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FORWARD 

This System Operation Plan is one of three documents that describe plans for 
Phase II of the MSEE Project. These documents are: 

MSEE Evaluation Plan 
Plan to accomplish MSEE project objectives using Pha~e I and Phase II 
test results, analysis and evaluation. 

Phase II Test Plan 
Plan for tests during Phase II which will provide data needed for 
evaluat1on. 

System Operation Plan 
Plan to operate MSEE by teams of utility and- industry operators and 
obtain their feedback on the MSEE system . 



CONTENTS 

• Section l INTRODUCTION 1-1 
1.1 Background 1-1 
1.2 Objectives 1-2 

Section 2 TRAINING AND OPERATING SESSIONS 2-1 

Section 3 MSEE SYSTEM DESCRIPTION 3-1 
3. l Collector Subsystem 3-4 
3.2 Master Control Subsystem 3-6 
3.3 Receiver Subsystem 3-11 
3.4 Thermal Storage Subsystem 3-22 
3.5 Steam Generation Subsystem 3-29 
3.6 Electric Power Generation Subsystem 3-38 
3.7 Heat Rejection and Feedwater Subsystem 3-46 
3.8 System Trips 3-53 

• Section 4 CONSOLE OPERATION 4-1 
4.1 EMCON Console Display Screen 4-1 
4.2 EMCON Console Keyboard 4-8 
4.3 Use of Console Displays 4-10 

4. 3. l Bringing a Po1nt onto the Display 4-10 
4.3.2 Display of an Indivually Entered Point 4-12 
4.3.3 Selecting a Point 4-12 
4.3.4 Clearing the Screen 4-13 
4.3.S 4 over 4 Display 4-14 
4.3.6 Single Loop Display 4-17 
4.3.7 Standard 22-11ne Display 4-18 
4.3.8 Graphic D1 splays 4-19 

4.4 Control 4-20 
4. 4. l Change Keys. Tuning Keys, Modify Keys 4-20 
4.4.2 Success/Error Messages 4-22 
4.4.3 Switch to Automatic Control 4-22 
4.4.4 Switch to Manual Control 4-23 

• 4.4.5 Setpoints 4-23 
4.4.6 Positional Output Conmands 4-25 
4.4.7 Digital Output Commands 4-27 



• 
Section 5 

• 

• 

CONTENTS 
(Continued) 

4.5 M1scellaneous Keys 

4.5.1 PRINT Key 

4.5.2 COPY Key 

4.6 Ba1ley Network 90 Console 

TRAINING MATERIAL 

4-28 

4-28 
4-28 
4-29 

5-1 
5.1 Pre-operational Control Room Exerc1ses 5-1 

5.1.1 EHCON Console Introduct1on 5-1 
5.1.2 Acurex Data System familiarization 5-6 
5.1.3 Receiver Subsystem Instrumentation 

and Control 

5.1.4 Thermal Storage Subsystem 

Instrumentation and Control 
5.1.5 SGS Instrumentation and Control 

5.2 Operational Exercises 

5.2. l Rece1ver Cold flow 

5.2.2 Rece1ver Steady State Operation 

5.2.3 Receiver Operat1on w1th S1mulated 
Clouds 

5.2.4 Thermal Storage Charg1ng with 
Propane Heater 

5.2.5 

5.2.6 

5.2.7 

Steam Generator Steady State Operat1on 

Operat1on of full Electr1c Loop 

System Steady State Operat1on 

5.2.8 EPGS Steady State Performance 
Calculat1on 

5-7 

5-9 
5-10 
5-12 
5-12 

5-14 

5-18 

5-21 

5-23 
5-25 
5-28 

5-29 



• Sect1on 6 

SECTION 7 

Sect1on B 

• 

• 

CONTENTS 
(Continued) 

MODES Of OPERATION AND TRANSITIONS 

OPERATING PROCEDURES 

6-1 

7-1 
7.1 Console Operating Procedures 7-1 
7.2 Receiver Operat1ng Procedures 7-16 
7.3 Thermal Storage Operat1ng Procedures 7-27 
7.4 Steam Generator Operat1ng Procedures 7-39 
7.5 Electr1c Power Generat1on Operat1ng Procedures 7-58 

EMCON GRAPHICS AND GROUPS 8-1 



• 

• 

• 

FORWARD 

This System Operation Plan is one of three documents that describe plans for 
Phase II of the MSEE Project. These documents are: 

MSEE Evaluation Plan 
Plan to accomplish MSEE project objectives using Pha~e I and Phase II 
test results, analysis and evaluation. 

Phase II Test Plan 
Plan for tests during Phase II which will provide data needed for 
evaluat1on. 

System Operation Plan 
Plan to operate MSEE by teams of utility and- industry operators and 
obtain their feedback on the MSEE system . 



CONTENTS 

• Section l INTRODUCTION 1-1 
1.1 Background 1-1 
1.2 Objectives 1-2 

Section 2 TRAINING AND OPERATING SESSIONS 2-1 

Section 3 MSEE SYSTEM DESCRIPTION 3-1 
3. l Collector Subsystem 3-4 
3.2 Master Control Subsystem 3-6 
3.3 Receiver Subsystem 3-11 
3.4 Thermal Storage Subsystem 3-22 
3.5 Steam Generation Subsystem 3-29 
3.6 Electric Power Generation Subsystem 3-38 
3.7 Heat Rejection and Feedwater Subsystem 3-46 
3.8 System Trips 3-53 

• Section 4 CONSOLE OPERATION 4-1 
4.1 EMCON Console Display Screen 4-1 
4.2 EMCON Console Keyboard 4-8 
4.3 Use of Console Displays 4-10 

4. 3. l Bringing a Po1nt onto the Display 4-10 
4.3.2 Display of an Indivually Entered Point 4-12 
4.3.3 Selecting a Point 4-12 
4.3.4 Clearing the Screen 4-13 
4.3.S 4 over 4 Display 4-14 
4.3.6 Single Loop Display 4-17 
4.3.7 Standard 22-11ne Display 4-18 
4.3.8 Graphic D1 splays 4-19 

4.4 Control 4-20 
4. 4. l Change Keys. Tuning Keys, Modify Keys 4-20 
4.4.2 Success/Error Messages 4-22 
4.4.3 Switch to Automatic Control 4-22 
4.4.4 Switch to Manual Control 4-23 

• 4.4.5 Setpoints 4-23 
4.4.6 Positional Output Conmands 4-25 
4.4.7 Digital Output Commands 4-27 



• 
Section 5 

• 

• 

CONTENTS 
(Continued) 

4.5 M1scellaneous Keys 

4.5.1 PRINT Key 

4.5.2 COPY Key 

4.6 Ba1ley Network 90 Console 

TRAINING MATERIAL 

4-28 

4-28 
4-28 
4-29 

5-1 
5.1 Pre-operational Control Room Exerc1ses 5-1 

5.1.1 EHCON Console Introduct1on 5-1 
5.1.2 Acurex Data System familiarization 5-6 
5.1.3 Receiver Subsystem Instrumentation 

and Control 

5.1.4 Thermal Storage Subsystem 

Instrumentation and Control 
5.1.5 SGS Instrumentation and Control 

5.2 Operational Exercises 

5.2. l Rece1ver Cold flow 

5.2.2 Rece1ver Steady State Operation 

5.2.3 Receiver Operat1on w1th S1mulated 
Clouds 

5.2.4 Thermal Storage Charg1ng with 
Propane Heater 

5.2.5 

5.2.6 

5.2.7 

Steam Generator Steady State Operat1on 

Operat1on of full Electr1c Loop 

System Steady State Operat1on 

5.2.8 EPGS Steady State Performance 
Calculat1on 

5-7 

5-9 
5-10 
5-12 
5-12 

5-14 

5-18 

5-21 

5-23 
5-25 
5-28 

5-29 



• Sect1on 6 

SECTION 7 

Sect1on B 

• 

• 

CONTENTS 
(Continued) 

MODES Of OPERATION AND TRANSITIONS 

OPERATING PROCEDURES 

6-1 

7-1 
7.1 Console Operating Procedures 7-1 
7.2 Receiver Operat1ng Procedures 7-16 
7.3 Thermal Storage Operat1ng Procedures 7-27 
7.4 Steam Generator Operat1ng Procedures 7-39 
7.5 Electr1c Power Generat1on Operat1ng Procedures 7-58 

EMCON GRAPHICS AND GROUPS 8-1 



• 

• 

• 

FORWARD 

This System Operation Plan is one of three documents that describe plans for 
Phase II of the MSEE Project. These documents are: 

MSEE Evaluation Plan 
Plan to accomplish MSEE project objectives using Pha~e I and Phase II 
test results, analysis and evaluation. 

Phase II Test Plan 
Plan for tests during Phase II which will provide data needed for 
evaluat1on. 

System Operation Plan 
Plan to operate MSEE by teams of utility and- industry operators and 
obtain their feedback on the MSEE system . 



CONTENTS 

• Section l INTRODUCTION 1-1 
1.1 Background 1-1 
1.2 Objectives 1-2 

Section 2 TRAINING AND OPERATING SESSIONS 2-1 

Section 3 MSEE SYSTEM DESCRIPTION 3-1 
3. l Collector Subsystem 3-4 
3.2 Master Control Subsystem 3-6 
3.3 Receiver Subsystem 3-11 
3.4 Thermal Storage Subsystem 3-22 
3.5 Steam Generation Subsystem 3-29 
3.6 Electric Power Generation Subsystem 3-38 
3.7 Heat Rejection and Feedwater Subsystem 3-46 
3.8 System Trips 3-53 

• Section 4 CONSOLE OPERATION 4-1 
4.1 EMCON Console Display Screen 4-1 
4.2 EMCON Console Keyboard 4-8 
4.3 Use of Console Displays 4-10 

4. 3. l Bringing a Po1nt onto the Display 4-10 
4.3.2 Display of an Indivually Entered Point 4-12 
4.3.3 Selecting a Point 4-12 
4.3.4 Clearing the Screen 4-13 
4.3.S 4 over 4 Display 4-14 
4.3.6 Single Loop Display 4-17 
4.3.7 Standard 22-11ne Display 4-18 
4.3.8 Graphic D1 splays 4-19 

4.4 Control 4-20 
4. 4. l Change Keys. Tuning Keys, Modify Keys 4-20 
4.4.2 Success/Error Messages 4-22 
4.4.3 Switch to Automatic Control 4-22 
4.4.4 Switch to Manual Control 4-23 

• 4.4.5 Setpoints 4-23 
4.4.6 Positional Output Conmands 4-25 
4.4.7 Digital Output Commands 4-27 



• 
Section 5 

• 

• 

CONTENTS 
(Continued) 

4.5 M1scellaneous Keys 

4.5.1 PRINT Key 

4.5.2 COPY Key 

4.6 Ba1ley Network 90 Console 

TRAINING MATERIAL 

4-28 

4-28 
4-28 
4-29 

5-1 
5.1 Pre-operational Control Room Exerc1ses 5-1 

5.1.1 EHCON Console Introduct1on 5-1 
5.1.2 Acurex Data System familiarization 5-6 
5.1.3 Receiver Subsystem Instrumentation 

and Control 

5.1.4 Thermal Storage Subsystem 

Instrumentation and Control 
5.1.5 SGS Instrumentation and Control 

5.2 Operational Exercises 

5.2. l Rece1ver Cold flow 

5.2.2 Rece1ver Steady State Operation 

5.2.3 Receiver Operat1on w1th S1mulated 
Clouds 

5.2.4 Thermal Storage Charg1ng with 
Propane Heater 

5.2.5 

5.2.6 

5.2.7 

Steam Generator Steady State Operat1on 

Operat1on of full Electr1c Loop 

System Steady State Operat1on 

5.2.8 EPGS Steady State Performance 
Calculat1on 

5-7 

5-9 
5-10 
5-12 
5-12 

5-14 

5-18 

5-21 

5-23 
5-25 
5-28 

5-29 



• Sect1on 6 

SECTION 7 

Sect1on B 

• 

• 

CONTENTS 
(Continued) 

MODES Of OPERATION AND TRANSITIONS 

OPERATING PROCEDURES 

6-1 

7-1 
7.1 Console Operating Procedures 7-1 
7.2 Receiver Operat1ng Procedures 7-16 
7.3 Thermal Storage Operat1ng Procedures 7-27 
7.4 Steam Generator Operat1ng Procedures 7-39 
7.5 Electr1c Power Generat1on Operat1ng Procedures 7-58 

EMCON GRAPHICS AND GROUPS 8-1 



I SECTION 1 INTRODUCTION 

- - Cl) 



• 

• 

• 

1.1 BACKGROUND 

Section l 
INTRODUCTION 

Solar thermal central receiver systems have been under development since the· 
early seventies. The first central receiver system tn the Un1ted States 
(Solar One) uses water/steam as a heat transfer fluid in the receiver. 
Subsequent studies and test programs invest1gated molten salt, liquid sodium, 
and hot air as heat transfer fluids. They all possess certain advantages over 
water/steam, but many feel that molten nitrate salt is the most promising heat 
tranfer fluido particularly for ut1lity-scale electric power plants with 
thermal storage. 

A complete molten salt system experiment has been built at the Department of 
Energy (DOE) Central Receiver Test Facility (CRTF) located at Kirtland Air 
Force Base, Albuquerque, New Mexico. The CRTF heliostat field concentrates 
reflected solar energy onto a molten salt cooled solar receiver located on top 
of the 200-foot-tall CRTF test tower. Molten salt is pumped from a 0 warm 0 

salt storage tank at ground level up the tower to the solar receiver where it 
is heated by absorbing solar energy and then returns to a 0 hot" salt storage 
tank at ground level. A hot salt pump delivers salt from the hot tank to a 
molten salt steam generator which produces steam to power a turbine/generator 
which feeds electricity 1nto the local power grid. 

This experiment 1s being conducted in two phases. The Phase I destgn, 
construction, installation, checkout, and verification effort has been 
completed. In Phase II, system characterization tests are being performed and 
the system will be operated and evaluated by utility and industry personnel. 
This document provides the data to be utilized by the ut111ty and 1ndustry 
participants in their tra1n1ng and operation. The system may be run for an 
additional period 1n a potential third phase. 

A consortium consisting of ut111ties, 1ndustries and the Electric Power 
Research Institute (EPRI). has helped construct and support operation of the 
experiment. The consortium is supplying half of the project's funding through 
either cash contributions or donations of 1n-k1nd engineering services. The 
other half is supplied by the DOE, through Sandia. 
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1.2 OBJECTIVES 
The MSEE is designed as a first full-system experiment of future large-scale, 
central station power plants. The test and evaluation program is designed to 
provide data to be used in the design and operation of these commercial 
plants. This will be accomplished by a thorough characterization of the MSEE 
itself and by ident1fying features that should be changed in a commercial 
plant or its prototype. Operation of the MSEE by utility and industry 
personnel can make a significant contribution to this evaluation as well as 
provide familiarization with the operation of this type of solar power plant. 
Accordingly, the specific objectives of this operational phase are: 

1. Demonstrate operation of a molten salt cooled central receiver solar 
power plant to participating utility and industry personnel. This 
also demonstrates power plant control by a distributed digital central 
system. 

