 
2,46230246D-05 
2.46230266D-OS 
2.46230266D-05 

• 



• • D.2 SOLAR MAIN STEAM AND HIGH PRESSURE STEAM SYSTEM 

*****••••••••••••••*••IHl*MW•IHl•••••••••••****•*• .. ••••••••••• .. • .. •-•••••4lf••IHflt•MMMMM•••••••ff•MIHIMHk-WM•AMMMM•M•••• .... •••••IHl•MM 
fTSI{ COIIPONEtlT COH?OUENT AIID tlETHOO Of EFFECT ON SYSTEH OTHER REHARKS 

IDEtlTIFIER FAILURE HOOE FAILURE DETECTIOH 
••••••••••••••••• 
SOLAR-A SI-ISSOOll 

SOLAR-C SIISS0021 

SOLAR-C SHSSOOll 

SOLAR-C S!ISSIJOq2 

SOLAR-C SHSS0052 

SOLAR-C SHSS0062 

SOLAR-C SHSS0072 

SOLAR-C SHSS0082 

SOLAR-C 5HSS0096 

SOLAR-C SIISSOlOZ 

•••••••••••••••• 
PIPIHG 
COIIIION tlODE 
FAILURE 
PlD-J-lA-SR 

REIIEATER E3 
LEAKAGE OR 
BLOCKAGE 
PID-l-lA-SR 

HI PRESS STEAi! 
COi-DiON HOOE 
OPERATOR ERROR 
PID-3-lA-SR 

TH Zl-TI-TH 22-TE 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-l-lA-SR 

PT £3-PI-PI 24 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-l-lA-SR 

TH 21-TE-TH 28-TI 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-l-lA-SR 

PT 26-PI-PI 216 
FAILS TO OPERATE 
FALSE OUlPUT 
PID-l-lA-SR 

HI PRESS SlEAH 
BLR BLotIDOl:N HOV 
HOTOR FAILURE 
PI0-3-lA-SR 

HI PRESS 5TH HOV 
FAILS TO REltAIN 
CLOSED OR LEAKS 
PID-3-lA-SR 

HI PRESS STEAM 
BLR BLOHDOHN HOV 
HCS FAILURE· 
PI0-3-lA-SR 

........................................................... " ......................... . 
ANHUUCIATED IN FAILURE OF HAIN STEAM AND •••SitlGLE FAILURE••• 
COHTROL ROOH HIGH PRESS STEAH PID-3-l(A-B)-SR CATEGORY A-B-C 

AtH.JtlCIATED IN FAILURE OF HAIN STEAM AtlD •HSIHGL.E FAILURE.it• 
CONTROL ROOH HIGH PHESS STEAH PID-3-llA-B)-SR CATEGORY A 

AHtO.JNCIATED IN FAILURE OF HAIN STEAM AND ... sxtl6LE FAILUREHM 
CONTROL ROOH HIGH PRESS STEAH PID-3-I(A-B)-SR CATEGORY A-8-C 

INDICATING LIGHT FAILURE OF HAIN STEAH AND CATEGORY C 
IN CONTROL ROOH HIGH PRESS STEAM PID-l-UA-81-SR · •HO IHPACT ON• 

•SYSTEH RELIABILITY• 

ItlDICATIHG LIGHT FAILIURE OF HAIN STEAM AND · CATEGORY C 
IN CONTROL ROOH HIGH PRESS STEAH PlD-3-UA-BI-SR tiNO IIIPACT otht 

•SYSTEH RELIABILITY• 

INDICATING LIGHT FAILURE OF HAIN STEAM AND CATEGORY C 
IN CONTROL ROON HIGH PRESS STEAH PID-l-UA-IU-SR •tfO IHPACT ON• 

•SYSTEtt RELIABILITY• 

INDICATING LIGHT FAILURE OF HAIN STEAM AND CATEGORY C 
Itl COl'ITROL ROOM HIGH PRESS STEAH PID-l-UA-B1-SR •NO ItlPACT Otl• 

•SYSTEM RELIABILITY• 

ItllICATING LIGHT FAILURE OF HAitl STEAM AND CATEGORY C 
Itl CONTROL ROOM HIGII PRESS STEAi-i PID-3-l(A-81-SR 110V HORHALLY CLOSED 

PERIODIC IHSPECTION FAILURE OF HAIN STEAH AND CATEGORY A-8 
HIGH PRESS STEAM PID-3-l(A-B)-SR HOV tlORIIALLY CLOSED 

ltlDICATitlG LIGHT FAILURE OF HAIN STEAlt AND HllSitlGLE FAILlJREltH 
IN COHTROL ROOH HIGH PRESS STEAH PID-l-llA-8)-SR CATEGORY A-B-C 

,- . I 1 · . I . . !FAILURE MODES AND EFFECTS ANALYSIS 
I I __ I I__ I __ I I __ I HAIN AtiD HIGH PRESSURE STEAH 
141 __ 111 __ 121 __ 111 __ 1 
I I I I I I I I I EUEA-SQLARHSs SH l 
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D.2 SOLAR MAIN STEAM AND HIGH PRESSURE STEAM SYSTEM (CONT) 

•••••••• .. •••••••••••"•••••••••••"•••••••••••••••••••••••• ............ ••••••••••••••••••••••••••••••••••••• .. •••••••••••••••-•••• FTSI( COHPot{EtlT COHPONEtlT AND tlETHOO OF EFFECT Otl SYSTEI-I OTHER REHARJ<S 
IDENTIFIER FAILURE HODE FAILURE DETECTIOtt 

••••••••••••••••• 
SOLAR-8 SUSSOlll 

SOLAN-8 stlSS0122 

SOLAR-B SHSS0132 

SOLAR-8 S1ISSOlqz 

SOLAR-D SHSS0151 

SOLAR-D SI-ISS0162 

SOI..AR-8 SHSS017l 

SOLAR-B SHSS0181 

SOLAR-B Sl15S0191 

SOLAR-B SIISS020l 

• 

•••••••••••••••• 
HAIN STEAH 
COI-IHOH HOD£ 
OPERATOR ERROR 
PID-l-18-SR 

TH lt-TH ll-TE 33-
FAILS TO OPERATE 
FALSE OUTPUT 
PlD-3-18-SR 

FT 29-FE-FI 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-l-1B-SR 

PT Jl-PI-PI 30 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-3-1B-SR 

HH sm CHt< VALVE 
FAILS TO REHAIN 
OPEN OR CIIECJ< 
PID-l-18-SR 

AUX STEAtl 

•••H••••••••••••••••••• 
AtltlllHCIATED IN 
CONTROL ROOH 

INDICATING LIGHT 
IN CONTROL ROOlf 

ItlJICATitlG LIGHT 
IN CotiTROL ROOH 

lNDICATittG LIGHT 
IH CONTROL RDOH 

ArlllUtlCIATED IN 
CONTROL RODH 

IHDICATitlG LIGHT 
IN COliTROL ROOH 

••••••••••••••••••• .. u••u••••••••• 
FAILURE OF HAIN STEAH AND 
HIGH PRESS STEAH PID-l-UA-8)-SR 

FAILURE OF HAIN STEAH AND 
HIGH PRESS STEAH PJD-l-llA-8)-SR 

FAILURE OF HAIN STEAH AND 
HIGH PRESS STEAH PJD-3-U A-B >-SR 

FAILURE OF HAIN STEAM AND 
HIGH PRESS STEAH PJD-3-llA-BI-SR 

FAILURE OF HAIN STEAH AND 
HIGH PRESS STEAH PID-3-l(A-BI-SR 

FAILURE OF HAIN STEAH AND 
HIGH PRESS STEAM PID-3-llA-B >-SR 

.......................... 
H•SltlGLE FAILUREN .. 

CATEGORY A-B-C 

CATEGORY C 
•HO IHPACT 01-1• 

•SYSTEH RELIABil.lTY• 

CATEGORY C 
•NO IMPACT Dlllf 

•SYSTEH RELIABILITY• 

CATEGORY C 
•NO II-IPACT OI~ 

•SYSTEH RELIABILITY• 

•••SitlGLE FAILURE••• 
CATEGORY A-B 

CATEGORY C 
U~i:.V FOR S-.AIL1llf° o•JL'/ 

STARTUP COIIPOHEtffS 
JAIL 1'1P-~-lt,-Sll,. 
HAIN STH SV 51 
IHADVERT OPEHING 
LEAHAGE 
PID-l-1B-SR 

HAIN STH SV 52 
IHAOVERT OPENIHG 
LEAKAGE 
PID-3-1B-SR 

HAIH STII SV 35 
IHADVERT DPEHIHG 
LEAKAGE 
PID-3-18-SR 

HAIII STH SV 36 
IHADVERT DPEtlING 
LEAKAGE 
PID-l-1B-SR 

AHIUICIATED IN 
COtlTROI,. RODH 

ANtlUNCIATED IN 
CotlTROL ROOH 

AllNUtlCJATED IN 
CotUROL ROOII 

AtltllJNCIATED IN 
COHTROL AOOH 

FAILURE OF HAIH STEAM AND 
HIGH PRESS STEAH PID-J-llA-B1-SR 

FAILURE OF HAIH STEAH AND 
HIGH PRESS STEAH Pm-3-lCA-B)-SR 

FAILURE OF IIAJH STEAII AND 
HIGH PRESS STEAII PID-J-UA-81-SR 

FAILURE OF HAIN STEAH AIID 
HIGH PRESS STEAM PID-l-llA-B1-SA 

•••SINGLE FAILURE• .. 
CATEGORY A 

u•SINGLE FAILUREu• 
CATEGORY A 

•HSINGLE FAJliJREH• 
CATEGORY A 

t1HSitlGLE FAILUREHII 
CATEGORY A 

l....,.. _____ --4--__ ..L-__ IFAILURE HODES AND EFFECTS AIW.YSIS 
I I __ I , __ , I __ I I __ I HAJtl AND HIGH PRESSURE STEAH 
lql __ 111 __ 121 __ 111 __ I 
I I I I I I I I I fllfA-SOl,ARJtsS SH g 
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0 0 
D.2 SOLAR MAIN STEAM AND HIGH PRESSURE STEAM SYSTEM (CONT) 

........................................................................................ ·-····················••11-11••···-·········· 
FTSK COHPOIIEtfT CotlPONEIIT AllD IIETiiOO OF EFFECT ON SYSTEH OTIIER REHARKS 

· IDEI-ITIFIER FAILURE HOOE FAILURE DETECTION 

••••••••••••••••• 
soum-D SHSS0212 

SOLAR-!:l S!ISS02U 

SOLAR-D SHSSD2l2 

SOLAR-E snsso2q2 

SOLAR-E SHSS025& 

SOLAR-E 51ISSD262 

SOLAR-E S115SDU2 

SOlAR-E Sl-1S50266 

SOLAR-E 51IS50292 

llilillillillliillMtllilllllili 

IIAil'l STEAM IIOV 3~ 
HOTOR FA1LURE 
PID-3-16-SR 

HAIN STII tlOV ll& 
FAILS TO REIIAIN 
OPEN OR LEAKS 
PID~l-1B-SR 

HAIN STEAH HOV :S/6 
HCS FAILURE 
PID-3-1B-SR 

IIAIN STEAM IIOV q.5 
HOTOlil FAILURE 
PID-3-lB-SR 

HAW STH HOV q5 
FAILS TO REIIAIN 
CLOSED OR LEA!<S 
PIO-l-16-Slil 

HAIii STEAH ttOV q.5 
IICS FAILURE 
PlD-3-1B-SR 

HAIN STH SOV 46 
SOI..EtlOID FAILURE 
PI0-3-18-SR 

IIAUI STEAII SOV q6 
FAILS TO REIIAII! 
CLOSED Olil LEAICS 
PID-3-18-SR 

HAIii STEAH SOV 46 
HCS FAILURE 
PID-3-1B-SR 

-······················ ············--············-········ ··········-·-·········--
ItBlICAUHG llGIIT FAILURE OF HAitl STEAII AIID t1HSlt16LE FAILURE11u 
IN COHTROL ROOH HIGH PRESS STEAM PID-l-llA-BI-SR CATEGORY A 

PERIODIC ItlSPECTION FAILURE OF HAIN STEAM Atm •••SINGLE FAILUREt11111 
HIGH PRESS STEAM PID-J-11 A-B )-SR . CATEGORY A 

VALVE tlORt-lALLY OPEN 

IrllICATING LIGHT FAILURE OF HAIN STEAM Atm H11SitlGLE FAILUREHM 
IN CONTROL ROOH HIGH PRESS STEAM PID-l-l(A-B)-SR CATEGORY A 

ltlDICATltlG LIGHT FAILURE OF HAIN STEAH Atll CATEGORY C 
IN COtlTROL ROOH HIGH PRESS STEAH PID-l-l<A-BI-SR 

PERIODIC IHSPIECTION FAILlJRE OF HAitl STEAH AUD CATEGORY A-B 
HIGH PRESS STEAH PlO-l-llA-B1-SR 

ltllICATING LIGHT FAILURE OF HAIN STEAH AtlD H1tSitiGLE FAILUREIIH 
IN CONTROL RODH HIGH PRESS STEAH PID-l-l(A-BI-SR CATEGORY A-B-C 

ItlOICATltlG LIGHT FAILURE OF HAIN STEAlt AtBl CATEGORY C 
IN COtlTROL ROOH HIGH PRESS STEAM PID-l-U A-B )-SR 

PERIODIC XNSl'ECTIOH lfAILURE Of HAIN STEAM AND CATEGORY A-B 
HIGH PRESS STEAi~ PID-l-U A-BI-SR 

INDICATIIIG LIGHT FAILURE OF HAIN STEAM Alto 110SINGLE FAILURE111111 
Itl CotlTROL ROCH HIGH l'RESS STEAH PID-l-UA-B1-SR CATEGORY A-B-C 

I . i I I !FAILURE tlODES AND EFFECTS ANALYSIS 
I l __ i I __ I I__ I __ , HAIN AtlD IIIGH PRESSURE STtaAtl 
lql __ l3l __ l2l __ l1l_l 
I I I I I I I I I FtlEA-SQI ARll'jS SH '3 
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D.2 SOLAR MAIN STEAM AND HIGH PRESSURE STEAM SYSTEM (CONT) 

.. ••• .. ••••••• ....... 1tt1••••••0•••••••••••1tt1-••••••1tt1•••tH1•••••••••••••••••••••••••••••••-••••••iiil••••••••••o•••n••ottitt1•• 
•TREBIL FAIA.T TREE ElllILDltlG PROGRAM - TREBIL.V6Ll tt 
.............................. ifil ........................ - ............................ - ..................................... . 

EL PASO SOLAR REPOHERitl8 NEHHAN WIT 11 HAIN STEAH AND HIGH PRESSlmE STEAH 
• OPERATING HOOE 
EHDOPH 
• RATES 

COMPONENT INDICES. NAHES, AND FAILURE RATES (PER HQUR) -

TREE INDEX 
l 
2 
:s ,. 
5 
6 
l 
a 
9 

t: 
12 
1l 
14 
li 
16 
1l 
18 
19 
20 
l!l 
22 
2] 

24 
25 
26 
27 
28 
29 

COHPONENT NAHE 
SHSS02l2 
SHSS02Cl6 
SHS50292 
511550242 
SHSS0256 
SHSS0262 
511550212 
SHSS0226 
SHSS0232 
SHSS019l 
SHSS020l 
SHSS0171 
SHSS0181 
SI-ISS0122 
SHSS0132 
SI-ISSOlQ2 
SHSS0082 
SHSSOD96 
SHSSD102 
SHSS0062 
stlSS0072 
stlSSOOQ2 
511550052 
S1-1550151 
stl550162 
StlSSOUl 
stlSS002l 
S.1550011 
stlSSOOll 

• 

LAHBDA(FAILIJRE INTENSITY/HR.) 
6.00000D-06 
1.000000-os 
2.00000D-06 
1.50000D-05 
1,00000D:-05 
2.000000-0, 
2.50000D-05 
1.00000D-OS 
2,00000D-06 
2.50000D-05 
2.50000D-05 
2,500000-05 
2.50000D-05 
2.00000D-06 
2.000000-06 
3.00000D-06 
1.50000D-05 
1.000000-os 
2.00000D-06 
2.000000-0, 
:S.00000D-06 
2.00000D-06 
3.000000-06 
1.500000-05 
9.00000D-06 · 
9,000000-05 
2.100000-04 
t.00000D-05 
9.000000-06 

TAU 
l.00000D+OO 
9,00000D• OO 
6.00000D• OO 
1.500000+01 
9,00000D+OO 
6.000000 • 00 
2,000000• 01 
9,00000D• OO 
6,000000• 00 
8,000000• 00 
8.0000DD• OO 
8,00000D+OO 
8.00000D+OO 
8.00000D+OO 
4.00000DtOO 
l,ODOOOD • Ol 
1.50000D• Ol 
9,00000D • OO 
6.00000D+O(, 
8.00000D+OO 
l.00000D+Ol 
8.00000D+OO 
1,00000D+Ol 
4,80000D+Ol 
6.00000D+OO 
2,00000D• OO 
1,50000D+Ol 
2,00000D+OO 
2.000000• 01 
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• • 
SYSTEH INFORHATION-1.JPPEA 80\JtlDS 

D.2 SOLAR MAIN STEAM AND HIGH PRESSURE STEAM SYSTEM (CONT) 
DIFFERENTIAL CHARACTERISTICS-UPPER BOUNDS 

T (HOURS) 
o.o 
7.lOOOOOOOD+02 
1 .46000000D+Ol 
2.19000000D • Ol 
2.92000000D+OJ 
l.650000000+03 
4.38000000D+Ol 
5.110000000+01 
s.aqooooooo+o1 
6.57000000D+D3 
7.3DOOODOOD+Ol 
8.0]0000000+03 
8.760000000+03 

T IHOURSJ 
7.JOOOOOOOD+02 
1.1160D0000D+OJ 
2.19000D00D+OJ 
2.92000000Dt0l 
l.65000000D+Ol 
4.38000000D+Ol 
5.UOOOOOOD+Ol 
5.84000000D+OJ 
6.57000000D+OJ 
7.30000000D+OJ 
8.0JOOOOOOD+OJ 
8.76000000D+OJ 

q 
o.o 
6.78136703D-Ol 
6.78136703D-Ol 
6.78116701D-03. 
6.78136703D-0J 
6.78136703D-03 
6.78136701D-0J 
6.78136703D-0J 
6.78136703D-03 
6.78136703D-03 
6.78136703D-OJ 
6.78136703D-0J 
6.78136703D-0J 

H 
6.lf90D000DD-04 
6.lf8251717D-04 
6.48251717D-04 
6.48251717D-04 
tS.48251717D-04 
6.118251717D-04 
6.48251717D-04 
6.48251717D-04 
6.48251717D-04 
6.'18251717D-04 
6.48251717D-04 
6.48251717D-04 
6.48251717D-04 

INTEGRAL CHARACTERISTICS-lJIPER eourms 

HSUH 
4.73496877D-Ol 
9.46720630D-Ol 
1.41994438D+OO 
1.89316814D+OO 
2.36639189D+OO 
2.8396156'1D+OO 
1.n2a1~qoo+oo 
.3. 78606315D+OO 
4.25928691D+OO 
4.73251066D+OO 
5,20573441D+OO 
5.67895817D+OO 

•••••CONCLUSION OF OUTPUT FROH KITT-l•••H 
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FSUH 
l,78184830D-Ol 
6.1386'158'1D-Ol 
7.60217237D-Ol 
8.51099456D-Ol 
t.07535589D-Ol 
9.42581356D-Ol 
t.64344112D-Ol 
9.77858371D-Ol 
9.862504690-0l 
9,914'1802D-Ol 
9.94697941D-Ol 
9.96707522D-Ol 

L 
6.49000000D-04 
6.526777650-04 
6.526777650-04 
6.526777650-04 
6.526777.SSD-04 
6.526777650-0lf 
6.526777650-04 
6 .526777650-0lf 
,.526777650-04 
6.626777650-04 
6.526777650-04 
6.52'77765D-04 
6.526777650-04 

• 



• • D.3 SOLAR COLD AND HOT REHEAT SYSTEM 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••·•••••HH••••••••••••••••H•••••••••••••••· .. •••••••••••• .. •••••••••••••• FTSK COIIPONEtff COI-IPOtlEUT AND HETHOD OF EFFECT ON SYSTEH OTHER REIIARHS 
IDENTIFIER FAILURE HOOE FAILURE DETECTION 

••••••••••••••••• 
SOLAR-A SSR50011 

SOLAR-A SSRS0021 

SOLAR~D SSRS0031 

SOLAR-D SSRSooq1 

SOLAR-8 SSRSOOSl 

SOLAR-8 SSRS0061 

SOLAR-A SSRS0072 

SOLAR-A SSR50086 

SOLAR-A 5SRS0092 

SOLAR-A SSRSOl06 

•••••••••••••••• 
FV 22 
FAILS TO REHAIN 
OPEtl OR OPERATE 
LEAHS PID-3-2-SR 

RHT FLOH CONTROL 
FAILS TO OPERATE 
FALSE OUTPUT 
PID-3-.?-SR 

PRESSURE RV 26 
IIIAOVERT OPEIIItlG 
LEAKAGE 
PID-3-2-SR 

RIIT HT EXCH HS-El 
F,AILS OR LEAHS 
BLOCKAGE 
PID-3-2-SR 

REHEAT SYSTEII 
PIPitlG 
COi DION HOOE 
FAILURE 

REHEAT SYSTEH 
OPERATOR ERROR 
COHI IOH HOOE 
FAILURE 

HOTOR FAILURE 
SPURIOUS SIGliAL 
HOV 20A 
PID-3-2-SR 

IIOV 20A 
FAILS TO REHAIN 
OPEN OR OPERATE 
LEAKS PID-3-2-SR 

MOTOR FAILURE 
SPURIOUS SIGNAL 
HOV 208 
PID-l-2-SR 

HOV 208 ~ 
FAILS TO REtlAIN 
OPEfl OR OPERATE 
LEAKS PID-3-2-SR 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AtltlUNCIATED UI FAILURE OF COLD AtlD HOT •uSINGLE FAILURE•** 
CONTROL ROOH REHEAT SYSTEH PID-3-2-SR CATEGORY A 

AtttlUllCIATED IN FAILURE OF COLD AND HOT 
CONTROL ROOH REHEAT SYSTEM PID-3-2-SR CATEGORY C 

INCREASES PROBABILITY 
OF SYSTEM FAILURE 

AtltlUllCIATED IN FAILURE OF COLD AND HOT N111tSitlGLE FAILURE•H 
COHTROl. ROOH REHEAT SYSTEH PID-3-2-SR CATEGORY 1\-8 

AtttlUtlCIATED IN FAILURE OF COLD AND HOT H•SINGLE FAILURE•** 
CONIROL ROOH REHEAT SYSTEH PID-l-2-SR CATEGORY A 

AtltuNCIATED IN FAILURE OF COLD AND HOT ***SINGLE FAILURE•** 
CONTROL ROOJt REHEAT SYSTEH PID-l-2-SR CATEGORY A-8-C 

ANNUIICIATED IH FAILURE OF COLD AND HOT HMSINGLE FAILURE .. • 
COIITROL ROCH REHEAT SYSTEM PlD-3-2-SR CATEGORY A-8-C 

ItmICATitl& LIGIIT FAILURE OF HOVS LTEHP RHT LINE A CATEGORY B 
Ill CotlTROL Rootl PID-l-2-SR 2-sor. CAPACITY L IHES 

(HOV 20A HORHALLY oPEHJ 

PERIODIC ItlSPECTIOH FAILURE OF HOVS L TEHP RHT LIHE A CATEGORY B 
PID-3-2-SR 2-507. CAPACITY LJtlES 

INDICATING LIGHT FAILURE OF HOVS LTEHP RHT LJHE 8 CATEGORY 8 
IN CONTROL ROOl-l PID-l-2-SR 2-sor. CAPACITY LIHES 

rnov 208 tlORIIALLY OPEN) 

PERIODIC IHSPECTIOtt FAILURE OF HOVS L TEHP RHT LIHE B CATEGORY B 
PID-l-2-SR 2-501. CAPACITY LINES 

I. . ·r~~ .. I ... r I FAILURE HODES AND EFFECTS AtlALYSIS 
I I __ I I __ I __ I __ I COLD Atm HOT REHEAT SYSTEH 
141 __ 111 __ 121 __ 111_1 
I I I I I I I I I FHEA-SQLARSRS SH 1 
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D.3 SOLAR COLD AND HOT REHEAT SYSTEM (CONT} 

········••tttt••·~····························-··· .. ··························· .. ·•ttttttt1••··········•-1tt1••··········••1tt1•••1tt1••···· FTSK COIIPotlEITT COIIPOHENT Atm HETHOD Of EFFECT ON SYSTEI-I OTHER REIIARKS 
IDEHTIFIER FAILURE HODE FAILURE DETECTION .......• ......... ... ............. . 

SOLAR-A SSRS0116 STARTUP HOV 32A 
. fAILS TO REHAitl 

CLOSED OR LEAKS 
PID-3-2-SR 

SOLAR-A SSRS0126 STARTUP IIOV 32B 
fAILS TO REMAIN 
CLOSED OR LEAKS 
PID-3-2-SR 

SOLAR-C SSRS0132 HOTOR FAILURE 
SPURIOUS SIGHAL 
HOV 21A 
PID-J-2-SR 

SOLAR-C SSRSOllf6 HOV 21A 
FAILS TO REtlAIN 
OPEN OR OPERATE 
LEAKS PID-J-2-SR 

SOLAR-C SSRS0152 HOTOR FAILURE 
SPURIOUS SlGtlAL 
HOV 21B 
PID-3-2-SR 

SOLAR-C SSRSOl66 IIOV 218 

• 

FAILS TD REI-IAitl 
OPEN OR OPERATE 
LEAKS PID-J-2-SR 

...................................................................................... 
PERIODIC INSPECTION FAILURE OF HOVS L TEI-IP RHT LltlE A CATEGORY C 

PID-J-2-SR VALVE USED FOR 
STARTUP-HARIIUP ONLY 

PERIODIC INSPECTION FAILURE OF HOVS LTEHP RHT LINE B CATEGORY C 
PID-J-2-SR VALVE USED FOR 

STARTUP-tlARHUP ONLY 

INDICATING LIGHT FAILURE Of HOV 21A HTEHP RHT LINE A CATEGORY 8 
IN CONTROL ROOH PID-3-2-SR 2-501. CAPACITY LINES 

IHOV 21A HORIIALLY OPEtfl 

PERIODIC INSPECTION FAILURE Of HOV ZlA HTEHP RHT LINE A CATEGORY 8 
PID-J-2-SR Z-501. CAPACITY LINES 

INDICATING LIGHT FAILURE Of HOV 21B HTEtlP RHT LINE 8 CATEGORY B 
IN CONTROL ROOI~ PID-3-2-SR 2-501. CAPACITY LitfES 

IHOV 218 tlORIIALLY OPEN) 

PERIODIC INSPECTION FAILURE OF HOV 21B HTfflP RHT °LitlE B CATEGORY B 
PID-3-2-SR 2-501. CAPACITY LINES 

I . ~T . ... I I !FAILURE HODES AtlD EFFECTS AtlALYSIS 
I I __ I __ I I __ I __ I COLD AND HOT REHEAT SYSTEH 
1q1 __ 111_121 __ 111 __ 1 
I I I I I I· I I I FUEA-SOLARSPS SH 2 
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• • • D.3 SOLAR COLD AND HOT REHEAT SYSTEM (CONT) 

······································································-····················-·······--·························· •TREBIL FAULT TREE BUILDING PROGRAl-1 - TREBlL.V6ll • 
......................................................................................................................... ; .......• 
EL PASO SOLAR REPOHERltlG tlEHIIAli UNIT 11 COLD At1D HOT REHEAT SYSTEII 
11 OPERATING IIOOE 
ENOOPH 
11 RATES 

COIIPOIIENT INDICES, tlAIIES, AND FAILURE RATES (PER HOUR I -

TREE INDEX 
1 
2 
3 
4 
5 
6 
1 
a 
9 

10 
11 
12 
1l 
14 
15 
16 

COIIPOtlENT NAME 
SSRS0152 
SSR50166 
SSRSOll2 
SSRS0146 
SSRS0092 
SSRS0106 
5SR50126 
SSRS0072 
SSRS0086 
SSRS0116 
SSRSOOSl 
SSRS0061 
SSRS003l 
SSRS0041 
SSRSOOll 
S5RS0021 

LAIIBDA!FAILURE INTENSITY/HR.I 
2.50000D-05 
1.000000-os 
2.50000D-05 
l. 00000D-05 
2.500000-05 
1.000000-os 
1.00000D-06 
2.500000-05 
1.000000-05 
1.000000-06 
9.00000D-06 
9.00000D-05 
1.50000D-05 
1.000000-04 
1.50000D-05 
7.00000D-06 

TAU 
7.00000D • OO 
9.000000 • 00 
2.00000DtOl 
9.000bOD+OO 
2.000000+01 
9.00000D+OO 
1.000000-01 
2.000000+01 
9.00000D+OO 
1.000000-01 
2.000000+01 
2.000000+00 
l.OOOOODtOl 
9.000000+00 
4.300000+01 
8.00000D+OO 
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T lHOURSI 
o.o 
7.300000000• 02 
l,'16000000Dt03 
2,l9000000Dt03 
2.92000000Dt03 
3,65000000Dt03 
'l.38000000Dt0l 
5.llOOOOOODtOl 
5.84000000D • Ol 
6,57000000D+Ol 
7.30000000D tOl 
8,0]0000000 • 0] 
8.76000000D • O] 

• 

SYSTEII IHFORHATIOH-UPPER eourms 
D.3 SOLAR COLD AND HOT REHEAT SYSTEM (CONT) 

DIFFERENTIAL CHARACTERISTICS-UPPER BOUNDS 

T (HOURS) 
7.300000000+02 
1,'16000000D • Ol 
2.1,11000000+01 
2.9ZOOOOOODtOJ 
3,65000000D+OJ 
ff,38000000D • Ol 
5.UOOOOOODtOl 
5.8'10000000+03 
6,57000000D+03 
l.lOOOOOOOD+OJ 
8,03000000D tOl 
8.760000000+03 

q 
o.o 
2.108620010-0l 
2,10862001D-Ol 
2.10862001D-Ol 
2.10862001D-Ol 
2.10862001D-Ol 
2.10862001D-Ol 
2.10862001D-03 
2.10862001D-03 
2.10862001D-Ol 
2.10862001D-Ol 
2,10862001D-Ol 
2.10862001D-03 

" 2.36000000D-04 
2.359523150-04 
2.35952315D-04 
2,35952315D-04 
2,3595Z315D-04· 
2,359523150-04 
2.359523150-04 
2.35952315D-04 
2, 35952315D-04 
2.35952315D-04 
2.359523150-04 
2,359523150-0lt 
2,35952315D.:.oq 

IHTEGRAL CHARACTERISTICS-tJPPER BOUNDS 

H5UH 
l, 722625950-01 
3.4450778'1D-Ol 
5. 16751!974D-01 
6.8899816'1D-01 
8.61Zff335lD-Ol 
1.03348854D+OO 
1.20573373D • OO 
1,37797892D+OO 
1.5502Z"11Dt00 
l,722q69JOD+OO 
1,89471449D+OO 
2,06695968D+OO 