2. Obtain an evaluation by the participants of the MSEE design and 
operation and of the training methods employed 1n this program . 
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Section 2 

TRAINING AND OPERATING SESSIONS 
APS TEAM {SEPTEMBER 24 - OCTOBER 12, 1984) 

Monday, September 24 -- Orientation and Master Control Subsystem 

8:00 

9:00 
9:30 
9:45 

10:00 
11:30 
12:00 

1:00 
. 4:00 

Introduction -- Conference Room 
CRTF Projects Review and Safety Briefing -- Conference Room 
Break 

MSEE System Overview -- Conference Room 
Tour of MSEE -- field and Control Room 
D1scussion and Questions -- Conference Room 
Master Control Subsystem -- Conference Room (Sections 3.2 
and 4) 
Console Operation -- Control Room {Sections 4 and 5.1.1) 
Complete 

Tuesday, September 25 -- Receiver and Thermal Storage Subsystems (Sections 
9 3.3 and 3.4) 

-

8:00 
9:00 

10:00 
11:00 
12:00 

Subsystem Description -- Conference Room 
Tour of Receiver and Thermal Storage Subsystems -- Tower and 
field 
Control loops and Instrumentation -- Conference Room 
Operation, Alarms and Trips -- Conference Room 
Training - Receiver Loop Operation -- Conference Room 
{Section 7 and P&ID) 

Check lists 
Procedures 
Console Instruction {ind1vidually 1n Control Room) 

{Sections 5.1.2, 5.1.3, and 5.1.4) 
4:00 Complete 
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Wednesday, September 26 Receiver Operat1ons 

8:00 

11:00 

12:00 
4:00 

Tra1n1ng - Receiver Loop Operation 
Receiver Start-up Us1ng S1mulat1on 
groups) 

Conference Room 
Control Room (rotate 

Test on Receiver Loop Start-up and Operation -- Conference 
Room 
Receiver Cold Flow -- Control Room (Section 5.2.1). 
Complete 

Thursday, September 27 -- Rece1ver Operation 

8:00 Rece1ver Steady State Operation (Section 5.2.2). 
4:00 Complete 

Fr1day, September 28 -- Receiver Loop Operation 

8:00 
10:00 

4:00 

Rece1ver Cold Flow (Sect1on 5.2.1) -- Control Room 
Receiver Operation with S1mulated Clouds (Sect1on 5.2.3) 
Control Room 
Complete 

Monday, October 1 -- Steam Generat1on Subsystem (Sect1ons 3.5 and 3.7) 

8:00 
9:00 

10:00 
11:00 
12:00 

Subsystem Descr1pt1on -- Conference Room 
Tour of Steam Generator and HRFS Subsystems -- F1eld 
Control Loops and Instrumentation -- Conference Room 
Operations, Alarms and Trips -- Conference Room 
Tra1n1ng - Steam Generator Operat1on -- Conference Room 
(Section 7 and P&ID) 

Check lists 
Procedures 
Console Instruction (1nd1v1dually 1n Control Room 

(Sect1on 5.1.5) 
4:00 Complete 

2-2 

Doc. l 694U 



• 

-

Tuesday, October 2 -- Steam Generator Operation 

8:00 
11:00 

12:00 

4:00 

Tra1n1ng -- Steam Generator Operat1on Conference Room 
Test on Steam Generator Start-up and Operation -- Conference 
Room 

Steam Generation Operat1on (Section 5.2.5) -- Control Room 
Complete 

Wednesday, October 3 -- Charge Thermal Storage with Propane Heater, Operate 
Steam Generator 

8:00 Thermal Storage Charging w1th Propane Heater (Section 5.2.4) 

-- Control Room 
12:00 
4:00 

Steam Generator Operation (Section 5.2.5) -- Control Room 
Complete 

Thursday, October 4 -- Electric Power Generation Subsystem (Sections 3.6 and 
3.7) 

8:00 
9:00 

10:00 
11:00 
12:00 

4:00 

Doc. l 694U 

Subsystem Descr1ption -- Conference Room 
Tour of EPGS and HRFS -- field 
Control Loops and Instrumentation -- Conference Room 
Operations, Alarms and Trips -- Conference Room 
Training - EPGS Operation - Conference Room 

(Section 7 and P&ID) 
Complete 
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Friday, October 5 -- Operation of EPGS 

8:00 Operation of Full Electric Loop (Section 5.2.6) -- Control 
Room and field 
Teams will rotate between Control Room and Turbine Room 1n 
A.H. and P.H. 

4:00 Complete 

Monday, October 8 -- System Operation 

8:00 

10:00 
Discuss1on of System Operation -- Conference Room 
System Steady State Operation (Section 5.2.7) -- Control 
Room and f1eld 
Rotate groups between locations 

4:00 Complete 

Tuesday, October 9 -- System Operation 

8:00 System Steady State Operation 
(Section 5.2.7) 

EPGS Steady State Performance 
(Section 5.2.8) 

Rotate groups between Control Room and field 
4:00 Complete 

Wednesday, October 10 -- System Operation 
8:00 System Steady State Operation 

(Section 5.2.7) 
EPGS Steady State Performance 

( Sect ion 5 • 2 • 8) 
Rotate groups between Control Room and field 

4:00 Complete 
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Thursday, October 11-- System Operat1on and Debr1ef1ng 

8:00 

12 :00 

2:00 

4:00 

System Steady State Operation (Section 5.2.7) -- Control 
Room and f1eld 
Debriefing -- Conference Room 
Briefing on Solar One 
Complete 

Friday, October 12 -- Tour of Solar One 
System Operation 
Controls 
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Section 2 
TRAINING AND OPERATING SESSIONS 

PNM TEAM (SEPTEMBER 4 - 21, 1984) 

Tuesday, September 4 -- Orientation and Master Control Subsystem 

8:00 

9:00 

9:30 

9:45 

10:00 

11:30 

12:00 

l :00 

4:00 

Introduction -- Conference Room 
Safety Briefing -- Conference Room 
Break 

MSEE System Overview -- Conference Room 
Tour of MSEE -- Field and Control Room 
Discussion and Questions -- Conference Room 
Master Control Subsystem -- Conference Room (Sect1ons 3.2 
and 4) 

Console Operation -- Control Room (Sections 4 and 5.1.1) 

Complete 

Wednesday, September 5 -- Receiver and Thermal Storage Subsystems (Sections 
3.3 and 3.4) 

8:00 

9:00 

10:00 

11:00 

Subsystem Description -- Conference Room 
Tour of Receiver and Thermal Storage Subsystems -- Tower and 
Field 

Control Loops and Instrumentation -- Conference Room 
Operation, Alarms and Trips -- Conference Room 
(Section 7 and P&ID) 

Check Lists 
Procedures 
Console Instruction (individually in Control Room) 

(Sections 5.1.2, 5.1.3, and 5.1.4) 

4:00 Complete 
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Thursday, September 6 -- Receiver Operations 

8:00 

11:00 

12:00 

Tra1n1ng - Receiver Loop Operation 
Receiver Start-up Using Simulation 
groups of two) 

Conference Room 
Control Room (rotate 

Test on Receiver Loop Start-up and Operation -- Conference 
Room 
Receiver Cold Flow -- Control Room and F1eld (Section 5.2.1). 

Rotate groups of two 1n Control Room and two 1n field. 

4:00 Complete 

Friday, September 7 -- Receiver Operation 

8:00 Receiver Steady State Operation (Section 5.2.2). 
I 

Rotate groups of two in Control Room and two in field. 
4:00 Complete 

Monday, September 10 -- Steam Generation Subsystem (Sections 3.5 and 3.7) 

8:00 
9:00 

10:00 
11:00 
12:00 

Subsystem Description -- Conference Room 
Tour of Steam Generator and HRFS Subsystems -- Field 
Control- Loops and Instrumentation -- Conference Room 
Operations, Alarms and Tr1ps -- Conference Room 
Training - Steam Generator Operation -- Conference Room 
(Section 7 and P&ID) 

Check Lists 
Procedures 
Console Instruction (indiv1dually in Control Room) 

(Section 5.1.5) 

4:00 Complete 
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Tuesday, September 11 -- Steam Generator Operat1on 

8:00 
11:00 

12:00 

Tra1n1ng -- Steam Generator Operat1on -- Conference Room 
Test on Steam Generator Start-up and Operation -- Conference 
Room 
Steam Generation Operation (Section 5.2.5} 
and field 

Control Room 

One group of two 1n Control Room; other group of two 1n field 
4:00 Complete 

Wednesday, September 12 -- Charge Thermal Storage with Propane Heater, Operate 
Steam Generator 

8:00 Thermal Storage Charg1ng with Propane Heater (Section 5.2.4} 
-- Control Room and Field 

12:00 Steam Generator Operation (Section 5.2.5} -- Control Room 
and field. Rotate groups from Tuesday P.H. assignments 

Thursday, September 13 -- Receiver Loop Operation 

8:00 
12:00 

4:00 

Receiver Cold Flow (Section 5.2.1} -- Control Room and field 
Receiver Operation with Simulated Clouds (Section 5.2.3} -­
Control Room and field 
Complete 

Friday, September 14 -- Electric Power Generation Subsystem (Sections 3.6 and 
3.7} 

8:00 
9:00 

10:00 
11:00 
12:00 

4:00 

Doc. 1694U 

Subsystem Descript1on -- Conference Room 
Tour of EPGS and HRFS -- Field 
Control Loops and Instrumentation -- Conference Room 
Operations, Alarms and Trips -- Conference Room 
Train1ng - EPGS Operation - Conference Room 

(Section 7 and P&ID) 
Complete 
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Monday, September 17 -- Operat1on·of EPGS 

8:00 Operation of Full Electric Loop (Section 5.2.6) -- Control 
Room and field 
Team of two will rotate between Control Room and Turbine 
Room in A.H. and P.H. 

4:00 Complete 

Tuesday, September 18 -- System Operation 

8:00 

10:00 

Discussion of System Operation -- Conference Room 
System Steady State Operation (Section 5.2.7) -- Control 
Room and field 
Rotate groups of two between locations 

4:00 Complete 

Wednesday, September 19 -- System Operation 

8:00 System Steady State Operation 
(Section 5. 2. 7) 

EPGS Steady State Performance 
(Section 5. 2. 8) 

Rotate groups of two between Control Room and field 

4:00 Complete 

Thursday, September 20 -- System Operation and Debriefing 

8:00 System Steady State Operation (Section 5.2.7) -- Control 
Room and field 

12:00 

4:00 

Debriefing -- Conference Room 
Complete 

Friday, September 21 -- Tour of Solar One System Operation Controls 
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Section 3 
MSEE SYSTEM DESCRIPTION 

The MSEE system is shown as an artist's concept in Figure 3.1. It is designed 
to demonstrate the conversion of solar energy to electricity using molten salt 
and water/steam as the working fluids. The molten salt is the energy transfer 
medium from the receiver through thermal storage to the steam generation 
subsystem and water/steam is the energy transfer medium from the steam 
generation subsystem to the electric power generation subsystem. The system 
schematic is shown in Figure 3.2. The receiver, located at the top of the 
CRTF tower, receives concentrated solar energy from the· collector field. 
Molten salt from the cold storage tank, located at ground level, is pumped up 
the tower p1p1ng and through the receiver. In the experiment, cold salt is 
nominally defined to have a temperature of .306°C (580°F). The salt is 
heated to 1000° in the receiver, flows through a downcomer, and is throttled 
into the hot salt storage tank. Hot salt is defined to have a nominal 
temperature of 1000°. Hot salt from storage 1s pumped through the steam 
generator superheater and evaporator, and is returned to the cold storage 
tank. An additional flow of cold salt is injected in the salt line between 
the Juperheater and evaporator to reduce the salt temperature entering the 
evaporator; th1s 1s to allow the use of low alloy steel 1n the evaporator . 
Ma1n steam from the steam generator is used to drive a conventional steam 
turbine-generator. There are two principal advantages of this molten salt 
receiver system over a water/steam receiver system: the steam generator and 
turbine are decoupled from the receiver by the thermal storage subsystem; and, 
molten salt from the receiver 1s used directly as the thermal storage fluid, 
thus providing an inexpensive source of thermal storage and a constant 
temperature heat source for the steam generator. 

The system is divided 1nto the following subsystems: 

a) Collector (CS) 
b) Master Control (MCS) 
c) Receiver (RS) 
d) Thermal Storage (TSS) 
e) Steam Generation (SGS) 
f) Heat Rejection and Feedwater (HRFS) 
g) Electr1c Power Generation (EPGS) 
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A tabulat1on of data descr1b1ng the MSEE system 1s g1ven on Table 3 .. 1. A more 
• detailed descr1pt1on of the MSEE subsystems is conta1ned in the following 

subsections. 

• 

• 

3.1 COLLECTOR SUBSYSTEM 
The collector subsystem redirects, concentrates, and focuses solar radiation 
onto the tower-mounted receiver. The subsystem, which is already 1n place at 
the CRTF, cons1sts of 221 two-ax1s tracking heliostats located north of the 
receiver tower, and- its control system. Under opt1mum 1nsolat1on and 
hel1ostat cond1t1ons, the hel1ostat f1eld can concentrate approx1mately 
5 MWt onto the rece1ver. 

Each hel1ostat has 25 ind1v1dual mirror facets totaling 37.2 m2 (400 ft2) 

of reflective surface. The facets are mounted on a structure and indiv1dually 
adjusted to provide a concentration ratio of 25 to 1 on the receiver. The 
structure has motor-driven azimuth and elevation gimbals, which allow it to 
track the sun during the day • 

The heliostats are operated from the control room by the CRTF collector 
control system. (The CRTF collector control system is separate from the 
experiment master control subsystem.) The CRTF collector control system 
analyzes heliostat operat1ng commands from a number of programmed test 
sequences or from the facility hel1ostat operator. Control signals are 
distributed to the heli-0stats through four hel1ostat array controllers and 
four heliostat 1nterface modules. Each.hel1ostat rece1ves azimuth and 
elevat1on point1ng informat1on once every second and responds w1th its own 
status. Commands and data transmitted to the 1nd1vidual hel1ostats are 
rece1ved and executed by the heliostat control electron1cs. The electron1cs 
keep the dr1ve motor power at the proper level unt11 the g1mbal ax1s encoders 
1ndicate that the desired pos1t1on has been reached . 
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Table 3.1 
MSEE Data 

Locat1on -- CRTF; on K1rtland Air Force Base, Albuquerque, NM 
Hel1ostat F1eld -- Existing field of 221 heliostats each with 400 ft2 of 

m1rror surface. 
Tower -- Existing concrete tower, 200 ft. high w1th internal 11fting module 
Master control -- EMCON D-2 distributed digital control system with central 

consoles; separate equipment protection- system • . 
Rece1ver -- Refurb1shed from previous Subsystem Research Experiment. 

o Rating: 5 MWth 
o Salt temperatures: in - 590°F; out - 1000°F (1050°F with propane 

heater) 
o Conf1gurat1on: cavity with door 
o Absorber: single panel of 3/4 in Incoloy 800 tubes (18 passes, 

16 tubes per pass) 
o Peak flux: 630 kW/m2 (200,000 Btu/hr - ft2) 

Thermal Storage -- Existing from previous Subsystem Research Experiment 
o Rating: 5.8 MWth Hr when operating between 590°F and l000°F 
o Type: 2-tank 

- Hot·tank, internal 1nsulat1on 
- Cold tank, external insulation 

Steam Generator -- Supplied by Babcock and Wilcox 
o Type: Forced rec1rculation 
o 2 units: evaporator and superheater (both U-tube, U-shell) with 

steam drum separator 
o Rating: 11,000 lb/hr of steam at 940°F and 1100 psi (3.13 MWth) 
o Prototypical of commercial design 

Turbine Generator -- GE rebuilt unit 
o Marine turbine 
o 750 kWe rating (500 kWe under nominal operating conditions) 

Heat Rejection and Feedwater System -- existing at CRTF 
o Feedwater treatment only 
o 20,000 gallon dem1neral1zed water storage 
o Ory cooling, 7 MWth capacity 
o Spray water heat exchanger to reject heat when turbine not 1n use or 

tripped off 11ne 
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3.2 MASTER CONTROL SUBSYSTEM 
The master control subsystem (Figure 3.3) consists of an EMCON-D2 for system 
control and a equipment protect1on system. A Bailey network 90-system is used 
to directly control the SGS. Commands and set points are provided by the 
EMCON master control subsystem to the Network 90 for SGS operation and 
control. The equipment protection system is an independent hardwired relay 
shutdown system. These relay trip devices will shut down the receiver or the 
power generation ends of the MSEE when critical parameters reach preset limit 
values. These relay units are independent of the EMCON and network 90 control 
systems. Additionally, an Accurex Data Logger is used to collect and display 
all the temperature measurements relating to the heat tracing and data 
instrumentation. 

3.2.l EMCON System 

The EMCON-D2 is a distributed digital control system consisting of two 
operator consoles, a host computer w1th its peripheral hardware, a 
communication control module, and three process control modules distributed 
among the subsystems. Two EMCON-02 operator consoles are located in the CRTF 
main control room. The host computer is an existing DEC PDP 11/34 unit 
located in the control room. This computer links the operator with the 
process control modules, and analyzes data from the control modules for 
presentation on the operator consoles. The peripheral equipment includes two 
disk dr1ves, an alarm system, and a data analysis system. 

A communicat1on control module 11nks the host computer with the three 
field-located, process control modules. Each process control module 1s a 
small digital computer capable of monitoring a number of 1nstrumentation 
po1nts, and responding with a number of process control s1gnals. 
Communications between the control modules and host computer are primarily 
11mited to direct operator commands from the console and critical operating 
information from the subsystems for console display. This distr1buted control 
system reduces the number of instrumentation and control 11nks between the 
subsystems and control room. 

The process control module cons1sts of a d1g1tal computer control unit, a 
multiplexer, an analog-to-digital converter, and a digital-to-analog 
converter. Analog signals from the process instrumentation are converted to 
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d1g1tal s1gnals, selected 1n rotat1on by the mult1plexer, and analyzed by the 
control un1t. The module responds w1th an appropr1ate d1g1tal control signal 
wh1ch 1s passed through the mult1plexer and sent to the appropriate 
controller. Each process control module 1s capable of monitor1ng 30 analog 
signals per second, monitor1ng 95 thermocouples, generating 20 analog control 
s1gnals, and controlling over 100 on-off switches. 

One process control module (PCM 1), located below the receiver in the tower 
elevator, 1s dedicated to the control of the receiver. A second module, 
(PCM 2) located at the base of the tower, controls the heat rejection and 
electr1c power generat1on subsystem. The th1rd module, (PCM 3), located in 
the control building adjacent to the salt storage tanks, is used to control 
the thermal storage subsystem and to command the Network 90 controlled steam 
generat1on subsystem. 

The receiver subsystem PCM will modulate the salt flow rate to the receiver to 
maintain, as closely as possible, a constant outlet temperature of 1000°F. 
Ind1v1dual thermocouples are located on the receiver to measure intermediate 
salt temperatures. From this 1nformation, the control module est1mates the 
flux on the receiver, and feed-forward a s1gnal to the salt control valves at 
the rece1ver 1nlet. The control module also controls the rece1ver start-up 
and shutdown purge and drain valves. 

Control of the thermal storage subsystem involves the operation of the two 
salt downcomer flow control valves, cold salt pumps, salt storage tanks and 
pip1ng heat tracing, and the propane-f1red salt heater. The downcomer 
throttling valves are controlled by the receiver control system to mainta1n a 
constant level 1n the receiver hot surge tank. Salt equipment heat trace 
temperatures are monitored cont1nuously by the Acurex Data Logger. The 
propane-fired salt heater 1s operated intermittently, under manual control, 
during subsystem checkouts. 

Automatic control of the heat rejection and electric power generation 
subsystem involves the control of the steam and condensate flows to the 
deaerator, steam flow to the feedwater heater, and the operation of the 
cooling water, spray water condensate, and feedwater pumps. The EPGS 
condenser 

3-8 

Doc. 16940 



• 

• 

• 

temperature, level and pressure are mon1tored by the master control 
subsystem. The deaerator temperature is ma1nta1ned by controll1ng the steam 
flow from the ma1n steam header. The final feedwater temperature is 
mainta1ned by controll1ng the ma1n steam flow to the feedwater heater . 

Automat1c control of the steam generat1on subsystem pr1mar1ly involves the 
control of steam pressure, steam temperature, drum water level, and the 
evaporator salt 1nlet temperature through the network 90 control system. The 
water level 1n the drum 1s controlled by modulating the control valve 
downstream of the feedwater pump. Control of the main steam pressure is 
accomplished by modulating the salt flow control valve downstream of the 
evaporator. Steam temperature 1s controlled us1ng an attemperator to m1x 
steam from the steam drum with the output of the superheater. The evaporator 
salt 1nlet temperature 1s controlled by monitoring the inlet salt temperature, 
and modulat1ng the cold salt control valve at the m1x1ng tee between the 
superheater and evaporator. 

3.2.2 Network 90 System 

The Ba1ley Network 90 Control System cons1sts of two un1ts, one process 
control un1t (PCU) and one operat1on 1nterface un1t (OIU) . 

The PCU architecture 1s based on two key modules, the Controller Module (COM) 
and the Log1c Master. Together, these modules prov1de a m1x of both 
modulat1ng and sequential control functions 1nclud1ng: base, cascade, or rat1o 
PIO control, high/low and rate lim1ters, eng1neer1ng un1ts conversion, general 
function generator, square root, summation, mult1pl1cation, lead/lag, and 
transfer select, or, and, not, time delay, and several others. The controller 
module can serv1ce up to four analog and three digital 1nputs and two analog 
and four d1g1tal outputs. The COM also provides A/0 and D/A conversion, alarm 
limit check1ng (absolute and deviation) and notification, po1nt quality 
checking and 1nterlocking. 

The Operator Interface Unit (OIU) provides the high level operator interface 
for the Network 90 system. The OIU consists of a color CRT-based table-top 
console, with functional keyboard, mass storage device, and console driver 
electronics . 
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In operation, the unit performs the system information display and control 
requirements. The OIU console includes a CRT keyboard and pushbutton hardware 
for process overv1ew, alarm 1ndicating, loop control, trend1ng, tun1ng and 
conf1gurat1on funct1ons • 

The OIU uses microprocessor, memory and I/0 modules to support system 
functions. It furn1shes monitoring, supervisory, recording and d1splay 
capability at centralized or distributed locations, along with eng1neering 
functions. 

3.2.3 Data Acqu1s1t1on 

The DAS ut111zes both the EMCON-D2 and an HP-1000. EMCON collects the data 
and HP-1000 stores and displays data. Data collected by the EMCON system 1s 
transmitted to the HP-1000 system on a terminal-to-terminal data link. The 
tag list for the data to be collected is in a file of 180 tags, which are 
divided into 6 groups of 30 tags. One group of 30 is transmitted every 10 
seconds, giving a total update rate of once a minute. The data are then time 
tagged with day of the year, hour, minute, second, millisecond. Then the data 
are stored in a data file and/or displayed on one of six CRTs in a graphical 
form. Also, the data are transmitted in integer format, not floating point, 
but they are in engineering units. The data files are divided into eight-hour 
blocks, so if a test runs longer than eight hours, another eight-hour block is 
assigned to that test's file. Normally an 8-hour data block is stored in 19 
tracks out of a maximum usable 1000 tracks. 

The live data can be displayed on the 6 CRTs with 3 tags per screen, a time 
scale of 3 hours 20 minutes, and a Y-scale displayed of the first tag's 
display range. The other two tags are displayed using their respective 
ranges, but the scales are not shown on the plot. When the plot is full the 
plot scrolls left dropping the oldest 1/4 of the time scale data. This leaves 
1/4 of the plot blank for new data. These plots can have hard copies made, 
but not automatically. The print is done by manual switch selection of each 
screen and a copy page switch. 

Recovery of stored data can be done whenever live data files are not being 
made. These plots have a slightly different format, three being a maximum of 
five tags per plot, and the Y scale shown is that of the last tags range. 

• These plots are not displayed on a CRT, but directly generated on the 
printer/plotter. 
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3.3 RECEIVER SUBSYSTEM 
The rece1ver subsystem (Figure 3.4) captures the 1nsolat1on redirected from 
the hel1ostat field and converts 1t to thermal energy 1n the molten salt. The 

• subsystem consists of the receiver absorber panel, cavity enclosure with one 
vertical aperture door, 1nsulat1on, heat tracing, cold surge tank, booster 
pump, hot surge tank, overflow tank, 1nstrumentation, and control valves. The 
receiver 1s located at the top of.the CRTF tower. 

• 

• 

The receiver was tested in a prev1ous subsystem research exper1ment. S1nce 
the initial experiment, the receiver has been refurbished. Th1s refurb1shment 
included instrumentation and control system modifications, minor structural 
and piping changes, and the replacement of the two original horizontal cavity 
doors with one vertical aperture door. 

The receiver absorber is a single panel with 18 vertical passes having 16 
tubes per pass. The tubes are Incoloy 800 with 19 mm·(0.75 in.) outside 
d1ameter. Purge and drain valves are prov1ded for each pair of passes. 

The receiver surge tanks are des1gned to dampen changes in the salt flow rate 
and to maintain salt flow through the receiver in the event of a cold salt 
pump outage. The cold surge tank is pressurized with facility-supplied 
instrument air to supply the necessary head to force the salt through the 
receiver in the event of a pump outage, and to prov1de a surge volume within 
the tank. The hot surge tank operates at atmospheric pressure, and is vented 
to an adjacent overflow tank 1n the·event of a.control problem in the salt 
downcomer throttle valve. 

The cold salt booster pump takes its suct1on from the d1scharge of the cold 
salt pump and provides the necessary head for the salt as it travels up the 
tower and through the receiver. 

The cold salt 11ne to the receiver starts at the booster pump, rises to the 
top of the hot storage tank, traverses the distance from the storage tanks to 
the receiver tower on an elevated p1pe bridge, enters the tower, and runs up 
the east side of the tower 1n an ex1st1ng p1pe chase to the receiver. The hot 
salt 11ne leaves the hot surge tank and traverses to the pipe chase. The hot 
salt downcomer carries the salt to the level of the pipe bridge. The hot salt 
line traverses the bridge, ending 1n a control valve which throttles the flow 
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to the hot storage tank. The salt pip1ng 1s 1nclined between the storage 
tanks and the tower to ensure that the pip1ng system w111 completely drain. 

• The salt piping 1s electrically heat traced and insulated w1th calcium 
silicate and aluminum sheathing. 

• 

• 

The receiver components are listed on Table 3.2; valves are described on Table 
3.3; instrumentation 1s listed on Table 3.4; an~ control loops are described 
on Table 3.5 . 
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Component 

Receiver 

Cold salt booster 
sump 

Cold salt booster 
pump 

Cold surge tank 

Hot surge tank 

• • 
T~hle 3.2 

Receiver Subsystem Components 

Description 

- 18 ft wide x 13 ft high panel 

- 18 serpentine passes Incoloy 800 
tubes 

- 16 tubes per pass 

- 3/4 in. dia. tubes 

- Carbon steel cylindrical tank 

- Vertical cantilever type 

- Carbon steel cylindrical tank 

- 3 ft. dia. 

- 7 ft. high 

Stainless steel cylindrical tank 

- 2 ft. dia. 

- 7 ft. high 

Function 

- Heat molten salt with 
solar energy from 
heliostat field 

- Reservoir for cold 
salt pump 

Nominal Operating Condition 

- 590°F inlet salt 

- 1050°F outlet salt 

- 96,867 lb/hr 

- 5 MW rating 

- 590°F salt 

- Atmospheric pressure 

- Sµpply additional head I - 590°F salt 
to outlet of cold salt 
pump to provide sa 1 t I - 96,867 1 b/hr 
circulation through 
receiver 

- Dampen changes in salt 
flow rate 

Provide emergency 
salt flow through 
receiver until solar 
flux can be removed 
in the event of pump 
outage 

Dampen changes in 
salt flow rate 

- Pressurized to 125 psi 

- Atmospheric pressure 
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VALVE MAN•FACIURER 

FCV-101 Valtek 
FCV-102 

FCV-151 Valtek 

FCV-161 Valtek 

FCV-162 Valtek 

FCV-180 Kieley-Mueller 
thru 

FCV-189 

FCV-190 Kieley-Mueller 
thru 

FCV-198 

FCV-199 Ki el ey-Muel l er 

CV - Control Valve 
sv - Shutoff valve 
FU - t-ail Upen 
FC - Fail Close 

•• Table 3.3 

K~CEIVER SUBSYSTEM REMOTE OPERATED VALVES 

SIZE 

2" 

2" 

2" 

2" 

l l /2" 

1 1 /2" 

2" 

IVPE FAIL POSII ION 

CV FO 

CV FC 

CV FO 

CV FC 

SV FC 

sv FC 

SV FC 

1 
'Sh.vi-,,t~ viJ2.ve..­

(.o..Q c\n:J u.-L l"-- J 
t'a-t,[(),,_1,' ,,, .. ~ 

v (j..Q_ v '--'' 

FONC I ION 

Receiver Flow Control 

Receiver Fill Control 
Cold Surge Level Control 

Hot Surge Tank Level 
Control 

Hot Surge Tank Level 
Control (Receiver) 

Kecei ver Fi 11 and 
Drain 

Receiver Purge 

Allow Downcomer 
Backflow During 
Receiver Fill and 
Permit Drainage to 
Cold Storage Tank 
During Shutdown 

• 
LOCAi ION 

Near Receiver Lower 
West Corner 

Above Hot Tank 

Above Hot Tank 

Above Hot rank 

Below Receiver 

Above Receiver 

Above Hot Tank 
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• • • Table 3.4 

Receiver Subsystem Instrumentation 

Alarm Levels 
Control Display Sampling 

Identifier Description Module Range High Low Dimension Period (sec) 

Boost Pump 

Discharge pressure - r-~ t
11

, PCM 3 0-400 350 275 PSI 2 
1, 0 r~ 

.--3> Bearing temJJ .·• ei,,. t,,,.. ~·, PCM 3 0-500 190 °F 10 
. I\C; ~Yl,'.'.kJ t_i [I~,' ,·y"{L',$ fL,J :• l, 

:l)I. ~-'> ~ 

, 'J Sump vent temp 0 t .,,..,;, PCM 3 0-1200 350 ° F 10 
l,;,",•Y-,i,,_IJ _,. ;:,,,,:. ;_ 2(~' ~-l1.C ~ \,t, 

U,cJ11'· 
Hot surge tank ·,.,,,_,...ve/ 

Level , PCM 3 0-100 70 15 inch 2 ' ' , {' ,. ,.J 
i,i --\'~.1,·Y<,t--L ff.('.t-~'·-·h ;.1, t~J> ,;J..., ,' ) ci..LJo'"'vW1-d 

,, ·sa1t·,l;mp . PCM 1 0-1200 1070 500 °F 10 
{'1.::.- ,,,-r,.-_.l,._,_,j !;.';C." r-:, f.{_,_,;,, ... i,,'Vl-1i ,;,:,~,~-,..., ... _+1',~."'\ 

Vent temp ... ,. ,. ~ PCM 1 0-1200 400 °F 10 
1\-:.. ,·,1, '.(, '11,.~ ~ 0 :,r.. 1,-

Cold surge tank 

Level . , PCM 1 0-100 90 10 inch 10 
11 (~:,•·?-,;~.~--:.~ ·'.. ~), ·i5e- cL. :-L,li"-id /h:)~~·,')f)'l.,Jl 

'·
1·sait'temp PCM 1 0-1200 750 500 °F 10 

Pressure PCM 1 0-200 180 10 PSI 10 
1\1..·, .,,;_c,: ., :_ 15l, r~-.... 