••-CONCLUSION Of OUTPUT FROH KITT-1••••• 
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• 

fSUH 
1.58395069D-01 
2.91817702D-01 
4.04088368D-01 
4.98560365D-Ol 
5.780553000-0l 
6.449477660-0l 
7.0lZ35463D-Ol 
7.'18599671D-Ol 
7.884550620-0l 
8.2199Z036D-Ol 
8.50Zl227'1D-Ol 
8.73958656D-Ol 

L 
2.36000000D-04 
2,36450900D-04 
2.36450900D-04 
2.36450900D-04 
2,36450900D-04 
2.36450900D-04 
2.J6qso9000-04 
2,364509000-04 
2,364509000-04 
2,364509000-04 
2.364509000-0ff 
2.364509000-04 
2,364509000-04 

• 



• • D.4 POWER SUPPLY TO THE HELIOSTAT FIELD 

·•••••••••••••••••••••••••••••••••••••ff•··ff••n1tttt1•••••IHl••tHtt1•• .. ·••••·••••• .. •••••••-•• .. H•~HH••••••••·•••••••••n••••H•tttt FTSK COIIPOIIENT COIIPOIIENT All> tll:THOD OF 
FAILURE OETECTiotf 

EFFECT OH SYSTEH IllEtlTiflER fAILURE ttoDE OTHER REHARl<S 

•••••••• ••••••••• • ••••••••••••••• .. ................................................................................... . 
HELIO-A SEPSOOll ELECTRIC SYSTEH 

CABLE ARUICIATED IH LOSS Of POHER TO HEUOSTAT FIELD H11SINGlE FAILURE11u 
CotlTROL ROOH CATEGORY A-8-C OPEN CIRCUIT 

SIICRT CIRCUIT POSSIBLE PLAHT FAILURE 

IIEUO-A SEPS0021 ELECTRIC SYSTEH 
COl-ltlOtl tlODE 
OPERATOR ERROR 

AtHJHCIATED IN LOSS OF POHER TO HELIOSTAT FIELD H11SIHGLE FAILURE•** 
COIITROL ROOH CATEGORY A-8-C 

HELIO-A SEPS2l 

HELIO-A SEP522 

IIELIO-A SEPS5111 

IIEUO-A SEPS5121 

HELIO-A SEPS513l 

HELIO-A SEPss1q1 

LOSS OF SOLAR 
115-2.4 kV 
POHER LINE 

LOSS OF SOLAR 
2400V BUSES 
A AHO 8 

LOSS OF HELIOSTAT AlflltlCIATED IN 
LOOP 2 BUS A COHTROL ROOH 

LOSS OF HELIOSTAT Aflil.tlCIATED IN 
LOOP 1 BUS 8 CDHTROL ROOH 

LOSS OF HELIOSTAT ANl'UICIATED Di 
LOOP l BUS A CONTROL ROOII 

LOSS OF HELJOSTAT Altu«:IATED IN 
LOOP 2 BUS 8 COlfTROL ROOH 

LOSS Of POHER TO HELIOSTAT FIELD 

LOSS OF POHER TO HELIOSTAT FIELD 

tlltlE 

HONE 

NONE 

NOHE 

POSSIBLE PLANT FAILURE 
" HNSINGLE FAILURE*** 

CATEGORY A 
REVIEH APPROPRIATE FUEA 

•••SINGLE FAILUREH• 
CATEGORY A 

REVIEH APPROPRIATE FHEA 

CATEGORY B 
REDUUDANCY PROVIDED 

BY BUS B-LOOP 1 

CATEGORY B 
REDUtlDANCY PROVIDED 

BY BUS A-LOOP 2 

CATEGORY B 
REDlltlDAHCY PROVIDED 

BY BUS B-LOOP 2 

CATEGORY B 
REDUIIDANCY PROVIDED 

BY BUS A-LOOP l 

I I l~~I . 7FAILURE HODES AtlD EFFECTS AfW.YSIS 
I I __ I I__ I__ I __ I POHER TO HELIOSTAT FIELD 
141 __ 131 __ 121_111_1 
I I I I I I I I I FHEA-HELJQ SU 1 
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D.4 POWER SUPPLY TO THE HELIOSTAT FIELD (CONT) 

•••••••••••••••••••••••••• .. •••••••••••••••••••••••••••••• .. ••••••••••••H•••••••1tt1••••••-•••••••••• .. •••••n•• •u••••••••1tt1•••• 
•TREBIL FAULT TREE BUILDltlG PROGRAH - TREBIL. V6Ll • 
••••••••••••tr11•••••••••••n••••••••••••••••• .. •-••••••1tt1••--•••••••••••••••••••••H•1tt1•-• ••• ... - • ••--•••••••••••••••••••-• •••••• 

EL PASO 5(1..AR REPOHERING NEl-llm llUT 11 LOSS OF POHER TO HELIOSTAT FIELD 
• OPERATIHG IIODE 
ENDOPH 
• RATES 

COHPONENT DIJICES, twtES, AID FAILURE RATES CPER HOUU -

TREE ItlJEX 
l 
2 
J 

" 5 
6 
7 

• 

cotflotlENT twtE 
SEPS51Jl 
SEPS5141 
SEPS5111 
SEPS5121 
SEPSOOll 
SEPS002l 
SEP521 
SEP522 

• 

LAIIIDA(fAILURE INTEHSITY/HR. I 
1.000000-01 
1.000000-01 
1.000000-07 
1.000000-01 
1.500000-05 
1.200000-os 
1.830000-05 
2.34000D-05 

TAU 
1.11000D• Ol 
1.lJOOOD+Ol 
l.llOOOD• Ol 
l.1JOOOD+01 
2.000000+00 
8.000000+00 
ll.100000• 00 
1.210000+01 
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• • 
SYSTEH IHfORHATIOH-lFPER BOUtl>S 

D.4 POWER SUPPLY TO THE HELIOSTAT FIELD (CONT) 
DIFFERENTIAL CHARACTERISTICS-lFPER BWl>S 

T CHOURSJ 
o.o 
7.300000000 • 02 
1.46000000D+Ol 
2.19000000D+OJ 
2.92000000D • Ol 
3.65000000D • Ol 
4.38000000D • Ol 
5.11000000D+Ol 
5.811000000D • Ol 
6.57000000D+Ol 
7.30000000D+Ol 
8.03000000D • Ol 
8.76000000D • Ol 

T (HOURS) 
7.300000000 • 02 
l.'16000000D • OJ 
2.19000000D• OJ 
2.92000000D• OJ 
3.65000000D• OJ 
4.38000000D • Ol 
5.llOOOOOODt03 
S.84000000D • Ol 
6.57000000D+OJ 
7.30000000D • OJ 
8,03000000D+OJ 
8.76000000D • Ol 

q 
o.o 
4.840048850-04 
4.8400118850-04 
4.840048850-04 
4.8110048850-04 
4.840048850-04 
4.840048850-04 
4.840048850-04 
4.840048850-04 
4.8400'18850-04 
4.8400118850-04 
4.8400'18850-04 
Cl.840048850-011 

H 
6.87000000D-05 
6.8690'1020D-05 
6.86901f020D-05 
6.86904020D-05 
6.86904020D-05 
6.86904020D-05 
6.869011020D-05 
6.8690'1020D-05 
6.86904020D-05 
6.86904020D-05 
6.86904020D-05 
6.86904020D-05 
6.86904020D-05 

INTEGRAL CHARACTERISTICS-ll'PER 80Utl)S 

HSUH 
5.01474967D-02 
1.00291'190D-Ol 
l.50lf35484D-Ol 
2.00579477D-Ol 
2.50723471D-Ol 
3.00867464D-Ol 
J.51011458D-Ol 
4.01155451D-Ol 
4.512994450-01 
S.01441438D-Ol 
&.S15874320-01 
6.01731'1250-01 

HltHCONCLUSIOH Of OUTPUT FROH HITT-lliHH 
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FSUH 
ll.8922'US3D-02 
f.5'15921111D-02 
1.39718991D-01 
l.818ll083D-Ol 
2.21847484D-Ol 
2.59922977D-Ol 
2.94135412D-Ol 
J.30575950D-Ol 
J.43331291D-Ol 
J.94'181892D-01 
4.24112177D-Ol 
4.52290731D-Ol 

L 
6.87000000D-05 
6.87236646D-05 
6.872366'16D-05 
6.87236646D-05 
6.872366116D-05 
6.87236646D-OS 
6.872364116D-05 
6.87236646D-05 
6.87236646D-05 
6.87236646D-05 
6.87236646D-OS 
6.812366'66D-05 
6.872366'16D-OS 

• 



• • • D.5 POWER SUPPLY TO THE HELIOSTAT LOOPS 

.............................. tHt••·················· ............ iflt ....................................... _ ..................... .. 
fTSt{ CotlPOtlENT COHPotlENT AtlD HETHOD Of EFFECT ON SYSTEH OTHER REHARHS 

IDEtffIFIER FAILURE HOOE FAILURE DETECTION ........ ......... •............... . ................................................................................... .. 
LOOP-A SEPSOl61 LOOP SECTiotl l AttUICIATED IN FAILURE Of LOOP SECTION 1 CATEGORY 8 

TRAtlSFORHER FAILS COHTRDL Rootl TRANSFORIIER OR SHITCHES 1 Of 4 XFtlRS 1N LOOP 

LOOP-A SEPSOl 71 LOOP SECTION 1 AtRIUNCIATED Itl FAILURE Of LOOP SECTIOH l CATEGORY 8 
l OF 2 SHITCHES CDHTROL ROOH TRANSFORHER OR SHITCHES l (If 4 SECTIONS IN LOOP 
FAILS 

LOOP-A SEPS0181 LOOP SECTION 2 Al'HKIATED Df FAILURE Of LOOP SECTION 2 CATEGORY 8 
TRANSFORMER FAILS CONTROL ROOH TRANSFORHER OR SHITCHES l OF 4 XFHRS IN LOOP 

LOOP-A SEP50l91 LOOP SECTION 2 ANrMCIATED IN FAILURE OF LOOP SECTION 2 CATEGORY 8 
l Of 2 SliITCHES CDtURDL ROOH TRANSFORMER OR SNITCHES l OF 4 SECTiotlS IN LOOP 
FAILS 

LOOl>-A SEPS0201 LOOP SECTION l ANtlUIICIATED IN fAILlfflE OF LOOP SECTION J CATEGORY 8 
TRANSFORtlfR FAILS CONTROL ROOH TRANSFORMER OR SHlTCHES 1 Of 4 XFHRS IN LOOP 

LOOP-A SEPS02ll LOOP SECTION l AIHJl'ICIATED ltl FAILURE Of LOOP SECTION :S CATEGORY 8 
l OF 2 SHITCHES CONTRCL ROOH TRANSFORMER OR SWITCHES 1 Of 4 SECTIONS IH LOOP 
FAILS 

LOOP-A SEP502Zl LOOP SECiION ~ AillJtlCXATED IN FAILURE OF LOOP SECTION 4 CATEGORY B 
TRANSFORHER !'AIL$ COHTRDl RDOII TRAHSFORHER OR SHITCHES l OF 4 XFIIRS 1N LOOP 

lOOl'-A SEPSIIUl!. LOOP SECTIOtl 'li AN!Mitl!ATIEO It! FAILURE OF LOOP SECTION 11& CATEGORY B 
l Of 2 SIUTCHES totmOL ROOH TRANSFORHEI OR SWITCHES l OF 4 SECTIONS IH LOOP 
FAILS 

, ~ ·~ 1 · I I !FAILURE HODES AtlJ EFFECTS AtfALYSlS 
I I__ I__ I__ I __ I HELIOSTAT FIELD LOOP 
,~1 __ 111 __ 121 __ 111_1 
I I I I I I I I I NEHHAH UNJI FHEA-LOOP SU 1 
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D.5 POWER SUPPLY TO THE HELIOSTAT LOOPS (CONT) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .. TREBIL FAULT TREE 8UILDUIG PROGRAH - TREBIL. V.Sll • 
............................................................................................................................................................. 

EL PASO SOLAR NEHHAN UNIT llfAILURE OF HELIOSTAT FIELD LOOP 
* OPEAATitlG IIODE 
EtlDOPII 
• RATES 

COIIPOIIEIIT IHQJCES, tWlfS, AHD FAILURE RATES IPER HOlR) -

TREE IIIDEIC 
1 
2 
] .. 
s 
6 
1 
a 

COHPOHENT NAHE 
SEP50221 
SEPS02J1 
SEPS0201 
SEPS021l 
SEPS0181 
SEPS0191 
SEPS0161 
SEP50111 

• 

LAIIBDAI FAILURE IHTEtlSITY/HA. I 
1.00000D-05. 
ll.OOOOOD-06 
l.000000-05 
4,00000D-06 
1.00000D-05 
4.00000D-06 
l.00000D-05 
4.00000D-06 

TAU 
6.00000DtOl 
8.00000DtOO 
6.00000DtOl 
8.00000DtOO 
6.00000DtOl 
8.00000DtOO 
6.00000DtOl 
8,00000D • OO 
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• • 
SYSTEM ItffORIIATiotl-lJPPER BOlRfDS 

D.5 POWER SUPPLY TO THE HELIOSTAT LOOPS {CONT) 
DIFFERENTIAL CHARACTERISTICS-UPPER BOUNDS 

T lllOURSJ 
0.0 
7.300000000 • 02 
l.'l6000000Dt03 
2.19000000D • Ol 
2.9ZOOOOOOD • Ol 
3.650000000+03 
4.38000000D • Ol 
5.11000000D+Ol 
5.84000000D • OJ 
6.570000000+03 
7.J0000000Dt03 
8.03000000Dt03 
8.76000000D+Ol 

T lHOURSI 
7.JOODOOOODt02 
l.'16000000D tOJ 
2,19000000D+Ol 
2.92000000Dt0l 
J.65000000Dt03 
4.38000000D • OJ 
5.11D00000Dt03 
5.8'1000000D+OJ 
6.57000000D+03 
7.JOOOODOOD • Ol 
8.03D00000Dt03 
8.76000000Dt0l 

q H 
o.o o.o 
1.5909'1959D-ll 1.qJ0604llD-llt 
l.59094959D-13 l .lfl0604JlD-lll 
1,5909'1959D-13 l.Cfl0604llD-14 
l,59094959D-U l,'11060'1l1D-14 
1.5909'1959D-lJ 1.41060431D-llf 
l.5909'1959D-lJ l.'110601tJlD-14 
1,59094959D-ll l,'11060'131D-14 
1,59094959D-lJ 1,41060431D-l'+ 
1.59094959D-13 l.lfl0604l1D-l'+ 
1,59094959D-13 1,41060'131D-lll 
1,5909'1959D-13 ' l,'+1060'131D-llf 
1,59094959D-13 l,'11060431D-1'1 

INTEGRAL CHARACTERISTICS-UPPER BOUNDS 

H!IUI-I 
5.llt870575D-12 
l,5'1'161172D-ll 
2 ,!i7'D5287D-ll 
J.60'1091102D-ll 
4,63183517D-ll 
5,66357632D-ll 
6.69311747D-ll 
7.72305862D-11 
8. 75279977D-11 
9,78Z5'1092D-11 
1,08122821D-10 
1,18420Zl2D-10 

HHIICOtlCLUSIOtl Of OUTPUT FROH KITT-1*HH 
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fSUH 
5,1'1870575D-12 
1,5'1'16117ZD-ll 
2,!i7Cfl5287D-11 
J.60409402D-ll 
4,63381517D-ll 
S,66357632D-ll 
6 ,693317'17D-11 
7.72105862D-11 
8.7S279977D-11 
9.782540920-11 
1,08122816D-10 
1,18'120232D-10 

• 
L 

o.o 
l,'110601131D-14 
l,41060411D-14 
l,'11060'131D-14 
1,41060'131D-llf 
l,'11060431D-14 
l,410601131D-llf 
l,111060'131D-llf 
1,41060411D-l,. 
l.lfl0604l1D-14 
1,41060'131D-lll 
1,41060'131D-14 
l,'11060'111D-14 



• • D.6 POWER SUPPLY TO THE 1500 HP FEED PUMP MOTORS 
****IHf********************************************IHUfil*IHi*-****8**********************1HHtif******iHHl**1HE*H****************IHi**** FTSK COMPONENT COMPONENT AND METHOD OF EFFECT ON SYSTEM OTHER REMARKS 

IDENTIFIER FAILURE HOOE FAILURE DETECTION 
******** ********* **************** 
SOL48-A SEPSOOll ELECTRIC SYSTEM 

CABLE 
OPEN CIRCUIT 
SHORT CIRCUIT 

SOL48-A SEPS0021 ELECTRIC SYSTEM 
COMMON MODE 
OPERATOR ERROR 

SOL48-A SEPS21 

SOL48-A SEPS22 

LOSS OF SOLAR 
115-2.4 HV 
POHER LINE 

LOSS OF SOLAR 
2400V BUSES 
A AND B 

********************!HE** **IHiit**•-•-••--••********-***** H************************ 

ANNUNCIATED IN LOSS OF POHER TO 2400V BUSES AND •••SINGLE FAILURE••• 
CONTROL ROOM 1500HP MOTORS CATEGORY A-B-C 

POSSIBLE PLANT FAILURE 

ANNUNCIATED IN LOSS OF POWER TO 2400V BUSES AHO •••SINGLE FAILURE-• 
CONTROL ROOM l500HP MOTORS CATEGORY A-B-C 

LOSS OF POHER TO 2400V BUSES AND 
1500HP MOTORS 

LOSS OF POHER TO 2400V BUSES AND 
1500HP MOTORS 

POSSIBLE PLANT FAILURE 

-•SINGLE FAILURE•
CATEGORY A 

REVIEH APPROPRIATE Fl·IEA 

***SINGLE FAILURE••• 
CATEGORY A 

REVIEH APPROPRIATE Ft1EA 

----+--,----+-,----+-,---I FAILURE MODES ·AND EFFECTS ANALYSIS 
I I_· _I I __ I I __ I I __ I POHER TO SOLAR 2400V BUSES 
141 __ 131 __ 121 __ 111 __ 1 
I J J J I I ) I ) FHEA-SOL480V SH l 
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D.6 POWER SUPPLY TO THE 1500 HP FEED PUMP MOTORS (CONT) 

******"*********lt!Hl*******H*****************lHllHtlHHl**lHt***ltH**-*****ltH*ltff*********•HHHHt•*-***---•-••-•*****lHIIHHI*-*** 
•TREBIL FAULT TREE BUILDING PROGRAM - TREBIL.V6Ll * 
*f************••-···-·····••********-***********************************-ttH*****"***********************lHt****-***********-

EL PASO SOLAR REPOHERING NEHHAN UNIT 1: LOSS OF POHER TO SOLAR FDPUHP HOTORS 
* OPERATING MODE 
ENDOPH 
* RATES 

COMPONENT INDICES, NAHES, AND FAILURE RATES (PER HOURI -

TREE INDEX 
1 
2 
3 
4 

COI-IPONENT NAHE 
SEPSOOll 
SEPS0021 
SEPS21 
SEPS22 

• 

LAHBDA(FAILURE INTENSITY/HR.I 
l,SOOOOD-05 
5.SOOOOD-06 
l.83000D-05 
2.07000D-05 

TAU 
2.00000D+OO 
8.00000D+OO 
4.lOOOOD+OO 
l.21000D+Ol 
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• • • SYSTEM INFORMATION-UPPER BOUNDS 
D.6 POWER SUPPLY TO THE 1500 HP FEED PUMP MOTORS (CONT) 

T (HOURS) 
0.0 
7.30000000D+02 
l.460000000+03 
2.19000000D+OJ 
2.92000000D+OJ 
3.65000000D+03 
'L38000000D+03 
5.ll000000D+03 
5.84000000D+OJ 
6.57000000D+OJ 
7.300000000+03 
8.030000000+03 
8.76000000D+OJ 

T (HOURS) 
7,30000000D+02 
l,ll6000000D+03 
2.19000000D+03 
2.920000000+03 
J.65000000D+03 
ll.38000000D+03 
5.110000000+03 
5.84000000D+03 
6.57000000D+03 
7,300000000+03 
8.030000000+03 
8.760000000+03 

DIFFERENTIAL CHARACTERISTICS-UPPER BOUNDS 

Q 
o.o 
3,99384630D-04 
3,99384630D-04 
J.99384630D-04 
3,99384630D-04 
3.99384630D-04 
3.99384630D-04 
3.99384630D-04 
3.99384630D-04 
3.99384630D-04 
3.99384630D-04 
3.99384630D-04 
3,99384630D-04 

H 
5.95000000D-05 
5.94927516D-05 
5,94927516D-05 
5.94927516D-05 
5.94927516D-05 
5.94927516D-05 
5.94927516D-05 
5.94927516D-05 
5.94927516D-05 
5.94927516D-05 
5.94927516D-05 
5.94927516D-05 
5.91l927516D-05 

INTEGRAL CHARACTERISTICS-UPPER BOUNDS 

HSUH 
4.31l323544D-02 
a.68620631D-02 
1.30291772D-Ol 
1. 73721480D-Ol 
2.17151189D-Ol 
2.60580890D-Ol 
3.0ll010607D-Ol 
3.47440315D-Ol 
3.90870024D-Ol 
4.34299733D-01 
4.77729441D-Ol 
5,21159150D-Ol 

*****CONCLUSION OF OUTPUT FROM KITT-lfflHHf 
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FSlJH 
4,2510984aD-02 
8,32203144D-02 
1.221988150-01 
1.59520076D-Ol 
1.95254559D-Ol 
2.29469727D-Ol 
2,62230176D-Ol 
2.935977580-01 
3,23631692D-Ol 
3,52388680D-Ol 
3,79923014D-Ol 
4.06286678D-Ol 

L 
5,95000000D-05 
5.95165216D-05 
5.95165216D-05 
5.95165216D-05 
5.95165216D-05 
5.95165216D-05 
5.95165216D-05 
5.95165216D-05 
5.95165216D-05 
5.95165216D-05 
5.95165216D-05 
5.95165216D-05 
5,95165216D-05 



• • D.7 POWER SUPPLY TO SOLAR 480V BUS 

••••••••••••••••••••••M••••••••••••••••••••·•••••••H•M•••••••••o•••••••••••••••o••••••••••·•••HW•*••••••1t11••HW ... H••HHW••••• 
FTSK COIIPOIIENT COIIPOIIENT ANO HETHOO OF EFFECT ON 5Y5TEH OTHER REl·IARKS 

•••••••• 
50Llt8-A 

SOL48-A 

SDL48-B 

SOL48-B 

SOL48-B 

SOL48-B 

S0Llj8-B 

SOL48-B 

SOL48-C 

SOL48-C 

IDEHTIFIER FAILURE HOOE FAILURE DETECTION 
••••••••• 
SEPSOOll 

SEPS0021 

SEPS0251 

SEPS026l 

SEP50271 

SEPS0291 

SEPSOlOl 

SEPSOlll 

SEPS0l41 

SEPSOl51 

•••••••••••••••• 
ELECTRIC SYSTEH 
CABLE 
OPEil CIRCUIT 
SHORT CIRCUIT 

ELECTRIC SYSTEH 
COi UION 1100 E 
OPERATOR ERROR 

BUS A 480V L.C. 
DISCONNECTOR 
FAILS TO 
REIIAIN CLOSED 

BUS A 480V L.C. 
TRANSFORHER FAILS 

BUS A 480V L.C. 
CIRCUIT BREAKER 
FAILS OPEN OR 
RELAYS FAIL 

BUS 8 480V L.C. 
D ISCONIIECTOR 
FAILS TO 
REHAIH CLOSED 

BUS B 480V L.C. 
TRANSFORIIER FAILS 

BUS B 480V L.C. 
CIRCUIT BREAKER 
FAILS OPEH OR 
RELAYS FAIL 

RECIR DR PUIIP 
CB FAILS TO OPEN 
Otl FAULT OR 
RELAYS FAIL 

SOLAR DR PUIIP 
CB FAILS 10 OPEN 
ON FAULT OR 
RELAYS FAIL 

•••••••••••••••••••••••• .................................... .......................... 
ANNUNCIATED IN 
CONTROL ROOH 

AHHUNCIATED IN 
CONTROL ROOH 

ANNUtlCIATED IN 
CONTROL ROOH 

ANtlJtlCIATED IN 
COUTROL ROOH 

AtffiUflCIATED IN 
COIHROL ROOl-t 

ANHUNCIATED IN 
COHTROL ROOH 

ANNUNCIATED IN 
CONTROL ROOH 

ANtlUt«:IATED IN 
CONTROL ROOH 

ANHUIICIATED IN 
CONmOL Rootl 

AtftlUNCIATED IN 
COtrrROL ROOH 

LOSS OF SOLAR 480V POHER 

LOSS OF SOLAR 480V POHER 

LOSS OF 480V L,C. INCOHIN& LINE 
FROlt BUS A 

LOSS OF 480V L.C. INCOHIN& LINE 
FROH BUS A 

LOSS OF 480V L.C. INCOHING LINE 
FROH BUS A 

LOSS OF '180V L,C. ItlCOl·IING LIHE 
FROH BUS B 

LOSS Of 480V L,C. INCOHING LINE 
fROH BUS B 

LOSS OF lf80V L,C. INCOHIN& LINE 
FROII BUS B 

LOSS OF SOLAR 480V POHER 

LOSS OF SOLAR 480V POliER 

•••SitlGLE FAILURE••• 
CATEGORY A-8-C 

POSSIBLE PLANT FAILURE 

•••SINGLE FAILURE••• 
CATEGORY A-8-C 

POSSIBLE PLANT FAILURE 

CATEGORY C 
REDlfflDANCY PROVIDED BY 
BUS B IHCOHitlG LIHE 

CATEGORY C 
REDUNDANCY PROVIDED BY 
BUS B INCOHING LINE 

CATEGORY C 
REDUNDAHCY PROVIDED BY 
BUS B ItlCOHIHG LINE 

CATEGORY C 
REDutlDAHCY PROVIDED BY 
BUS B IHCOHING LINE 

CATEGORY C 
REDUNDANCY PROVIDED BY 
BUS B INCOMING Llt4E 

CATEGORY C 
REDutlDANCY PROVIDED BY 
BUS B mcotutlG LIHE 

***SIIIGLE FAILURE•** 
CATEGORY A 

LOSS OF 480V PDHER 

o•SIHGLE FAILURE••• 
CATEGORY A 

LOSS OF ff80V POHER 

r ~ ~·. I .. I ...... I ~-!FAILURE HODES Atm EFFECTS ANALYSIS 
I I__ I__ j__ , __ I POliER 10 SOLAR qaov BUS 
lffl __ 111 __ 121 __ 111 __ 1 
I I I I I I I I I FHEA-s0L9aoy su 1 

D.7-1 

• 



D. 7 POWER SUPPLY TO SOLAR 480V BUS (CONT) 

.................................................................................................................................... 
FTSK COHPOHENT COIIPOIIENT AtlO tlETIIOO OF EFFECT ON SYSTEII OTHER REIIARHS 

IDENTIFIER FAILURE HOOE FAILURE DETECTIOH ........ ......... . .............. . 
SOL48-C SEPS0361 HCC TOHER 

CB FAILS TO OPEN 
ON FAULT OR 
RELAYS FAIL 

SOL48-C SEPS0371 HCC PUIIP HOSE 
CB FAILS TO OPEN 
ON FAULT OR 
RELAYS FAIL 

SOL48-C SEPS0381 FIRE PUIIP 

SOL'l8-A SEPS2l 

SOL48-A SEPS22 

• 

CB FAILS TO OPEN 
OH FAULT OR 
RELAYS FAIL 

LOSS OF SOLAR 
115-2.'I KV 
POIIER LINE 

LOSS OF SOLAR 
2400V BUSES 
A AIID B 

...................................................................................... 
AlltlUtlCIATED IN . LOSS OF SOLAR 480V POHER H•SINGLE FAILUREwH 
CONTROL ROCH CATEGORY A 

LOSS OF 480V POHER 

ANNUNCIATED IN LOSS OF SOLAR 48OV POHER •••SINGLE FAILURE••• 
CotlTROL ROOH CATEGORY A 

LOSS OF 480V POHER 

ANNUHCIATEO IN LOSS OF SOLAR 480V POHER •••SINGLE FAILURE••• 
CONTROL ROOH CATEGORY A 

LOSS OF SOLAR 480V POHER 

LOSS OF SOLAR 480V POHER 

LOSS OF 480V POHER 

•••SINGLE FAILURE••• 
CATEGORY A 

REVIEH APPROPRIATE FtlEA 

•••SINGLE FAILURE*** 
CATEGORY A 

~EVIEH APPROPRIATE FHEA 

r~ ~ - ,-- - · I ~~ I !FAILURE uooEs Atm EFFEcTs ANALYsis 
I I__ I __ · I__ I __ I POliER TO SOLAR lf&OV BUS 
1111 __ 131 __ 121 __ 111 __ 1 
I I I I I I I I I FH£A-s0L9sov SH 2 
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• • • D.7 POWER SUPPLY TO SOLAR 480V BUS (CONT) 

.................................................................................................................................. 
•TREBIL FAULT TREE BUILDitlG PROGRAM - TREBIL. V6Ll • .................................................................................................................................. 