Down comer outlet temp PCM 3 0-1200 1070 500 ° F 2 

Solar insolation - vw,-t vi, .:,. PCM 3 0-1000 W/M2 5 
'·.! ,~·, f': 1\..f•">c.:,, •. ' ', f'''~'tl-'f ~'~ 

\ 1 - ,, 

•, ,. ~ ! . ., .i ,J 11 ~ '-' -.•·. 1 -,
1 

:1. ~·, t. l':,, \..,, ~-IA-,,--,.-( 

', . r.'·. t ,,. ·. ·, t' ,_, ,· (. 
1

1 /•..i1.1 e. 1;:•i"t., 
L} i "'·.1 .• ·- ~ 1 ~-, J e ,"";>"':;rL•f' 2-t~- (~ 
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Identifier 

PT-181 

FT-101 

TE-101 

TE-102 

TE-103 

TE-104 

TE-105 

TE-106 

TE-107 

TE-108 

TE-109 

TE-110 

TE-111 

TE-112 

TE-113 

• 
Table 3.4 

Receiver Subsystem Instrumentation 

Alarm Levels 
Control Display 

Description Module Range High Low 

Receiver 

In 1 et pressure -~l~;u1. t-i .. 1 h.!J2.,_k ... PCM 1 0-200 125 10 
rt F T : - . • I" ~ i.. ~ ~ '· 1 "'SI , !;, t 1 ~ ·r , ..:: , 
Salt fl ow 1ral'et'' '0 i,,! -~ •') PCM 1 0-100 100 
I:; t o..•- • (. ~'-~-'J • "l!"t {J\_f .,,., .... :..i,.J ~ .~' ,q Lu.lJ.12( 

Sa 1 f 'i nli'~t \~mlt (,Uul' vn.t,l(~- PCM 1 0-1200 650 500 
~ ' Yr· 

I : I ·- u CC•,' ir 

Salt outlet temp PCM 1 0-1200 1060 500 

Back tube-pass #1 outlet PCM 1 0-1200 640 500 

Back tube-pass #2 outlet PCM 1 0-1200 665 500 

Back tube-pass #3 outlet PCM 1 0-1200 690 500 

Back tube-pass #4 outlet PCM 1 0-1200 720 500 

Back tube-pass #5 outlet PCM 1 0-1200 750 500 

Back tube-pass #6 outlet PCM 1 0-1200 780 500 

Back tube-pass #7 outlet PCM 1 0-1200 810 500 · 

Back tube-pass #8 outlet PCM 1 0-1200 835 500 

Back tube-pass #9 outlet PCM 1 0-1200 865 500 

Back tube-pass #10 outlet PCM 1 0-1200 890 500 

Back tube-pass #11 outlet PCM 1 0-1200 920 500 

• 
Page 2 

Dimension 
Sampling 

Period (sec) 

PSI 10 

KLB/hr 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 



• • • Table 3 .. 4 
Receiver Subsystem Instrumentation Page 3 

Alarm Levels 
Control Display Sampling Identifier Description Module Range High Low Dimension Period (sec) 

Receiver (cont.) 

TE-114 Back tube-pass #11 outlet PCM 1 0-1200 950 500 OF 2 
TE-115 Back tube-pass #12 outlet PCM 1 0-1200 975 500 OF 2 
TE-116 Back tube-pass #13 outlet PCM 1 0-1200 990 500 OF 2 
TE-117 Back tube-pass #14 outlet PCM 1 0-1200 1010 500 Of 2 
TE-118 Back tube-pass #15 outlet PCM 1 0-1200 1030 500 OF 2 

'f TE-119 Back tube-pass #16 outlet PCM 1 0-1200 1050 500 OF 2 ...., 
CXl 

TE-120 Back tube-pass #17 outlet PCM 1 0-1200 1070 500 OF 2 
TE-131 Back tube-pass #1 upper PCM 1 0-1200 645 500 OF 10 
TE-132 Back tube-pass #5 upper PCM 1 0-1200 745 500 OF 10 
TE-133 Back tube-pass #8 upper PCM 1 0-1200 815 500 OF 10 
TE-134 Back tube-pass #11 upper PCM 1 0-1200 915 500 Of 10 
TE-135 Back tube-pass #14 upper PCM 1 0-1200 980 500 OF 10 
TE-136 Back tube-pass #17 upper PCM 1 0-1200 1045 500 OF 10 
TE-137 Back tube-pass #2 middle PCM 1 0-1200 680 500 OF 10 



• • • Table 3.4 Page 4 
Receiver Subsystem Instrumentation 

Alarm Levels 
Control Display Sampling 

Identifier Description Module Range High Low Dimension Period (sec) 

Receiver (cont.) 

TE-138 Back tube-pass #6 middle PCM 1 0-1200 735 500 OF 10 

TE-139 Back tube-pass #8 middle PCM 1 0-1200 825 500 OF 10 

TE-140 Back tube-pass #11 middle PCM 1 0-1200 905 500 OF 10 

TE-141 Back tube-pass #14 middle PCM 1 0-1200 990 500 OF 10 

c,.: TE-142 Back tube-pass #17 middle PCM 1 0-1200 1045 500 OF 10 
I 

I-' 

"° TE-143 Back tube-pass #1 bottom PCM 1 0-1200 660 500 OF 10 

TE-144 Back tube-pass #5 bottom PCM 1 0-1200 725 500 OF 10 

TE-145 Back tube-pass #8 bottom PCM 1 0-1200 830 500 OF 10 

TE-146 Back tube-pass #11 bottom PCM 1 0-1200 895 500 OF 10 

TE-147 Back tube-pass #14 bottom PCM 1 0-1200 985 500 OF 10 

TE-148 Back tube-pass #17 bottom PCM 1 0-1200 1035 500 OF 10 

TE-185 Header-pass #2 outlet PCM 1 0-1200 665 500 OF 10 

TE-186 Header-pass #3 outlet PCM 1 0-1200 690 500 OF 10 



• • • 
Table 3.4 Page 5 

Receiver Subsystem Instrumentation 

Alarm Levels 
Control Display Sampling Identifier Description Module Range High Low Dimension Period (sec) 

Receiver (cont.) 

TE-187 Header-pass #4 outlet PCM 1 0-1200 720 500 OF 10 

TE-188 Header-pass #5 outlet PCM 1 0-1200 750 500 OF 10 

TE-189 Header-pass #6 outlet PCM 1 0-1200 780 500 OF 10 

TE-190 Header-pass #7 outlet PCM 1 0-1200 810 500 OF 10 

TE-191 Header-pass #8 outlet PCM 1 0-1200 835 500 OF 10 
t,.) 
I 

N TE-192 
0 

Header-pass #9 outlet PCM 1 0-1200 865 500 . OF 10 

TE-193 Header-pass #12 outlet PCM 1 0-1200 950 500 OF 10 

TE-194 Header-pass #13 outlet PCM 1 0-1200 975 500 OF 10 

TE-195 Header-pass #14 outlet PCM 1 0-1200 990 500 OF 10 

TE-196 Header-pass #15 outlet PCM 1 0-1200 1010 500 OF 10 

TE-197 Header-pass #16 outlet PCM 1 0-1200 1030 500 OF 10 

TE-198 Header-pass #17 outlet PCM 1 0-1200 1050 500 . OF 10 



• • • 
Table 3.5 

Receiver Subsystem Control Loops 

Controlled Variable, I Mode I Set Point Controller Inputs Controller Output 

Receiver salt flowl Constant flow I 30 KLB/hr Flow set point (FD-101) 
Measured flow (FT-101) 

FCV-101/102 position 

Hot surge tank 
w level 
I 

N 
I-' 

Receiving storage 
tank selection 

Cold surge tank 
level 

',u lli.-·i~. 1:·c· 11..,f, 

~-Li.:. f._ (,;_.__ <i)'C :... ·1 l i 

,) 

r.-, -
\ LV 'i) ( ' - :..•~-

(start-up & FD-101 
shutdown with 
receiver con-
trol algorithm I 1000°F 
off scan SP. SALT 
Constant Outlet 
Temperatui:e · 
(Receiver con:.. 
trol algorithm 
nn-} 

Operation 

Operation 

Operation 

20 in 
FCV-161 
FCV-162 

750°F 

,a,,85 11 

LT-151 

J •I L ~ -.( ' . .(. ~) 

·.,. '·. ,-.-t 

11 )-Cc, p c .. ,:;-yl ~£>.J2 

t'(,,L s ,; __ .(_f- b 

,-.{'-, ,.i...:,, l-·li< .. L, ( S" I 

Temperature set point (SP. SALT) 
Outlet temperature (TE-102) 
Inlet temperature (TE-101) 
Salt flow (FT-101) 
Receiver back tube temperatures 

(TE-103 thru TE-120) 

Surge tank level (LT-16ij 
Level set point 

Downcomer salt 
temperature (TE-161) 

Cold surge tank level 
(LT-151) 
Level set point 

FCV-101/102 position 

FCV-161 or FCV-162 position 
(selection based on salt 
temperature) 

TE-161 < 750°F 
Cold storage tank selected 

TE-161 > 750°F 
Hot storage tank selected 

FCV-151 position 

rs fv"W- F-C..v/4,1 ) FCJ/tez. fv (J)l\.½1 Fco/l~t (FC-.tlc.,1, c..lok:,, 

~ l,IA- k liL _st- ss ti,, e..?- ~ ,-. ~..) 



3.4 THERMAL STORAGE SUBSYSTEM. 
The thermal storage subsystem prov1des a cold salt source for the rece1ver for 

• daytime operation, and a hot salt source for the steam generator for day and 
early evening operation. The TSS can also furn1sh a source of thermal energy 
for overn1ght freeze protection of the receiver, steam generator, and salt 
pip1ng and for early morn1ng plant start-up. The subsystem includes the hot 
and cold salt storage tanks, propane-f1red salt heater, cold salt pump and 
cold salt sump. The subsystem schematic 1s shown on Figure 3.15. Major 
components are described on Table 3.6; valves are 11sted on Table 3.7; 
instrumentation 1s described on Table 3.8; and control loops are g1ven on 
Table 3.9. 

• 

• 

The salt pump 1s of a vert1cal cantilever design. The impeller and casing are 
suspended below the 11quid level 1n a sump; the bearings are located above the 
liquid level and do not contact the salt. 

The hot salt tank employs a un1que des1gn. To allow the use of carbon steel 
1n the structural portions of the tank, an internal refractory 1nsulation is 
used to limit the temperature of the walls, roof, and floor. A waffled 
Incoloy 11ner separates the salt and the internal insulation, and the tank 
foundation is cooled with circulating water to limit the floor temperature. 
The outside of the tank is insulated in the conventional manner with calcium 
s1licate and aluminum sheathing. The cold salt tank is similar in design to 
the hot tank except that it does not require the internal insulation and liner 
due to 1ts lower operating temperature . 
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Figure 3- 5 . Thermal Storage Subsystem Schematic 
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• • • Table 3.6 
Thermal Storage Subsystem Components 

Component 

Cold salt storage 
tank 

Description. 

- Carbon steel cylindrical tank 

- 12.3 ft. dia. 

- 12.3 ft. high 

- 15 in-fibrous external insulation 

Hot salt storage tank I - Carbon steel cylindrical shell 

Cold salt sump 

Cold salt pump 

- 12.3 ft. dia. stainless steel 
liner 

- 23.6 ft. high 

- 13-1/2 in. insulating firebrick 
between shell and liner 

- 2 in. fibrous external insulation 

- Carbon steel cylindrical tank 

- 59 in. di a. 