EL PASO SOLAR REPOHERitlG IIEHIWI UNIT 11 LOSS OF SOLAR '180V POHER 
• OPERATING l1OOE 
EtlDOPH 
11 RATES 

COIIPONEITT INDICES, NAtlES, AND FAILURE RATES ( PER HOUR) -

TREE INDEX 
l 
2 
l 
4 
5 
6 
7 
8 
9 

10 
11 
12 
ll 
14 
15 

COIIPotlENT NAtlE 
SEPS0291 
SEPSOlOl 
SEPSOlll 
SEPS0251 
SEPS0261 
SEPS0271 
SEPSOl41 
SEPS0351 
SEPS036l 
SEPS037l 
SEPS0381 
SEPSOOll 
SEPS0021 
SEPS2l 
SEPS22 

LAIIBDAI FAnURE INTENSITY/IIR. J 
1.000000-os 
1.00000D-05 
5.20000D-06 
1.000000-os 
1.000000-os 
5.20000D-06 
2.500000-06 
2.500000-06 
2.500000-06 
2.500000-06 
2.50000D-06 
1.500000-05 
8.000000-06 
1.830000-05 
2.07000D-05 

TAU 
8.00000Dt00-
,.000000+01 
9.000000+00 
8.00000D+OO 
6.00000D+Ol 
9.00000D+OO 
6.00000D+OO 
6.00000D+OO 
6.00000D+OO 
6.00000D+OO 
6.00000D • OO 
2.00000D • OO 
8.00000D • OO 
'1.10000D+OO 
1.21000D• Ol 
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T (HOURS) 
o.o 
l,30000000D • 02 
l,lf6000000Dt03 
2,19000000D• OJ 
2,9200D000Dt03 
3,65000000D+OJ 
4.38000000D • Ol 
5.llOOOOOODtOl 
5.840000000+01 
6.57000000Dt03 
l.30000000Dt03 
8,03000000Dt03 
8,76000000D • 0l 

SYSTEH ItfFORtlATION-UPPER BOUtlDS 

D.7 LOSS OF POWER TO SOLAR 480V BUS 
DIFFERENTIAL CHARACTERISTICS-UPPER BOutfDS 

T IHOURS) 
7.300000000 • 02 
l,460000000 • 03 
2,19000000D • OJ 
2,920000000 • 01 
3.65000000D • Ol 
lf.380000000+03 
5.11000000D tOl 
5.84000000D • Ol 
6.5l000000Dt03 
7,30000000D • OJ 
8.0lOOOOOOD • OJ 
8.76000000D • Ol 

Q 
o.o 
4.911867978D-04 
11.911867978D-04 
11,911867970D-04 
ff.91f867978D-04 
4.911867978D-04 
4.94867978D-Olf 
ff,911867978D-04 
4.948679780-04 
4,94867976D-04 
4,94867978D-04 
ff,94867978D-04 
4.948679780-04 

H 
l,45000000D-05 
7,45288961D-05 
7.45288961D-05 
l.45288961D-05 
l,.1!5288961D-05 
7.452889610-05 
l.1152889610-05 
l.452889610-05 
7.45288961D-05 
l,ff5288961D-05 
l,45288961D-05 
l,45288961D-05 
7,452889610-05 

INTEGRAL CHARACTERISTICS-UPPER BOllfDS 

HSUH 
S.43955471D-02 
l.08801641D-Ol 
i.63207735D-Ol 
2, 17613830D-Ol 
2.72019924D-Ol 
3.26ff26018D-Ol 
3.80832112D-Ol 
4.35218206D-Ol 
4.8964ff300D-Ol 
S.41f050391fD-Ol 
S.981156489D-Ol 
6.52862583D-Ol 

HHtlCONCLUSION OP OUTPUT FROH HITT-lH•H 

D.7-4 

• 

FSUH 
S.29553288D-02 
1.03127930D-Ol 
l.5061f21f8"D-Ol 
1,95639808D-Ol 
2.38253260D-Ol 
2.7860913'1D-Ol 
J.J.6827032D-Ol 
J.53020219D-Ol 
3.87295960D-Ol 
4.19755839D-Ol 
4.50496057D-Ol 
4.79607716D-Ol 

L 
l,45000000D-05 
l,115657963D-05 
l.45657963D-05 
l.45657963D-05 
l.45657963D-05 
7,45657963D-05 
7.45657963D-05 
l,ff565796JD-05 
7.45657963D-05 
7.45657963D-05 
7,45657963D-05 
7.45657963D-05 
7.lf5657963D-05 

• 



• • 
D.8 POWER SOLAR 2400V BUSES 

·················································································································~·················· fTSH COIIPOIIEIIT COIIPOtlEIIT ANO IIETHOD OF EFFECT OH SYSTEM OTHER REHARHS 
IDENTIFIER FAILURE HOOE FAILURE DETECTION 

NK•••••• wNNNNNNN• •••••••••••••••• 

SEPS2-B SEPS0071 Blm A 
SHORT CIRCUIT 

SEPS2-B SEPS0081 BUS A-lSOOHP LC 
CB FAILS TO OPEii 
ON FAULT OR 
RELAYS FAIL 

SEPS2-A SEPS009l BUS B 
SIIORT CIRCUIT 

SEPS2-A SEPSOlOl BIJS B 1500HP LC 
CB FAILS TO OPEN 
OH FAULT OR 
Rf.LAYS FAIL 

SEPS~-B SEl'SOlll BUS TIE BREAKER 
FAILS TO OPEN 
Oli DEIIAHD 

SEPS2-B SEPS012l BUS A-LOOP l 
CB FAILS TO OPEN 
Otl FAULT OR 
RELAYS FAIL 

StPS2-A SEPSOlll BUS B-LOOP 2 
CB FAILS TO OPEN 
OU FAULT OR 
RELAYS FAIL 

5EPS2-8 S[P50141 BUS A-LOOP 2 
CB FAILS TD OPEN 
ON FAULT OR 
RELAYS FAIL 

SEPS2-A SEPS0151 BUS B-LOOP l 
CB FAILS TO OPEN 
ON FAULT OR 
RELAYS FAIL 

SEPS2-B SEPS02q1 BUS A-qeov LC 
CB FAILS TO OPEH 
OU FAULT OR 
RELAYS FAlL 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ANNUNCIATED IH LOSS Of BUS A-HALF FIELD CATEGORY D 
CONTROL RODH AIID AUXILIARIES TIE BREAHER OPENS 

501. POliER FROI-I BUS 8 

ANNUNCIATED IH LOSS Of BUS A-HALF FIELD CATEGORY B 
COHTROL ROOl·I ANO AUXILIARIES TIE BREAKER OPENS 

LOSS OF ONE 1500HP PUMP 

AtlHUHCIATED IN LOSS Of SOLAR zqoo V BUSES IINNSitlGLE FAILUREttNN 
COtlTROL ROOM CAlEGORY A 

SOLAR PLAUT SIIUTDOHN 

ANtlUNCIATED Itt LOSS OF SOLAR zqoo V BUSES NNNSitlGLE FAILURE•--
CONTROL ROOH CATEGORY A 

SOLAR PLAtlT SHUTDOHH 

ANtlUHCIATED IN FAILURE Of BUS TIE CATEGORY C 
CONTROL ROOH If FAULT ON BUS A 

SOLAR PLAtlT SHUTDOHN 

AHNUtlCIATED IN LOSS Of BUS A-HALF FIELD CATEGORY B 
COtffROL ROOII AIIO AUXILIARIES TIE BREAKER OPEHS 

BUS B SUPPLY TO FIELD 

AtltlUNCIATEll Iii LOSS OF SOLAR 2'100 V BUSES HIISIIIGLE fAILURENNtt 
CONTROL ROOM CATEGORY A 

SOLAR PLAtlT SHUTDOIIN 

At~IUNCIATED IN LOSS OF BUS A-HALF FIELD CATEGORY B 
CONTROL ROOH AHO AUXILIARIES TIE BRfAl(ER OPENS 

BUS 8 SUPPLY TO FIELD 

ANtlUtlCIATED IN LOSS OF SOLAR 2'f00 V BUSES HMSitlGLE FAILURENNN 
COIITROL ROOII CATEGORY A 

SOLAR PLAtlT SIIUTDOl'IH 

AtltlUNCIATED IN LOSS Of BUS A-HALF FIELD CATEGORY B 
COtlTROL RODI-I AtlD AUXILIARIES TIE BREAHEa OPtNS 

501. PDI-IEA FROl-1 BUS 8 

,-- I~~-,- I !FAILURE HODES N'ID EFFECTS AtlALYSIS 
I I__ I __ I I __ I I __ I LOSS OF SOLAR 21100V BUSES 
, .. , __ 131 __ 121 __ 111_1 
I I I I I I I I I tl:IEA-SEPS?? SH 1 
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D.8 POWER SOLAR 2400V BUSES (CONT) 

....................................................................................................................................... 
FTSK COHPOtlEHT COMPONENT AflD IIETHOD OF EFFECT ON SYSTEM OTHER REIIARKS 

IDENTIFIER FAILURE HOOE FAILURE DETECTION 

•••••••• ••••••••• • ••••••••••••••• 
SEP52-A SEPS0281 BUS B-480V LC 

CB FAILS TO OPEH 
Otl FAULT OR 
RELAYS FAIL 

SEPS2-B SEPSOJll BUS TIE BREAKER 
RELAYS FAIL 

• 

•••••••••••••••••••••••• *******•••* .. ****•*•*** .. ***•••• .. •• •••••••••••••••••••IHI••••• 
ANt!UtlCIATED IN LOSS OF SOLAR 2400 V BUSES ... srnGLE FAILURfllltit 
COHTROL ROOI-I CATEGORY A 

SOLAR PLANT SIIUTDOliN 

At!NUNCIATED IH FAILURE Of BUS TIE CATEGORY C 
CONTROL ROOH IF FAULT ON BUS A 

SOLAR PLANT SIIUTDOHH 

I I I I I FAILURE HODES AHO EFFECTS AtlAL YSIS 
I I__ I __ I I__ I __ I LOSS Of SOLAR 2400U BUSES 
1111 __ 111 __ 121 __ 111 __ 1 
I I I I I I I I I FHEA-sees22 su 2 
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• • • 
D.8 POWER SOLAR 2400V BUSES {CONT) 

.................................................................................................................................... 
•TREBIL FAII.T TREE BUILDING PROGRAH - TREBIL.V6Ll • .................................................................................................................................. 

EL PASO SOLAR REPOHERIUG NEltwi UUT ll LOSS Of SOLAR 2400V BUSES~ 
• OPERATING IIODE 
EIIDOPH 
• RATES 

CotlPOtlENT INDICES, NAHES, All> FAILlME RATES (PER HOUU -

TREE INDEX 
l 
2 
3 
4 
s 
6 
l 
8 
9 

10 
11 
12 

COHPONEtlT NAHE 
SEPS012l 
SEPS0141 
SEPSOlll 
SEPSOlSl 
SEPS03ll 
StPSOlll 
SEPSOOll 
SEPS0081 
SEPS0241 
SEJ1S009l 
SEPSOlOl 
SEPS028l 

LAHBDA(FAILlmE INTENSITY/HR.) 
2.50000D-06 
2.60000D-06 
2.50000D-06 
2.50000D-06 
11.20000D-06 
1.000000-0, 
1.30000D-05 
5.20000D-06 
2.50000D-06 
8.00000D-06 
5.20000D-06 
2.50000D-06 

TAU 
6.00000D• 00 
6.00000D• OO 
6.00000DtOO 
6.00000D• OO 
4.00000D• OO 
8.00000D+OO 
2.00000DtOl 
9.00000D+OO 
6.00000D+OO 
2.00000D+Ol 
9.000000• 00 
6.00000D+OO 

*Case A: Loss of solar 480 V bus or 1500 hp motors 
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D.8 POWER SOLAR 2400V BUSES (CONT) 

•1tt1••·········· .. ······••1H1••·· .. ······· .. ··-· ................................................................................. . 
•TREBIL FAULT TREE BUILDING PROGRAH - TREBIL.V6Ll • ···~···· .. ·················· .. ················ ................................................................................... . 

.. 
EL PASO SOLAR REPOHERING NENWt WIIT 1: LOSS OF SOLAR 2'tOOV BUSES 
1t OPERATING HODE 
EtllOPH 
• RATES 

COI-IPONEtfT Itl>ICES, ltAtlES, AtlJ FAIL~E RATES (PER IHUU -

TREE INDEX 
l 
2 
J ,. 
5 

' 7 
8 
9 

10 
11 
12 

COIPotlENT NAHE 
SEPS0121 
SEPSOl'tl 
SEPSOlll 
SEPS0151 
SEPSOJll 
SEPSOlll 
SEPS007l 
SEPS0081 
SEPS02'tl 
SEPS009l 
SEPSOlOl 
SEPS0281 

LAHBDAIFAILURE INTENSITY/HR. J 
&.20000D-06 · 
5.20000D-06 
s.200000-0, 
5.20000D-06 
'l.20000D-06 
1.000000-06 
1.30000D-05 
2.50000D-06 
2.50000D-06 
8.00000D-06 
2.50000D-06 
2.50000D-06 

* Case B: Loss of power to heliostat field 

• 

TAU 
9.000000• 00 
9.00000D+OO 
9.00000D+OO 
9.00000D+OO 
'l.00000D tOO 
8.00000D+OO 
2.000000+01 
6.00000D+OO 
6.00000D • OO 
2.000000+01 
6.00000D • OO 
6.00000D+OO 
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• 
T CHOURSI 

o.o 
7.300000000 • 02 
l.460000000+03 
2.19000000D • OJ 
2.92000DOOOtOJ 
].650000000 • 03 
4.JBOOOOOODtOl 
5.11000000D+O:S 
5.6'1000000D tOl 
6.570000000 • 0:S 
7.300000000 • 03 
8.0lOOOOOODtOJ 

• 
SYSTEtl INFORIIATiott-Ul'Pl:M BCUIDS 

D. 8 LOSS OF SOLAR 2400V BUSES 
DIFFEREttTIAL CHARACTERISTICS-lJIPER BOUNDS 

Q H 
o.o 2.070000000-05 
2.51762809D-0lf 2.07008'362D-05 
2.51162809D-O'I 2,07008J62D-05 
2.517626090-0lf 2.07006J62D-05 
2.51762609D-04 2,07006362D-05 
2.51762609D-Olf 2.07006J62D-05 
2.51762809D-04 2.010083620-05 
2.51762809D-04 2.07008362D-05 
2.51762809D-0/J 2.07008162D-05 
2.Sl762809D-04 2.07008362D-05 
2.51762809D-04 2.07008362D-05 
2.51762809D-0lf 2.07008162D-05 

8.760000000+01 2.51762809D-04 2.070083620-05 

T (IIOURSJ 
7.lOOOOOOODtOZ 
l.'16000000D+OJ 
2.19000000D+OJ 
2.92000000D+OJ 
J.65000000Dt0l 
4.38000000D+Ol 
5.llOOOOOODtOl 
5.84000000DtOS 
6.57000000D • Ol 
7.lllOOOOOODtOl 
8.0lOOOOOODtOl 
8.76000000D+OJ 

INTEGRAL CHARACTERISTICS-lJIPER BOUNDS 

HSUH 
l.511130520-02 
J.022291560-02 
4,53345260D-02 
6.011461364D-02 
7.55577469D-02 
9. 066915730-02 
l.05760968D-Ol 
l.20692570D-Ol 
l.360041690-01 
l.511157990-0l 
1.66227'109D-Ol 
l.81339020D-Ol 

••••.ctlNCLUSiott Of OUTPUT FROH KITT-I••••• 

*Case A: Loss of solar 480 V bus or 1500 hp motors 

D.8-5 

FSUi 
1.49995766D-02 
2.977630810-02 
4.4lllJ626D-02 
5.86680661D-02 
7.27896938D-02 
8.6699'17230-02 
1.00400580D-Ol 
l,13896147D-Ol 
l.271892560-0l 
1.40282946D-Ol 
1.5318:1206D-Ol 
l.658839880-0l 

• 
L 

2.070000000-05 
2.07060'192D-05 
2.07060'192D-05 
2,07060'1920-05 
2,070604920-05 
2.07060'192D-05 
2.07060'192D-05 
2.07060492D-05 
2.07060492D-05 
2.07060'1920-0S 
2.07060'192D-05 
2.07060'1920-05 
2.070604920-05 



• 

SYSTEH IHfORHATiotl-lFPER BOUNDS 

D. 8 LOSS OF SOLAR 2400V BUSES (CONT) 
DIFFEREtfTIAL CHARACTERISTICS-UPPER BOUtl>S 

T (H~S) 
o.o 
7.l0000000Dt02 
1.q6000000DtOl 
2.1,0000000+01 
2.92000000Dt03 
3.65000000Dt03 
4.l8000000Dt03 
5. llOOOOOODt 03 
5.840000000+03 
6.570000000+03 
7.300000000• 03 
8.030000000+03 
8.760000000t-03 

T IHOURS) 
7.JOOOOOOODt-02 
l.ll60000000t-OJ 
2.1,0000000+03 
2.,20000000+01 
J.650000000 • 03 
4.38000000D • OJ 
5. llOOOOOODt-03 
5.84000000D+OJ 
6.570000000 • 03 
7.lOOOOOOOOtOl 
8.03000000Dt-03 
8.76000000D• OJ 

Q 
o.o 
2.835540880-0lf 
2.835540880-0ll 
2.8355'l088D-Oll 
2.&355"oaao-oq 
2.81551f088D-04 
2.81554088D-Oq 
2.8155'l0880-04 
2.835540880-04 
z.9355qo880-oq 
2.835540880-04 
2.835540880-0lf 
2.8Js5qoaao-04 

H 
2.JqQ000000-05 
2.1qooas100-05 
2.31f0085700-05 
2.34008570D-05 
2.340085700-05 
2.340085700-05 
2.340085700-05 
2.3'60085700-05 
2.34008570D-05 
2.3'6008570D-05 
2.340085700-05 
2.340085700-05 
2.340085700-05 

INTEGRAL CHARACTERISTICS-U1PER BOUtlDS 

tfSUH 
l.708231280-02 
J.416493850-02 
5.12475641D-02 
6.83301897D-02 
8.541281540-02 
l.02'6954q10-01 
1.19578067D-Ol 
1.16660692D-Ol 
l.517433180-01 
1.1oa2594qo-01 
1.87908569D-Ol 
2.049911950-01 

HHt1CotlCLUSION OF OUTPUT FROlt KITT-lHHA 

FSUH 
l.'9396189D-02 
J.359493070-02 
4.99680631D-02 
6.60637968D-02 
8.18868316D-02 
9.74417877D-02 
l.12733207D-Ol 
l.27765554D-Ol 
1.42543219D-Ol 
1.57070516D-Ol 
1. 71351687D-Ol 
l.853909020-01 

*Case B: Loss of power to heliostat field 

D.8-6 

• 

L 
2.34000000D-05 
2.340749430-05 
2.34074943D-05 
2.340749410-05 
2.34074943D-05 
2.3't0749'l3D-05 
2.3't074943D-05 
2.340749430-05 
2.340749430-05 
2.340749430-05 
2.3't074943D-05 
2.340749430-05 
2.340749430-05 

• 



• • • D. 9 POWER SOLAR 115-2. 4KJ POWER LINE 

IIIIIIIIIIIIMlilillllll*IIMlillM~ijMIIMMIIIIMIIMMMM*MIIMM•ll**••··••*••·······························································•1••··••*••····•··· FTSK COIIPOllEIIT COMPOtlftlT AIIO METHOD OF EFFECT ON SYSTEH OTHER REIIARt<:J 
IDENTIFIER FAILURE IIODE FAILURE DETECTION 

******** ••••••••• 
SEPS2-B EPSlOOll 

SEPS2-C EPS200ll 

SEPSZ-A EPSlOOll 

SEPS2-B EPS10021 

SEPS2-C EPS2002l 

SEP52-D EPSlOOll 

SEPS2-C EPS200ll 

SEPS2-D EPS10041 

SfPS2-C EPS2ooq1 

SEPS2-D EPS10051 

SEPS2-C EPS20051 

•t1llillillllMlllltlllllMa• 

LOSS Of GRID FEED 
TO 
•1AIN XFIIR tfO, 1 

LOSS Of GRID FEED 
TO RES. STA. 
SERV. KfllR 

LOSS OF 
POIIER SUPPLY 
TO SOLAR PLANT 
FROH GRID 

115-2,q t<V 
tlAIN XFMR tlO. l 
FAILS 

115-2.4 KV 
RES. STA. 
SERV. XftlR FAILS 

INCOMING LINE l 
DISCONNECTOR 
FAILS OPW 

RES. STA. 
SERV. XFIIR 
DISCOtltlECTOR 
FAILS OP Eli 

SOLAR 
AUX XfllR NO. l 
FAILS 

ItlCOIIIlfG LlflE 2 
DISCOIINECTOR 
FAILS OPEN 

INCOHIIIG LitlE 1 
CIRCUIT BREAl{ER 
FAILS TO 
REIIAitl CLOSEO 

INCOI-IING LitfE 2 
CIRCUIT BREAHER 
FAILS TO CLOSE 
011 DEMAND 

········••11••······•-11•• ............................................................. . 
ANNUNCIATED IN LOSS OF POHER SOURCE 1 CATEGORY C 
CONTROL ROOH REDUliDANCY PROVIDED 

BY BACl<UP SOURCE 2 

AfllillflCIATED IH LOSS OF BACKUP POHER SOURCE 2 CATEGORY C 
CONTROL ROOM BACKUP POliER SUPPLY 

ANtlUtlCIATED IN LOSS OF SOLAR 115-2,4 KV POHER LINE •••SINGLE FAILURE•1ttt 
CONTROL ROOH CATEGORY A 

SOLAR PLANT SltUTDOH 

AHNUtlCIATED IN LOSS OF POHER SOURCE 1 CATEGORY C 
CONTROL ROOH FAST TRANSFER TO 

PotlER SOURCE 2 

ANNUHCIATED IN LOSS OF BACHUP POHER SOURCE 2 CATEGORY C 
CONTROL ROOM BACKUP POHER SUPPLY 

ANNUNCIATED IN LOSS OF POHER SOURCE l CATEGORY C 
CONTROL RODI-I FAST TRANSFER TO 

POHER SOURCE 2 

Af-lflllNCIATED IN LOSS OF BACKUP POHER SOURCE 2 CATEGORY C 
COrtTROL ROOlt BACHUP POHER SUPPLY 

AtltrutfCIATED IN LOSS OF PDHER SOURCE 1 CATEGORY C 
CONTROL ROOII FAST TRANSFER TO 

POHER SOURCE 2 

ANfM-ICIATED IN LOSS OF BACKUP POHER SOURCE 2 CATEGORY C 
COtlTROL ROOl-1 BACKUP POHER SUPPLY 

ANtrutlCIATED IN LOSS Of POHER SOURCE 1 CATEGORY C 
CONTROL ROotl FAST TRANSFER TO 

POIIER SOURCE 2 

ANlrutfCIATED IN LOSS Of BACKUP POHER SOURCE 2 CATEGORY C 
COtlTROL ROOII REQUIRED IF POliER 

SOURCE l UtlAVAILABLE 

,----i --- r I !FAILURE HODES Atm EFFECTS ANALYSIS 
I I__ I __ I I__ i __ l SOLAR 115-2,4 KV POHER LINE 
141 __ 111_121 __ 111 __ , 
I I I I I I I I I FHEA-SEPS21 SH l 
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D.9 POWER SOLAR 115-2.4KJ POWER LINE (CONT) 

··························································································--·······························Jtil······· FTSK COIIPOtlENT COl·IPotlENT AflO HEmoo OF EFFECT ON SYSTEH OTHl;R REIIAAl<S 
IDENTIFIER FAILURE HOOE FAILURE DETECTION 

•••••••• ••••••••• • ••••••••••••••• 
SEP52-B EPS10061 UtlIT l GENERATOR 

FAILS 

SEPS2-C EPS2006l IIICOIIING LINE 2 
BREAKER RELAYS 
FAIL 

SEPS2-D EPS10071 ItlCOHING LINE l 
BREAl<ER RELAYS 
FAIL 

SEP52-B EPS10081 NORI-I. STA. 
SERV JCFHR 
DISCotltlECTOR 
FAILS OPEN 

SEPS2-B EPS1009l NORI-I. STA. 
SERV. XFl·IR FAILS 

SEPS2-B EPSlOlOl UflIT l 2400V BUS 
SHORT CIRCUIT 

SEPS2-B EPSlOlll HORH. STA. 

• 

SERV. XFHR 
BREAKER OPEN 
OR RELAYS FAIL 

. .................................................................................... . 
ANNUHCIATED IN LOSS OF POHER SOURCE l CATEGORY C 
COIITROL RODI-I FAST TRArlSFER TO 

POHER SOURCE 2 

ArlHUtlCIATED IN LOSS OF BACHUP POHER SOURCE 2 CATEGORY C 
CotlTAOL ROOH REQUIRED IF POHER 

SOURCE l UIIAVAILABLE 

AtltlUHCIATED IN LOSS OF POHER SOURCE l CATEGORY C 
CONTROL ROOH . FAST TRArlSfER TO 

POHER SOURCE 2 

AtltlUHCIATED IH LOSS Of PDHER SOURCE l CATEGORY C 
CONTROL ROOH FAST TRANSFER TO 

POHER SOURCE 2 

AtltlUHCIATED IN LOSS OF POHER SOURCE l CATEGORY C 
CONTROL ROOM FAST TRAtlSFEA TO 

POliEA SOURCE 2 

AritlUNCIATEO IN LOSS Of POHER SOURCE l CATEGORY C 
CONTROL ROOH FAST TRArlSFER TO 

POIIER SOURCE 2 

AtltlUHCIATED IN LOSS OF POHER SOURCE l CATEGORY C 
CotlTAOL ROOH FAST TAAtlSFER TO 

POHER SOURCE 2 

I . . r I I I FAILURE HODES Arm EFFECTS ANALYSIS 
I I __ I I __ I I__ I __ I SOLAR 115-2.4 KV POHEA LINE 
141 __ 111 __ 121 __ 111 __ 1 
I I I I I I I I I fllEA-SEPS2l Sit 2 
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• • 
D.9 POWER SOLAR 115-2.4KJ POWER LINE (CONT) 

.:•••••••••a•••n•••••H••••••· .. ••••• .. • .... •••H•~ .. •••• .. -••• .. •------••-•-•HtlffilHIHHl• .. •-••-•u•••••IHHHlu••n 
•TREBIL fAll..T TREE BUILDING PHOGRAH - TREBIL.V6L1 • 
.............................. u ............................................................................................ ...... 

EL PASO SOLAR REPOHERIHG tlEHHAft lliIT 1: LOSS Df SOLAR 115-2.4 KV POliER LitlE 
• OPERATitlG MODE 
EtlDOPII 
• RATES 

COHPONEtff Itl>ICESo NAMESo AtlJ FAntME RATES (PER HOURI -

TREE INDEX 
l 
2 
l 
4 
5 
6 
l 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 

COI-FONEIIT IW1E 
EPS2002l 
EPS2003l 
EPS20051 
EPS20061 
EPS1003l 
EPS1004l 
EPS10051 
EPS10071 
EPS10081 
EPS10091 
EPS10101 
EPS101ll 
EPS200ll 
EPS20041 
EPSlOOll 
EPS1002l 
EPS1006l 
EFSJOOll 

LAHUOAlfAntME INTENSITY/HR.) 
1.000000-0s 
1.000000-os 
1.000000-06 
4.200000-06 
1.000000-0s 
1.00000D-OS 
1.000000-0, 
11.200000-06 
1.000000-os 
1.000000-0s 
l.JOOOOD-05 
5.20000D-06 
:s.sooooo-os 
1.000000-os 
J.50000D-05 
1.000000-os 
2.85000D-05 
1.79000D-OS 

TAU 
6.000000• 01 
a.000000+00 
I.OOOODD+OO 
4.00000D• 00 
a.000000+00 
6.00000D• Ol 
a.000000+00 
4.00000D• OO 
a.000000+00 
6.000000 • 01 
2.000000+01 
9.00000DtOO 
8.00000D+OO 
8.000000+00 
8.00000D+OO 
6.00000D+Ol 
S.00000D • Ol 
4.000000+00 
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SYSTEH INFOIUIATIOtl-ll'PER BOlH>S 

D. 9 LOSS OF 115-2. 4KJ POWER LINE 

T IHDURSJ 
D,O 
l.JOOOOODOD• D2 
l,q6000DOOD• OJ 
2.19000000D• OJ 
2.120000000• 03 
J,650000000• 03 
4,380000000 • 03 
S.11000000D• OJ 
&.84000000Dt0:S 
6,57000000D• Ol 
l.30000000D • OJ 
8.0JOOOOOODtO:S 
8,76000000D • OJ 

T IHDURSJ 
l.JOOOOOOOD• 02 
l,116000000D+OJ 
2,19000000D+OJ 
Z.92000000D+Ol 
J.65000000Dt0l 
4,38000000D • OJ 
s. uooooooo+OJ 
5.8"000000D • OJ 
6.57000000Dt0l 
7.30000000D+Ol 
8,0l000000Dt03 
8.76000000D• OJ 

DIFFERaiflAL CHARACTERISTICS..IJPPER BOlH>S 

Q 
o.o 
l,58fllf8585D-05 
1.saqqasaso-os 
l,58'l'l8585D-05 
l,58'l'l8585D-05 
l,581fq8585D-OS 
7.saqqasaso-os 
7.58'l48585D-05 
7.584'l8585D-05 
1.saqqasaso-os 
1.saqqasaso-os 
l,5811485850-05 
7.li84'l8585D-OS 

H 
l,790000000-05 
l,832'161150-05 
l,832'161150-05 
l,83H6115D-05 
l,832'161150-05 
1,832'161150-05 
1.832'161150-05 
1.832'161150-05 
l,8J2'16115D-05 
l.832'161150-05 
l,8321161150-05 
1,832'161150-05 
l,832461150-05 

INTEGRAL CHARACTERISTltS-lllPER DCUIDS 

IISlM 
l.JZ219832D-02 
2.65989"96D-02 
J.99759160D-02 
5.:SJ5288211D-02 
6.67298"880-02 
8.010681520-02 

. 9 .34837816D-02 
1.068607480-01 
1.202317140-0l 
1.3361'1681D-01 
l.116991647D-Ol 
l.60l6861"D-Ol 

HIHIIICOHCLUSION OF OUTPUT FRCII KlTT-l11t1H• 
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FS\11 
l,:Sl:S545711D-OZ 
2.62497953D-02 
:S.91898581D-02 
S.19579619D-OZ 
6,45563916D-02 
l,698711022D-02 
8.92532181lD-02 
l.Oll560l5D-Ol 
l.ll298019D-01 
l.250813080-0l 
1.36108009D-Ol 
1.48180204D-Ol 

L 
l,79080000D-05 
1,8326001'1D-05 
l,8l2600l'lD-05 
1,8326001'1D-05 
l.8l2600lf1D-05 
l,832600111D-05 
l.832600111D-05 
l,83260014D-05 
l,832600140-05 
1.a1Hoo1qo-os 
l,832600liiD-05 
l,812600lqD-05 
l,832600l'lD-05 
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APPENDIX E 

DETAILS OF FOSSIL AND SOLAR SIMULATION MODELS 

E.l OBJECTIVE 

The objectives of this report are to describe the fossil and 
solar simulation models and to present the detailed results from 
these simulation models. 

E.2 OVERVIEW 

This report documents the support information and data for the 
Solar/Fossil System Transient Analysis described in Section 4.5.2 
of the report. A summary of results is presented in 
Section 4.5.2.3. Section E.3 presents a description of the 
fossil simulation model and the comparisons of model predictions 
and test data. Section E.4 presents a description of the solar 
simulation model and a graphic representation of the predictions. 

All of the simulation models were programmed in the ACSL 
language, a FORTRAN-based simulation language (Reference 1). The 
programs were run on an IBM 4341 in the interactive mode (VM-CMS 
operating system). The run times for the models are as follows: 

1. Fossil system model, approximately 4 simulated seconds 
per CPU second. 

2. Solar system model approximately 2 simulated seconds per 
CPU second. 

E.3 FOSSIL SYSTEM SIMULATION 

E.3.1 Fossil Simulation Model 

The fossil system simulation was derived from a previous 
simulation model of a bark burning boiler system performed by 
SWEC. 

The fossil system simulation includes models of the fossil 
boiler, feed pump system, and attemporation system. The 
component models included in the fossil system representation are 
the following: 

• Combustion model 
• Superheater 
• Radiant evaporator 
• Economizer 
• Air preheater 
• Steam drum 
• Down comer 
• Riser 
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Feed pump system 
Controls 

A block diagram of the fossil boiler air/gas path is presented in 
Figure E.3-1. The models used in the feedwater system, boiler 
water/steam path, and reheater are illustrated in block diagram 
form in Figures E.3-2 through E.3-4. These component models had 
been fully developed by SWEC for prior simulation activities with 
exception of the radiant evaporator. 

A brief description of each of the component models is presented 
as follows: 

1. Combustion Model - This is an algebraic model utilizing 
fuel and air inlet flow and temperature to determine the 
theoretical combustion temperature and oxygen level of 
the exhaust gas. 

2. Superheater The steam and flue g~s temperatures 
leaving the superheater are evaluated 1n this model. 
The rate of change of steam outlet temperature is 
related to the exhaust gas flow and inlet temperature, 
steam flow and inlet temperature, overall heat transfer 
coefficient, and surface area. 

3. Radiant Evaporator This is a one-dimensional nodal 
model which divides the radiant evaporator length into 
small sections. The heat transfer to each section is 
determined sequentially using the gas inlet temperature, 
section surface area, and radiant heat transfer 
coefficient. The effect of changing the burner pattern 
is modeled by changing the length of the radiant 
evaporator. This length is currently determined by the 
weighted mean distance from the operating burners to the 
superheater. 

4. Economizer This model is basically structured in the 
same manner as the superheater model. The outputs are 
water and flue gas outlet temperatures. 

5. Air Preheater - Outlet air and flue gas temperatures are 
determined differentially. Heat transfer is governed by 
air and gas flows raised to the 0.6 power. 

6. Steam Drum Model - The steam drum model is the center of 
the steam/water side representation. This model 
evaluates the drum pressure and the corresponding 
saturation properties, drum level, drum water 
subcooling, primary superheater outlet pressure, and 
total steam production rate. This model feeds data to 
the downcomer and riser models to evaluate circulation 
flow and quality. 
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In the first sequence of calculations, the heat input to 
steam generation is evaluated accounting for feedwater 
and drum subcooling and steam condensation within the 
drum. Based on the heat input to steam generation and 
the steam outflow from the boiler, the boiler drum 
pressure and superheater outlet pressure are evaluated. 

The subcooling level (liquid enthalpy) of the steam drum 
is calculated based on an energy balance of the water 
within the drum. Flashing of drum water is predicted, 
if drum pressure falls while the drum water is at 
saturation. The drum water subcooling is input to the 
downcomer model to evaluate flashing in the downcomer 
and the overall natural circulation flow of the drum/ 
downcomer/riser circuit. 

Level of water in the steam drum is the final 
calculation. The level is determined from the mass of 
water in the drum and the liquid density. A constant is 
used to represent volume per unit level change, and this 
is fairly representative over the level control range in 
the boiler. Drum level swell due to steam flashing 
within the steam drum is neglected, since its impact is 
typically very minor •. Flashing and steaming in the 
risers have the largest impact on drum level swell . 

Downcomer - The downcomer model was developed to predict 
the impact on natural and forced circulation of flashing 
of the downcomer water. Using the DELAY routine 
(Reference 1, ACSL), the enthalpy of drum water is 
transported through the downcomer. The pressure is 
evaluated at the base of the downcomer accounting for 
elevation head and friction. The steam quality and 
density of the fluid at the base of the downcomer is 
then determined from the enthalpy and pressure. The 
average downcomer density is determined as the average 
of the inlet and base downcomer densities. 

Riser The riser model makes use of the continuity of 
mass, energy, and momentum equations to determine the 
inlet and outlet mass flow rates and outlet steam 
quality. The rate of change of inlet flow is calculated 
based on the momentum equation, and the outlet flow is 
determined from the continuity of mass and energy 
equations. 

One aspect of the riser model is the use of the 
homogeneous two-phase flow equations for friction 
calculations. To verify this approach, it was compared 
with the Martinelli-Nelson correlation. Due to the 
favorable comparison and the simplicity of the approach, 
it is used in the riser section . 
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The model is configured to accept a pump by inputting a • 
pump head flow function. This allows the model to 
handle both natural and forced circulation and, thereby, 
makes it more general. 

9. Feedpump System - Feedwater flow is determined based on 
the manufacturer's pump map and the calculated pressure 
rise across the pump. A deaerator pressure model, pump 
suction line, pump discharge line, and control valve 
models are included to determine pressures and flows in 
the feedwater line. Pressures at the superheat and 
reheat attemperator feed lines are predicted. The flows 
through the attemperator lines are evaluated based on 
the pressure drop across the lines, the line 
resistances, and valve positions. 

10. Controls There are four control loops represented in 
the simulation model: the combustion control, feedwater 
control, superheat temperature control, and reheat 
temperature control. The combustion control is based on 
turbine inlet pressure with a feed forward from steam 
flow and regulates fuel and air flow. Feedwater is 
regulated by a 3-element control (steam flow, feedwater 
flow, and drum level). Superheat temperature control 
has superheat outlet temperature as its primary input 
with feed forward signals from the superheat 
attemperator outlet temperature and air flow. Reheat • 
temperature control is based on reheat outlet 
temperature with a feed forward from steam flow. 

The Newman Unit 1 has symmetrical "north/south" primary and 
secondary superheaters and reheaters. Since the heat flux 
loadings to the north and south sides appear to be equivalent for 
symmetric burner patterns, the fossil simulation model represents 
a single primary superheater, secondary superheater, and reheater 
representing the total heat transfer area of the north and south 
sides. It is noteworthy that during transient testing and 
observed normal operation, EPE operators maintained symmetric 
burner patterns with the exception of the burner sequence test, 
where burner patterns were intentionally varied. 

E.3.2 Fossil Simulation Comparisons with Test Data 

A series of transient tests were conducted on Newman Unit 1 and 
are described in Section E.5. To test the validity of the fossil 
simulation model, comparisons were made with a step change test, 
Test lB, a step change of 15 percent to half load. Initially the 
comparisons were not favorable. Upon further investigation the 
model was found to be deficient in certain areas and the 
following changes were made: 

1. A steam flow feed forward to the combustion control had 
been retrofitted to the unit and was added to the model. 
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2. 

3. 

A manual fuel/air ratio bias control was added to the 
model and calibrated according to the plant circular day 
chart recordings of oxygen level. 

The capacitance 
associated with 
model. 

effect for the large mass of metal 
the evaporator was included in the 

4. The plant drum pressure reading which was indicating a 
very large superheater pressure drop was reduced to more 
closely reflect expected values. 

With these changes the model was again compared to the test data. 
Steam flow test data was the driving function for the simulation 
model. The resulting comparisons are highly favorable and are 
illustrated in Figures E.3-5 through E.3-12. 

The first figure (E.3-5) illustrates the driving function (steam 
flow) and the comparisons between drum level and feedwater flow 
predictions and data. Since drum level upsets are primarily 
determined by transient two-phase flow variations in the riser 
section, this close agreement is a strong verification of the 
downcomer, riser, and drum circuit models. 

Turbine inlet pressure along with fuel and air flow are 
illustrated in Figure E.3-6. To obtain reasonable agreement with 
the superheat and reheat temperature data, it was crucial to 
properly predict the turbine inlet pressure profile. The 
relatively small variation in turbine inlet pressure for such a 
large change in steam flow was a key in determining that the drum 
pressure data was about 50 psi high. 

The slow recovery of turbine inlet pressure is an indication of 
the slow response of the combustion controls. This slow response 
apparently results in superheater temperature transients 
presented in Figure E.3-7. At approximately 60 seconds, steam 
flow is rapidly reduced. However, fuel and air flow decrease at 
a much slower rate. The short-term effect is to have more energy 
available to the superheater than the steam flow can remove, 
resulting in an increase in superheat steam temperature. Then 
fuel and air flow undershoot the steady state value, causing 
steam temperatures to drop. On the fuel/air upswing, 
temperatures rise. This case illustrates the tight coupling 
between superheat temperatures and the combustion control. 

The predictions of superheat temperature and attemperator valve 
position were initialized according to the average of east and 
west side conditions and agree very well with the time average 
data. 

Figure E.3-8 presents the comparisons of reheat temperature 
predictions and data. The reheat attemperator block valves were 
closed so reheat attemperator temperature reflects cold reheat 
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temperature. Note how this temperature drops. This drop is 
associated with the throttling action of the governor valves. 
This temperature profile was input to the fossil simulation model 
for lack of a turbine stage temperature model. 

The air preheater flue and air gas temperature comparisons are 
illustrated in the next figure {Figure E.3-9). It appears the 
plant temperature measurement has a much longer time constant 
than the data. 

To make comparisons with the predicted primary superheater outlet 
temperature, the metal temperature data from the primary to 
secondary superheater cross-over was used. The variations in 
temperature are significantly larger than the predictions; 
however, the attemperator outlet temperatures are very close. It 
may be possible that the cross-over temperature dropped more due 
to the reduction in steam to wall heat transfer and high heat 
losses. 

The percentage of oxygen in the flue gas is illustrated in the 
next figure, E.3-11. The oxygen sensor data acquired during 
testing was not sufficiently amplified to obtain good resolution. 
To obtain a comparison, oxygen data was taken form the 24-hour 
circular day chart. Time resolution was difficult, but the 
interpreted data is presented. The manual excess air control 
bias input to the model was based on an average value over the 
2-day test period. The difference may be a result of operator 
adjustments. Such adjustments were often observed during the 
test period. 

The last figure, E.3-12, illustrates pump suction and discharge 
pressure comparisons. In the fossil simulation model, both pumps 
are assumed to perform identically. During the test the measured 
discharge pressure of Pump A was considerably less than 
B (200 psi). Pump A performance limited testing at full load. 

The overall agreement of the model with the test data is very 
good. However, further comparisons with other tests should be 
conducted to ensure validity over the entire operating range. 

E.4 SOLAR SYSTEM SIMULATION 

E.4.1 Solar Simulation Model 

The solar system simulation program was developed to stand alone, 
i.e., without the fossil program. With this approach the 
programs have been structured for smooth integration when the two 
models are required for a total solar/fossil plant simulation. 
Wherever possible, the programs share the same component models. 

The solar 
receiver, 
reheater, 

system simulation model includes models of the solar 
attemperation system, bias valve system, external 
turbine, piping, and controls. The component models 
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included in the solar system simulation program are briefly 
described as follows: 

1. Solar superheater - A differential model which evaluates 
outlet steam temperature and average metal surface 
temperature based on input flux (total flux less 
reflected). Radiant and convective heat losses are 
based on the calculated average metal surface 
temperature. 

2. Solar evaporator An algebraic model determining net 
heat input by subtracting calculated radian± and 
convective losses from the input flux. 

3. Solar economizer It is the same as the superheater 
model evaluating water outlet temperature and average 
metal surface temperature. 

4. Reheater This model is the same as the air preheater 
model (fossil system). 

s. Steam drum, downcomer, and riser models are the same 
models used in the fossil system. 

6. Biasing valve flow - The biasing valve was modeled as an 
orifice with linearly variable area. The steam flow was 
calculated according to the perfect gas relationship for 
orifice flow. This model effectively represents the 
dynamic characteristics of biasing valve flow control. 

7. Attemperator flow Since attemperator valve data and 
solar feedwater hydraulic data were not available, 
attemperator flow was modeled to linearly vary with 
control valve position. 

8. Turbine - The turbine governor valve was represented by 
a variable orifice model similar to the biasing valves. 
Turbine power was determined from inlet steam properties 
assuming constant efficiency. 

9. Feedwater flow - For lack of feedwater system hydraulic 
data, feedwater flow was assumed to vary linearly with 
valve position. 

10. The controls for the receiver subsystem are described in 
detail in Section 5.3. 

An overview of the solar system simulation is illustrated in 
block diagram form in Figure E.4-1. The solar simulation model 
of the receiver represents both east and west sides, which are 
symmetrical. Each panel type on a given side of the boiler is 
represented by one component model. The correspondence between 
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component models and number of panels of this type on a given 
side is as follows: 

1. One economizer - two economizer panels 

2. One evaporator - seven pairs of evaporator sections (one 
per superheater panel) 

3. One PSl (primary superheater 1) - two PSl panels 

4. One PS2 - one PS2 panel 

5. One PS3 - one PS3 panel 

6. One FSl (final superheat er 1) - two FSl panels 

7. One FS2 - one FS2 panel 

This lumping was required to maintain a more manageable program. 
Even with these simplifications, 4 Mbytes of storage were 
required to compile the solar simulation model. 

• 

The lumping of the economizer and evaporator panels appears to 
provide adequate representation of these sections, based on prior 
modeling experience. The lumping of the PSl panels and FSl 
panels removes four biasing valves from the representation. 
However, four biasing valves are left in the model {vs eight in • 
the actual receiver). It is felt that the biasing valve control 
logic can be adequately tested with the four biasing valves 
represented. The predominant east/west division is maintained in 
the model. 

The detailed structure of the solar model is illustrated in block 
diagram form in Figures E.4-2 through E.4-6. These illustrate 
the economizer and evaporator paths, the primary superheat 
thermal and hydraulic representations including biasing valves 
and attemperators, and the final superheat thermal and hydraulic 
models. 

The control logic for the attemperators, drum level, and turbine 
throttle valve are illustrated in Figures E.4-7 through E.4-9. 
The biasing valve control logic is presented in Section 5.3. 

E.4.2 Solar Simulation Results 

The results from three case studies are presented here. Case 1 
and lA represent the response to a fast rectangular cloud 
(20 m/sec), 4800 meters wide, covering the heliostat field from 
west to east and uncovering the field 4 minutes later. The 
primary difference in the cases is the change in biasing valve 
control. In Case 1 the biasing valves are held closed by the 
biasing valve temperature control function even after solar flux • 
is reinitiated. This resulted in a rapid rise in superheater 
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outlet panel temperatures and the model terminated {see 
Figures E.4-10 through E.4-21). 

In Case lA the biasing valve temperature control function was 
removed by setting the gain to zero. The simulation continued to 
its normal termination. These results are illustrated in 
Figures E.4-22 through E.4-33. 

The first two graphs {Figures E.4-22 and E.4-23) illustrate 
primary and final superheater outlet temperature for each stage 
on the east and west sides. In the initial stages of the 
transient these temperatures cool at a rate of 0.5° to 1°C/sec 
{1° to 2°F/sec). At 4 minutes, when the cloud begins to uncover 
the field, panel outlet steam tempe~atures rise at a rate of 
approximately 3°C/sec {5°F/sec) as the cloud clears. Peak 
temperatures are effectively controlled by the attemperator 
system and do not exceed setpoints by more than 28°C {50°F). The 
fast temperature rise may be the limiting aspect of this 
transient for the superheater panels. {Note that the final 
superheat panels are designated "SS" as opposed to "FS" in the 
graphs). 

Figure E.4-24 illustrates reheat and main steam temperatures at 
the turbine. The large thermal capacity of the piping has 
tempered the drop in steam temperatures at the receiver. Main 
steam temperature drops about 22°C {40°F) and reheat temperature 
about 14°C {25°F). 

The effect of biasing valve regulation of steam drum pressure is 
displayed in Figure E.4-25. The turbine is operating in sliding 
pressure and its inlet pressure drops to about 0.7 kPa 
{100 psia). Drum pressure rises rapidly approximately 
0.06 kPa/sec {8 psi/sec), when the cloud clears, which may exceed 
manufacturer's recommendations. 

Turbine power 
Figure E.4-26. 

level and system steam flows are illustrated in 
Note that turbine power is maintained above 2 MW. 

The attemperator flows for the primary and final superheaters are 
illustrated in Figures E.4-27 and E.4-28. At the beginning of 
the transient, attemperator flow increases to the east side as 
available steam flow is dropping and eastern solar flux is still 
at a maximum. Both first and second-stage attemperation are 
required to hold steam outlet temperature when the cloud 
initially clears. These high attemperation rates are required 
because steam flow has not yet reached its initial value. 

Biasing valve action is illustrated in Figure E.4-29. The 
primary superheater biasing valves close down to regulate steam 
drum depressurization. The upward valve position spikes are 
caused by high superheater outlet temperature override logic. 
Recall the normal temperature control gain was set to zero to 
allow the biasing valves to reopen when flux was reapplied. 
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Drum level variations are illustrated in Figure E.4-30.· A high • 
drum level condition develops when heat flux is increased 
rapidly. This is followed by a rapid decrease in level as the 
steam drum pressurizes. 

The evaporator circuit flows and qualities are illustrated in 
Figure E.4-31. The prediction of flashing at the pump suction 
for approximately a 60-second duration is also illustrated. 

The last two figures, E.4-32 and E.4-33, illustrate the average 
panel metal temperatures used in the convection and radiation 
heat loss circulations. 

Case 2 represents the predicted 
travelling west to east a 6 m/sec. 
half the area of the collector 
southern edge of the field. 

response to a round cloud 
The cloud area is equal to 

field and moves tangent to the 

The predicted parameters are illustrated in Figures E.4-34 
through E.4-45. These results illustrate the biasing and 
attemperator systems adequately control temperature. Some valve 
cycling is predicted. Drum level control appears adequate as 
well. Refer to the graphical data for more detail. 

E.5 TRANSIENT TEST DATA 

Test data was taken during the week of June 13, 1983. The • 
following seven individual plant transient tests were run: 

1. A step up in power of greater than 10 percent from 40 MW 
followed by a step down back to 40 MW 

2. A burner sequence test at 40 MW changing the burner 
pattern at constant load 

3. A ramp from 40 MW to 80 MW in 10 minutes 

4. A rapid unloading of greater than 10 percent from 80 MW 
followed by a loading back up to 80 MW 

5. A ramp down from 80 MW to 40 MW in 10 minutes 

6. A ramp from 25 MW (minimum load) to 65 MW in 20 minutes 
followed by a ramp down from 65 MW to 25 MW in 20 
minutes 

7. A step down from 36 MW to 25 MW and back up to 36 MW 

A detailed description of test procedures and data analysis has 
been prepared and issued separately, due to its very detailed 
nature. 
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ABSTRACT 

Investi~aciones El~ctricas (Me~-:ico), 

contribution to 

ELECTRIC COMPANY 

NEIJMM·l UN IT 

PRELIMINARY 

1 SOL:-)R 

DESIGN, 

and it represents the 

REF'OWERING, EL PASO 

in collcborction with 

CorP., resronsible of archit~ct/ensineer 

services. El Pc<;;o Electric Co. is the r· r i n,E· contractor t.o the 

DePartament of Encru~ of the United Stut~s Qf America. 

A d~namic mathemctical model is dcveloPed to anal~se time-space 

Performance of suPerheater ranels or tubes of a water/steam 

external solar receiver. 

Model imPlementation in a disital comPuter 

sim1Jl;.:;tion re·:::-ults Presented for 

Model output is comParcd, 

is described and 

t~rical transient 

and 

tr.3nsi2nt state!;, in cas~s where data a1·e available from other 

Participants (Stone & Webster ,Babcock & Wilcox>. Res1Jl ts 

obtained F·rovide information of time-sP3ce 

characteristics Pcrform2nce that comr· l ement~- i nPut-01Jtr,ut 

d~namic data of Stone & W~bster. As a conseauence of this 

results control asPects and control stratcsie~ Ere sutiSested 

for future develo~ments. 



I.INTF:OIIUCTION 

• In a centr2l receiver solar thcrm2l Power Plant, 
;~,4S'[!Tt!T() 

t h e 'Jir5; ~\z:rn1:fc:) \ff S 

comronent can be considered os the boiler of a convent i w,xrfr:: 
fossi 1 Pl ant from the r--o int of vi c-w of conversion f 1·on1 F· r i n1c:ir'::! 

eners~ to th2rm~l the anal~sis of heat 

transfer in a solar receiver reauires more detailed methods and 

m;;: t hem at i c.: ;1 l ruodels to rr~dict th~ Performances than in a 

conventional boiler (1). 

Under normal or--eratin~ conditions onlY in short Periods of time 

the rec2iver will in a steady state, most of the time it 

will be in a transient state. Three kinds of transient 

conditions ma~ be identified, first, is the one corresPondins 

to intrinsic evolution of solar rudiation, second, i~ the 

• random cloud r2ssa~2s affocti11tl incid~nt solar Power and third, 

the daily startup and shutdown of o~cration. 

Mathematical modeling of these transient states is verw usefull 

for the Preliminary and d~tailed en~ine~rin~ desiSri of solar 

rec!::.'ivers. Desidn r~ouir8ments of 

and oPerating conditions make the receiver orie of t.he n,ost 

critic.31 components of solar Power Plants ( 2 ) • Indu~tr!:! 

s t.anda rd:- must tools to 

invastisate Potential oPeration~l and control Problems <1,3). 

The objective of this: stud'..! i<.::. to develor- a m,d-hcmatical model 

of 2- '.::- IJ :0, c r h E:.' .::; t c r ::-· a n :::_, 1 o r t 'J c.1 2 of .a w 3 t re' r / s t •? o ni e :-: t ~ r n a 1 so 1 a r 

• - 1 -



receiver~ such th2t tirue-sPace Perf0r~2nce rn~~ be evaluated 

ChuPtf.'l' II cant-:iins a d:::.,:::,crir--tion of trH.' r-r-obl::>nit a • 
of n,ode l ins and the set of ca ui::lti on s obtained, ComPffifi~KAS 

iffirlem~ntation of this model is Presentvd in chapter III and 

2lso the results obtained bu diSital siffiulation fo1· srecific 

tr~nsien~ st~te situations, 

• 

• 
- 2 -
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II.MATHEMATICAL MODELING OF A SUPERHEATER TUBE • 

II,1.PRDBLEM DESCRIPTION. 

The external water/stesm solar receiver is ir,teSrEted b~ 18 

Panels arran~ed in a partial arc facinj Nor~h. There are 4 

economizer Panels and 14 interlaced boiler/EuPErhtrater panels 

and the~ are simstricallY located around receiver PeriPher~. 

There are three rrimar~ suPerheEter pa~ses and two hiSh 

Pr~ssur8 final suPerheater Passes, 

An~ transient i.e. in solar flux densitY, in steam mass flow 

ratf1 etc. l2ads to different time-srace characteristics of 

absorbin~ Panels. The evaluetion of this chan~e must be 

accoruPlished at least for the hottest Panels uf the receiver 

and for our case this corresponds to the surerheater sections. 

Mathematical modclin~ and simulation of these Phenomena may 

Prevent catastroPhic situations snd rua~ be used to desisn more 

Performant control stratesies. 

rr.2.MODELING REQUIREMENTS. 

The mathematical model will be used to predict tirue-sPace 

characteristics of a sur2rheater tub2 or a Pan2l, disital 

com:=- u t e r s i n, u l at i on s. w i 1 l be a cc om P l i shed • 

Th2 thermoPhssic~l ~ro~erties of thG ~1JP2rheatcr tube or Panel 

2re siven as input data (diameters., le::·nst.rir me:~tal dcnsit.~, 

- 3 -



ther'1112l c:·ur,r.iuc'livit.':::,, ~tc. i. 

urc 
Eimulc:-tion conditions m•Jst be sr·e:-cified i .c. time hi~t~:~\i#,c:;.yl,·~: 

• ., 1 ', ,< ' " ,. , _,, 

th~ inlet 
' ··1 f'. '• -· _,. 

(Pr2s..:;1Jre, temr,erat•Jrf!, ~t2.:.;m flow rate, ~tc.),,>.ffi~'·"· 

the time-space distribution of incident solar heat flux at tube 

or P~nel surface, 

The model must be able to anel~~c an~ transient condition 2t 

one or more of the inPut..:;. Onl~ oPan-looP responses are 

considered, no extr2 control actions are included. 

II.3.MODELING APPROACH. 

Given that the Purpose of the model is not to d~scribe 

microscopic d2tails ocurrin1 at the superheater, but more to 

evaluate the overall Performance of this component i.e. to 

detect bu simulation catastroPhic situations or to redesi~n the 

controllers of temPerature, some. assumPtions can be made. 

Fluid flow and heat transf\a!r Ph:,momenu .3re, in their most 

seneral form, soverned b~ a sYstem of time-sPace Pa~ti~l 

differential eGuations (4). In ~eneral it is a formidable task 

and, may be imPossible, to find a closed solution for this 

S'alstem. Still numerical solutions for time varYin~ three 

dimensional case involve computer time and cost that would be 

Prohibitive. In !leneral th:? two PririciP.31 methodolo!:!ies of 

anal~sis i.e. distributed and lumped Parameters models ( 3) 

w i th d i f f ~ rent d :? g r C? cs o f com:-:-· 1 C'! :-: i t •..-: ;_n e the mot. t common l 'al 

- 4 -
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IJ:.-eO, 

C In lumped F·aran;eterE models, the s\Jstem to anal!:lt.E' iE _,,fi~IJ~.~'.~) _ 
)1-S 1 :t:r1\UU\Jb 

in a finit:::i r,rJmber of sections, the n1J111ber of which dei:-enij.:fj:;IflKAS 

on the reouired accuracw. The sPace dePendenc~ is represented 

bs this section~, and therefor~ the model is simPlified to a 

set of ordinar~ non linear differential eGuations with time as 

indePend8t vari~ble and with the order d~fined b~ the number of 

section=-, 

Distributed PararueterE models involve the sol1Jtion of 

time-space rartial differential eauations usins well-known 

aPProaches over the space dePendencw i.e. finitE' difference 

methods (5), time intesration is accomPlished after this. 

0 Given that the model will be built to Predict the Performance 

of a sin~le superheat.er tuba, some simPlifications are Possible 

set.tins still a Sood accuracy, Tube dimensions 

external diameter of 1,125 inch, wall thickness in the order of 

0.237 inch, Sives the possibility of conEiderinS the radial and 

circumferentiol temperatures effects· in a sintlle averase 

t. em i:· e r a t. u r e • In other words for a sr-ecific sectior, of the t•Jbe 

it can be assuru2d that the differenc~s between temperatures 

alons the radial 2nd circumferential directions are 

considGrable. 

I t ha s be e r, sh ow r, t. h ,d. t. h e h i,w o t. hes e of co n s i de r i n !:l the 

Performance of a sin~le tube ~s representative of the whole 

0 
- 5 -



di:; tr i but i a r1 ( t.) • In our case this is not 3 rc::>strictior,N~ trbro 
is Possible to ~-Pee if!:.! t. hE- s.olar fl •J:-: di stti'{!i?,J~q,i9p~tS 

UECHliC 
corresPondind to each tube to be ~nal~sed. 

Most of Published d!:.!namic rnodf:'ls for fossil boilers or solar 

receivers onlu consi~er one dimensional case with time as 

independent variable. Heat transfer studies made for Barstow's 

solar one rec2iver comPonc::>nt utilize a ruo~el with the followins 

Principal characteristics: Lumped Parameter arProach, a tube 

as representative of the Parforruance of the whole Panel, three 

sections of anal~sis (subcooled, saturated an surerheated 

sections), on2 Point at each section reflect.ins the averase 

performance (1,6,7). 

A sodium cooled receiver for Almeria ~ilot Plant, has also b~en 

anal~sed with time-axial distribution of temPeratures alons the 

sodium Pii=-es, ~-eeminsl~ 1Jsins a distributed r-arEmeter 

methodol o!:1·~. Heat transfer between nodes due to radiation, 

convection, conduction and mass flow has been evaluated with a 

computer Prodram which solves the heat co~duction eGuation for 

stead!:.! state and trsnsient conditions (8). 

For the French solar thermal Pilot Power Plant the simulation 

studies for the receiver were made with a lumred Psrameter 

methodoloj~, the receiver is divided in zones Modelin!:! 

includes calculation of metal mean tf:'mPerature and molten salt 

temperature 2t th~ outP•Jt of each zone and also a more accurate 

- 6 -
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~valu2tion of the Performance al two Points~ the more exr 

c::n d th 2 ho t t es l , o 1J tr-· u t .:it 

internal metal temperatures, 

this r--oints are: cxtern°iNSTr't01o DE 

and molten salt. tcmF-erat•J~VEfi!P.ACIOI\M:S 
. HECTAICti.S 

Ther12 are man~ d\Jn.:smic anal<Jsis reported for conventional 

boiler S\:jstems, we havt' mentibnned onl~ those concernin~ solar 

rec2ivC?rs. FroID the above discussions we mau conclude the 

followins. 

A dynamic model for the one dimensional case (a~•:ial 

distrib1Jtion), furnishes desired information about the 

Performance of the suPerheater tube. 

For this casE a lumPed Parameter approach Sives more 

vers:,atilit\:j. If onl\:j the output of the suPerheater tube or 

Pan2l is of interest this can be easily imPlemented and 

this is not Possible to do wtth the distributed Parameter 

methodoloS1;:1. 

A detailed axial distribution dunamic evaluation of 

ProPerties alons the tube can also be done (that is our 

The same level of accuracB than distributed 

Parametsrs approach can be obtained by var~inj the number 

of sections to analyse. 

II.4,MODEL DESCRIPTION • 

- 7 -



Devel • Pment cf the model is bcsed on the 

consideration~: 

The SUPerheEter(SH) tube is divided in N volumes (Fi~ure 

1), alona the axis there i~ an incident solar flux density 

Profile, its distribution is time dependent. 

Tube~ are Joint2d b~ a WDb to form a Panel, incident power 

alons the tube is obtained frorn solar Power density 

multiPli~d b~ the ProJected area of the tube Plus the 

exposed area of the web. In this wa~ conduction he~t 

transfer between the tube and web will be aPProximated. No 

conduction model of this comPoner1ts will be included. 

II.4.1.HODEL EQUATIONS. 

II.4.1.1.HYPOTHESES. 

In additjon to a lumPed Parameter methodolo~~ the followins 

assumrtions are rnade: (1,10,11,12). 

Fluid Properties at any siven cross section are uniform. 

Axial and lateral conduction alona the tube is not 

considered. 

- 8 -
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Fig. 1 Schenatic tion of th e superheater tube. representa . 

• 
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Uniform metal Properties (thermal 

etc.). 

Thermod~namic eauetions and simF·l i fied steam 

ProPerti~s fits will be us~d to obtain the thernrod~namic 

Properties reauired. 

Radiative interchsnse between adJacent tubes 

incl tJded. 

Las time associated to mass transport is 

compared to ~tate variables time constant. 

i~ not 

nesili!lible 

I nte rna l ene r£'::.I i !::- a PP ro:-:i mated b!:.! the er,thal P~, the 

contrib•Jtion of the term Pres~rJre mrJltiPlied by specific 

volrJme is 

comP l e:-:i tY 

aCCIJT'aCY. 

neslected. 

is redrJced 

In this 

wi tho1J{ 

wa~, ener£Y eauation 

~itlnificative loss of 

Pressure drop includes onlY fric\ion End SravitY losses, 

momentum losses are neslected. 

II.4.1.2.CONTINUITY EQUATION. 

Mass conservation Principle Sives: 

[RATE OF CHANGE OF STORED MASSJ = [RATE OF Mnss INFLUXJ 

- CRATE OF M~SS EFFLUXJ 

- 10 -
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For v fluid flow throu~h a lumPed comPonent, the eGuation 

• reduced to the form: 

• 

• 

Vdpa/dt=Wi-Wo 

WhE!re: 

V = Fl•Jid volume 

Wi - Inlet mass flow 

Wo -· O•Jt 1 et n,ass fl ow 

pa= Avera~e densit~ 

rr.4.1.3.ENERGY CONSERVATION EQUATION • 

CRATE OF CHANGE OF STOREtl ENERGYJ ·= CRATE OF ENERGY INFLUXJ 

- CR~TE OF ENERGY EFFLUX] 

t CRATE OF HEAT INPUTJ 

- CRATE OF WORK OUPUTJ 

For a lumP~d component: 

V d(paha)/dt=Wihi - Woho + Q - W ( 2) 

Where: 

hi - Inlet enthalP~ 

- 11 -



ho - Outlet enthalP~ 

ha= AveraSE enthzlP~ 

Q = Heat inPut 

W = Work done, zero in our case 

II.4.1.4.DYNAHIC EQUATION FOR METAL ENERGY STORAGE 

CRATE OF CHANGE OF STORED ENERGYJ - [RATE OF ENERGY INPUTJ 

- CRATE OF ENERGY OUTPUT] 

VmCPmpm dTma/dt~ Qi - Qo (3) 

Where: 

Vm = Metal volume 

CPm~ M~tal specific heat 

pm= Metal densit~ 

Tma~ Metal avera~e temperature 

Qi= Heat rate absorbed b~ the metal 

Qo -· Convective heat transfer rate to coolins fluid 

II.4.1.5.MOMENTUM EQUATION. 