- 66 in. deep 

- Vertical cantilever type 

- 60 H.P. driver 

Function Nominal Operating Condition 

- Cold salt storage - 590°F salt 

- Hot salt storage - 1050°F salt 

- Approx. 7 MWt hr storage 
capacity 

- Pump reservoir - 590°F salt 

- Atmospheric pressure 

- Pump salt from cold I - 590°F salt 
storage tank to cold 
salt booster pump, I: - 96,867 lb/hr 
SGS, or propane heater 



• Ta.3. 6 • Thermal Storage Subsystem Cqmponents - 2 
Component Description Function Nominal Operating Condition 

Hot salt sump - Stainless steel cylindrical tank - Reservoir for hot - 1050°F salt salt pump - 48 in. dia. - Atmospheric pressure 
- 49 in. deep 

Hot salt pump - Vertical·cantilever type - Provide hot salt - 1050°F salt circulation through - 7-1/2 HP driver srs: - 64,680 lb/hr 

Propane heater - 3 MW propane fired heater - Provide auxiliary salt : 59,900 lb/hr salt heating capability - 9 ft. dia. shell - 590°F inlet 
w - 24 ft. high - 1050°F outlet I 
N 

- One stainless steel heating coil, 
u, 

2.12 in. dia., 1640 ft. long 

' 

' 

: i 

; 

' 



• • • 
Table 3.7 

THERMAL STORAGE SUBSYSTEM REMOTE OPERATED VALVES 

VALVE MAN•FACIDRER SIZE IYPE FJJ;IL POSI I ION F•NC I ION LOCAi ION 

FCV-201 Valtek 311 CV FC Cold Sump Level Control Cold Storage Tank 
Base Sou th Si de 

FCV-211 Ki el ey-Muel l er 311 sv FC Cold Sump Isolation Pump House North 
Side West End 

w 
I FCV-221 Valtek 311 CV FC Hot Sump Level Control Hot Storage Tank N 

.:;-. Southwest Si de 

FCV-231 Kiel ey-Mueller 311 sv FC Hot Sump Isolation Outside Pumphouse 
Northeast Corner 

FCV-241 Valtek 211 CV FC Propane Heater Flow Line to Propane 
Control Heater East of 

FCV-231 

FCV-242 Valtek 1 l /211 sv FC Propane Heater Top of Hot Tank 
Isolation 



• • • Table ~.8 
Thermal Storage Subsystem Instrumentation 

Alarm Levels 
Control Display Sampling Identifier Description Module Range High Low Dimension Period (sec) 

Cold Storage Tank 

LT-281 Level PCM 3 0-150 134 15 inch 10 

TE-281 Lower temp PCM 3 0-1200 700 500 OF 10 
TE-282 Middle temp PCM 3 0-1200 700 500 OF 10 

TE-283 Upper temp PCM 3 0-1200 700 500 OF 10 

Hot storage tank 

LT- 291 Level PCM 3 0-200 190 10 inch 10 
(,..> 

TE-291 Lower temp PCM 3 0-1200 1070 500 OF 10 
I 

N 
':-I 

TE-292 Middle temp PCM 3 0-1200 1070 500 OF 10 
TE-293 Upper temp PCM 3 0-1200 1070 500 OF 10 

Cold salt pump 

LT-201 Sump level PCM 3 0-60 60 15 inch 2 
TE-286 Bearing temp PCM 3 0-500 190 OF 10 
TE-211 Vent temp PCM 3 0-1200 400 OF 2 

Hot Salt Pump 

LT-221 Sump level PCM 3 0-48 41 15 inch 2 
TE-231 Vent temp PCM 3 0-1200 400 OF 2 



• • • Table 3.9 
] 

Therma:l Storage Subsytem Control Loops 

Controlled Variable Mode Set Point Controller Inputs Controller Output 

Cold sump level Operation 23 in Sump level (LT-201} FCV-201 position -
FCV-201 Level set point Flow from cold storage tank (45 in fill) 

Hot sump level Operation 20 in Sump level (LT-221) FCV-221 position -FCV-221 Level set point Flow from hot storage tank 

w 
I 

N> 
(X) 



• 

• 

• 

3.5 STEAM GENERATION SUBSYSTEM 
The steam generation subsystem transfers sensible heat from the molten salt to 
produce superheated steam for the turbine-generator. The subsystem schematic 
is shown on Figure 3.6. The subsystem includes an evaporator, steam drum, 
boiler recirculation pump, superheater, and attemperator. 

The evaporator and superheater are U-tubes, U-shell heat exchangers, with low 
pressure salt on the shell side and high-pressure water and steam on the tube 
side. This shell and tube configuration has been selected to m1nimize thermal 
stresses, due to differential expansion, in the tubes and tubesheets. 

A conventional steam drum, located above the evaporator, separates water 
droplets from the saturated steam before the latter enters the superheater, 

-
and- receives feedwater from the feedwater heater. A forced rec1rculat1on 
design was selected, since it is preferred for power plants requiring daily 
start-up and shutdown. 

The superheater outlet steam can be attemperated by mixing with a small amount 
of saturated steam from the drum. The salt flow from the superheater to the 
evaporator is also attemperated to 850°F, when necessary, by mixing with salt 
flow from the cold tank. This allows chrome-moly piping and fittings, rather 
than stainless steel, to be used in the evaporator. 

Warmup of the steam generation subsystem is accomplished by isolating the 
subsystem and preheating w1th the subsystem's electrical heater. 

Major subsystem components, valves, instrumentation, and control loops are 
described on Tables 3.10 through 3.13 . 
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Figure 3.6 . Steam Generation Subsystem Schematic 
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(A) 

I-' 

• 
Component 

Evaporator 

Superheater 

Steam Drum 

Table 3.10. Steam Generation.system Components 

Description 

- U-tube/U-shell counterflow heat 
exchanger 

- 8 in. dia. chrome - moly shell 
(salt) 

- 27 chrome-moly tubes 0.875 in. 
dia. 68 ft avg. length (water) 

Function 

- Evaporate subcooled 
water to produce 
saturated steam/water 
mixture 

• 
Nominal Operating Condition 

- 850°F salt inlet 

- 590°F salt outlet 

- 78,550 lb/hr salt flow rate 

- Subcooled water inlet 

- 567°F, 1200 psi saturated 
steam/water outlet 

- 2.15 MW rating 

- U-tube/U-shell counterflow heat 
exchanger 

- Heat saturated steam to I - 1050°F salt inlet 

- 6 in. dia. stainless steel shell 
(salt) 

- 23 stainless steel tubes 
0.500 in. dia. 33 ft. avg. 
length (steam) 

- Cylindrical pressure vessel with 
elliptical heads 

- 24 in ID 

- 6 ft 10 in overall height 

- 2 in thick carbon steel 

- Contains primary cyclone steam 
separator and primary & secondary 
steam scrubbers 

superheat condition 

- Separate steam/water 
mixture exiting 
evaporator 

- Supply saturated steam 
to superheater 

- Provide feedwater surge 
volume 

- 906°F salt outlet 

- 64,680 lb/hr salt flow rate 

- 567°F 1175 psi saturated 
steam inlet 

- 1000°F. 1100 psi superheated 
vapor outlet 

- 10,530 lb/hr steam flow rate 

- 0.98 MW rating 

- 567°F 

.- 1200 psi 



w 
I 

w 
N 

• 
Component 

Boiler water 
circulation pump 

Start-up heater 

Steam attemperator 

Salt attemperator 
(evaporator inlet) 

• Table 3.10. Steam Generation Subsystem Components - 2 • 
Description 

- Canned centrifugal type 

- 5 HP driver 

- Chamber type electric heater 

- 3 40-kW heating elements 

- 2 15-kW heating elements 

- Mixing tee 

- Mixing tee 

Function 

- Provide circulation of 
subcooled water from 
the steam drum to 
evaporator. Maintain 
high recirculation rate 
over full range of 
operating conditions. 

- Raise temperature and 
pressure of water during 
cold start-up to avoid 
salt freeze-up in 
evaporator 

- Heat boiler water to 
maintain temperature and 
pressure of water/steam 
system during diurnal 
hold 

Nominal Operating Condition 

- 560°F 

- 119 GPM 

- 111 ft. head 

- 150 kW during start-up 

- Cycled during diurnal hold 

- Bypassed during normal 
operation 

1053 lb/hr dry saturated 
steam at 567°F 

- Mix saturated steam fro~ -
steam drum with super­
heated steam from super­
heater to control - 10,529 lb/hr superheated 

steam at 1000°F 1100 psi steam delivery tempera­
ture to turbine 

- Mi~ cold salt with 
superheater outlet sal1 
to limit evaporator 
inlet salt temperature 
to 850°F because of 
Cr-Mo construction 

- 11,582 lb/hr delivery steam 
at 950°F 1100 psi 

. - 64,680 lb/hr at 906°F 

- 13,870 lb/hr at 590°F 

- 78,550 lb/hr at 850°F 
supplied to evaporator 



w 
I 

w 
w 

• 
Component 

Salt start-up 
attemperator 
(superheater inlet) 

Heat tracing 

• 
Table 3.10. Steam Generation Subsystem Components - 3 

Description 

- Mixing tee 

- Electrical heating element 

- Inconel sheath 

Function 

- Mix cold salt with hot 
salt from hot tank to 
provide a controlled 
temperature increase of 
salt entering super­
heater during start-up 

- Maintain heat exchanger 
and salt piping above 
the freezing point of 
salt 

- Provide freeze protec­
tion of feedwater pipin 
and ·instrumentation 
during shutdown 

• 
Nominal Operating Condition 

- Full flow of cold salt 
at start-up 

- No cold salt flow during 
operation 

- Temperature monitored by 
thermocouples 

- Cycle as required 



• • • 
Table 3. 11 

SGS REMOTE OPERATED VALVES 

VA[VE ~Js;NOFAC I ORER SIZE IYPE FAI[ POSI I ION F•NC I ION COCAI ION 

FCV-301 Valtek l" CV FO Evaporator Salt SGS Skid West Side 
Temperature Control South End 
and Cold Salt Fill 

FCV-321 Valtek 2" CV FO Main Salt Flow SGS Skid South End 
Control 

FCV-331 Fisher l" CV FO Steam Attemperator SGS Skid North Side 
Temperature Control Steam Drum 

FCV-341 Valtek l" CV FC Mai n Sal t Fi 11 SGS Skid West Side 
Middle 

FCV-351 Valtek 2" CV FO Hot Salt Flow Control Outside Pumphouse w Northeast Corner I 
w 
~ 

FCV-381 Kieley-Mueller 1" sv FC Evaporator Salt SGS Skid West Side 
Drain Middle 

FCV-382 Kieley-Mueller l" sv FC Superheater Salt SGS Skid West Side 
Drain Below Steam Drum 

FCV-383 Uresser 4" sv FO Evaporator Water SGS Skid Southeast 
Supply Corner 

FCV-384 Valtek 2" sv FO Start-up Heater SGS Skid Below 
Supply FCV-383 



• • • 
Table 3.12:. SGS Instrumentation 

Alarm Levels 
Control Display Sampling Identifier Description Module Range High Low Dimension Period (sec) 

Feedwater 

PT-386 Pressure PCM-3/ 
Bailey 

0-1500 1500 PSI 5 

TE-386 Temp PCM-3/ 0-750 
Bailey 

575 500 Of 10 

Steam Drum 

PT-383 Pressure PCM-3/ 0-1500 
Bailey 

1250 950 PSI 5 

TE-383 Fluid temp PCM-3/ 0-750 575 500 OF 10 
w Bailey 
I 
~ 
µ-; LT-311 Fluid level PCM-3/ -17 to +23 4 -4 inch 2 

Bailey 

Evaporator 

TE-301 Salt inlet temp PCM-3/ 0-1200 
Bailey 

880 500 OF 2 

TE-384 Salt outlet temp PCM-3/ 0-1200 
Bailey 

640 500 OF 2 

PT-384 Salt outlet pressure PCM-3/ 0-200 PSI 5 
Bailey 

FT-321 Sa 1t fl ow rate PCM-3/ 0-100 KLB/hr 2 
Bailey 

-



w 
I 
w 
O'I 

• 
Identifier 

PT-382 

TE-382 

TE-331 

FT-381 

FT-382 

PT-321 

TE-332 

FT-311 

TE-387 

TE-388 

Description 

Superheater 

Salt inlet pressure 

Salt inlet temp 

Steam outlet temp 

Attemperator steam flow 

SGS Cold Salt Supply 

Steam Delivery 
Pressure 

Temp 

Flow rate 

Hot Salt Pump Bearing 

Start-up Heater 5 
Element Temp 

• Table 3.ll. SGS Instrumentation 

Control Display 
Module Range 

PCM-3/ 0-200 
Bailey 

PCM-3/ 0-1200 
Bailey 

PCM-3 0-1200 
Bailey 
PCM-3/ 0-2500 
Bailey 

PCM-3/ 0-16 
Bailey 

PCM-3/ 0-1500 
Bailey 

PCM-3/ 0-1200 
Bailey 

PCM-3/ 0-100 
Bailey 

PCM-3 0-500 

PCM-3/ 0-1200 
Bailey 

• Page 2 

Alarm Levels 

High Low Dimension 
Sampling · 

Period (sec) 

100 PSI 5 

1070 500 OF 5 

910 
• 

OF 2 

lb/hr 5 

KLB/hr 5 

1150 950 PSI 2 

990 910 OF 2 

12.6 3.2 KLB/hr 2 

190 OF 10 

1100 500 OF 10 
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:ontrolled Variable C 

Steam delivery 
pressure 

Steam delivery 
temperature 

Steam drum level 

Evaporator salt 
inlet temperature 

Boiler water 
temperature 

Mode 

SGS start-up 

Boiler 
following 

Operation 

Operation 

Operation 

Diurnal 
Shutdown 

• • Table 3.13. SGS Control Loops 

Set Point Controller Inputs Controller Output 

1000 psi g Delivery pressure (PT-321) FCV-491 position -
FCV-491 pressure set point SGS steam flow 

1100 psig Delivery pressure (PT-321) FCV-321 position -
SP. SP Pressure set point (SP. SP) SGS main salt flow 

Steam flow (FT-311) 
Salt flow {FT-321) 

950°F Delivery temperature FCV-331 position -
SP. ST {TE-332) Steam attemperator flow 

Temperature set point (SP. ST) 

a in Drum level {LT-311) FCV-411 position -
SP. DL Level set point {SP. DL) Feedwater flow 

Feedwater flow (FT-411) 
Steam flow {FT-311) 

850°F Inlet temperature (TE-301) FCV-301 position -
SP. EST Temperature set point (SP. EST) Cold salt flow 

rv 520° F Circulation heater Electric immersion 
outlet temperature (TE-388) heater elements on/off 



• 

• 

• 

3.6 ELECTRIC POWER GENERATION SUBSYSTEM 
The electric power generation subsystem converts the enthalpy in the main 

steam flow to electricity. The subsystem (Figure 3.7) includes the steam 

turbine, electric generator, electric power equipment, condenser, condensate 

pump and storage tank. The electrical one-line diagram is shown an Figure 3.8. 

The turbine-generator set 1s a skid-mounted unit located at the north end of 
the receiver tower complex at the 80 ft. level (20 ft. below grade). Th1s 
skid consists of a turb1ne, generator, and auxiliary equipment. The turbine 
is a seven-stage, single flow machine. operating at 17,400 rpm. Inlet steam 
condit1ons are rated at 940°F and 1050 ps1a. A single reduction gearbox 
reduces the turbine shaft speed to the generator speed of 1,200 rpm. The 

750 kW generator operates at 450V, and 1s cooled by c1rculating water 
e 

through a1r cooling coils located above the generator. The turbine-generator 

auxi11ar1es include a lubricating 011 pump, lube 011 cooler, a1r ejection 

vacuum pump and mechan1cal-hydraulic governor. The allowable rate of change 

in load is 10 percent per minute from 30 to 100 percent of rated capac1ty. 

A shell and tube condenser, supported by a separate frame, is located directly 
below the turb1ne. Access to the condenser is on the floor 40 ft. below 

ground. Condensate from the hot well of the condenser will be transferred to 

the deaerator when the water level in the deaerator requires makeup. 
Otherwise, the condensate is pumped to a storage tank. Condensate from this 

tank is piped back ta the condenser hot well when the hot well level requires 

water. 