Momentum conservation is expressed in terms of the followin~ 

relationshiPt 
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• 

[RATE OF CHANGE OF STORED MOMENTUM]~ [RnTE OF MOMENTUM INFL 

- [Rr-iTE OF MOMENTUM EFFi~-H¥tJro DE 

t [NET FORCE APPLIED] ,TIGAGIONES 
ElECTRKAS 

F o r i3 f l tJ i d f l o 1-1 , n e !l l e ct i r, s i r1 ~ rt i a t e r m s , we have : 

Pi - Po"" KFW 2 /pc: t Lpas 

KF.,.,f r·iL/2soAi 

Where: 

Pi = Inlet Pressure 

Po~ Outlt?t Pressure 

ri = Internal radius 

Ai •· Int.t?rnal ;:3rea 

so = 32,16lbm/lbf ft/sec 

f = Friction f(jctor 

w = Mass flow rate 

L = Tube 12nsth 

s = Acceleration dr.ie to sravit~ 

( 4 C:) 

('lb) 

Friction fa~tor is obtain2d from geometr~, matt?rii3l Pro~erties 

and manufacturers date: (15); for full~ t.1Jrbulent flo1-1 the 

followin~ simPlified relation mau be used! 
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f = 0.00140 + O.125/Re 

Re=ReYnolds Number 

II.4.1.6.MODEL SIMPLIFICATION. 

Certain authors have Proposed simPlifications to the ~bove 

eGuations. Masses of metal and fluid ma~ be lumped in an 

eGuivalent efective mEss, in this wa~ Eo (3) c~n b~ avoided, 

i n stead u n u 1 s e b r u i c re 1 at i on f o r an £> G •J i v a 1 en t met a 1 st ea m 

temperature may be used (11). In our case we will not do this 

ass•JmF,t ion, acc•Jracy rcouirenients over metal 

temPerature Profile alon~ the tube. 

Assuniins steam flow is incompressible inside the suPerheater 

tube, inlet and outlet mass flow rate will have the same value 

(1), then differential eouation (1) i s e· 1 i m i n ate d , and the 

density along the tube will be eaual to its inlet value (inlet 

conditions are time varwin~>. Our early simulations have shown 

the validity of this assumption and it i~ included in the final 

version of our model. Some numerical intesration Problems may 

a raise due to ve rY f a~.t transient responses of entha l F·Y, this 

is a characteristic of stiff tyre differential eGuation 

sssterus, reference 

term of emuDtion 

internal energy, 

( 1) Proposes to eliminate the derivative 

( 2 ) obtoinina on al~ebraic solution for 

in this way a closed form solution for fluid 

bC? obt.uinr:d. have avoided this 
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• 
=-iniPlificatiorrs b~ usins a nuniericEl integration rou 

sP2ciallY conceived for solvinS stiff differential sustem~-
, ,J j 

eaui;!tions. 

In short, the onl~ sisnificant sirnPlification to the model will 

be elimination of differ~ntial eauation <1>, the conseGuences 

will be discussed latter. 

II,4.1+7+HEAT TRANSFER MECHANISMES. 

Heat transfer at the metal surface involves the evaluation of 

the followins Phenornen~, Fisure (2). 

A fraction of receiver incident solar radiation comrnins from 

heliostat field is reflected b~ the absorbin~ surfaces, 

• reflP.ctivitu of metal takes acco•Jnt of this loss: 

Qref = 8 Qinc ( 6 ) 

where! 

Qref = Reflected Power 

= Reflectivit~ 

Qinc = Incident Power 

Reflectivitu is considered a constant. 

Radiative losses at the receiver are modeled considcrinS 

Steffan-Boltzmann law: 

• - 15 -



Reflected 
energy 

r 
e 

LENGIH 

C - Conduction 

CDN- Convection 

R - Radiation 

Fig.2.- Heat transfer nechanismes at the metal surface. 
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Qr == TE Ar (Tm.:.lt - To1t) 

where: 

INV£STIGACIONfS 

Qr =- Radiative heat loss 

,: = Steffon-Botzmann constant 

£ = Met.al emissivit~ 

Ar = Radiation area 

Tma = Absolute avera~e metal temperature 

To= Absolute air t~mPerature 

Convective heat losses are obtained from (13): 

Qc -· Ache ( TRJa - To) (8) 

where: 

Qc = Convective heat losses 

Ac= Convective area 

he= Convective heat transfer coefficient 

Tmo - Averatle metal temperature 

To - Air temPerature. 

Conduction heat losses are ne~lected (6). 

( 7 ) , ( 8 ) , m 2 t u l h e i3 t. '3 b s o r :-=· t i o n i s t 

From eauations ( 6 ) ' 
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Qm=Qinc - Qref - Qr - Qc 

Heat tran~fer from external tube Gurfacc to fluid is 

radial cond•Jction thro•J!:!h t1Jbe wall and forced corivect1or.° 

inner tube surfac2 to fluid: 

Qf ~ Hmf (Tma - Tfa) 

wh(He: 

Qf = Heat tranEfer rate to fluid 

Tfa ~ Averade fluid temperature 

Hmf = Overall heat transf~r coefficient 

< 10) 

Evaluation of Hmf is made with metal resistance and inside 

convective film heat transfer coefficient: 

1/Hmf ~[1/AiHiJ+Cln(ro/ri)/:wLkmJ ( 11 > 

where: 

Ai= Inner heat transfer area 

Hi= Inside film convection coefficient 

ro = External radius 

r i -- I n t e r n a l rad i us 
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L = T u be 1 e r1 s t h 

• Kffi = Thermal conductivity of metal 

In~ide film convection coefficient is 

Dittus and Boelter· correlation < ·14 > : 

N•J -= 0.023 RE.'o B-p ro 1+ 

Re = Iii W/µ 

Pr = Cr, µ/r.. 

Hi = N•J ~./Iii 

Where: 

Nu= Nusselt Number 

Re = Re·.,molds n1Jmbe r 

• Pr = Prandtl n•Jnibe r 

Iti ·- I nt.e rna 1 dian,eter 

w = Mass flow rate 

µ = Fl1Jid viscosity 

CP = Fl•Jid specific heat 

k-= Fluid thermal conductivity 

II.4.1.8.STEAH PROPERTIES RELATIONS • 

• - 19 -
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With the aid of model eGuations, Pressure and enthalP~ 

suPerheater steam are defined. Other thermodunamic Pro~~~t~~,o 
as tensperat•Jro, dcmsitu, thermal condrJctivit~, etb"'! 

evaluated bY functional rel~tionshiPs involvins these two 

independent intensive Propertie~. Use of steam tables is not 

adeauate to d~namic comPut~r simulations. 

Steam temPeroture relation was obtained b~ non lin~ar least 

sauares minimisation of the followins expression (16). 

T= C1 + C2P + C3h + C4Ph (16) 

Ran~e of validit~ is: 

where: 

h = 

p = 

T = 

Cl -· 

C2 = 

Steam 

Steum 

Steam 

TE [740, 1090J 

Pe: C360, 2100J 

he: C1274.6, 1572.2J 

enthalP!:: C Bt.rJ/ 1 bm) 

Press•Jre Cr-sia) 

temperature (F) 

-2046.96 

0.422947 
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C3 -= 1.990311 

• C4 = -0+000274 

With this relation the residual standard deviation has a value 

of 4+6 ded. F, i.e. valu~s of temrerature are Predicted with 

a hi sh acc1J rac'::I + 

Thermal conductivit'::I and viscosity are calculated i.dth 

relations div~n bu reference (12), PDdes 144-146+ 

Prandtl number was calculeted b~ means of a similar ~xPrenuion 

to that emrloued to Predict temperature: 

Pr=0.457505+0.000467T+0.001286P-0.00001PT (17) 

Finall~ divun that tube inlet ProPertieu are time varYins, with 

• Pressure and temPer~ture other F•roF·erties needed by the model 

• 

are obtained (enthalr~, densitu, etc>, w i t.h a ::!eneral 

formulation in a very accurate way for any thermodynamic state. 

Formulation is from (12) and was imPl~mented in a di~ital 

Prosram(19) • 
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III.COMPUTER SIMULATION, 

III.1.STEADY STATE SPECIFICATION, 

Steadu stBte performance for nominal conditions has been 

suPPlied b~ BEbcock & Wilco~ <B t W>, desi~ner of the solar 

receiver under onol~sis (17), Avoil~bl~ are two computer 

Printouts, one for nominal oPeretin~ conditions and the other 

for urset and unbalanced conditions. On this latter case 

nominal incident heat flux on each zone is enhanced b~ a ~iven 

factor, also mass flow rate is 

corresponds to a critical cese. 

III.1.1.NOMINAL CONDITIONS, 

diminished this 

B & W divides tube or panel in twelve zones alon~ the hei~th, 

the lower ~nd uprer zones are almcist half the l2n~ht of the 

other zones. For each zone fluid outlet conditions and tube 

metal averatle temPerature are srecifi2d for the nominal 

oPeratin~ Point. Followin~ is a list of Principal simulation 

conditions (Table I). 
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Table I 

-Site specification: 
Location: El Paso Texa5, Newman Unit lF El Paso 
Time: 12 Noon, winter solutice 
Wind velocity: 18.04 (ft/s) 
Air temPerature:(57 F) 

-Superheater panel srecifications: 
Materio1;·rncolou SOOH 
Number of tubes: 26 or 29 
Exrosed hei1th: 85 ft 
Tube internal diameter: 0.888 inch. 
Tube external diameter: 1.125 inch. 
Web width: 0.273 inch. 
Web thickne~s: 0.187 inch. 
Metal specific heat: 0.11 Btu/lbru F 
Metal density! 353.33 lbm/cu ft 
Metal thermal conductivity; 0.00333 Btu/s ft F 
Emissivity of tube: o.9 
Reflectivit~: 0.05 

-Fluid inlet conditions: 
Five sets dePendin~ on tuPe of suFerheater to be analused, 
i.e., Primar~ suPerheater 3 CPSH3); 
Number of tubes: 29 
Pressure: 1969.53 Psia 
EnthalP~: 1391.36 Btu/lbm 
Terurerature: 873.06 F 
Ma~s flow rate: 136429.1 lb/h 

-Solar flux densit~ Profile: 
Five Frofiles dePendinS on location of surerheater, i.e. 
For PSH3, see Fig.(3) 
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FIGURE 3 
SOLAR FLUX DENSITY 
NORTH AND HOTTEST PANELS 
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III.2,STEADY STATE PERFORMANCE • 

Bab CO ck & l,J i l Co>: had sent I.H> P r i n to IJ t S f O r n Om i n a 1 CO n d i t f H.i;r 

onlY, for the Purpose of dunamic simulation the ne~d of several 

steadu states is evident. Because this, we had developed and 

imPleruented a steady state model from d~namic eGuations. 

A short description of the alsorithm follows: 

From eGuation (3) eGual zero, heat absorbed bu the metal 

and fl1Jid are th~ same, and 1Jsins the e:-:Pressions (9), 

(10), it is obtained a auartic F"Ol~nome in metal 

From ·pressure drop, eGuation (4), and siven that averase 

densitu eGuals inl~t value, the pr~ssure at the outlet of 

each volume is evaluated. 

System solution is obtained bY iteration, first, averasie 

temrerature is aPProximated to its inlet value, then 

solution of Guartic eauation ~ives the avera~e metal 

temrerature1 with this value, h~at losses are evaluated, 

eGs (6,7,8), and so heat transfer to metal, ea.(9). After 

this, outlet enthalru is obtained from eGuation (2) and 

with outlet Pressure, temperature is determined. This 

flrJid averane t2mperature is substituted in auartic 

eauation and Process is repeated until the new value of 
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ternPeroture co~rared to the old one, is less than ore 

-7 
to a fixed value (10 ). 

Babcock & Wilcox suSSeEted the analysis of superheated tube 

under worst case OPeratin~ conditionu, i.e. the hottest Panel 

of the receiver und~r upset and unbalanced conditions. This 

corresponds to the outlet Panel of the Prirnar~ suPerheater 

(PSH3) and it is located 45 to 56,25 de~rees from north. 

Simulation conditions are those of table I except for the mass 

flow rate and solar flux density, the first is multiPlied b~ 

0,943 and for each tube: 

W = 4436,2979 lbm/hr 

For solar flux, table II shows: the nominal values ~iven b~ B 

& W, the flux multiPlier for each zone ~nd the values we have 

obtained from the nominal for our own zon~ division. 

Ste~d~ state Performance is ~iven by Table III e arid b, 
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Table I I 

• 
B & l,J IIE 

X<ft> Q(Bt1J/h SG.ft) FQ X(ft) Q.FQ 

4.00 9829.32 1+251 7.08 20000.00 

16.70 34561.16 1+250 1 --1 • 1 7 61250.00 

19 • 4 0 76415.06 1 • 218 21.25 97000.00 

27.10 92902.94 1.206 28.33 108500.00 

34.80 84659.00 1.195 35.42 100750.00 

42+50 78000.37 1.182 '12.50 92000.00 

50.20 69439.37 1.212 49.58 85500.00 

57.90 69756.50 1+171 56+67 81250.00 

65.60 64683.28 1+151 63+75 76000.00 

• 73.30 53268.61 1+181 70.83 65000.00 

81.00 26951.36 1 • 141 77.92 44250.00 

85+00 8561.02 1.211 85.00 15500.00 

• 
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Table III.a, 

8 & W St~adY State Performance, 

X f' T h Tm 

(ft.) (r--sia) ( F > < Bt•J/ 1 bm) < F > 

4.00 1965+4 873.20 1396.70 877.50 

11.70 1960,4 882.00 1398.00 926.80 

19.40 1955.1 904.70 1413.70 1015.10 

27,10 19-'19.7 933.20 1'132.90 1068.50 

34.80 1944+1 959.20 1450.00 1080.:10 

42.50 1938.4 983,00 1465.40 1091.90 

50.20 1932+5 1004.50 1479.20 1102.00 

57.90 1926,5 1025.60 1-'192.50 1119.90 

65.60 1920,4 1044.60 1504.50 1129,40 

73.30 1914.20 10.so.20 1514.20 1128.90 

81.00 1908.00 1066.00 1517.90 1092.60 

85.00 1900.80 1065.50 1517.80 1063.90 

*APP~rentl~ Usm represents an overall 

coefficient. 

steam-metal 
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( BtrJ/h so.ft F> 

1067.01 

1003.90 

995.79 

985.78 

978.20 

973.45 

970.59 

968.97 

968.24 • 968.09 

968.03 

967.64 

transfer 
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Table III.ti.* 

IIE St.ead~ State Performance. 

X F' T h Tn, Hi** 

(ft) ( P!:>i a) < F > (BttJ/lbm) ( f ) ( Bt1J/h SG+ft f) 

7.08 1964.31 878.21 1392.82 893.41 1115.63 

14.17 1959.10 891.06 1401.54 967.63 1110.35 

21.25 1953.88 912.98 1416.23 1042.53 1101.99 

28.33 1948.67 937.71 1432.74 1083.99 1092.89 

35.42 1943.45 960.31 1447.82 1094.53 1084.66 

42.50 1938.23 980.55 1461.32 1101.15 1077.28 

49.58 1933.02 999.00 1473.63 1109.34 1070.52 

56.67 1927.80 1016.26 1485.16 1119.70 1064.15 

63.75 1922+59 1032.07 1495.67 1127.09 1058.25 

70.83 1917.37 10-14.97 1504.28 1122.88 1053.39 

77.92 1912.15 1052.50 1509.36 1098.52 1050.55 

85.00 1906.94 1052.63 1509.59 1054.68 1050+51 

*Friction factor maY be calculated bu Pro~ram, however, this results 

corrcsPQnd to a fixed value of 4.3x10- 3
, obtained from B & W data 

Pressures. Fluid density has a fixed value of 2.87 lbm/cu ft. 

**Re2resents inside film convection coefficient • 
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As can be seen a close c~recruent between stead~ states is 

III.3,TRANSIENT ANALYSIS+ 

. III.3.1.ALGORITHH DESCRIPTION+ 

Model eouations ~iven in ch~Pter II were imPlemented in a 

Fortran computer cod~. Fid.(4), shows a flow dia~ram. 

III.3.2.TRANSIENT RESPONSE TO A STEP IN HASS FLOW RATE+ 

Two c~ses are analYs~d, for upset and unbalanc~d steady state 

conditions <III.2), nominal mass flow rate (W) has be~n varied 

• 

+50¾, -507.. • 

Simulation conditions were: 

- Fh:ed inlet conditions e>:cer.rt w 

T =- 873,06 F 

p - 1969.53 psia 

h = 1391.08 Btu/1 bn1 

p = 2,87 1 bm/c1J ft 

- Steady state 

As ~iven by tables II and III,b, 

- Transient. 

Frond • 
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H. 
l. 

INLEI' CXNDITIONS. EVALUATE EN'IHALPY 
AND DENSITY FRJM TEMPERATURE AND 
PRESSURE CALL EN'IVOL. 

EVALUATE STEADY STATE PRESSURE DROP 
FOR ALL 'ilOLUMES 

EVAUJATE OUl'LET TEMP. FOR.EACH VOLUME 
WITH EN'l.'IIJlI.,PY AND PRESSURE 

CALL TEMP 

1-----...... 

'ilOWME ITERATICN --------------
PRINT OUJPur 

EVALUATE DUrPUI' FOR KT= · I TIME 

PREPARE INTEGRATICN 

NO 
~-s__ ______ ___.......__----..iEVAUJATE k, µ ,Pr ,Re, 

CALL TEMP. 

FIG. 4 

H .. 
1 

CALL TER 
CALL VIS 

p 

TIME INTEGRATION CALL D02EBF 
(VAX-LIB) 

TRANSIENT SIMULATION FLOW·DIAGRAM 
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0-50 sec, stead~ state is ruaintEined 

50-300 sec, step in Wis introduced <+50~ or -50%). 

300-550 sec, return to nominal v~lue of W 

Time step intesration fixed by librar~ subroutine 

Prosram evaluates pressure, temperature, enthalP~, inside film 

convection coefficient, Re~nolds number, metal temperature, 

heat transfered to metEl and fluid, radiation and convection 

losses. Fitls.<5,6,7,8), show time evolution of T,P,h,Tm, for 

selected instants of time. Time history for tube outlet 

characteristics are shown in Fi~s.(9 throutlh 16). 

Axial characteristics shown correspond to steady states 

attained when forcintl function Wis UP or down from nominal 

value. A non-linear performance is evident for the same 

ab~olute variation of w. Metal tem~erature Profiles (Fis.a>, 

show a maximum around 60 ft. heisth and the axi~l evolution 

tends to follow that of solar heDt.flux. This result shows the 

need of evaluation of axial metal temPerature distribution for 

desisn PUrPoses, tube or Panel mean temperature would not 

reflect realistic thermal stresses, variations from this value 

are 25%, Also it is important to define the heisth where the 

maximum occurs for a Siven solar flux Profile. 

Fisures (9 throu~h 12) correspond to a nejative step in W and 

return to nominal value and fisures (13 throu~h 16) to a 

Positive step and return to nominal value. It is observed the 

different settlin~ times for the same variable, this 
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FIGURE 7 
ENTHALPY PROFILE ALONG TUBE AXI~. 
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FIGURE 9 
TEMPERATURE TRANSIENT RESPONSE 
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• c o r, t r- o 1 1 e r s • Pre~sure resF-onse i~- directl!:1 F-T·OF-OrtioMhr'tfto 

mass flow rate dynamics, 

-ruodelin~ assumF-tions. 

than fluid and metal temperature. In all cases characteris~ics 

shown are outlet conditions except Fiss.(12,16) showin~ maximum 

metal temperature transient responses at a tube heisth of 60 

ft. 

III+3+3+TRANSIENT RESPONSE TO A STEP IN SOLAR HEAT FLUX. 

~ Solar flux (Q) has been s~t to.a fixed value alons the tube 

a~-d s. A steady state was obtained and startins from this 

• conditions a transient anal•Jsis was made for ste,=, variations of 

solar flw-: around the nominal Y~lue. All other inlet 

characteristics were maintained to their stead!:I state value. 

- Inlet conditions were: 

T ·- 873.06 F 

p = 1969.53 ,=,sia 

h = 1391.08 Bt.1J/lbm 

p = 2,87 lbm/c1.J ft 

From: 0 - 50 sec. Q = Qn = 48020.69 Btu/h 

50 - 300 sec. Q =On+ 50%,-50% 

300 - 550 sec. Q = Qn 

• 
- 45 -



Fisure~ (17-19), show t1Jbe a:-:i s Profiles for Trh,Tru. 

Profil[.> is not shown, it remains the sarue for any Q. Non 

line3rities are less intensive than those associated to W 

. char,:.:!es. 

Tirue history for tube outlet charEcteristics are shown in 

fi!:i•Jres (20-22) and (23-25), the first srouP correspond to a 

Positive step in Q and then r~turn to nominEl value and the 

second to a ne~ative step. 

Settlins times for this cases are near to 100 sec., with this 

information and Siven that settlins times for mass flow rate as 

var~ins inPut (III.3.2> are similar to this value it follows 

that two control stratesies ma~ be of interest, first a 

Proportional control involNin~ a relation betwenen Q and W and 

second the same but uains a feedforwa~d control scheme. 

III.3.4.TRANSIENT RESPONSE TO A CLOUD PASSAGE. 

Stone & Webster sent us a computer Printout (18) corresPondins 

to a simulation of suPerheaters Performance when a cloud from 

west to eo~t travels over heliostat field. These data contain 

time histor~ of inlet and outlet chErEcteristics of Ell 

superheater Panels. Our simulation will comPlement this 

information by means of evaluation of time-s~Ece evolution, 

under this conditions, of metal temperature and thermodynamical 

Properties. 

We will Present results co r resF•ond ins to the hottest 
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su~erhEatcr Panel as sus~ested bw Babcock & Wilcox (17), 

( I I I • 1 • 1 ) • 

Simulation conditions w~re: 

- Cloud; 

-

Infinitelu lons 

wide: 1800m 

speed: 20 mis 

direction: West to East 

Stead~ state inlet conditions; 

p -· 2028+9 Psia 

T = 877.07 F 
' 

h = 1391+18 Btu/lbm 

p = 2.96 lbm/cu.ft 

Qn = 160.09 Btu/s/tube 

w - 5029.32 lbm/h/tube 

- Tranuient conditions froru Stone & Webster 

Time varwin~ inPuts 

Transient solar heat flux as Siven in fi~.(33) 

Steady state profiles were obtainod for this specific 

conditions. Friction factor was obtained from Pressure d~oP 

data s2nt bw Stone & Webster, this droP is sever~l tim~s less 

than that specified in table III. This differenc~ i~ a 

conseauence of Prodrom run time oPtimization for Stone & 
Webster simulation (18). 
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Fisures (26 throush 29) show P,h,T,Tm r refile~ for s~le 

• inr.,tants of tin,e. It Ci:ln b~ ob~C?rVt>d 1.-hi3'l 1..-he- init~M5n,o1o 

final stead!::! !:-tates c:re not the s~nrer this i:; d1Je- tc.1 d.'Jf-r'l~f,qONES 1 ,li21mcAs 
inlet conditions for both casC?s. 

Time var!::!ins inlet charact.eristics are shown in fi.a, (30-32) arid 

transient solar heat fllJl·{ in fi::i1Jr2 (33). 

We have maintained the stead!::! state conditions for 50 sec., as 

can b2 seen in fi~s. (30-33). It is shown a closed a3reement 

between stead!::! state outlet characteristics at time O sec. 

( [latcJ from Stone & Webster> and the Vil 11Jes obt.s i ned from 01.J r 

model for time Sreather than cero until 50 sec. CFiss.34-37). 

The inlet chara~teristics are controlled Yariables, cont r·o 1 

• action W can be considered as preliminar~ i.e. if outlet steam 

tenrPerat•Jre is diminishins in time there? is not r.eason to 

increase W under this conditions, this can be observed in 

fisures (30,36). 

Inlet and outlet ~ressure evolution~ are simili:$r, 

Fi!ts. (32-34), sensitivity of outlet Pressure to variations of 

control action Wis ver!::! low, th i s i s d 1J e t. o the f r· i c t i on 

factor 1Jsed. 

Average metal temperature is shown for a tub~ hcisht of 81.46 

ft. fisure ( 3 7) , for this srC?ciul case of a constant value 

Profile of solar flux, the maximum met2l temPerature coincides 

at this tube location • It has been shown that for a more • 
- 57 -
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r e a l i !:, t. i c s o l a r f l 1.1 ,< P r o f i l e t h i s ni ;:; ;: i n1 u m c, c c u r -::. i n E l 

hei9th <III.3+2>. Giv~n that the control action is 

to res1.1late superheater steam orJtlet ten1F·erpt1.1re ar,d af({f5;~;:~:~,;~,'.~J'f:: 
!:~£. ~ l. It'" 

• have shown that for a more realistic solar flux Profile 

<III.3.2>, this temperature is maximum at the outlet and ruetal 

temperature maximum value is nol located at this Position, 

there is a risk of up settins metal maximum desisn temperature. 

This Possibilitu is observed in fi~.(37) for a time around 100 

sec. 

With the PUrPose of comParins the outlet ct,aracteristics 

evaluated b~ our model and those furnish8d bw Stone & Webster¥ 

fiS.(38), shows time evolution of outlet steam temPermtures. 

It is observed a difference around 1% for the first and last 

150 sec. and a maximum difference of 19% in 325 SE'C• i • e • 

when solar heat flux starts to increase ,fis(33). IJe believe 

that this difference is acceptable for preliminmry results and 

co111Parisons, it can bt.- e>:Platned because si~nificant 

differences between the values of tube inside heat transfer 

coeffiecient. Stone & Webster used~ fixed value for their 

simulation (18) and in our case this coefficient is evEluated 

at e3ch 

i.e. for: 

t = 

t ~-

t ::' 

time 

50 

326 

550 

for 

sec. 

sec. 

sec. 

the si ven set of the rmod~:mam i c P ro:-=-e rt i es, 

Hi= 1190 

Hi= 64 

Hi= 1110 
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IV.CONCLUSIONS. 

0 T i me s Pace n, ode l i n s of a !=- u Pe r he E t e r t ,J b £> o r· r· E r, e 1 

C 

0 

Performed means of a lumPed Paramet~r aPProach, 

has been iruPleruented in a disital coruPuter. 

We have obtained a close asreement for stead~ state conditions 

between our ruodel output and that specified b~ Babcock & Wilcox 

and Stone & Webster. For d~namic conditions th2 P2rformance 

Predicted by our model has been also comPart>d to thEt furnis~red 

bY Stone & Webster, the Preliminar~ results obtained show 

differences in the rEnse of 1% to 19% ir, steam temperature 

Predictions, seemindl~ due to values of inside heat transfer 

coefficients. 

The link between 01Jr d!::na11iic s1Jperheater model ar,d that of 

Stone & Webster has been established.With the inPuts specified 

bY Stone & Webster w~ cEn furnish more detailed inforll!2tion of 

Phenomena ocurrins alons the suPerheater Panels or tubes. We 

have shown the Possibility of using this information to 

s~nthesize irnProved control actions with the PUrPose of 

sovernins and Protect.ins the suPerhester in a b~tter WEY, 
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G.l Summary 

APPENDIX G 
RECEIVER DESIGN AND PERFORMANCE 

DETAILS 

Appendix G includes the following sections: 

G.2 Receiver Design Drawings 
G.3 Receiver Thermohydraulic Performance 
G.4 Receiver Mechanical Design 
G.5 Creep-Fatigue Analysis of the Tube Panel 
G.6 Creep - Fatigue Analysis of Tube Panel (Reference 

Analysis} 
G.7 Startup Stress Analysis 
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~3 !. N 

,a 

II ,, --

NOTE5:. 
I FOR. !IECTION ·c.-c: !'>EE 0WG- z,ao,OE. 
t FOil. !YO !>EE Pl'.GE!i to TMQ.U .l.b:,,_ 
l MArcJI "1ARI<. C,YCLONE !ITEII.M SEPAAATOIU AND 

CON"- BOIi~ "'-!o INOICNED . 
4 ~ M!IEM8L1' ANO FITTING, OF Tl" !,(.R.IJB8£1t. 

!IEE CNG. ~ 
'- FOR. AM£11~ AND FITTING OF HOOUL>R 5AFF"LE 

PL.o.Ta XE DWG-~ 

" ........... , 

G, 4.zJt.• FEED PIPE!, \IITH 10-~·01-. HOLES E-'CH PIPE. 
FOR. ~Mlll.Y !JEE. OWG . .t..n,,. 
WELD :)uPPOllT!, M1c:-117. ~ INO,CATEO TO BAFFLE. PLATE 

'1 I 't' (ONT eLOWOOWN PIPE WITH IG, .J4• 0111. HOLE!, ON TOP ct, 
......0 I· IC 011\ MOLE ON BOTTOM 'I:. !>EE 0wG, .£oti... 
WELD !IIJPPOR.T!, MK•45 N> INDICATED TO &.FFLE Pi."-T£. 

8 %:c11EM1CAL. FEED PIPE \IITM 4--la·o,A IIOLE.S ON '!'OP fs 
/WO I·~• 011\ HOLE ON ll,OTTOM 1\. !>EE OW(. "--IIA.. 
WELD !,UPPORT:, MK·S!I A!I INDICATED TO 81\FFLE Pl.ATE 

, INff.R.NAL!I TO 5E. IN!,T~LED "'-"'0 ~IPPEO CC>J'll'\.ET&: IN OIWM 
10 l.~TIMo\TEO \/EIGHT OF O~UM (O~Y) • ~.000 fl. 

(FULL OF WATER.) • O,&so. 
(N~L WATER. LEVELi • ~~.540• 

........ LL.'!f.!!!U.. ....... ._ ___ , 
WIU.•i.!'..!!!!hd- AR.RGT. OF 

MODULAR INTERNAL.5 
54-" I D. DRUM 

.. , _____ _ 
... l"ICOU I .. 1011 110. 

l.'r'· 

~~~~---.----+-.... -,---.----12~80~1E 0 
11 G.2-10 

___ , .. 1:a 

" 

• 

C 

D 

D 

N 
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FOR L/0 RISER TUBES SEE OWG 5336J 
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105. EL.48'1:.a 
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SECTION P-P 
IG 8 !>337J) 

P1_j 
(G 8) 

. I 

0 
I 

-ID 

sa 

PSH 2 6 PSHJ 
----CIRCUIT DRAINS_. 

SEE SECTION N,-Na 
DWG. 407031£ 

SECTION Pl-Pl 
(f-4) 

7 + 

• .. 

DETAIL R 
CG a> owa. · 6.'SJ 1' 

DRAIN 

ID 

II 

TH: FRAME 

I, FOR MAIN ARRG't. SUPPLY TUBES SEE !MG. 6337J. 

2. FOR SECTIONAL SIDE VIEW SEE DWG. !>334J, 

3, ALL SUPPORTS INDICATED (56 THAu S IOJ ARE 
CONSTANT SPRING HANGERS • 

891-1104-4!) 
::.'i'9._, __ ....__. •I 268097E 0 

II G.2-12 ---•• II 

• 

G 

D 

, 

a 

" 



• 

• 

• 

• 

C 

II 

II 
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SECTION M·M 
(G·tO 6JJ7JJ 

• 

T.O. S, EL. 484~6 

i I 
T. O.S. EL, •66

1
• 6 

--,-• 

M,_j 
(G BJ 

SCI~ I 

.? ... 

• 

R2 CIRCUIT 
DRAIN· 1• 

SECTION M.- M1 
CF•I 

' • • 

·111 II II .. 
. , 

.. 

• 

C 

DETAIL N 
TYPICAL TUBE TIE CONS't 

CF•3 > D 

PR~N 

Ill 

NOTES: 

SECTION Nf Na 
CE BJ 

U·BOLTS 

LINE 

• 

a 

I. R>R MAIN ARRGt SUPPLY TUBES SEE DWG. ~37J. " 

2. FOR SECTIONAL SIDE VIEW ·SEE OWG 6334J, 

3.ALL SUPPORTS INDICATED (SI THAU 561 ARE 
CONSTANT SPRING HANGERS, 

..-.:.c-i.iiiia. ---
~~ · 

=,~-..•-- --.a &II 407031E 0 
II G.2-13 
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L.H. END VIEW 

• 
I I I 

' I • 

• I 

I 

I 
PLAN VIEW 

,. .•. 

FRONT VIEW 

' ... I 

• It 

(ill I I ® 

rw---i..,...-,a 
",t• 

TIIIAl 14UST lb! TO ¥1., 'II' or PIH ncEN A llt¥01l & T IMI nlR 

TYPt~ fCNl Tllllll 
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-
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R.H. END VIEW .. 

fall ttaTlll &UAfA Ill DIIIG 4G10JS£ 

G. 2-14 ___ ., ,. 



• 

• 

• 

.. 

8 

C 

3~f0L0t>l 1 l 5 6 

VALVE & MOUNTING INFORMATION 

ll[U ______ D_E_S_C_R_I_P_T_I_O_N _____ 1fil=&i::...u_1~1i::--~¼i.c:H=,~a.;:i:.;:.;li.C.✓-+--s_1_z_E ___ M_A_K_E __ .,_r~.Y-P_E __ ~M_A_R_K_N_o_.-l-c_u_s_T_._N_0-4-. __ R_E_M_A_R_Ks ____ -4 

~AfETY VALVE x J Z."' DRESSER 17Z9WU BW·SY•OI SET PHESS. PSI ·r ·--.-. ---.---------I-X-+--·t--l'---+--Z,-"---.i-0,-R=-E s=-s=-E=-R~ 172 9 WB B w •SY· 02 SET PRE 55. PS I 
--- --------------l-.:.:....-1---+-......:..-1----+-----1-----t"'-".c..;;..;._=i----lr-"'-'~.C.-~.;;,,;..--.c._;;.-----t 

J 

4 

s 
6 

7 

8 

9 
,o 
II 

12 
I] 

STEAM GAUGE X 12" 
STM GAUGE 5.0. YLV. X I" 

ASHCROFT 10100 
ROCKWELL ]6124 BW·P·05 

~·· 
l 
I 

# 

RANGE 0-5000 PSI 
W/LOCK·OPEN 

- ---------------,l--+--+--+-----l-=-::--:c--::--+-==---1------'----_,__-_________ _, 
14 ~S..:.T..:.~.:..l..:G.:..A..:U..:G..:E~T..:E..:5..:.T....:..Y=.L.:..Y..:.. ------1-...::X:......1--+..:.2:._+__:l:../.::.Z_" __ I-R_O_C_K_W~E_L_L_I-_J-:6_1.,..24_-l.;:8.:.W;..·.;.P_·..:3;.:7-t------lmrrrtrnr-r,,..,...,nr.....-'1<"1..---l 

-~ __ S_T_M_G_A_U_G_E_D_R_A_I_N_Y_L_Y_. -----1-;.:X_¼----1--2--t-.....:.l/....;2:..'_' __ R_O_C_K_w_E_L_L_~_3_6_12_4 __ 10B::.;W;.:_;· 0=-· ;.:I 1.;:0+----~-=m .. w.JU1.uf4 
..... ,n''--"·~_"'_L_u,u_"_--1 

16 PRESS. TRANS. X 3 
17 

18 

19 

20 

21 

PRESS. TRANS. TEST YLY. 

22 SYPHON 

23 SYPHON 

21 STM SAMPLING YLY. 

25 \/ENT YL\I. 

X 6 

X 

X 3 
X 2 
X 2 

. . ... - -- . 
I" ROCKWELL 36124 BW·P••rn 

1/2'" ASHCROFT 1098CO 
1 

W/ ITEM II 

1/2" W/ ITEM 16 

3/'t" ROCKWELL 36124 8W·S·06 

I'' ROCKWELL 36124 BW•\1•09 MOTORIZED OPERATOR 

9 

PIPE flTTINGS 
I.IK NO DESCRIPTION 

1191 3 CPLG 5/W I 1/2 6000 • 5AJ05 

1304 ELB 5/W 450 3/+ 6000 • 5Al05 

1316 ELB S/W 900 I IN. 6000• SAIOS 

1420 INSR .S/W I IN, lC J/4 6000• SAl05 

1600 3 TEE S/W I 1/2 X I J/2 X I 6000• SAIOS 

1601 4 CPLG S/W I IN. 6000• SAIOS 

1'709 2 TEES/WI IN. 6000• SAIDS 

1794 7 CAP S/W I 1/2 6000• SAJ05 

1812 ELB S/W 450 I 1/2 6000• SAIDS 

1905 INSR 5/W I 1/2 X I IN. 6000• 5AJ05 

1904 z INSR S/W I IN. ·x 1/2 6000• SAIOS 

2850 ELB SCRO 900 1/2 6000• S-'IOS 

2853 UNION SCRO 1/2 6000• SAIDS 

3287 CROSS S/W I J/2 6000• SAIDS 

3293 3 TEE S/W 3/4 60001 5At05 

1314 6 EL8 5/W 900 3/4 6000• SAJO!i 

1319 2 ELS S/W 900 I 1/2 6000• SAIDS 

1724 CPLG S./W I 1/2 X I IN. 6000• 5AJ05 

1907 TEE S/W 1/2 6000• SAl05 

D 26 ·v _N_I_T_R_O_G_E_N_Y_L_V __ ---------I--X--1----1--1 -+--1,-' --11-R-O_C_K_W_E_L_L+-3-6_1_2_4 __ ,_B_W_· N-· 0-1 +----l--M-0-T=-O-R-,-I Z-E.,..D_O_P_E-:R-A-:TccO,-R-j 

28 

JO WATEII GAUGE INORMI YLY. 

f~ _w_A_T_E_R_G_A_u_G_E---------ll-x-+--+-2-+---15-,-. -+-□-,-A-M-□-N-D--t,:o:p~3:o~o:o~~~~~~~~~~~~~~~~~~~~~~~:1 ~~::=w_
7✓_:1 "'v_"""_v~J c:w~J~N:G:E:o~,u~ '":••~: 

x 2 I 1/Z" ROCKWELL 3624 BW•L•OI MOTORIZED OPER-'TOR 

JI 

32 WAfER GAUGE IHIGHI \/LY. ROCKWELL 3624 MOTORIZE.D OPER-'TOR 

-
I 

lllA.R 

33 WATER GAUGE DRAIN YLY. 

E ] • 

X 

X 

2 
!i 

I 1/2" 

3/+" ROCKWELL 3612~ 
BW·L ·17 

8W·O·ll2 --- I _______ --
--1----------------
35 ORUM LEVEL CONTROL X 3 BAILEY 
-· 
]G OHUM LEVEL CONTHOL \/LY. X 6 I" ROCKWELL 3624 BW·L ·09 MOTORIZED OPERATOR 

J7 _____________ --J--J.--~--.J----1-----~---'--~----l----l----------l 
38 ORUM DUMP YLV. X 2 MOTORIZED OPER-'TOR 

FRONT 

]9 
p L !!!._!.!!: W 

40 

41 
. SAFETY VALVE MOTIONS 

r _4.;::2_~---------------1---11---1---1----+-----l-----+-----+----•-----------= _-_.j 
-IJ 
-- ---------------l---i---~--+-----1-------i-----+-----ll----~------------I 
41 

15 .. TRANSMITTER INSTRU. I/LY. 

16 TRANSMITTER DRAIN \/LY. 
:j7' 

X 3 1/2" BW·L·OS 

,--l...;X:,._-l-.;.12=---1---'-l'-/2:.'_' --l-----• -----t=8-"'W'--·.:D;..•..;.l;.:15;..1------l-'-------------1 

--------------- -- -- ---1-----1------l•------l-----1-----1------------1 
18 CUNT. BLOWOOWN YLY. --
19 CONf. BLOWOOWN S.O. VLY. 

X I I 1/2" AO CKWE LL 
1

....;3:...G_lc:,.Z4 ___ 
1

;:::.B...;W_·.;;;M_·-"'0-'-4_
1 
____ -t __ M_O_T_O_R_l_Z_E._D_O_P_E_R_-'_T_O_R_

1 

SI 

sz 
SJ 

54 

0 so· W"-TER SMtPLING YLV. 
x 2 I'" ROCKWELL I--J_6_1_2_• __ 1:B;.:W:....:.·M::.....·O=!i.1-----+---"---,---•---l 

_x_ -- _1 __ 1-____ 3_/~4_"_+-R_O_C_K_w,_E_L_L 1--3;;.6::.J;.;:2c..;4.c.-_1B=W=-•-=S;..·..:O;..'t:...1-----l---"------·---1 56 

H 

51 WATER SAMPLING \/LY. 

·52- CH(;;lCAL FEED YLV, 

53. CHEMICAL fEEO \/LY. 5.0. 

- _l.li:iiL 

"' Cl 
z 

" a: 
a: 
0 ,-

" u 
0 
:z 

- --=~-~"-''-_ __., 
LRED 

FIG. A 

x I 3/4" ROCKWELL 36124 flw•S·03 51 

_x ___ ,1_..;.l_-+-_J;;./_4~"-~·R-'-O_C_K_w __ E_L_L_~!,!~_+ __ =8~W;..•~M::,_·0::..:..1.~----l---u------"---1 58 

x I J/4" ROCKWELL 36124 BW·M ·02 

- ALA~N 

.£:E_o__ -TRIP 

~---- w 
~-~- Cl 

z ' 
!:! ~ 
I.JI 

> ,.._ 

~-- ~ 
' a: 

s ID a: 
"' 0 

---~---- ~ 

' ~ ,.._ 
' ,.._ 

~,-
' 0) 

u 
0 
'Z 

....__,_ __ ~'':zfi,~--j~p1====:::'.:..-1 

LRED 

FIG. B 

INDICATION NOTES, 

I. THE A.SM£ 56CTICN I CODE PG 60 I.I 
AECUIIIES THAT THE LOWEST PERMISSIBLE 
W,ATER LEVEL BE .. AHXEO WHEN REMOTE 
LEVEL INUICAfORS IJIE PHDVIDED TO 
REPLACE WA.TEA GA.uGES fOR 8CILER 
DPERA.TICN. 

l. IHE 8ABCUC• ANO WILCOX CQMPAN~ HAS 
SET ALAI!" ANO TRIP POINTS fOR l!OTH 
HIGII A.NO LON LE•ELS fOR SA.rE BOILER 
QPEHATIQN. 

J. l'ln[N T"E I NOi CA.TUR 15 USED fOH 
INfCRMATIDN A.NO AS A CkECK er TN[ 

grftfJ'f8 ~~,.~~.:'llJh 1/'1iJ~~•tTOR 

A. TH£ LETTERS NWl. lkOHMAL WAT[R 
LEV~LI A.RE TD BE MIJl•EO ON rt,E 
DIA.L WITH A. LINE TO INOICAIE THIS 
LEVEL. 

6. IHE DIAL 15 TO BE P"INHO RED 
B[YOhQ THE "'ATER GA.UGE VISION. 

5 

1. WH[N THE JNDICA.TOR IS USED fOR 
BOILER OPEAA.TION JIICLUOING THE ALA.AMS 
A.NO TRIPS. TH£ INDICATOR OJA.L JS TO BE 
W>Jl•ED PER rtouRE 8. 

A. :;tn~.tli"'o"H"TJ:•r,,-t.~~r"oiL A.II£ 
DIAL TO INDICATE THESE LEVELS. 

8. THE OIA.L IS TO BE PA.INTED RED 
BEYC•D THE 1'ATEA GA.UDE VISION. 

5. THESE OIA.L MA.MKINGS "A[ IN 
AlllllTION TO Tk[ 5T4NDARD 
LJNE5 ON TH£ DIAL. 

7 • 

SUPPORT JNfQRMA.TION ISEE NQT[ 201 

s 

10 

10 

II ll 

1....-1 r -.u r -. ... , 1, 

I I I I I 

2•. WATER DAUGE CHA.INS TO BE OPERATED FROM 
l'LAI fQAM EL. 

Zl. 

zz. ERECTOR TO PROVIDE fQR E•PA.NSJCNS 
IN JNSTAUIIENT LINES. 

21. INSTRUMENT LINES CAHNDT BE IN 
DRAIN Ct<A.S[S. 

za. SUPPORT MA.Tl VENDOR I OHINNELL 
CATAL00 NO I PH 81 

19. f0A fJELO MA.T"L SEE 5.-0 

II. NO OTH[H CONN. MAY 8£ T[ED INl0 ltt15 LINE, 

11
• +- m~tlu~~~~lbN~ui~ H"~J1k~o'lN°r". 

1,. ~INDICATES OJH[CTIDN ur SLOPE • 

15. SA.f[H VALVE ALIGNMENT TO 8£ WITHIN 
ONE DEGA£E or VER TJCAL. 

I•. ALL VALVES TO BE INSULL£0 TC CLOSE 
A.GA.INST OHUM PRESSURE. 

ll. JNSULA.IE JNSTHUM[NT PIPING, 
WA. TER GA.GE PER lll8'1A.. 

• LEYfLTRA.NSMJTTfR PE{I J;IJJIS&A. 

I 
tl. ~~~SJ~.E PA.RT rtfLD W[LD SCH[DUL[ 

; 
11. RING WELO PER 60lOSC: 

SAFETY VAL•ES 0•Z lSO RING M& WI 

10. fQR IJIAGT; 
ORA.INS SEE DWO. 

,. A.LL wELDS TC IIE SOC•£! WHD£0 P£R DWO. •• 4•lA OClPT AS S"OWN. .. 
J. 

,. 
I. 

ALL BENDS ID HA.V[ MIN. RADIUS Of 5 1111(5 014 . 

ALL PIPINO 10 8[ S<:H. i~O. MA.l°L 541066. 
UHL [SS •0 I ED. 

ALL VA.IVES LOCA.IEQ IN HORJZ. PIPE RUNS A.H[ 
TO UC JNSTA.LLED WITH STEM5 IN NllRIZ. PLAH[. 

U JNOJCA.T[S 86W MA.M• NO. 

•. (;) INOICA.1£5 PIP£ Sil£ 

J. Q JkDJCA.T£5 ITEM NO. 

Z. © INDICATES B6W T£RMINA.L. 

I. 3 Pk"a°Jfo"'i:1cfi,\~Ar~fs4l~i~~!E~E~f. 
fOR CQN Ti NUA TJON SEE NO TE 10 

•••- .... I ~£.n1'..t --•--"• 
c-• •• 
hUR1-.P,frit•" I.,. 
~ _,. L'-C~/,_ 
~•--- L_ __ .,.U'ao 

DATA ANO NOTES FOR 
ARRGT. Of DAUi.i 

CONNS. & MOUNTINGS 
0WG.4O7O32E. 

TN( 14ACGCI 4 •11.tO&,CO 

8'.}1-,104-45 ~- 1· .. 
ri::--:~1---,-•• ~ .... ~.~,.-M.1-.. -.,-.o-•~e-~r------14 07 0 33 E 0 

Ii f;.2-15 1) 

A 

8 

C 

0 
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N 
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SECTION Q-Q 
(G-0 5337J) 

., IO 

T.0.5. EL.484'-5 

tQS, EL4&&!.5 

T 
---+----..-HUNl.~NI 

TOP OF TOWER ELA47'-0 

o,..J 
(G 8) 

SECTION o,-a, 
G-4 

' + IO 

II II II 

- -

L FOR MAIN ARRGT. SUPPLY TUBES SEE 0WG. 5D7J. 

2. FOR SECTIONAL SIDE VIEW SEE OWG. 5334J. 

-------- l&ICOU I -'OIi ca, 

,. 

• 

C 

D 

" 

Q 

N 

ARRGT. SOLAR 
RECEIVER 

1a:.:::::..0UoUM!fll-lSECTIONS & VIEWS 
r.:..~=-= 
;~-~".":::: I .... , i..::.--==----· 

891-1104-45 r. 

=-~----- KM.I -, 
412200E 0 

II G.2-16 ---- II 
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fOA LIO 11111:A JUHi 1££ UH.I 
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L/O VALVE STATION 
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REYISICHI 

DESCRIPTION 

t---------------------------------------------eo•-10• EVAPORATOR PANEL-----------------------------------'--'---------1 

t-------------------------------------------88' -0" SUPERHEATER PANEL------------------------------------------

16"--i--i---6' -1•---i------------------------------------13 SPACES 18' -0•1 = 78" -o•------------------------------------ 3'-11" 18" 

t--c-----------------------------------13 SPACES 16'-0"J = 78'-0"------------------------------------

20·-----a• -s· h--e·-s·---1 3•.9• ~ 

13 

i--------13" ·I "--------------------------------------6 SPACES 112' -0"1 72' -0"---------------------------------

• IN 
m 

I 

lO 

• l'IICD 
(0 

I 

l'I 

I 

I 
Z I 

111N •...J 

fh';;~~ 

N 

.:,UI~ _- .... 

l 
t 

12 

SH 11JBES-
I 1/8" 0.0. X ,110 

SH OUTLET HOR\ MIN THI< s• 0.0. X 3/4" MIN 
THI< BOCH 

~, ~ 

PANEL 
SCALE• 1/32 

-- ~ 
- I HOR LUG--.,. 1 -

3• X i/2" 55 '- I - - : : : : : : _ _ ~: : : _ ~SH INLET HOR 
\ : ... _ _ _ _ _ _ _ _ _ _ _ _ _ / 5" 0.0. X 3/4" MIN 

3/4" OJA-, r\. -' .... - - - - - - - - - THI< 800 

{ ____ r.:::~: 55 

I\ "I'\. - ~ • ~-E:;===~; 'f ~ '77:::::::: ... ~ ~ ~.::::~ 1 
• ;~51.J>-1(~-;-~~~=~==--§:-~-~-~--~--~~:.,l....!r"~-.. -_ _;:-~=-•~-i-:.•---i:~,1~:~•:,_, ___ !:l\_l-:i'"':::!t::-::,..~~-

( ---- -=====>~• 1 a 1111 I\. 1 ,1 1 11 1 E-:::::::;-::;;;; )I ( ~=* ~E::::E - ~:=== • ~- =::.. . \ ( ~:::::::;;- 1 1 1 1 1 

I. PANEL DRY WEIGHT ISHJPPINGl = 
10,0 KIPS. WEIGHT OF INSULATION, 
LAGGING, W8X18, AND CONNECTIONS: 
7,0 KIPS. 

\, "- I : : := G -: - : : : - =- - I I -+-<>-----<t-+•,O.---+---t 

IF ~ ~ ~ ~= ;m : ~ :- : ~ - •::: :::=::=::;:---__ -e -::-:- --:::::-:::3-j 40 
..J., - - - - - _:: : =- fi - - - -- -++--+-- '{ ---· -- --· -
1 ✓• : : :_ =:: : : : 1 ~- : : :...- = := ==:='=-~--==-= :::_:_==-=~ ~'-=:=: ==3- b ~~ ~~,0~~7fCTIONS 

I 

~~- +- t 

l•~ ~I I ~ ~ ~- =~ : : = ~ -: ~ ~~ = 1•'-
1)/ - - -- -- : : - - - I 

_{ ____ -o:-:=>°ti• I I Ill I VI / • ..u....~• I r.:::::::; ) ( 

l I 
-;;~ -;=::::: - - ---- ;;;; ·> ( 

•• l I 

----; ______ ·- --1-------,f--¼-t-...... -t-~ 
I 

---1 / I £=.~~-::; ------------
-;;:________ - .... 

I/ I / / : : : - : ~= 
/ 

----
~---

-- ~ '""'t. .. - '- .. • .. -1 - • I • 
II ~1------' 

- - 6 5/8" O.D. XI" MIN THK 
~LINKS-J

1
! = _= _= ~ ~---'F: __ = 

3" X 1/4" 55 ~'--=- _ ·- ~· -- ,__ 

- - VEVAP. INLET HOR 

- SA· l06C ~,;;:;--c.__ 

ENLGO VIEW K LSEE VIEW J /. INTERNAL MUL T JRJa EVAP LL F L L 
,_/ . TU6ES-I 1/2" 0 D SEE 

EVAP. OUTLET HOR X .134" MIN THI< • B SEE ENLGD VIEW E 
B 5/8" O.D. X l" 
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I l/4" DIA ROD 

HEADER LUG 
I .25AB6.625 7 .O 

PER 4U6 IFPGl 
ZUZ-1 FIG I 
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LUG 
WELD 

SUPERHEATER PANEL 
3 1/2" & 4" O.D. 

ERECTION PIN 5/8" DIA CS-REMOVE AFTER 

1" 
INTERM. TEMP CL 3 

TEMP CL 5 I 

CONN TO TOP STEEL 15 COMPLETE 
LOCATE AT EACH OUTER SUPPORT 

SEE TYP ENLGD VIEW 0 

2 X 1/4 

·sw 

i-12·7 

(l SUPERHEA TER 
I TUBES 
t---9" 

85" -0" -------
!BOO-----~ 

85'-10" MEMBRANE LGTH ----~ 

SECTION A-A 

X 2 X 1/4 A36 

BEND RAOJ I 
I 1/8" O.D. 
I 1/2" O.D. 
3 1,,12• O.D. 
4" O.D. : 16" 

3" 
3" 
14" 

WHEEL "'4684 WOODFORD MFG CO. 
PRESSED STEEL 3001 CAPACITY 
3 l/8" DIA FLAT TREAD 
4 3/16" DIA FLANGE 
1/2" CIA AXLE, BALL 
BEARING 

DIA S.S. 

TACK 
BOTH SIDES 
OF TUBE ITYPJ 

PANEL 
O.D. 

SOLAR RECEIVER 
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ECONOMIZER OUTLET HEADER 
8 5/8• o.o. X 1• MIN THK 
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l 1 ✓4• DIA ROD 
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J.2SAB6.625 7.0 

PER 4lJ8 IFPGJ 
2U2-1 FIG l 
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-
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7 II II 4 
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.. I 

8 SPACES 112•-0•1 " 72' -o• 

PANEL 
SCALEI 1/32 

ECONOMIZER TUBES 
1• ~,D, X ,134 MIN THK 

el" --- el-4 4 

65"·10" ME.MBRNE LGTH--------2•-s•---"'! 

SECTION A-A 

7 II 5 4 

3 2 

/DIAGONAL 
BRACE 

I 
1-......t.. 
-~~ 

-s·-s·--1 -3•-e· 

l • PANEL: DRY WEIGHT ISHIPPINGI : 
10.0 KIPS. WEIGHT OF INSULATION, 
LAGGI~ W8X 18, ANO CONNECTIONS : e.o Kl • 

A 

4 FOR VIEWS _, SECTIONS 
SEE DWG 405396E 

BEND RADII 
l • O.D. : 3• 
3 1/2 .. O.D. : 14• 
4• O.D. : 1,.. 

WtEEl. 14684 WOODFORD MFG CO. 
PRESSED STEEL 300• CAPACITY 
3 1/8• DIA FLAT TREAD 
4 3/16• DIA FLANGE 
1/2 .. DIA AXLE. BALL 
BEARING 

SOLAR RECEIVER 
_..._ss._...,.. -··--
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3 CHANNEL 1/2 LEG SUBGlRT 
18 GAGE MSG PER 38734A-9 

SHEET /ILUMlNUM 
22 GAGE 

St£ET STAllll.ESS 
18 GAGE 

SECTION B-B 

TYP EXCEPT
AT TOP & 

BOTTOM OF 
PANEL 

REF •1 

1/4 TYP 

•12 GA BWG SELF WELDING 
PIN STUDS & 2 IN. SPEED 
WASHER PER 9838A- 13 
ON 12 X 18 CTRS 

SLOTTED 
SCREWS PER 
ITEM-IZ3M 
3Y-1A!i-1Y PG 2 
TYPE A-B POINT 

SECTION C-C 
IC· I I 

13 12 11 

10 

10 

• 8 

1/4 TH< MEMBRAt£ 

7 

DD 
TYP ENLGD VIEW D 

SEE REF • 1 FOR 
ERECTION PlN REQUIREMENTS 

• 

l R TYP 

1 LG FILLER BARS 

II 

ENLGD VIEW E 
REF •I 

SECTION F-F 
TYP PANa SPLIT 

REF •I 

8 7 • 

l!I .. 
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l!I .. 

3 z 

I ECONOMIZER 46 TUBE PANEL 
NO. TITLE 

REFERENCES 
SOLAR RECEIVER 

ECONOMIZER 
. PI\NEL 

894-0018-45 DETAILS 
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3 CHANNEL 1/2 LEG SUBGIRT 
1B GAGE MSG PER 39734A-9 

SHEET ALUMINUM 
22 GAGE 
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¾ 1 
r=i-t 1--
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WHEEL 14884 WOODFORD MFG. CO. 
PRESSED STEEL 300t CAPACITY 

a 1.1e• DIA FLAT TREAD, 4 3/le• DIA ~.1. 
1/2• DI-A AXLE, BALL CIHl:j 

STIFFNER ON 
EVAP. PANEL 

TIE ONLY 

3/8. 

BAR 4• X 31'8• SS 

ti 
ENLGD ~ I EW E 

SECT I ON D I - DI 

REF 1:1 & 2 

4 3 

TYP ENLGD VIEW D 
SEE REF fl & 2 · ·F.QR 

ERECTION PIN REQUIREMENTS 

z 

SECTION B-B 
REF •1 & 2 

BAR 1 

TYP EXCEPT
AT TOP & 

BOTTOM OF 
PANEL 

aEVAP. HOR~ 

~ 

1/4 TYP 

f12 GA BWG SELF WELDING 
PIN STUDS & 2 IN. SPEED 
WASHER PER 993BA-13 
ON 12 X 18 CTRS 

SLOTTED 
SCREWS PER 
ITEM-123M 
3Y-1A5-1Y PG 2 
TYPE A-B POINT 

SECTION C-C 
IC-11 

13 12 11 

SECT K1-K1 

1/2 SS 

1/2 SS 

3 LG FILLER BARS 
MKILATERI PER OWG 396766 
1/8 WELD TO MEMB. ONLY 

ENLGD VIEW K 
REF •1 & 2 

+ 

~ - H1 t-+---+--+--.-SLOT IN INSUL 

Ill 
1 I ,t- LGTH TO SUIT 
11 Ill EXPN AT EACH 

...L__f.. __ L~L~•r--t-_._~Loc. 
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4 

H1 
JL 
16 .a.. 

16 

SECT I ON G - G 10-eI REF , 1 & 2 

TYP MEMBRANE CONSTRUCTION 
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\ 

SECT I ON HI - HI SECTION H-H 
REFlll1&2 

10 9 

PLATE 
3 1/2 X 3/8 X 3 3/4 

ss ~WR SH 
EL 464"-11" SECTION F-FIJ=:-61 REF fl 

,....___,..., TYP PANEL SPL I T 4 2 

J1 
SECTION J1-J1 ENLGO VIEW J 

REFf1&2 

8 7 B 5 4 

2 INTERLACED 29 TUBE S.H. 
1 I NTERL/\CED 26 TUBE 5. H. 

REFERENCES 

SOLAR RECEIVER 

SUPERHEATER 
PANEL DETAILS 

894-0018-45 
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• 8 LSEE ENLOO VIEW~ 
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1 l/4" DIA ROD 
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-------- : : I /EVAP. INLET HDR 
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LSEE VIEW J 
ENLOO VIEW K 

ERECTION PIN 5/8• DIA CS-REMOVE AFTER 
CONN TO TOP STEEL IS-COMPLETE 

LOCJITE AT EACH OUTER SUPPORT 
SEE TYP ENLGD VIEW D 
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j 

MIN THI< 

3 1/2" O.D. : 
.... O.D. : 16" 

WHEEL '4884 WOODFORD MFG CO. 
PRESSED STEEL 300f CAPACITY 
3 .1/8" DIA FLAT TREAD 
4 3/16" DIA FLANGE 
1/2" DIA AXLE, BALL 
BE.,.RING 

DIA S.S. 

TACK 
BOTH SIDES 
OF TUBE ITYPJ 

1800----...J 

HEADER 
LUG 
WELD 

II 10 9 

85' · 10" MEMBRANE LGTH ___ ___,.., 

SECTION A-A 

8 7 8 5 4 
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DIMENSIONS TYPICAL 
FOR ALL ELEYA.TJONS 
EXCEPT T.0.S. EL 561°·!9 
IUNLESS ltOTEl11 

T .O.S. ELEV AT ION 520" • 10" 
!ORATING El •I l.14'"UNLESS NDT£tll 

T.0.S. ELEVATIONS 466'·4" 
I GRATING EL •I UOil"" UIU.ESS NOTEDI 

9063J 0 

T.O.S. ELEVATION 539"·4" 
IBAATINB EL •I 1.1400 UNLESS NOT£DI 

T.0.5. ELEVATION 484'·4" 
IORAT)NO EL •I 1.14'" UNLESS IIO'TE."01 

~t~1f!."1o" X 
24 

EL 468" •9 IT YPI 

IIOTE: RODS CtllTERED 8£TWEEI 
ROD SUPPORT CHANNELS. 

T.O.S. EL 530'·9" 
ILANDINO EL • I 1.14"'J. 

512£S TYPICAL F'OR 
El •G6"•4" <484"· •". !!102"·4"'&SZ0'•1O00 

IUIIILESS N(hEOJ 

:1-~nllfl~V:T~~•ELS 

B 

l'.O·.-s; ELEVATION 561' ·3" 
lliAATING El •I 11'4" UNLESS NOT[OI 

T.O.S. ELEVATION 502'·4" 
!GRATING EL •I 1 ✓4" UNLESS NOTE'OI 

45• ITYPI 

21•3 X 3 XI✓◄ 1·14-J 
TYPICAL F'OR All 
TRUSS CHORDS 
!UNLESS NOTED! 

E 

PA[L!UINART • NOT TO Bf'. USED 
f(1A 0£Sif,N. r4BA[(ATIOIW 

QA CQNSlAUCT/ON 

REWIS IONS -· 

T.O.S. ELEVATION 550' ·3" 
IGAATING EL •I 1/400 UNLESS NOTEDI 

WlO X ZZ 

T.0.5. ELEVATION 551'·4" 

..,, S r1sTEA 

•L< 
- ROG 

J"QR BElllfAAl NOTES & OAAWUIO 
A£1"£R[NC£; srr OWG 18&788£ 

BAB CO C>, & WI L COx 
A 1,t('O[Rl,f~TT CQl,IIPAN"' 

siS'iilr1im:..""'Ni:.-;:!U"JU.~.:U 
EL PASO SOLAR RECEIVER 

STRLir, TUR AL STEEL 

PLAN VIEWS 
"'$!'--

9063J 0 
G.2-23 
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ROOF' EL '!169' · '3"' 

T ,0 .S. [L 561° · ]• 

T .0 .S. EL 539' ·400 

T.0,5. EL 520"·10"' 

SPLICE EL 50G'•!5'" 

T.O,S. EL ~2'•4'" 

T.0,S. EL 484'· •• 

T.0,S. EL 4&6"·400 

TOP OF' TOWER 
lt 447 ·d 
l&Y DTKEASI 

:i: 

I 

9064J 

:i: 
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:i: 

I 
J: 

I 

PROJECTED ELEVATIONAL VIEW 
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I I I 

I I I 
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I AS 

••• 

I,P 6 £L S&I"·]-

2ECTiON "G·G" 

T. 
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••• ... 
IA$ EL ~il"·:r 

::J .,. 
SECTION "F ·F" 

SLOPED T.0.5. EL. 569'·9 !11'8" TO 669"•1 114• 

.,.,. 

.,,,. 

.J.FRAIIIC 
.-. <a.Fl'l!tTSIII.. 

894·0018·45 

REvlSIO"S 

POST *12 X 40 
EL 561" ·]• TO 
EL 569" ·9 51&• 

N 

n 

BABCOCK & WILCOX 
A MCDERMOTT COMPANY' 

~-~ 
EL PASO SOLAR RECEIVER 

STRUCTURAL STEEL 
PROJ. ELEY. VIEi & ROOF STEEL 

9064J 0 
G.2-24 
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IP!' Pf •._•LWff,l!g ADIEBII L ___ tt_,.---PLATI WUMP 

SECTION "A·A" 
P\.AT[ WASMtR 

ANCHOR BOLT ASSEMBLIES 

.,..,. PLATE SIZE SCH. ~Uf • • ...... • ' l WASHER •40 PIPE , ... DIW. BA•UA ' , .. ,. 1111 111• ,. • ,n .. l 1n• 1• • 7• J 1•.4• 1 1n•. ,,.4• 
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.J .J 
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BASE CONNECTION HEIGHT 

.... 

9073.1 0 

AIICMOA 

• LY!~jH .. :,-.4• ASSEMBLY FOR 7/8" DIA ANCHOR BOLTS 

.. ..... 

e 

8 PL 2 11o11• X ZQ 
W/ -4 • 2 I/• .. OJA A.b. '\. 

IOT[S FOR &AS£ PLATU 1 

1, ALL GROUT MOUS IMALL Br l"' Oil. 

2. ~LB~fS5l,.n~~U PALL It rm,.O ICL,0£0 

J. ,~
5i£~n:ii0:,~c~,~~;,:1-:~~~=:1~~s~of1i~"1,15 

• 11'2"' 

SECTION "B·B" 

l 1/4" X 20" X 2" ••" 
W/ 4 · 2 114• OJA A.8, 

PRlLlUIIIAJh' • NOT TO 8£ USED 
roA CES1Gi..rASAICATION 

OA COIISTRuCTlO• 894-0018 · 45 

ltlVl&IOhS 

FDA Glll[AAL NOT[S & l]IU,lllllifG 
REFERENCES IEE 0-.0 286788[ 

STRUC T[IRA~ STEEL 

DETAILS & BASE PLATES 
"I·•--. 
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PIER LOADS 
IBOTTOII OF BASE Pl.An. EL 44r-o-i 

PIER LOAD NOTES 
I. OIIAVITY LOAO!I 

L • LIVE LOAO!I 
D • OEAO LOAO!I 

Z. DV[RTuA-i NG 
a II NO OA EO, LOAD5 
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APPENDIX G.3 

G.3 RECEIVER THERMOHYDRAULIC PERFORMANCE 

This section provides detailed computer printouts. of the 
thermohydraulic performance analysis summarized in Section 5.3.3. 
Figure G.3-1 through G.3-5 present performance parameters for the 
receiver panels. For each panel, these printouts give 
information on heat absorption, efficiency flow rates, mass 
velocity, pressure drop, steam conditions, maximum tube OD 
temperature and the minimum safety margin at normal operating 
conditions and also at upset, unbalanced conditions. The 
superheater. first pass flow control valves are assumed to be 
biased to keep the first pass outlet temperature the same in each 
panel. The safety margin is defined as the ratio of the maximum 
allowable heat flux to the actual expected heat flux. The "upset 
and unbalanced condition" in the computer printout refers to the 
highest possible steam temperature and highest metal temperatures 
of the most exposed "hot" tube in the panel, caused by extreme 
flow unbalance or heat upsets due to a combination of the 
following reasons: 

• Tube manufacturing tolerances 

• Header maldistribution 

• Flux gradient on panel 

• Heat flux peaks resulting from heliostat misalignment 

• Insolation peaks on very clear days 

The total flux upset factor (Fg) varies in both vertical and 
horizontal directions along the receiver. However, the flow 
unbalance factor (Fu) only changes from panel to panel and 
remains constant along the tube. It is estimated that the 
maximum heat flux upset factor including the gradiant is about 
1.5 (+50 percent); the minimum flow unbalanced factor is about 
0.83 (+17 percent) at the design point • 

G.3-1 
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DRUl1 PllESSURE • 2055.54 PSIA 
FEEDWATER PRESSURE • 2087.76 PSIA 

EXIT COtl>ITIOHS (TO T\.RBINEJ • 

FRON SUPERHEATER 

PRESSURE • 
TEl1PEl.'ATURE = 
ENTHALPY • 
STEA/1 FLOW : 

HEAT TOTALS• 

TOTAL INCIDENT 

TOTAL LOSSES -

RADIATION 
CONVECTION 
CONDUCTION 
REFLECTION 
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SH-BLR-ECON 

• 105.108 NW 

• 6.219 ttW 
II 5.185 t1W 
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• 5,255 11W 

TOTAL ABSORPTION i:: 17,924 t1W 
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G.4 RECEIVER MECHANICAL DESIGN 

This section provides a detailed description of receiver panel 
assembly, including panel assembly, buckstay spacing, vortex 
shedding, insulation, and material selection. 

G.4.1 Panel Assembly 

The receiver panels incorporat7 a membrane wall construction. 
This type of panel construction is widely used in the power 
industry having several distinct advantages for solar application 
- structural integrity, increased absorption area, and light- and 
water-tightness. 

The panel design differs for each receiver section. The 
evaporator portion of the receiver uses a 38.1-mm OD X 3.40-mm 
(1.5-in. OD X 0.134-in.} tube with a 12.7-mm (0.5 in.} web that 
is fabricated using standard B&W shop methods and equipment. The 
economizer panel, 25.4-mm OD X 3.40-mm (1.0-in. OD X 0.134-in.} 
tube and 12.7-mm (0.5-in.} web (width}, is also shop fabricated 
according to B&W methods. The superheat panels use 28.6-mm OD X 
3.0-mm (1 1/8-in. OD X 0.110-in.} tubes and 6.35-mm (0.25-in.} 
web, constructed of Incoloy BOOH material and require a somewhat 
modified method of fabrication. Conventional membrane wall 
construction uses a larger bar to form the web which separates 
the water tubes. Weldment of the bar to the tube wall becomes 
increasingly difficult for smaller web sizes because of twisting 
and distortion that occurs. For the smaller web size of the 
superheat panel, a rod is used in place of the bar. Fillet welds 
are applied on both sides at the corners to achieve the desired 
geometry. These superheat panels will be shop fabricated using 
existing equipment. Approximately 17 months will be required for 
this fabrication since the process is much slower than for the 
normal panel geometries. 

Three types of panel assemblies are used in this design - an 
economizer and a 26 or 29 superheat tube interlaced panel. 
Details of the geometry and material are given in Table G.4-1. 
The panel assembly is shop fabricated to minimize field work and 
includes a lateral restraint system and attached headers. The 
panels are shipped to the site, three panels per rail carrier, 
where they are completed. Ground work includes installation of 
insulation, casing, connections and vertical members. An 
erection rig orients the panel to a vertical position at which 
time the panel assembly is hoisted external to the tower to the 
receiver level. The panel assembly facilitates the erection 
process by reducing the amount of work performed in the field. 

is supported from a cantilevered top support steel 
which is similar to the method employed by 
fossil boiler designs. Downward thermal growth is 

Each panel 
arrangement 
conventional 
permitted via 
independently 

roller connections that guide each panel 
in the vertical position. The receiver panels are 
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laterally restrained to remove wind and seismic loads, limit 
vibration, and maintain the vertical plane of the receiver, 
thereby offering a light-tight and weatherproof design. The 