Major components of the EPGS, valves, 1nstrumentat1on, and control loops are 

described on Tables 3.14 through 3.17 . 
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• 
Component 

Turbine 

Electric generator 

Condenser 

Condensate pump 

• Table ~.14 
Electric Power Generation Subs.vstem Components 

Description ., .. , 

- Axial flow condensing type 

- 7 stage 

Function 

- Expand steam to· drive 
electric generator 

• 
Nominal Operating Condition 

- 940°F 1050 psig throttle steam 

- 133°F 2.5 psia exhaust steam 

- 7800 lb/hr steam flow 

- 17,443 RPM 

- 1000 HP 

- AC generator - Generate electric power! - 750 kWe (ratin~) 

- 450 volt, 3 phase 

1200 RPM 

- Solid state exciter 

Crossflow shell and tube heat 
exchanger 

Rectangular shell (condensate) 

- 438 tube5, 5/8-in. dia. 7-1/2 ft 
long (glycol/water coolant) 

- Cylindrical hot well 

- Turbine type 

- 2 stage 

- 20 HP driver 

Condense turbine 
exhaust steam 

Provide turbine 
exhaust vacuum 

- Pump condensate from 
hot well to deaerator 

- 600 kWe (maximum in MSEE) 

0.8 power factor rating 

. - 2. 5 psi a saturated steam 
inlet 

- 133°F condensate outlet 

- 7800 lb/hr steam/water flow 

- 1200 GPM glycol/water 
coolant flow 

- 133°F water 

- 260 psi head (mfg rating) 

- 18 GPM (mfg rating) 
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• 
Component 

A1r exhaust pump 

Electric 011 pump 

Cool1ng tower pump 

Wet cool1ng tower 

• 
Table 3.14 

Electr1c Power Generat1on Subsystem Components 

Descr1pt1on 

- Nash vacuum pump 
- 5 HP dr1ver 

- V1k1ng gear pump 

-Aurora centr1fugal pump 

-Fan forced wet cooler 
-1/2 HP fan motor 

Funct1on 

- Prov1de condenser 
vacuum 

- Prov1de bear1ng 011 
pressure dur1ng 
turb1ne start-up 
and shutdown 
(turb1ne-dr1ven 
pump prov1des 011 
pressure dur1ng 
operat1on) 

- Prov1de coolant 
c1rculation through 
011 cooler 

- Reject 011 coolant 
heat 

• 
Nominal Operating Cond1t1on 

- 5 1n Hg condenser 
pressure (ABS) 

- 75 CFM (mfg. rat1ng) 
- Off dur1ng operation 

- 35 psi head (mfg. rat1ng) 
- 120 6PM (mfg. rat1ng) 

- 110°F coolant outlet 
temp 
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Table 3.15 

EPGS REMOTE OPERATED VALVES 

VALVES MANOFACIORER SIZE IYPE FAI[ POSI I ION FONCI ION COCA! ION 

FCV-501 Valtek 2" sv FC Turbine Steam Isolation TWR Level 80 North 
Turbine Northeast Corner 

FCV-511 Asco 1/211 sv FC Hotwell Overflow TWR Level 60 North 
Condenser Platform 
Northwest 

FCV-512 Asco 3/411 sv FC Hotwell Make-up TWR Level 80 Northeast 
Condensate Storage Tank 

FCV-521 Masoneilan 2" CV FO 011 Cooler Water TWR Level 80 North 
(JJ Fl ow Control Turbine/Generator 
I Overhead ..c,,,. 

(JJ 

FCV-541 Asco 3/411 sv FC Condenser Storage TWR Level 80 Northeast 
Tank Make-up Condensate Storage Tank 

FCV-551 Asco 1/211 sv FC Condenser Recirculation TWR Level 60 North 
Condenser Platform Northwest 

TVM GE w/auma 1 1 /211 CV FC Turbine Steam Supply Turbine North Side 
Actuator Throttle 

SNM GE -- CV -- Turbine Sync Speed Turbine Center 
Control 

Fcv-f61 ASCO l/2 11 sv FO Close throttle Turbine 
valve in emergency 
trip (dumps hydraulic 
oil) 

. i 



• • • TABLE 3.17. EPGS INSTRUMENTATION 
CONTROL DISPLAY ALARM LEVELS SAMPLING 

IDENTIFIER DESCRIPTION --- MODULE _ RANGE HIGH LOW _ _DIMENSION PERIOD liill 
Turb1ne 

PT-581 Steam Supply Pressure PCM 2 0-1500 800 PSI 5 
PT-582 Steam Seal Pressure PCM 2 0-1500 PSI 5 
TE-581 Exhaust Temp PCM 2 0-500 Of 5 
TT-583 Steam Supply Temp PCM 2 0-1200 990 800 Of 5 
TT-501 Outboard Bear1ng 011 Temp PCM 2 0-500 170 110 or 5 
TT-502 Inboard Bearing 011 Temp PCM 2. 0-500 170 110 Of 5 
TE-503 Gear Outboard Bearing PCM 2 0-500 170 110 Of 5 

011 Temp 
AZT-581 V1brat1on PCM 2 0-100 100 PCT (0-5 g) 5 

Generator 
JT-581 Power PCM 2 0-960 kw 5 
ET-581 Voltage PCM 2 0-600 480 450 Volt 5 
IT-581 Current PCM 2 0-1200 Amp 5 
PFT-581 Power Factor PCM 2 0-1.0 1.0 0.85 PCT 5 
VT-581 VARS PCM 2 0-960 KVA 5 
ST-582 Speed PCM 2 0-1500 1270 rpm 5 

w ST-581 Frequency PCM 2 0-100 60 40 PCT (55-65 Hz) 5 
I TT-510 Stator W1nd1ng 1 Temp PCM 2 0-500 260 or 5 ~ 
~ TT-511 Stator W1nd1ng 2 Temp PCM 2 0-500 260 or 5 

TT-512 Stator W1nd1ng 3 Temp PCM 2 0-500 260 or 5 
TT-513 Stator W1nd1ng 4 Temp PCM 2 0-500 260 Of 5 
TT-514 Stator W1nd1ng 5 Temp PCM 2 0-500 260 or 5 
TT-515 Stator W1nd1ng 6 Temp PCM 2 0-500 260 or 5 
TE-508 Cooling A1r Outlet Temp PCM 2 0-500 100 or 5 
TT-507 Outboard Bear1ng 011 PCM 2 0-500 170 110 or 5 
TE-505 Gear Outboard Bearing PCM 2 0-500 170 110 or 5 

011 Temp 
TE-506 Gear Inboard Bear1ng PCM 2 0-500 170 110 or 5 

011 Temp 

PT-502 Condenser Pressure PCM 2 0-30 15 In Hg 5 
PT-583 Condensate Pump D1scharge PCM 2 0-400 300 240 PSI 5 

Pressure 
LT-511 Hot Well Level PCM 2 0-15 16 8 Inch 2 
TE-582 Cool1ng Tower Pump PCM 2 0-500 100 40 or 5 

D1scharge Temp 
PT-531 011 Pump Discharge PDM 2 0-200 100 55 PSI 5 

Pressure 
TT-521 Bearing 011 Supply Temp PCM 2 0-500 140 100 or 2 
PT-501 Bearing 011 Supply Press. PCM 2 0-50 40 10 PSI 5 
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C :ontrolled Variable 

Condenser hot well 
level 

Condensate storage 
tank level 

Turbine/generator 
oil temperature 

Mode Set Point 

Remote operatior 9 in min 
(TCP. MS on) 14 in max 
(EN.HLC on) 

Operation 12 in min 
30 in max 

Remote 125°F 
operation Fe'! 521 

• • 
Table 3-17 

EPGS Control Loops 

Controller Inputs Controller Output 

Hot well level (LT-511) FCV-512 open/close - makeup 
FCV-511 open/close - dump 

Storage_ tank level {LS-541) FCV-541 open/close - supply 
from cycle fill pump 

FCV-542 open/close - CMUP 
Stand pipe air overpressure 

Oil temperature.(TT-521) FCV-521 position - cooling 
water flow 
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3.7 HEAT REJECTION AND FEEDWATER SUBSYSTEM 
The heat rejection and feedwater subsystem rejects waste heat to the 

atmosphere, pressurizes and heats the condensate to the final feedwater 

temperature. The subsystem (Figure 3.9) includes the cooling towers, 

circulating water pump, deaerator, spray water heat exchanger, spray water 
pump, feedwater pump, feedwater heater, demineralizers, chemical feeders, 

water analyzers, and condensate makeup pump. 

The cooling towers consist of six forced-draft, finned-tube water-to-air heat 
exchangers. They orig1nally were designed as Freon condensers for 
refrigeration systems. 

The deaerator is used as a direct contact feedwater heater and deaerator and 
to reject steam generated by the SGS. It is a horizontal, cylindrical 

pressure vessel, designed to operate at 250 psia and 400°F. It includes a 
steam header with mixing spargers near the bottom of the tank, water spray 

nozzles across the top, and two immersion electric heaters. Feedwater, stored· 
in the deaerator, is heated by steam from a branch off the SGS mainline to the 
turbine. The feedwater 1s circulated by a spray water pump at 400 gpm from 

the bottom of the deaerator to the spray nozzles in the vapor space at the top 
of the deaerator where the water condenses the steam and is thereby heated. 

Oondensate from the turbine condenser, blended into this spray water, 1s also 

heated to 400°F and deaerated. 

The feedwater heater is a vertical, cylindrical pressure vessel with an 

internal steam condensing co11. Feedwater from the deaerator 1s heated on the 
tube s1de as steam from a branch of the SGS ma1nl1ne condenses on the shell 

s1de. The saturated 11qu1d from the co11 1s cascaded down to the deaerator 

through a steam trap. Ma1n steam is used for feedwater heating 1n the 
feedwater heater and the deaerator because there are no external extraction 

points on the turbine. 

Major components, valves, 1nstrumentat1on, and control loops are described on 

Tables 3.18 through 3.21 . 
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Component 

Feedwater heater 

Deaerator 

Spray water heat 
exchanger 

• Table 3.18 
He~t Rejection and Feedwater Subsystem Components 

Description ., _, 

- Shell and coiled tube counter­
flow heat exchanger 

- 35 in ID 2.5 in thick carbon 
steel shell (feedwater) 

- 4 ft 8 in overall height 

- 30 coiled tubes 0.500 in. dia. 
43 ft long (steam) 

- Horizontal tank 

- 5 ft ID 

- 12 ft long 

- Contains 15 submerged mixing 
nozzles, 1 overhead spray nozzle, 
2 147-kW electric immersion 
heaters 

- Shell and tube heat exchanger 

- 24 in. dia. shell 

Function 

- Raise feedwater 
temperature to SGS 
inlet condition 

- Degasify condensate 

- Heat condensate for 
delivery to feedwater 
heater 

- Provide alternate 
steam dump when turbine 
is not operating 

- Reject excess heat 
from deaerator when 
utilized as alternate 
steam dump 

• 
Nominal Operating Condition 

- 950°F superheated steam inlet 

- 545°F saturated liquid outlet 

- 2150 lb/hr steam flow rate 

- 401°F feedwater inlet 

- 550°F feedwater outlet 

- 11,582 lb/hr feedwater flow 
rate 

- 0.59 MW heat transfer 

- 401°F 

- 250 psi 

- 0.63 MW heat transfer 

- No flow from deaerator 
during normal operation 



C.,.: 
I 

.p 
I.C 

• 
Component 

Feedwater pump 

Spray water pump 

Cooling water pump 

Cooling towers 

• • Table 3.18 
Heat Rejection and Feedwater Subsystem Components - 2 

Description. a•I 

- High speed centrifugal type 

- 18,770 pump RPM 

- 150 HP driver 

- Vertical turbine type 

- 3 stage 

- 7-1/2 HP driver 

- Centrifugal type 

- 40 HP driver 

- 6 units 

- Forced draft, finned-tube, 
glycol/water-to-air heat 
exchangers 

Function Nominal Operating Condition 

- Provide high pressure I - Inlet: 250 psi, 401°F 
feedwater to the steam water 
generator (through 
the feedwater heater) I - 1450 psi head (mfg rating) 

- 60 GPM (mfg rating) 

- Provide circulation I - 401°F 
from deaerator to spra) 
water heat exchanger I - 26 psi head (mfg rating) 
and/or its bypass and 
return to deaerator I - 300 GPM (mfg rating) 
overhead spray nozzle 

- Provide glycol/water 1 · - 132°F glycol/water 
circulation for spray 
water heat exchanger - I· - 40 psi head 
cooling tower - con-
denser circuit I - 1200 GPM 

- Reject waste heat to 
atmosphere 

- 94°F air 

- 132°F glycol/water inlet 

- 120°F glycol/water outlet 

- 2.4 MW heat rejection 



• • • 
Table 3.19 

HRFS REMOTE OPERATED VALVES 

VJ\:[VE MJ'iJJOFJi:CTO RER SIZE TYPE FAIL POSITION FUNCTION LOCAliON 

FCV-401 Fisher 2" CV FO Feedwater Pump Pressure Southwest of Ueaerator 
control 

FCV-411 Kieley-Mueller 2" CV FC Feedwater Flow Control SGS Skid Northeast 

FCV-421 Ki el ey-Muel ler 2" CV FO Feedwater Heater Above Feedwater 
Temperature Control Heater 

FCV-431 Kieley-Mueller 2" CV FC Main Steam Pressure Southwest of 
Control Deaerator 

FCV-432 Kieley-Mueller 3"-3 way CV To SWHX Deaerator Pressure Between Deaerator 
Control and Spray Water 

Heat Exchanger 
,.J 
I 

(J~ FCV-4/1 Valtek l" CV FC Condensate Control Above North Door 
C 

to Ueaerator to Spray Water Pump 
Room 

FCV-483 Atkomatic l" sv -- Ueaerator Vent Hlock Above ueaerator 

FCV-484 Atkomatic 1/4" sv -- ueaerator Vent Bypass Above Deaerator 

FCV-485 ASCO 2" sv -- Demineralized Water Above Culligan Beds 
Storage Tank Fill 

FCV-491 Kieley-Mueller 2" CV FC SGS Steam Delivery North End of SGS 
Control During Start- Skid 
Up 



• • • TABLE 3 .20. HRFS INSTRUMENTATION 

CONTROL DISPLAY ALARM LEVELS SAMPLING 
IDENTIFIER DESCRIPTION MODULE RANGE HIGH LOW DIMENSION PERIOD (sec) 

Ma1n Steam 
PT-431 p·ressure PCM 2 0-1500 1200 900 PSI 2 
TE-483 Temp PCM 2 0-1200 990 850 Inch 10 

Deaerator 
PT-432 Pressure PCM 2 0-400 250 200 PSI 2 
TE-451 Flu1d Temp PCM 2 0-500 400 300 OF 2 
TE-481 Steam Temp PCM 2 0-500 400 300 OF 10 
LT-471 Flu1d Level PCM 2 0-30 30 10 Inch 2 

Spray Water 
PT-482 Pressure PCM 2 0-400 300 200 PSI 5 
FT-482 Flow Rate PCM 2 0-160 KLB/hr 5 
TE-482 Temp PCM 2 0-500 445 OF 10 
FT-481 Feed/Spray Water Flow PCM 2 0-160 KLB/hr 5 

;;.J Rate I 
c..,-, ,..... 