interlaced panel design combines the evaporator and superheat 
panel into a single assembly. The superheat panel is 
"sandwiched" between two evaporator panels on either side in the 
panel assembly. The evaporator discharge headers (at the top of 
the panel) extend across the full panel assembly width and 
support the entire weight of the panel assembly. Two support 
rods transfer this vertical load to top steel. The interlaced 
superheat panel is supported from the evaporator header by lug 
connections and links that allow for differential growth of the 
headers. Operating at higher temperatures, the superheat panel 
is permitted to thermally grow independently from the surrounding 
evaporator panel. Gaps are provided between the superheat panel 
and evaporator panels and between panel assemblies that allow for 
horizontal thermal growth. A stainless steel horizontal tee 
section or buckstay is attached to the superheat panel and 
transfers lateral loads to a vertical buckstay that is bolted to 
.the main support structure. The weight of the vertical buckstays 
is then supported from the main steel structure at the trussed 
elevations. 

The evaporator panels located on either side of the superheat 
panel are supported from a carbon steel horizontal tee section or 
buckstay and guided by the same vertical buckstays independent of 
the superheat panel. This scheme is shown in the sketch of 
Figure G.4-1. The centerline of each panel assembly is a line of 
zero thermal growth. This limits the maximum panel movement that 
occurs. In cold position, a clearance that allows for thermal 
expansion is provided between the roller flange and the vertical 
buckstay. In the hot position, the flanges of the roller 
assemblies make contact with the vertical buckstay maintaining 
vertical alignment of the superheat panel. This alignment is 
necessary to eliminate the potential for sliding surfaces between 
the panels which can lead to excessive wear patterns. Since all 
of the evaporator panels operate at approximately the same 
temperatures, the differential downward growth is negligible, and 
therefore some contact between adjacent panel assemblies is 
permissible. 

The roller assembly consists of four flat tread trolley wheels 
bolted to a stem that is rigidly attached to the horizontal panel 
buckstay (Figure G.4-1). The use of four wheels permits the 
vertical growth of the panels and prevents rotation of the 
support, which significantly reduces lateral displacement due to 
thermal bowing. Limiting panel deflection is an important design 
consideration to reduce the possibility of gap formations between 
panel sections and to prevent contact of overlapping panels. The 
tapered flanges of the trolley wheels serve to guide the 
individual panel sections vertically without any possibility for 
hangup or binding against the vertical buckstay. A lateral 
support system using linkage was investigated that posed numerous 

G.4-2 

• 

• 

• 



• 

• 

• 

design problems associated with wearing surfaces. A system of 
roller supports was selected as an alternative which lessened the 
complexity involved, eliminated the design uncertainties, and 
proved to be comparable in cost without sacrificing structural 
integrity. 

The centerline of the superheat panel is maintained by a bumper 
tie located on the top and bottom of each horizontal buckstay. 
This tie, which also removes lateral load occurring in the plane 
of a receiver panel, consists of a square lug and filler bar 
welded to the panel and is guided vertically by small bars welded 
to the buckstay. Lateral restraint normal to the panel is 
accomplished using stainless steel tube clips welded to the 
backside of the panel and allows for lateral thermal growth by 
sliding on the buckstay. Lateral movement is limited to the 
thermal growth of half of the width of a superheat panel for 
which the possibility for binding or excessive wear is non
existent. 

The evaporator panel operates at lower temperatures; therefore 
the use of tube clips here is not necessary. The panel is welded 
directly to the bottom of the buckstay. Vertical alignment of 
the evaporator panel section is also maintained by flanged roller 
assemblies mounted to the horizontal buckstay and roll along the 
flanges of the vertical buckstays. 

The use of filler bars and tube clips to anchor the panels to the 
buckstays is not new and is justified by their use in the fossil 
power industry. Experience indicates that the tube clip is the 
best method for tieing back membrane walls. Concentrated 
stresses that develop in the tube wall at the attachment have 
been determined to be insignificant. This is reasonable since 
temperatures are much lower on the tube backside and thermal 
gradients are small. 

Return lines are anchored to the vertical buckstays near the top 
of the panel assembly using bolted clamp connections which 
totally constrain these pipe ends. The supply lines are also 
anchored to the vertical buckstays but utilize roller supports to 
permit downward growth. The roller supports are designed to 
provide constraint for the rema1n1ng five degrees of freedom. 
Some vertical piping deadweight is absorbed by the panel 
assembly, but the amount is negligible. 

G.4.2 Buckstay Spacing 

The panel design is established on the basis of internal 
pressure, deadweight, frequency of vibration, wind, seismic, 
thermal loads, and geometric requirements. The lateral restraint 
spacing has been set at 1.83 m (6 ft) to satisfy stress and 
deflection requirements. This spacing assures straightness of 
the superheat portion of the panel during maximum thermal 
loading. To verify the selected spacing, the membrane panels are 
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assumed to act as ·beams having fixed end supports (the lateral 
restraints do not permit rotation). 

The controlling load is wind and the resulting moment is 
therefore: 

and the 

Where: 

M 
X 

= wi2 
12 

= 150 cm-kg (130 in.-lb) 

corresponding 

M 

longitudinal stress is: 

X 
s s = 

M sx 
w 
Q, 

sx 

X 

= 108 kg/cm 2 (1530 psi) 

= bending moment 
= bending stress 
= unit lateral load= 5.36 kg/m (0.300 lb/in.) 
= span length= 183 cm (72 in.) 
= section modulus= 1.40 cm 3 (0.085 in. 3

) 

Due to the 
paint on the 
limited to: 

presence of insulation and to prevent cracking of 
absorption surface, maximum lateral deflection is 

Q, 
Max. = 360 

= 0.51 cm (0.20 in.) 

actual wt 4 
= 384 EI 

Where: 

= 0.051 cm (0.020 in.) 

t = span length= 183 cm (72 in.) 
E = modulus of elasticity= 160 X 10' kg/cm 2 

( 2 2. 7 X 10' psi) 
I = moment of inertia of 1 tube= 2.08 cm' (0.050 in.') 

and 0.051<0.51 cm. 

Therefore deflection limit is satisfied. 

The membrane panels are designed to exceed a natural frequency of 
vibration of 5 hertz to prevent development of resonance. For 
fully restrained ends, and neglecting the beneficial effects of 
tension (deadweight), the natural frequency for a 1.83 m (6 ft) 
span of the superheat panel is: 
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Where: 

f = [(2i + l) n/2] 2 = EI 0.5 

i 
1 
E 
I 
m 

= 
= 
= 
= 
= 

2n.e 2 rn 

1 for first mode shape 
span length 
modulus of elasticity 
moment of inertia 
mass= weight per unit length divided by 

gravitational acceleration 

The panel frequency was determined to be 35 hertz, which is 
acceptable. 

Deflection due to 
control the lateral 
the applied heat 
along the span and 

thermal bowing is insignificant and does not 
restraint spacing. For a l.83m(6 ft) span, 
flux can be considered constant at any point 

the resultant fixed-end moment is defined by: 

M = 

Where, a = 
flT = 

E = 
I = 
d = 

a flT EI 
d 

Coefficient of thermal expansion 
through-wall temperature differential (for a linear 
gradient) 
modulus of elasticity 
moment of inertia 
depth of wall 

and deflection is zero for this condition. The above equation 
shows the thermal moment is not a function of span length but is 
linearly proportional to T/d. The resulting longitudinal stress 
is accounted for in the elastic thermal tube analysis .by assuming 
a generalized plane strain condition. 

The joint between the superheater and evaporator panels 
represents an important design consideration for buckstay spacing 
requirements. In hot position, the membrane extension of the 
evaporator panel overlaps the membrane edge of the superheater 
panel to prevent shinethrough. Although lateral displacements 
caused by elastic thermal stresses are negligible, inelastic 
action may present some bowing or "warpage" of the superheater 
panel. To minimize the possibility for contact between the 
different panels, supports are designed to prevent panel rotation 
and buckstay spacing is limited to a 1.83 m (6 ft-0) spacing, 
which provides a sufficient margin above the mechanical design 
requirements of the panel. Necessary adjustments are possible 
during shop assembly to ensure design clearance between the 
individual panels is maintained. Upon final assembly of one 
shipping unit, the superheater panel is "locked" into place 
between the evaporator panel sections, and the complete assembly 
may be shipped without any concern for readjustments. The use of 
the web extension of the evaporator panel is common in the boiler 
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industry and has proven successful; therefore, its use is 
justifiable and any thermal stress analysis deemed unnecessary. 

G.4.3 Vortex Shedding 

The phenomenon of vortex shedding was investigated to ensure 
resonance would not occur for this receiver design. In vortex 
shedding, naturally occurring turbulences are shed alternately 
from the sides of the receiver/tower structure. If the frequency 
of vortex shedding (induced by a steady wind) occurs at one of 
the harmonic frequencies of the structure, then transverse 
oscillations will develop. The frequency at which vortices are 
shed is given by the following equation for tublar structure: 

Where, 

f = 0.20 V/D (1 - 20/NR) 

V = wind velocity 
D = structure diameter 
NR = Reynold's number 

Because of the 
Reynold's number 
simplified: 

large diameter 
is very large 

of the receiver structure, the 
and the equation can be 

f = 0.20 V/D 

which offers a good approximation. Maximum wind velocity at the 
receiver level is determined by increasing ground wind velocity 
exponentially according to the following equation: 

Where, 

and 

V = V (Z/V ) 1/ 7 
z O 0 

= 70 mph ( ( 650 ft/sec) /70 mph) 1
/ 

7 

= 96 mph (43 m/s) 

Z = height 
V = basic ground wind speed 

_ 43 rn/s f - 0.20 x 18 _3 rn = 0.47 hz 

To check the resistance of the receiver/tower structure to wind 
induced vibration, the following criteria have been proposed. 
(Eduardo P. Zorrilla, "Predicting Aerodynamic Behavior of 
Stacks," The Oil and Gas Journal, November 1, 1971.) 
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= 25 

Where: 

= 30 X 10 6 

650 (40) 2 

= 29 > 25 

W = weight of structure, lb 
L = height of structure, ft 
DR= average diameter, ft 

The receiver/tower structure is therefore adequately designed to 
resist wind-induced vibration. Drag and lift forces were 
calculated for the receiver and do not exceed the component 
forces of design wind pressure. 

G.4.4 Insulation 

The panel assembly also includes 7.6 cm (3 in.) of medium 
temperature block insulation (CL 5), 10.2 cm (4 in.) of 
intermediate temperature block insulation (CL 3), stainless steel 
and aluminum. The insulation consists of 61 cm x 91 cm (2 ft x 
3 ft) squares sandwiched between a stainless steel casing and 
aluminum-ribbed lagging and are held in place by pin studs which 
connect the casing to the lagging. The insulation is assembled 
on the ground prior to the panel being lifted in place on the 
tower. The 16-gage stainless steel casing separates the 
insulation from the panel tubes and is supported by the 
evaporator bottom horizontal buckstays. This casing serves three 
functions: permits differential thermal expansion between the 
evaporator and superheat panels, protects the insulation against 
the environment, and provides an effective method of supporting 
the insulation. All insulation and lagging are supported from 
the evaporator buckstays. Pin studs welded to these buckstays 
support subgirts attached to the aluminum lagging. Expansion 
joints allow for differential thermal expansion that exists 
between the various components of the panel assembly. Expansion 
slots of variable sizes are provided at each point where the 
superheat panel supports penetrate the insulation and lagging. 
Maximum expansion of the superheat panels is approximately 230 mm 
(9 in.). Insulation is also installed on the superheat panel 
support, behind the panel insulation sandwich, to cover the 
slots. 

Blanket insulation (Kaowool 2600) surrounds the headers at either 
end of the panel and is held in place by stainless steel casing. 
The exposed casin9 above and below the heated surface is painted 
with a highly reflective white pyrolitic paint. The header 
insulation, casing and shroud are installed 1n place to 
effectively weatherproof the design . 
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G.4.5 Materials 

The receiver components are designed for the mechanical loads 
given in Section 5.3.4 and loads defined by the thermal hydraulic 
analysis. These loads include thermal upset conditions, design 
pressures and temperatures. Incoloys and stainless steels are 
used for the pressure boundary part that see high operating 
temperatures. Carbon steels commonly used in the boiler industry 
are used for lower temperature applications. The allowable 
stress properties shown in Figure G.4-2 describe the strengths of 
various materials used. In addition to the strength requirement 
of materials, other considerations for material selection include 
material availability, fabricability, maintainability and cost. 
To summarize the material selection for tubes, headers, and 
piping, the following materials apply in general up to the given 
temperatures: 

Material 

SA-210C 
SA-213-Tll (Cr-1-1/4) 
SA-213-T22 (Cr-2-1/4) 
SA-407 (Alloy 800 and 800H) 

Limit 

To 510°C (950°F) 
566°C (1050°F) 
607°C (1125°F) 
816°C (1500°F) 

The material breakdowns for all receiver components are given in 
Tables G.4-1 and G.4-2. 

G.4.6 Sizing and Geometry 

The pressure boundary parts are sized in accordance with the ASME 
Codes as applicable. Tube and header sizes were established in 
the thermal hydraulic analysis as given in Table G.4-1. Sizing 
is based on pressure, elastic thermal stresses and corrosion 
allowance. Tube thickness is determined by the following 
equation of ASME Section I "Power Boilers": 

· PD 
treq'd = 25+P + 0.005D 

= 2.62 mm (0.103 in.) 

tactual = 2.79 mm (0.110 in.) 

Where, P = design pressure 162 kg/cm 2 (2300 psi) 
D = tube outside diameter, 2.86 cm (1.125 in.) 
s = allowable stress= 858 kg/cm2 (12,200 psi) 

for Incoloy 800H@ 610°C (1130°F) 

Tube-to-header 
Figure G.4-3. 
radial entry 
concentrations 

junctions use the typical socket weld shown in 
The panel tube attachments to the header are non
connections which reduce axial tube bending stress 
due to deadweight. The larger diameter inlet and 
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outlet tube lines require radial entry connections to the 
headers. Offset tube entries are required at the header ends • 
Flat end closures are used for all headers. Header design is 
based on internal design pressure and considers thermal 
transients events such as upset condition and cloud transient. 

G.4.7 Piping 

Piping components include return lines, downcomers, saturation 
connections, attemperator piping, vent and drain piping. All 
piping is designed, fabricated, and constructed to ANSI B31.l 
rules (Power Piping Code). Pipe routings are determined from 
flexibility analyses and geometric requirements to facilitate the 
use of piping bundles. Material savings involving insulation, 
lagging and supports are realized when piping of the same 
temperature is bundled together instead of insulating 
individually. All piping, attemperator lines and collectors are 
adequately sloped for drainage. Solid rod hangers support the 
return lines and downcomers transferring deadweight to top 
support steel. Supply lines are supported from el 142 m 
(466 ft, 4 in.) using constant load spring hangers to permit 
thermal growth of the receiver panels and downcomers and miminize 
load transferal to fixed portions of the piping. The term 
"downcomers" figuratively describes all vertical piping such as 
the feedwater line. Intermediate steel elevations are provided 
to laterally support the downcomers. The lower elevation of 
piping represents one of the most difficult areas to design. The 
flexibility analysis of the superheat supply lines accounts for a 
25.4-cm (10-in.) vertical movement between anchor points (panel 
and downcomer) that can occur during startup when the dry 
superheat pdnel is heated and the downcomer is cold. To arrive 
at an acceptable piping layout, many arrangements have been 
proposed and investigated involving numerous flexibility 
analyses. These analyses consider the combined conditions of 
pipe expansion and differential movement between anchor points. 
Due to the various pipe sizes and materials, each piping layout 
becomes unique. Positioning all of the necessary expansion loops 
is a difficult task given the highly restrictive receiver 
geometry. Piping sizes and materials are given in Table G.4-3. 

G.4.8 Steam Drum 

The steam drum configuration conforms to steam drum standards 
used for industrial and utility fossil type boilers. The 
pressure boundary complies with the requirements of the ASME 
Section I, Rules of Construction for Power Boilers. The 
internals design and arrangement have been proven to be very 
efficient for the intended purpose, namely to supply dry steam to 
the superheater. The structural adequacy under cyclic loads has 
been found to be acceptable in "peaking" type operation where 
daily shutdown is required. The significant concern of the steam 
drum is the ability to handle the large through-thickness thermal 
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gradient that occurs in the shell wall during rapid startup and 
during severe cloud transients. 

This problem is minimized by using an oversized steam drum, 
increasing the water inventory, and by careful control of the 
unit during startup and cloud transients. Materials and sizes 
are given in Table G.4-2. 

G.4.9 Codes 

The receiver design is consistent with the following Codes: 

• ASME Section I "Power Boilers" 

• ANSI/ASME B31.l "Power Piping Code 

• Uniform Building Code (UBC), 1979 edition 

• American Institute of Steel Construction (AISC), 8th 
edition (1980) 

• American Welding Society Specifications 

• Miscellaneous: 

- OSHA 
- Local Codes 
- Utility Co. Specs 
- NEMA 
- ANSI A-58.l 

B-16.5 
- ASME Section VIII Div. I 
- ASME Section III Div. I, CCN-47 

In addition to the above Codes, the B&W Fossil Boiler Standards 
were used extensively for design, s1z1ng, analysis, drawing 
preparations, and manufacturing purposes. 
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Econ 
Evap 
PSl 
PS2 
P53 
FSl 
FS2 

Headers 

Econ 
Evap 
PSl 
P52 

• PS3 
FSl 
FS2 

• 

TABLE G.4-1 

RECEIVER TUBES AND HEADERS 

Tube Size Web Size Material Tubes/Panel 

1.0" OD X 0.134 1/2" X 3/16" 210 Al 46 
1.5" OD x 0.134 1/2" X 3/16" 210 Al 14/16 
1-1/8" OD X 0.110 l/4" X 3/16" I800H 26 
l-1/8" OD x 0.110 1/4" X 3/16" ISOOH 29 
1-1/8" OD x 0.110 1/4" X 3/16" ISOOH 29 
1-1/8" OD x 0.110 1/4" X 3/16" I800H 26 
1-1/8" OD x 0.110 1/4" X 3/16" I800H 29 

OD x Thk Material Design Pressure 

6-5/8" OD x l" SA-106C 2400 psi 
6-5/8" OD x l" SA-l06C 2320 psi 
5" OD x 0.75" ISOO 2300 psi 
5" OD x 0.75" I800 2300 psi 
5" OD x 0.75" I800 2300 psi 
5" OD x 0.75" IBOO 2300 psi 
5" OD X 0.75" IBOO 2300 psi 
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TABLE G.4-2 

PRESSURE BOUNDARY MATERIALS AND SIZES • 
Return Lines ! OD THK Material 

PS-1 8 - 3.5 X 0.320 CR 2-1/4 
PS-2 8 - 4.0 X 0.480 CR 2-1/4 
PS-3 8 - 8.5 X 0.320 I-800 
FS-1 8 - 4.0 X 0.480 CR 2-1/4 
FS-2 8 - 3.5 X 0.320 I-800 
Econ 4 - 4.0 X 0.260 210 C 
Evap 22 4.0 X 0.260 210-C 

SUQQlies 

PS-1 8 - 3.5 X 0.230 210-C 
PS-2 8 - 3.5 X 0.320 CR 2-1/4 
PS-3 8 - 4.0 X 0.480 CR 2-1/4 
FS-1 8 - 3.5 X 0.320 CR 2-1/4 
FS-2 8 - 4.0 X 0.480 CR 2-1/4 
Econ 4 - 4.0 X 0.260 210 C 
Evap 14 4.0 X 0.260 . 210-C 

Downcomers 

(1A}2 - 8-5/8 X 0.75 CR 1-1/4 • Drum - 12-3/4 X 1.00 SA-106C 
(2)2 - 8-5/8 X 0.875 CR 2-1/4 
(3)2 - 8-5/8 X 0.875 CR 2-1/4 

Steam Drum 

61-1/2" 3-3/4" SA302B 
(Hemispherical Heads 3-1/2" Thk) 

Saturation Connections 

5" OD 0.3" 210 C 

• 1 of 1 



TABLE G.4-3 

• SUMMARY OF RESULTS 

Reference El Paso El Paso El Paso 
Study Loe. l Loe. 2 Loe. 3 

Tube Size 38.l mm X 1.65 mm 28.6 mm x 2.79 mm 
(OD x thickness) (1.5" X 0.65") (l 1/8" X 0.110") 

Material* Alloy 800 Alloy 800H Alloy BOCH Alloy BOCH 

Maxiiµum Metal 633°C 622°c 628°C 642°C 
Temperature (1,172°F) (l,152°F) (l,163°F) (l,187°F) 
(OD crown) 

Max. Load & Disposal -2,390 -2,390 -1,968 -1,195 
Controlled Stress (-34,000) (-34,000) (-28,000) (-17,000) 
Intensity (Elastic) 
kg/cm 2 (psi) 

Operating Cyles 60,000 60,000 60,000 60,000 

Operating Time (hrs) 100,000 100,000 100,000 100,000 

Initial Strain (%) 0.142 0.142 0.142 0.142 

• Final Strain Range (%) 0.131 0.131 0.108 0.066 

Creep Damage (T/T) 0.6 0.27 0.41 0.57 
D 

Fatigue Damage (n/N ) 0.6 0.60 0.08 0.06 
D 

* The reference study uses the material properties of Incoloy 800H • 
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SUPERHEAT PANEL 
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EVAPORATOR PANEL 

EVAPORATOR PANEL SuPPORT 

FIGURE G.4-1 - Panel Support 
Scheme 
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• G.5 CREEP-FATIGUE AND STARTUP STRESS ANALYSIS OF THE TUBE PANEL 

This section describes the tube panel creep-fatigue analysis, 
startup stress analysis, and resulting materials selection. 

• 

• 

G.5.1 Creep-Fatigue Analysis 

A creep-fatigue analysis of the superheat (Incoloy 800H} panels 
has been performed to verify a superheat tube will not fail in 
fatigue, or result in excessive distortion, or rupture as the 
result of creep. Analysis of an evaporator tube is not needed 
because the boiler portion of the receiver operates at lower 
temperatures. The evaporator tube is sized in the thermo
hydraulic design (Section 5.3.2). Two methods are employed to 
evaluate the membrane wall superheat tube - a simplified elastic 
technique proposed by the B&W internal report, "Supplemental 
Elevated Temperature Rules For ASME Section VIII - Division I," 
and an inelastic analysis that conforms to the requirements of 
Code Case N-47. The inelastic results were derived using data 
from the creep-fatigue evaluation presented in Section G.6-G.7. 

Three locations representing the worse-case conditions were 
evaluated. Figure G.5-1 depicts these locations in relation to 
the allowable absorbed heat flux map. Location 1 is subjected to 
the highest heat flux level and lowest fluid temperature. 
Location 2 experiences a combination of high heat flux and metal 
temperature. Location 3, which is in a region of high fluid 
temperature, exhibits the highest metal temperature. All three 
locations see the same number of thermal cycles. 

Location 1 is, therefore, most susceptible to fatigue damage, 
with Location 3 being most susceptible to creep damage. 
Location 2 represents a combination of the fatigue damage and 
creep damage. 

The maximum loading condition for each of the locations in given 
in Table G.5-1. Deadweight, wind, and seismic stresses are small 
in comparison to the pressure and thermal stresses and are 
excluded from the analysis. The thermal stresses listed in 
Table G.5-1 are compressive and occur at the tube crown. These 
stresses were obtained using the B&W membrane wall program and 
include a 10 percent increase to account for cloud transients 
during maximum operating conditions. The 10 percent increase is 
an approximation of the transient and would be refined in a 
subsequent design stage. The B&W membrane wall program is a 
finite difference program, used extensively in the design of 
conventional fossil boiler walls. Given a specific tube-wall 
configuration, a thermal load, and film coefficient, the program 
calculates thermal gradients and elastic thermal stresses. The 
program conservatively assumes a general plane strain condition 
in the calculation of stresses . 
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The thermal loading is approximated by a cosine distribution • 
across the tube surface with maximum heating assumed at the tube 
crown and face of the web (Figure G.5-2). The assumed thermal 
load is based on direct incident·heating. The skewed heating is 
negligible .for this receiver design and, therefore, was not 
considered in the analysis (see Section 5.3.3). 

The temperature profile for Location 1 at maximum operating 
condition is shown in Figure G.5-3. The temperatures listed are 
metal temperatures minus fluid temperature. The maximum delta-T 
is 107°C (224°F) at the tube crown. During a cloud transient, 
metal temperatures are assumed to increase by 10 percent, 
resulting in the following maximum temperature at the crown: 

Tel= 1.10 (Toper= Tf) + Tf 

Tel= 1.10 (610-486) + 486 = 622°C (1152°F) 
Where, = tube crown temperature for a cloud transient 

= steady-state tube crown temperature during 
maximum operation conditions 

= fluid temperature at maximum operating conditions 

The temperature contours show two types of thermal gradients to 
be present a nearly linear through-wall gradient and a 
circumferential gradient. These produce a combination of 
through-wall and circumferential gradient at points away from the • 
tube apex (Figure G.5-4). The longitudinal (axial) stress that 
develops as a result of these gradients is the most significant 
of· the component stresses. The effective stress is slightly 
larger than the longitudinal stress. It is also maximum at the 
tube crown and is compressive in nature (Figure G.5-5). 

The approach to be used in performing an inelastic analysis which 
conforms to the rules of Code Case N-47 follows: 

1. Define the load histogram. 

2. Determine 
stresses. 

maximum metal temperatures and elastic 

3. Obtain the results of a previous inelastic analysis 
which has an identical load histogram and nearly 
identical temperature and stresses. 

4. Adjust the inelastic strains using a ratio of elastic 
stresses (except for initial strain which is not 
elastic) and account for different maximum metal 
temperatures when entering the stress-to-rupture and 
cycles-to-failure curves in accordance to N-47. 

5. Calculate creep-fatigue damage. 
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An inelastic analysis was performed on a 38.1-mm OD x 1.65-mm 
(1.5-in. OD x 0.065~in.) tube which is summarized in Table G.5-2. 
Details of this analysis are given in Section G.6. The results 
were applied to the three locations investigated for the El Paso 
study. The comparison of Location 1 to a reference tube 
describes the close similarity of the load conditions 
(Table G.5-2). By adjusting the results to account for different 
stress and metal temperature, each location was evaluated. 

The load histogram used for the inelastic analysis is shown in 
Figure G.5-5. A total of seven load steps was analyzed with 
different hold- times to fully assess the creep damage. A 
simplified inelastic evaluation, using the ANSYS Computer 
~rogram, was performed where a pure strain-controlled condition 
1s assumed neglecting the beneficial effect of strain 
redistribution in the tube. The model consisted of a single cube 
element which is reasonable to use since the major stress is 
longitudinal. For this type of analysis, a difference of tube 
sizes does not impact the solution, and the results of the APS 
study are satisfactory for this case. 

The total number of operating cycles used in the inelastic 
analysis is 60,000, which includes 50,000 cycles of cloud 
transient and 10,000 cycles of startup/shutdown. The total 
operating time used is 100,000 hours, which is representative of 
a 3-year operating plant lifetime • 

The elastic rules of Code Case N-47 are followed for determining 
the elastic strain ranges. The program CREEPF is used for this 
purpose. The fatigue damage is based on two partial strain 
ranges. The maximum value occurs initially and consists of 
elastic and plastic strains. This strain is E = 0.142 percent. 
Following elastic shakedown (approximately 4 cycles), the strain 
range becomes elastic, and a ratio of the stresses is then used 
to determine the strain ranges for each of the three locations. 

For creep damage calculation, the hold time stresses of the 
reference analysis are conservatively used for Locations 1 and 2 
but were reduced for Location 3. This reduction of hold time 
stress is based on the relaxation curve that corresponds to the 
higher temperature and lower stress for Location 3. The results 
of the inelastic analysis (Table G.5-2) contain an overall 
conservatism since the maximum metal temperature and stress 
include a 10 percent increase to account for the severe 
conditions of a cloud transient. The results of the inelastic 
analysis are given in Table G.5-2 and also in Figure G.5-5. 

An elastic analysis was also performed. The analysis considers 
50,000 cycles of operation, and the load histogram is shown in 
Figure G.5-6. This histogram also considers a 10 percent 
increase of temperature and stress for cloud transient. The 
total operating time used is 100,000 hours. The results are 
shown in Figure G.5-7. 
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The difference between load histograms reflects the difference 
between an elastic and inelastic analysis. Events 2 and 3 of the 
elastic load histogram (Figure G.5-6) are included to improve the 
accuracy of the creep damage calculation. For the fatigue damage 
calculation, Events 1 through 4 represent one load cycle, which 
is the same used for the inelastic load histogram (Figure G.5-5). 

To satisfy the limits of Code Case N-47, the total creep fatigue 
damage must be less than or equal to 1.0: 

L (T/Td) + L (n/Nd) ~ 1. 0 

Comparing 
elastic), 
inelastic 
exceeding 
degree of 

the results of each method of analysis (inelastic and 
a high degree of similarity is noted, with the 
results satisfying the limits and the elastic results 

the limits. This comparison illustrates that a high 
conservatism exists in the elastic approach. 

G.5.2 Startup Stress Analysis 

During startup and prior to the time when operating temperatures 
are reached, heat flux is applied to the entire receiver surface 
at a time when the superheat panels will be dry. The level of 
heat flux that a dry panel receives is governed by the maximum 
metal temperature and thermal stress limits of the tube. A two-

• 

dimensional finite element analysis has been performed to verify • 
that the startup operating mode did not impair structural 
adequacy. The finite element grid is shown in Figure G.5-8. 

The heating distribution applied to the thermal model is 
identical to that assumed for normal operating conditions (See 
Section G.2). A film coefficient, defining convection and 
radiation 1osses, is applied to the exposed surface of the panel 
with the inside and backside surfaces insulated. To reduce the 
effects of thermal shock, the level of heat flux is applied 
gradually until a constant level of 20,000 Btu/hr-ft 2 is reached 
after 15 minutes (Figure G.5-9). This heat flux is used to 
conservatively account for any peaks that exist in the startup 
process. The results of the thermal analysis are shown in 
Figures G.5-9 and 5.3-10. Figure G.5-10 shows the change of 
metal temperature during heatup for a point at the tube crown and 
a point opposite the crown on the rear of the panel. The maximum 
metal temperature occurs approximately at 30 minutes and does not 
exceed 538DC (l,OOODF). The temperature of the panel back lags 
the panel front by a temperature difference, as is seen by the 
plot in Figure 5.3-11. 

A maximum delta-T of 46.7 DC (116DF) occurs at approximately 
9 minutes. The delta-T then decreases to -1 DC (30DF) at about 
30 minutes where steady state conditions prevail. The front-to-
back thermal gradient can be assumed to be linear, and maximum 
stress is calculated by the following: 
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Where, 

E o. 6 T 
0 c = 2(1-vr • A 

= (23.6 X 10 6 ) (9.4 X 10- 4
) (116) 

2(1 - 0.37) 

= 20,400 psi (1434 kg/cm2) 

C1 
Ee 

0. 

f.T 

" 

= 
= 
= 
= 
= 

maximum longitudinal compressive stress 
modules of elasticity, psi 
coefficient of thermal expansion, micro in./in. - °F 
front-to-back delta-T, °F 
Poisson's ratio 

Since the resulting temperature and stress do not exceed the 
assumed conditions of the creep-fatigue analysis, then the 
loa~ing scheme proposed by Figure G.5-9 is acceptable. The 
maximum allowable metal temperature has been set at 650°C 
{l,200°F) to prevent excessive creep damage; therefore, the heat 
flux limits of the startup condition can be further improved (see 
Figure G.5-10). 

G.5.3 Material Selection 

Incoloy 800H was selected over Incoloy 800, for the high 
temperature superheat panels, because of its excellent mechanical 
properties and higher allowable stresses that exist above 602°C 
(l,115°F). The new alloy, Modified 9Cr-1Mo, was considered as a 
substitute for 800H because of its low cost and comparable 
properties to many stainless steels. Also referred to as 
Croley 9V, the alloy is characterized by a higher strength than 
other carbon steels and a high fatigue life, creep properties 
similar to TP304 stainless steel, excellent fabricability and 
weldability, and minimal stress corrosion in boiler application. 
Because of its lower coefficient of thermal expansion, post-weld 
heat treatment is required at a minimum temperature of 732°C 
(1,350°F). 

For high temperature application, Croloy 9V does not exhibit the 
desirable creep properties that 800H offers. At 996°C (1050°F), 
the stress allowables drop off readily; whereas, for 800H, the 
allowables remain significantly higher. In conclusion, 
Incoloy 800H appears to be the preferred material where creep 
concerns are significant . 
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Table G. 5-1 __ . - Tube Stresses 

Location 1 2 3 

Panel 13 13 s 

Distance from 8.2 21.l 213.l 
bottom of (27) (42) (66) 
panel, ft 

Dead weight 14.l 21.l 28.1 
(200) (300) (400) 

Pressure 
(tangential) 436 436 520 

(6200) (6200) (7400) 

• (longitudinal) 176 176 176 
(2500) (2500) (2900) 

Governing wind 
or seismic 
(longitudinal) .:!:52. 7 +52. 7 +52. 7 

(,:!:7 50) (,:!:7 50) (.:!:7 50) 

Max. thermal 
(longitudinal) -2390 -1968 -1195 

(-34000) (-28000) (-17000) 

Stress in units of kgf/cm2 {psi) 
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FIGURE G. 5-2 - Thermal Load 
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Appendix G.6 

Creep - Fatigue Analysis of Tube 

Panel (Reference Analysis) 

This appendix includes that portion of the report titled •Preliminary Design of a Solar Central Receiver for a Site Specific Repowering Application (Saguaro Power Plant)•vollmlE! II dated September 1983 which was used to evaluate ~ creep-fatigue damage factors in the receiver tube analysis for this contract. Note that references made to other report sections do not apply to other volumes of this report or other sections of this Appendix. 

G.6 Creep-Fatigue Analysis of Tube Panel - In the following absorber tube creep-fatigure analysis, a simplified inelastic analysis was performed using the ANSYS computer program and B&W finite element computer programs. This evaluation used the actual heat flux as the initial input based on the allowable flux envelope as shown in Figure G.6-1. In other words, this detailed analysis solves for the stresses and strains based on the input flux level. In the initial analysis 
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allowable flux limits were established byi 
essentially working the problem backwards. For the initial analysis 
method it was observed that the calculated stress range was greater 
than the allowable range, but only by 10%, and therefore, it was 
assumed that the limits on elastic action can be accepted as the limit 
for elastically calculated effective stresses. The purpose of the 
inelastic analysis was to determine if this assumption could be 
validated and to determine if shakedown to elastic action does occur. 
The slight differences in the results between the two methods is not 
considered significant. The variations can be attributed to the 
differences in the programs and also the higher initial strain for the 
inelastic analysis from which the relaxation is considered. 
Furthermore, there are some differences in the actual subdivision or 
integration of the creep relaxation. The creep damage summation for 
the inelastic analysis was not subdivided in the same manner as was 
used for the first approach. It is slightly more conservative. 
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Table G.6-1 Ske?Jed Beating Effeats 

Panel Tube C ~o 
Ckiax -

8 First 0.1286 7.33 1.009 
10 First 0.1798 10.193 1.016 
10 Last 0.1400 13.495 1.029 
11 First 0.1480 8.419 1.011 

-§-- = Cos(¢ )-+<: Sin(¢ ) 
N o o 

Level• 6 m (20 ft) above centerline 

The points identified in the creep-fatigue damage envelope all exist at 
the tube crown region as the strain ranges for these locations are much 
greater than at the tube weld-clip region where a stress concentration 
factor for 4.0 is used. 

The following results reveal the strain ranges for these locations. 

Max Strain Range Max Te~_pe..!'._ature 
Location % oc (OF) 

Pt A (Pass #10) 0.142 633 (1172) 
Pt. A-1 (Pass #10) 0.098 602 (1115) 
Pt. B (Pass #1) 0.175 443 ( 830) 
Pass #10 - Weld-Clip Area 0.037 527 ( 980) 
Pass #1 - Weld-Clip Area 0.032 277 ( 530) 

The data for point A were obtained from a simplified inelastic analysis 
on ANSYS. All other strain calculations were based on the elastic 
stress rules of Code Case N-47 using B&W Computer Program CREEPF 
and increased by a factor of 5%. The value of 5% is the 
difference between the inelastic results from ANSYS and the results 
calculated in Program CREEPF (Fig. G.6-3). 

Thermal Analysis - The finite element thermal analysis was performed 
using the thermal grid model as illustrated in Figure G.6-4. The 
geometry modeled is a planar view where the tube dimensions are 38 x 
1.65 mm (1.5 OD x 0.065 in.). The input data consists of heat fluxes 
on the tube, salt temperature, and heat transfer coefficients. The 
distribution of the flux is input as a cosine function as shown in 
Figure G.6-5. The receiver tube thermal isotherms are presented in 
Figures G.6-6 and G.6-7. 

Stress Analysis - Finite element elastic stresses were computed first 
for the thermal load cases, i.e., Pass 1 low temperature with high 
front-to-back delta-T's and also for Pass 10 where the front-to-back 
delta-Tis smaller but is at maximum temperature conditions at the 
crown region. The finite element mesh is an 8-node plane strain model 
as illustrated in Figure G.6-8 • 
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The main point is that both methods show a reasonable comparison and 
the conclusion reached is that the design flux envelope as established 
is acceptable. The creep fatigue analysis results for the worst case 
tube panel locations are shown in Figures G. 6-1 and -2. Three data 
points are shown in the creep-fatigue damage diagram, with points "A'' 
and "A-1" having the same creep damage. The difference in fatigue 
damage is a result of the different flux levels used in the thermal 
analysis. 
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Point "A" is an overall enveloping worst case situation that falls 
somewhat outside the allowable damage envelope. The results here were 
obtained by an inelastic analysis performed on the ANSYS computer 
program using a simplified single tube element. 
The flux level corresponding to point "A" of Figure G. 6-1 is shown as 
point "A" in Figure G. 6-2 • Point A is for the estimated worst 
condition with the salt temperature at 577°C (980°F). 

The results for Point "A-1" are due to the normal expected flux levels 
and are approximately 30% lower than at Point A. The method of 
calculating the strain ranges only includes elastic stress finite 
element solutions. For Point "A-1", the creep damage is also ass\DDed 
to be the same as that for Point "A", which is a conservative 
prediction. Even with this consideration there is ample margin for 
skewed heating effects which are only 3% more severe than the normal 
heating fluxes (see Table G.6-1). 

The results at Point "B" are acceptable. This point represents the 
lower temperature extreme for the largest hot-to-cold delta-T 
condition, which occurs -in Pass 1. 
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The elastic rules of Code Case N-47 are followed for determining the 
elastic strain ranges. This is performed through utilization of 
computer program CREEPF. For the tube and clip weld region, the hoop 
stresses are concentrated with a stress concentration factor of 4.0. 

The stress analysis of point "A" showed the tube crown compressive 
stresses to be approximately -234.4 MPa (-34,000 psi) while for Point 
A-1 they are reduced to -165.4 MPa (-24,000 psi). For normal operating 
conditions (design point), the -165.4 MPa (-24,000 psi) stress level 
represents the most realistic condition for the tube at the crown 
region. However, in an attempt to analyze the most conservative 
situation for parametric evaluations, the stress level of -234.4MPa 
(-34,000 psi) at a maximum temperature level of 633°C (1172°F) is 
considered for a simplified inelastic evaluation on the ANSYS computer 
program. In this evaluation a pure strain-controlled condition is 
assumed neglecting the beneficial effect of strain redistribution in 
the tube. The model is simply a single element (i.e., STIF 42 out of 
ANSYS) which is a 1 in. - 2-D isoparametric solid. A total elf seven 
load ~ycles are analyzed as depicted in Figure G.6-9. The loading 
condition consists of displacements applied to the structure such that 
the calculated elastic stress of -234.4MPa (-34,000 psi) is applied in 
the load steps shown. Upon unloading, the structure returns to the 
overnight hot standby conditions. After the fourth load cycle, 
different hold times are imposed with each being progressively longer 
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to better understand the predicted behavior for the creep damage. The 
analysis considers the virgin yield stress throughout the loading. The 
material properties assumed are those for Incoloy 800H. The tube is 
constructed of Incoloy 800 and the substitution of Incoloy 80~H 
properties from Code Case N-47 is justifiable based on current 
literature, which indicates similarities in the mechanical properties. 
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Q- Load Change Point 

Figure G.6-9 Load Histogram for Ine:aet:~ Analysis 

Th.e results of the analysis are depicted in Figures G. 6-10 throu~h 
G. 6-12 and Table G. 6-2. 
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• Table G.6-2 IneZastia Results for Reaeiver Tube 

•0 ME.TAIC UNITS 

Input Values and Calculated Equivalent Strain 

Load 
Strain Equiv Stress, psi 

Step A z T AZ ZT TP Strain Eff Eff/0,9 

1. 21. 1. . 12. o. o. o. 13. 3.806 4.228 

2. -610. 1480. • 669. 0. o. o. 1413 . 117.104 130.116 

3. -635. 1480. • 711. 0. o. o. 1436. 75.727 84.142 

4. . 48. 1. • 136. 0. o . o. 80. 120.083 135.648 

5, -613. 1480. • 723. o. 0. o. 1433. 82.016 91.129 

8. -622. 1481. • 741. o. o. o. 98. 66.192 73.547 

7. • 28. ,. • 158 . o. o. o. 1433. 122.896 136.552 

8, -691. 1480. • 741. o. o. o. 1433. 84.546 93.941 

9. .602. 1479. • 760. 0, o. o. 116. 86.813 74.236 

10. • 10. o. • 179. o. o. o. 1435. 124.482 138.314 

11. -572. 1480. • 781. o. o. 0. 1445. 84.264 93.626 

12. -681. 1481. • 779. 0. o. o. 130. 67.923 74.470 

13. - 9. 1. • 199. o. o. o. 1436. 125.586 139.540 

14. -652, 1480. • 778. 0. o. o. 1458. 86.525 96.139 

15. -672, 1480, • 821. 0. o. o. 1480. 47.631 52.923 

16, -676. 1480. • 874. o. o. o. 1487. 13.328 14.808 

• 17. -664. 1479. • 900. o. 0. o. 210. 6.047 6.719 

18. 76. 1. • 270. o. o. o. 1432. 128.599 142.887 

19. -469. 1479. • 824. o. 0. 0. 1470. 108.624 120.693 

20. -604. 1480. • 895. o. o. 0. 1470. 43.311 48.234 

21. ,607. 1479. . 906. o. o. o. 1475 • 35.096 38.995 

22. -608. 1480. • 922. o. o. o. 1483. 24.057 26.730 

23 -607. 1480. · 935. o. o. o. 1488. 16.913 18.793 

24. 121. o. • 320. 0. 0. Cl. 263. 131.184 145.760 

26. -423. 1480. · 878. o. o. o. 1444. 105.018 116.686 

28. -425. 1480. · 879, o. o. 0. 1445. 102.170 113.522 

27. -448. 1480. • 922. o. o. 0. 1469. 61.076 67.862 

28. -458. 1480. • 950. o. 0. o. 1483 . 38.543 42.826 

29. ~9. 1480. • 959. o. o. o. 1488. 31.841 35.379 

30. -460. 1480. • 972. o. o. 0. 1494. 23.533 26.147 

31. -459. 1480. • 983. o. o. o. 1498. 17258 19.176 

32. -458. 1480. • 991. o. o. o. 1502. 13.673 16.192 

33. -457. 1480. · 893. o. o. o. 1502. 12.487 26.147 

34. -455. 1481. • 999. o. 0. o. 1605. 10.742 11.836 

35. -453. 1480. -1003. o. o. 0. 1506. 9A60 10.511 

36. -451. 1480, -1006. o. D. o. 1507. 8.446 9.385 

37. -"9, 1481. -1009. 0. o. 0. 1508. 7.805 8,450 

38. -448. 1480. -1011. o. o. o. 1608. 7.226 8.029 

39. 186. 1. • 389. o. o. o. 339. 134.004 148.894 

40. -358. 1481. · 941. 0. o. o. 1460. 105.204 116.893 

41. -358. 1481. • 941. 0. o. 0 . 1460. 104A52 116.058 

• 
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~able G.6-2 lnelastia Results for Receiver Tube 

0 EN.GLISH UNITS 

Input Val.- and Calculated Equivalent Strain 

Load 
Strain 

Step R z T RZ ZT TP 

1. 21. 1. . 12. o. 0. o. 
2. .e10. 1480. • 669. 0. o. 0. 

3. -635. 1480. • 711. 0. o. o. 
4. • 48. 1 • • 136. o. o. 0. 

5. -4i13. 1480. • 723. o. o. 0. 

6. -622. 1481. • 741. o. o. o. 
7. . 28. 1 • • 158. 0. o. o. 
8. -591. 1480. • 741. 0. o. 0. 

9. -602. 1479. • 760. 0. o. 0. 

10. - 10. o. • 179. o. o. o. 
11. -572. 1480. • 761. o. o. 0. 

12. -581. 1481. • 779. o. o. o. 
13. . 9, 1. • 199. o. 0. o. 
14. -552. 1480. • 778. 0. o. o. 
15. -572. 1480. • 821. o. 0 • 0. 

16. -576. 1480. • 874. o. o. 0. 

17. -564. 1479. • 900. 0. o. o. 
18. 76. 1. • 270. o. o. o. 
19. -469. 1479. - 824. 0. 0. 0. 

20. -504. 1480. • 895. o. o. 0. 

21. -507. 1479. • 906. o. o. o . 
22. -508. 1480. • 922. o. o. 0. 

23. -507. 1480. • 935. o. o. 0. 

24. 121. o. • 320. o. o. 0. 

25. -423. 1480. • 876. 0. o. o. 
26. -425. 1480. • 879 o. 0. 0. 

27. -448. 1480. • 922. o. o. o. 
28. -458. 1480. • 950. o. o. o. 
29. -459. 1480. • 959. o. o. 0. 

30. -460. 1480. • 972. 0. o. o. 
31. -459. 1480. • 983. o. o. o. 
32. -458 1480. • 991. 0. 0. 0. 
33. -457 1480. • 993. 0. o. o. 
34. -455. 1481. • 999. 0. o. o. 
35. -453. 1480. -1003. o. o. o. 
36. -451. 1480. -1006. 0. 0. 0. 

37. -449. 1481. -1009. o. o. o. 
38. -448. 1480. -1011. o. 0. o. 
39. 186. 1. • 389. 0. o. o. 
.a. -358. 1481 • • 941. 0. o. 0. 

41. -358. 1481. • 941. 0. o. o. 

G.6-14 

• 
EquiY Stress, MPa 
Strain Eff Eff/0.9 

19. 552. 613. 

1413. 16894. 18871. 

1436. 10983. 12203. 

80. 17706. 19673. 
1433. 11895. 13217. 

1443. 9600. 10667. 

98. 17884. 19271. 

1433. 12262. 13624. 
1443. 9600. 10767. 

116. 18054. 20060. 
1425. 12221. 13579. 

1445. 9891. 10946. 

130. 18214. 20238. 

1436. 12549. 13943. 

1458. 6908. 7676. 

1480. 1933. 2148. 

1487. 877. 974 • 

210. 18651. 20723. 

1432. 15754. 17504. 

1470. 6296. 6996. • 1475. 5090. 5656. 

1488. 3489. '3877. 

1488. 2453. 2726. 

263. 19026. 21140. 

1444. 15231. 16923. 
1445. 14818. 16464. 

1469. 8858. 9842. 

1483. 6590. 6211 • 

1488. 4618. 5131. 

1494. 3413. 3792. 

1498. 2503. 2781. 

1502. 1983. 2203. 

1502. 1811. 2012. 

1505. 1558. 1731. 

1506. 1372. 1524. 

1507. 1225. 1361. 

1508. 1103. 1226. 

1508. 1048 • 1164. 

339. 19435. 21594. 

1460. 15258. 16953. 

1460. 15149. 16832. 

• 
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The fatigue damage is calculated based on two partitioned strain 
ranges. The maximum strain range occurs during the first loading cycle 
and is shown in Figure G.6-10. The maximum value is 0.142%. The 
strain range decreases in the subsequent cycles and based on this 
information it is reasonable to use this maximum value for the first 
four loading cycles. For the remaining cycles, a strain range value of 
0.131% is used (Fig. G.6-3). 

The fatigue damage is calculated by entering the continuous cycling 
curves from Code Case N-47, Figure G.6-13, at the maximum temperature 
of 633°C (1172°F). The fatigue damage is as follows: 

£1 • 0.142% 
n • 4 cycles 
Nd a 50,000 cycles 

Dfl = 4 - O.O 5,000 

For the remaining cycles (approximately 60,000) the strain range is 
0.131%. 

n • 60,000 cycles 
Nd • 100,000 cycles 

60,000 
Df2 = 100 000 - 0. 6 , 

The total fatigue damage is therefore: 

Df • O.O + 0.6 a 0.6 

Creep Damage - The creep damage is predicted by use of the 
stress-to-rupture curves from code Case N-47 for lncoloy 800B (Figure 
G.6-14} and the calculated inelastic effective stresses determined by 
the ANSYS program. The total operating time is for 100,000 hours of 
life. The inelastic solution reveals a significant relaxation in 
stress for long periods of hold time. 

For the first hold time segment of eight hours, a hold.stress of 
117.2 MPa (17,000 psi) is assumed based on the calculated stress value 
of 117.1 MPa (16,984 psi). No relaxation is considered here, but the 
benefit is taken into account by subdividing the time remaining into 
eight segments and evaluating the stress at each. 

A plot of the effective stresses is presented in Pigure G.6-12 for the 
complete histogram and the relaxation of the stress for the hold times 
is illustrated in Figure G.6-15. 

Based on these results, Table G.6-3 gives the accumulated creep damage • 
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Table G.6-3 Reaeiver Tube Creep Damage Resu!ts 

• Hold Timt Stress, H~ld Time Stress 1 Operating Time, All"wable Time, Creep Damage, 
0.9 t. hr Id hr li 

(psi) MPa (psi) 
l Id MPa 

I l 7 i 7 ,O0G 130 18,900 b 5,000 o.o 
86 1:,soo 9t, 13,900 10,000-'- 70,000 o. 1 ~3 
81 11,700 90 13,000 10,000' 100,000 0.100 
76 11,000 s:. 12,200 10,000 '- 100,0005 o.o; 
71 10,300 79 11,400 10,000 ,_ >] X 10 o.o 
86 l!,500 9b 13,900 15,000 r 70,000 o.21~ 
78 I I, 300 87 12,600 l 5,000 r 140,0005 O. IOi 
70 10,200 78 11,300 I 5,000 ~ >3 X 105 0.0 
63 9,200 70 IO, 200 15,000 c: >3 X 10 0.0 

Total 0.614 

*See Figure G.6-13 (Replotted from (N-47) 
tBased on 40,000 hr at 2-hr Cycles (Cloud Transients) 

• ~Based on 60,000 hr at 8-hr Operating Cycles 
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G.7 Startup Stress Analysis 

This section describes various receiver startup (warmup) cases in 
detail. 

Figures G.7-1 through G.7-3 illustrate time profiles of the 
receiver parameters for this startup with the receiver and piping 
cold. 

Figure G.7-4 shows the following time profiles: 

• Average allowable heat flux to the receiver during the 
startup 

• Pressure rise during the startup 

• Rate of steam flow leaving the steam drum 

• Rate of steam flow through the turbine by-pass valve 

After 0.4 hours, steam starts to flow from the drum. Even 
the superheater panels are experiencing solar input, 
absorption by the long p1p1ng runs results in a delay 
hours before a steam and water mixture reaches the by-pass 

Figure G.7-2 shows the time profiles of: 

though 
heat 

of 0.6 
valve. 

• Temperature rise rate experienced by average superheater 
panel prior to the attainment of steam flow. 

• Temperature profiles of the fluid leaving economizer and 
evaporator panels. 

• Profile of the quality of steam at turbine by-pass 
valve. 

The average dry superheater panel reaches a temperature of about 404°C (760°F). 404°(760°F) is the equilibrium temperature for an 
uncooled panel tube subjected to 23.6 kw/m 2 (7,500 Btu/hr-ft 2

) heat flux. It has been assumed in this analysis that peak flux 
on the receiver will be about 2.5 times average flux. Thus, peak flux would be 59.1 km/m 2 (18,750 Btu/hr-ft 2 ), for which equilibrium temperature is about 650°C (l,200°F), and this 
temperature level is assumed to be the peak temperature on 
receiver.) Economizer discharge (once boiling starts) remains in 
the two-phase region throughout the period of pressure rise, then becomes subcooled as steam flow takes a rapid increase. Initial 
superheat is attained at the turbine by-pass valve at about 1.9 
hours, and the temperature required for steam admission to the hot turbine is attained in about 2.4 hours. 

Figure G.7-3 shows steam temperature profiles achieved at the 
exits of each of the five successive superheater panels and at 

G.7-1 



the turbine by-pass valve. The magnitude of the heat sink capacity of the p'iping runs can be judged by the long delay in achieving superheat at the turbine throttle. The plot of the steam temperature leaving panel PS3 indicates that some attemperation flow may be required (although a study with actual flux maps would be required to substantiate this). 

Solar Startup With Piping Hot 

Figures G.7-5 through G.7-6 illustrate similar time profiles of the receiver parameters for startup with the piping hot from the previous day's operation. The plots graphically show the startup time reduction possible when the steam piping does not have to be heated. The thermal capacity of main steam piping heats the initial steam flow to 427°C (800°F) at the turbine by-pass valve. Figure G.7-6 shows that, for the average flux used in this analysis, steam temperature at the turbine throttle started to drop once desired pressure was attained. An increase in flux during the last 0.3 hours could be expected to restore the 427°C (800°F) steam temperature. The figure also indicates that starting the turbine at a lower throttle pressure could be considered to increase the power generation capabilities. 

G. 7- 2 
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