Feedwater 
PT-481 FWP Supply Pressure PCM 2 0-400 170 PSI 5 
PT-401 FWP 01scharge Pressure PCM 2 0-1500 1400 900 PSI 2 
PT-484 FWP Coolant Pressure PCM 2 0-100 PSI 5 
PT-483 FWH Outlet Pressure PCM 2 0-1500 1230 1180 PSI 5 
FT-411 Flow Rate PCM 2/ 0-160 KLB/hr 2 

Bailey 
FT-421 FWH Outlet Temp PCM 2 0-750 600 400 OF 2 

Cool1ng Water 
TE-484 SWHX Inlet Temp PCM 2 0-500 130 OF 10 
TE-486 Tower Outlet Temp PCM 2/ 0-500 110 32 OF 10 
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• • Table 3.21. HRFS Control Loops 

Controlled Variable I Mode 

Feedwater temp. I Operation 

Feedwater pressure I Operation 

Steam delivery 
pressure 

Manual salt 
flow 

GSTAT off 

Set Point 

~;2.t:-:·~ 
5-400F 
FCV-421 

1250 psig 
FCV-401 

1080 psig 
PT-431 

Deaerator pressure Operation - I 233 psig 
Desuperheating PT-432 
GSTAT off 
Boiler followind 233 psig 
GSTAT on 1 PT-432 

Deaerator temp. I Start-up 

Deaerator level (I Operation 

J, v-~ 

,,. 

,. 

:·)· 

Turbine 
Operation 

390°F 
DTC 451 
DTC 452 

tvol ~ r 

15 
• c'I ,,.;to· 
rn /~i-.;..~.,.i ,) 

FY-472 
{14 in backup 
during turbine 
operation) 

15 in 
FCV-471 

Controller Inputs 

Feedwater temperature {TE-421) 
Temperatufe set point 

Feedwater pressure {PT-401) 
Pressure set point 

Delivery pressure {PT-431) 
Pressure set point 

Deaerator pressure {PT-432) 
Pressure set point 

Deaerator pressure {PT-432) 
Pressure set point 

Deaerator temperature 
{TE-451) 
Temperature set point 

Deaerator level {LT-471) 
Level set point 

Deaerator level {LT-471) 
Level set point 

• 
Controller Output 

FCV-421 position -
Feedwater heater 
Steam supply flow 

FCV-401 position -
FWP recirculation flow 

FCV-431 position -
Deaerator steam dump 

FCV-432 position -
Deaerator dump to SWMX 

FCV-431 position -
Deaerator steam supply 

DTC-451/452 on/off -
Electric heater control 

FY-472 condensate -
Makeup pump stroke position 

FCV-471 position -
Turbine condensate return 
from hot we 11 
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3.8 SYSTEM TRIPS 
3.8.1 Equipment Protection Subsystem 
The Equipment Protection Subsystem (EPS) is a hard-wired system using 
dedicated sensors and is designed to safe the MSEE in the event of any 

potentially unsafe condit1on. Subsequent to the EPS plac1ng the system in a 
0 safe 0 cond1tion, operator action 1s requ1red to shut the system down or to 

change into any other mode. The trip 11st for the EPS, includ1ng actions 
taken by the EPS and subsequently to be taken by the operator, are shown on 

Table 3.22, subdiv1ded by subsystem. 

3.8.2 Turb1ne/Generator Trips 
Trips built 1nto the turbine/generator are g1ven on Table 3.2.3. Def1n1tions 

and gu1del1nes are given below. 

A. Def1nitions 

1. Turbine Trip - Immediate turb1ne steam shutoff - manual or auto. 

2. Turb1ne Shutdown - Gradual turb1ne steam shutoff·- manual . 

3. Generator Tr1p - Generator circu1t breaker opened - manual or auto. 

B. Steam reactions to trips 

1. Ant1c1pated - Steam control ma1nta1ned manually or auto. 

2. Upset - Rel1ance on auto steam control - SGS salt flow w111 stop 

Doc. 1694U 

and HRFS will attempt to desuperheat steam. Probable 
HRFS and SGS safety valve 11ft1ng 1f upset 1s 
uncontrolled . 
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C. Tr1p 1nterlocks 

,. A generator breaker tr1p always 1n1t1ates a turb1ne SVC tr1p 
(aux1liary relay 32x closes FCV-501) and an EPST TR-586 (32x). 

2. A generator breaker trip always init1ates a turbine T.V. reset 
(auxiliary relay 32x resets T.V. closed) w/ZT-581 10'% open. 

3. A turbine T.V. reset and an EPS 2 & 3 reset w111 reopen FCV-501 
unless manually closed (or tripped). 

D. All auto trips should be carefully reviewed - determine the cause of the 
tr1p and correct the problem before resum1ng operat1ons. 

E. Fa11-safe follow-through guidelines 
These gu1del1nes present 1tems of concern to fa11-safe the EPGS upon a 
major component failure, after a tr1p that d1d not funct1on, or to back 
up an auto tr1p. Int1mate fam111ar1ty w1th these gu1delines is mandatory 
before EPGS operation to insure safe operation, both from a personnel and 
equipment standpoint . 

1. Three 1tems are of major concern to fail-safe the EPGS and MSEE 
operating systems: 

a. Steam over-pressurizat1on 
b. Turbine trip 
c. Generator trip 

2. Steam system reactions to turbine tr1ps: 
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a. Over-pressur1zat1on 
b. Possible HRFS/D-D & SGS/steam drum safety valve 11ft1ng 
c. Desuperheating by HRFS/FCV-431 switchover to steam control to 

dump steam to DID 
d. FCV-432 0/D heat dump through SWHX and dry cooling tower 

3-54 



• 

•• 

• 

3. Turbine tr1pp1ng 1s. redundant-des1gned and may be fully ut111zed 
w1th these four tr1ps: 

a. Actuate ET emergency tr1p FCV-561 
b. Open generator breaker with breaker c.s. 
c. Actuate EPS T-G tr1p button from control room 
d. Manually close throttle valve with hand wheel 

(oil tr1p) 
(electric tr1p) 
(EPS backup) 
(manual) 

4. · Turbine-generator trip verificat1on: 

a. ST-582 speed decreasing 
b. PT-532 hydraulic 011 pressure decreasing 
c. PT-581 steam pressure drops to zero 
d. Generator breaker open - green light on 

EDP operation 1s not mandatory upon a turbine tr1p 
since the shaft dr1ven 011 pump provides adequate 
011 flow for turbine coast down . 

(T.V. tr1p) 
(FCV-501 trip) 

5. Generator tr1ps are redundant-designed w1th turbine trips. Be 
aware that: 
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a. EPGS UPS prov1des emergency backup C/B tr1p power 
b. Exciter voltage·shutdown local disconnect switch shuts down all 

of the generator electrical power . 
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TABLE 3.22 • EQUIPMENT PROTECTION SYSTEM 

• RECEIVER SUBSYSTEM TRIPS 

TRIP TRIP INSTRUMENT TRIP 
IDENTIFIER CONDITION IDENTIFIER LEVEL ACTION REgUIRED 

Operator Manual Trip N/A EPS 
- Defocus Hel1ostats 

TR-181 Receiver Salt Outlet TE-102A 1080°F Operator 
Temp High - Control Receiver 

From The EMCON 
Console 

TR-184 Receiver Tube Temp High TE-140A 925°F 
and 

During Hot Salt TE-102A )750°f 
Production 

TR-187 Loss of Receiver Door ZSH-DR Contact 
Open Signal Open 

TR-182 Boost Pump Pressure Low PT-lBOA 250 PSIG EPS 
and 

During Hot Salt TE-102A >750°F - Defocu·s • Heliostats 
Production - Close FCV-151 

After Time Delay 

TR-183 Receiver Salt Inlet PT-lBlA 8 PSIG Operator 
and 

Pressure Low During TE-102A >750°F - Shutdown Receiver 
Hot Salt Production from EMCON 

Console 

TR-185 Hot Surge Tank Level LF-161A 80 In EPS 
High or - Defocus 

Heliostats 
TE-184A 300°F - Close FCV-101 

and FCV-102 
After Time Delay 

Operator 
- Shutdown 

Rece1ver From 
EMCON Console 

• 
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TRIP 
IDENTIFIER 

TR-186 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
RECEIVER SUBSYSTEM TRIPS 

(Continued) 

TRIP 
CONDITION 

Boost Pump Sump Level 
H1gh 

INSTRUMENT TRIP 
IDENTIFIER LEVEL 
TE-181A 4OO°F 
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ACTION REQUIRED 
EPS 
- Defocus Heliostats 

nme Delay 
Close FCV-151 · 
Turn Off Cold 
Salt Boost Pump 
Turn Off Hot Salt 
Pump 

EMCON (Automatic) 
Mainta1n Control 
of Receiver and 
HRFS 

Operator 
- Shut Down the 

Plant From the 
EMCON Console 



• 

• 

• 

TRIP 
IDENTIFIER 

TR-281 

TR-282 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
THERMAL STORAGE SUBSYSTEM TRIPS 

(Cont1nued) 

TRIP 
CONDITION 

Hot Salt Sump Level 
H1gh 

Cold Salt Sump Level 
H1gh 

INSTRUMENT TRIP 
IDENTIFIER LEVEL 
LT-221A 40 In 
or 
TE-231A 300°F 

LT-201A 
or 
TE-211A 
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55 In 

350°F 

ACTION REQUIRED 
EPS 
- Close Sump 

Insolat1on Valve 
FCV-231 

Operator 
- Allow T1me for 

Hot Salt Pump 
Operat1ons To 
Bring Sump Level 
Down 

- Shut down SGS, 
HRFS, and EPGS 
From EMCON Console 

EPS 
- Close Sump 

Insolat1on Valve 
FCV-211 

- Defocus Hel1ostats 

Operator 
- Allow T1me for 

Cold Salt Pump 
Operat1ons To 
Br1ng Sump Level 
Down 

- Shut down the 
Plant From The 
EMCON Console 



TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
STEAM GENERATOR SUBSYSTEM TRIPS 

(Cont1nued) 

• TRIP TRIP INSTRUMENT TRIP 
IDENTIFIER CONDITION IDENTIFIER LEVEL ACTION REQUIRED 

TR-381 Steam Drum Level Low LT-311A -10 In EPS 
- Close FCV-501 
- Open Generator 

C1rcu1t Breaker 
- Turn Off FWP 

(Drum Level H1gh 
only) 

EMCON (Automat1c) 
- Dump Steam To 

Deaerator 
TR-383 Steam Drum Level H1gh LT-311A +17 In - Ma1nta1n Control 

and of HRFS 
and Water Hot TE-383A >250°F 

Network 90 
- Shut Off Salt 

Flow (Close 
FCV-301, 341, and 
351) 

- Turn Off BWCP 
(Drum Level Low 
only) 

• Operator 
Shut Down SGS, 
HRFS, and EPGS 
From EMCON Console 

TR-382 Bo1ler water Motor Off EPS 
C1rculat1on Current - Close FCV-501 
Pump Fa11 ure Sensor - Open Generator 

C1 rcu1t Breaker 

EMCON (automat1c) 
- Dump Steam to 

Deaerator 
- Ma1nta1n control 

of HRFS 

Network 90 
- Shut Off Salt 

Flow (Close 
It·: ... "1 FCV-5'0l, 341, 

--- ' and 351) 

Operator 
- Shut down SGS, 

• HRFS, and EPGS 
from EMCON console 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
EPGS TRIPS 

(Continued) 

• TRIP TRIP INSTRUMENT TRIP 
IDENTIFIER CONDITION IDENTIFIER LEVEL ACTION REQUIRED 

Turbine Overspeed OST 1320 RPM EPS 
Generator - Close FCV-501 

Open Generator 
Circuit Breaker 

Turbine Back Pressure TBPT 5 PSIG 
High 

EMCON (Automatic) 
TR-584 Generator Bearing TS-501A 180°F - Dump Steam to 

Temp High Deaerator 
- Ma1nta1n Control 

of HRFS 

TR-585 Generator Cooling Air TS-502A 122°F Operator 
Temp High - Control System 

From EMCON Console 
-:- Reduce Steam Flow 

TR-586 Generator Circuit - Shut Down If 
Breaker Trip Necessary 

-Manual 
-Low/high 

• Voltage 
-Low/high 
frequency 

TR-587 Turbine Vibration H1gh AZT-581 Sg 

TR-588 Steam Energy Low TE-332 750°F 
or 
PT-581A 770 PSI 

TR-583 Turbine 011 Pressure PS-501A 6 PSI 
{ LUBE) 
or 
PS-531A 50 PSI 
(HYDR) 

TR-582 Manual T/G Emergency Control Operator 
Tr1p Room PB In1t1ate 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
MASTER CONTROL SUBSYSTEM TRIPS 

(Cont1nued) 

TRIP 
CONDITION ACTION REQUIRED 

PCM l M1crocomputer Fa1lure EPS 
- Loss of Rece1ver D1splays Defocus Hel1ostats 
- Loss of Salt Auto Flow Control - Close FCV-151 After T1me Delay 

- Loss of Cold Surge Tank Auto 
Level Control 

Operator 
Control Rece1ver from PCM l 
Drain Receiver If Necessary 

PCM 2 M1crocomputer Fa1lure EPS 
- Loss of HRFS and EPGS D1splays - Turn Off Hot Salt Pump 
- Loss of Feedback Control Loops - Close FCV-301, FCV-341, and FCV-351 

PCM 3 Microcomputer Failure 
- Loss of TSS D1splays 
- Loss of Feedback Control Loops 
- Loss of SGS Displays 
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Turn Off FWP 
Close FCV-501 and FCV-491 After Steam 
Pressure Drops 
Open Generator C1rcuit Breaker 
Turn Off Condensate Pump 

Operator 
Shut Down SGS From Console 
Shut Down HRFS and EPGS From PCM 2 

EPS 
Defocus Heliostats 

- T1me Delay 
Close FCV-211 
Close FCV-231 
Turn Off Hot and Cold Salt Pumps 
Turn Off Cold Salt Boost Pump 
Close FCV-151 
Close FCV-501 

- Open Generator C1rcuit Breaker 

EMCON (Automatic) 
Dump Steam To Deaerator 
Mainta1n Control of HRFS 

Network 90 (Automat1c) 
Interlocks W111 Close FCV-301, 
FCV-341, and FCV-351 

Operator 
Shut Down SGS From Network 90 Console 
Shut Down Rece1ver, HRFS, and EPGS 
from EMCON Console 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
MASTER CONTROL SUBSYSTEM TRIPS 

(Continued) 

TRIP 
CONDITION 

Simultaneous Failure of PCM 1, 
2, and 3 M1crocomputers 
- Loss of All Subsystem Control 

CCM M1crocomputer Fa1lure 
- Loss of PCM/Host Computer 

Commun1cat1on Lin 
- Loss of Console Displays 
- Loss of Console Control 

CapaMlity 
- Loss of Sequencing Operations 

Involving More Than One PCM 

Operator Remote Manual Trip 

EMCON Host Computer Failure 
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EPS 
ACTION REQUIRED 

Defocus Heliostats 
Time Delay 
Close FCV-211 
Close FCV-231 
Turn Off Hot and Cold Salt Pumps 
Turn Off Cold Salt Boost Pump 
Close FCV-151 
Turn off FWP 
Close FCV-501 and FCV-491 After Steam 

Pressure Drops 
Open Generator Circuit Breaker 
Turn Off Condensate Pump 

Operator 
Shut Down the Subsystems From PCM 1, 
2, and 3 and Network 90 

PCMs and CCM Continue To Operate and 
Control The Plant 

Operator 
Shut Down The Subsystems From PCM 1,. 
2, and 3 
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MODE 

Manual 

Manual 

Manual/auto 

Manual/auto 

Manual 

Auto 
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Table 3.23. TURBINE/GENERATOR TRIP LIST 

DESCRIPTION 

MGBT - Manual generator 
breaker trip 

ET - Emergency trip 

SVC - Stop valve closure 

OST - Overspeed trip 

MTVC - Manual throttle 
valve closure 

GBT - Generator breaker 
trip 
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INITIATION 

Breaker switch opened at 
local or remote generator 
control panel 

ET "on" at EMCON console or 
local trip button actuated 

Close FCV-501 

Local OST button 

Close throttle valve (TVM) 

a. Reverse power 
b. Ground fault 
c. Overcurrent 



A tabulat1on of data descr1b1ng the MSEE system 1s g1ven on Table 3 .. 1. A more 
• detailed descr1pt1on of the MSEE subsystems is conta1ned in the following 

subsections. 

• 

• 

3.1 COLLECTOR SUBSYSTEM 
The collector subsystem redirects, concentrates, and focuses solar radiation 
onto the tower-mounted receiver. The subsystem, which is already 1n place at 
the CRTF, cons1sts of 221 two-ax1s tracking heliostats located north of the 
receiver tower, and- its control system. Under opt1mum 1nsolat1on and 
hel1ostat cond1t1ons, the hel1ostat f1eld can concentrate approx1mately 
5 MWt onto the rece1ver. 

Each hel1ostat has 25 ind1v1dual mirror facets totaling 37.2 m2 (400 ft2) 

of reflective surface. The facets are mounted on a structure and indiv1dually 
adjusted to provide a concentration ratio of 25 to 1 on the receiver. The 
structure has motor-driven azimuth and elevation gimbals, which allow it to 
track the sun during the day • 

The heliostats are operated from the control room by the CRTF collector 
control system. (The CRTF collector control system is separate from the 
experiment master control subsystem.) The CRTF collector control system 
analyzes heliostat operat1ng commands from a number of programmed test 
sequences or from the facility hel1ostat operator. Control signals are 
distributed to the heli-0stats through four hel1ostat array controllers and 
four heliostat 1nterface modules. Each.hel1ostat rece1ves azimuth and 
elevat1on point1ng informat1on once every second and responds w1th its own 
status. Commands and data transmitted to the 1nd1vidual hel1ostats are 
rece1ved and executed by the heliostat control electron1cs. The electron1cs 
keep the dr1ve motor power at the proper level unt11 the g1mbal ax1s encoders 
1ndicate that the desired pos1t1on has been reached . 

3-4 

Doc. 1694U 



• 

• 

• 

Table 3.1 
MSEE Data 

Locat1on -- CRTF; on K1rtland Air Force Base, Albuquerque, NM 
Hel1ostat F1eld -- Existing field of 221 heliostats each with 400 ft2 of 

m1rror surface. 
Tower -- Existing concrete tower, 200 ft. high w1th internal 11fting module 
Master control -- EMCON D-2 distributed digital control system with central 

consoles; separate equipment protection- system • . 
Rece1ver -- Refurb1shed from previous Subsystem Research Experiment. 

o Rating: 5 MWth 
o Salt temperatures: in - 590°F; out - 1000°F (1050°F with propane 

heater) 
o Conf1gurat1on: cavity with door 
o Absorber: single panel of 3/4 in Incoloy 800 tubes (18 passes, 

16 tubes per pass) 
o Peak flux: 630 kW/m2 (200,000 Btu/hr - ft2) 

Thermal Storage -- Existing from previous Subsystem Research Experiment 
o Rating: 5.8 MWth Hr when operating between 590°F and l000°F 
o Type: 2-tank 

- Hot·tank, internal 1nsulat1on 
- Cold tank, external insulation 

Steam Generator -- Supplied by Babcock and Wilcox 
o Type: Forced rec1rculation 
o 2 units: evaporator and superheater (both U-tube, U-shell) with 

steam drum separator 
o Rating: 11,000 lb/hr of steam at 940°F and 1100 psi (3.13 MWth) 
o Prototypical of commercial design 

Turbine Generator -- GE rebuilt unit 
o Marine turbine 
o 750 kWe rating (500 kWe under nominal operating conditions) 

Heat Rejection and Feedwater System -- existing at CRTF 
o Feedwater treatment only 
o 20,000 gallon dem1neral1zed water storage 
o Ory cooling, 7 MWth capacity 
o Spray water heat exchanger to reject heat when turbine not 1n use or 

tripped off 11ne 
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3.2 MASTER CONTROL SUBSYSTEM 
The master control subsystem (Figure 3.3) consists of an EMCON-D2 for system 
control and a equipment protect1on system. A Bailey network 90-system is used 
to directly control the SGS. Commands and set points are provided by the 
EMCON master control subsystem to the Network 90 for SGS operation and 
control. The equipment protection system is an independent hardwired relay 
shutdown system. These relay trip devices will shut down the receiver or the 
power generation ends of the MSEE when critical parameters reach preset limit 
values. These relay units are independent of the EMCON and network 90 control 
systems. Additionally, an Accurex Data Logger is used to collect and display 
all the temperature measurements relating to the heat tracing and data 
instrumentation. 

3.2.l EMCON System 

The EMCON-D2 is a distributed digital control system consisting of two 
operator consoles, a host computer w1th its peripheral hardware, a 
communication control module, and three process control modules distributed 
among the subsystems. Two EMCON-02 operator consoles are located in the CRTF 
main control room. The host computer is an existing DEC PDP 11/34 unit 
located in the control room. This computer links the operator with the 
process control modules, and analyzes data from the control modules for 
presentation on the operator consoles. The peripheral equipment includes two 
disk dr1ves, an alarm system, and a data analysis system. 

A communicat1on control module 11nks the host computer with the three 
field-located, process control modules. Each process control module 1s a 
small digital computer capable of monitoring a number of 1nstrumentation 
po1nts, and responding with a number of process control s1gnals. 
Communications between the control modules and host computer are primarily 
11mited to direct operator commands from the console and critical operating 
information from the subsystems for console display. This distr1buted control 
system reduces the number of instrumentation and control 11nks between the 
subsystems and control room. 

The process control module cons1sts of a d1g1tal computer control unit, a 
multiplexer, an analog-to-digital converter, and a digital-to-analog 
converter. Analog signals from the process instrumentation are converted to 
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d1g1tal s1gnals, selected 1n rotat1on by the mult1plexer, and analyzed by the 
control un1t. The module responds w1th an appropr1ate d1g1tal control signal 
wh1ch 1s passed through the mult1plexer and sent to the appropriate 
controller. Each process control module 1s capable of monitor1ng 30 analog 
signals per second, monitor1ng 95 thermocouples, generating 20 analog control 
s1gnals, and controlling over 100 on-off switches. 

One process control module (PCM 1), located below the receiver in the tower 
elevator, 1s dedicated to the control of the receiver. A second module, 
(PCM 2) located at the base of the tower, controls the heat rejection and 
electr1c power generat1on subsystem. The th1rd module, (PCM 3), located in 
the control building adjacent to the salt storage tanks, is used to control 
the thermal storage subsystem and to command the Network 90 controlled steam 
generat1on subsystem. 

The receiver subsystem PCM will modulate the salt flow rate to the receiver to 
maintain, as closely as possible, a constant outlet temperature of 1000°F. 
Ind1v1dual thermocouples are located on the receiver to measure intermediate 
salt temperatures. From this 1nformation, the control module est1mates the 
flux on the receiver, and feed-forward a s1gnal to the salt control valves at 
the rece1ver 1nlet. The control module also controls the rece1ver start-up 
and shutdown purge and drain valves. 

Control of the thermal storage subsystem involves the operation of the two 
salt downcomer flow control valves, cold salt pumps, salt storage tanks and 
pip1ng heat tracing, and the propane-f1red salt heater. The downcomer 
throttling valves are controlled by the receiver control system to mainta1n a 
constant level 1n the receiver hot surge tank. Salt equipment heat trace 
temperatures are monitored cont1nuously by the Acurex Data Logger. The 
propane-fired salt heater 1s operated intermittently, under manual control, 
during subsystem checkouts. 

Automatic control of the heat rejection and electric power generation 
subsystem involves the control of the steam and condensate flows to the 
deaerator, steam flow to the feedwater heater, and the operation of the 
cooling water, spray water condensate, and feedwater pumps. The EPGS 
condenser 

3-8 

Doc. 16940 



• 

• 

• 

temperature, level and pressure are mon1tored by the master control 
subsystem. The deaerator temperature is ma1nta1ned by controll1ng the steam 
flow from the ma1n steam header. The final feedwater temperature is 
mainta1ned by controll1ng the ma1n steam flow to the feedwater heater . 

Automat1c control of the steam generat1on subsystem pr1mar1ly involves the 
control of steam pressure, steam temperature, drum water level, and the 
evaporator salt 1nlet temperature through the network 90 control system. The 
water level 1n the drum 1s controlled by modulating the control valve 
downstream of the feedwater pump. Control of the main steam pressure is 
accomplished by modulating the salt flow control valve downstream of the 
evaporator. Steam temperature 1s controlled us1ng an attemperator to m1x 
steam from the steam drum with the output of the superheater. The evaporator 
salt 1nlet temperature 1s controlled by monitoring the inlet salt temperature, 
and modulat1ng the cold salt control valve at the m1x1ng tee between the 
superheater and evaporator. 

3.2.2 Network 90 System 

The Ba1ley Network 90 Control System cons1sts of two un1ts, one process 
control un1t (PCU) and one operat1on 1nterface un1t (OIU) . 

The PCU architecture 1s based on two key modules, the Controller Module (COM) 
and the Log1c Master. Together, these modules prov1de a m1x of both 
modulat1ng and sequential control functions 1nclud1ng: base, cascade, or rat1o 
PIO control, high/low and rate lim1ters, eng1neer1ng un1ts conversion, general 
function generator, square root, summation, mult1pl1cation, lead/lag, and 
transfer select, or, and, not, time delay, and several others. The controller 
module can serv1ce up to four analog and three digital 1nputs and two analog 
and four d1g1tal outputs. The COM also provides A/0 and D/A conversion, alarm 
limit check1ng (absolute and deviation) and notification, po1nt quality 
checking and 1nterlocking. 

The Operator Interface Unit (OIU) provides the high level operator interface 
for the Network 90 system. The OIU consists of a color CRT-based table-top 
console, with functional keyboard, mass storage device, and console driver 
electronics . 
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In operation, the unit performs the system information display and control 
requirements. The OIU console includes a CRT keyboard and pushbutton hardware 
for process overv1ew, alarm 1ndicating, loop control, trend1ng, tun1ng and 
conf1gurat1on funct1ons • 

The OIU uses microprocessor, memory and I/0 modules to support system 
functions. It furn1shes monitoring, supervisory, recording and d1splay 
capability at centralized or distributed locations, along with eng1neering 
functions. 

3.2.3 Data Acqu1s1t1on 

The DAS ut111zes both the EMCON-D2 and an HP-1000. EMCON collects the data 
and HP-1000 stores and displays data. Data collected by the EMCON system 1s 
transmitted to the HP-1000 system on a terminal-to-terminal data link. The 
tag list for the data to be collected is in a file of 180 tags, which are 
divided into 6 groups of 30 tags. One group of 30 is transmitted every 10 
seconds, giving a total update rate of once a minute. The data are then time 
tagged with day of the year, hour, minute, second, millisecond. Then the data 
are stored in a data file and/or displayed on one of six CRTs in a graphical 
form. Also, the data are transmitted in integer format, not floating point, 
but they are in engineering units. The data files are divided into eight-hour 
blocks, so if a test runs longer than eight hours, another eight-hour block is 
assigned to that test's file. Normally an 8-hour data block is stored in 19 
tracks out of a maximum usable 1000 tracks. 

The live data can be displayed on the 6 CRTs with 3 tags per screen, a time 
scale of 3 hours 20 minutes, and a Y-scale displayed of the first tag's 
display range. The other two tags are displayed using their respective 
ranges, but the scales are not shown on the plot. When the plot is full the 
plot scrolls left dropping the oldest 1/4 of the time scale data. This leaves 
1/4 of the plot blank for new data. These plots can have hard copies made, 
but not automatically. The print is done by manual switch selection of each 
screen and a copy page switch. 

Recovery of stored data can be done whenever live data files are not being 
made. These plots have a slightly different format, three being a maximum of 
five tags per plot, and the Y scale shown is that of the last tags range. 

• These plots are not displayed on a CRT, but directly generated on the 
printer/plotter. 
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3.3 RECEIVER SUBSYSTEM 
The rece1ver subsystem (Figure 3.4) captures the 1nsolat1on redirected from 
the hel1ostat field and converts 1t to thermal energy 1n the molten salt. The 

• subsystem consists of the receiver absorber panel, cavity enclosure with one 
vertical aperture door, 1nsulat1on, heat tracing, cold surge tank, booster 
pump, hot surge tank, overflow tank, 1nstrumentation, and control valves. The 
receiver 1s located at the top of.the CRTF tower. 

• 

• 

The receiver was tested in a prev1ous subsystem research exper1ment. S1nce 
the initial experiment, the receiver has been refurbished. Th1s refurb1shment 
included instrumentation and control system modifications, minor structural 
and piping changes, and the replacement of the two original horizontal cavity 
doors with one vertical aperture door. 

The receiver absorber is a single panel with 18 vertical passes having 16 
tubes per pass. The tubes are Incoloy 800 with 19 mm·(0.75 in.) outside 
d1ameter. Purge and drain valves are prov1ded for each pair of passes. 

The receiver surge tanks are des1gned to dampen changes in the salt flow rate 
and to maintain salt flow through the receiver in the event of a cold salt 
pump outage. The cold surge tank is pressurized with facility-supplied 
instrument air to supply the necessary head to force the salt through the 
receiver in the event of a pump outage, and to prov1de a surge volume within 
the tank. The hot surge tank operates at atmospheric pressure, and is vented 
to an adjacent overflow tank 1n the·event of a.control problem in the salt 
downcomer throttle valve. 

The cold salt booster pump takes its suct1on from the d1scharge of the cold 
salt pump and provides the necessary head for the salt as it travels up the 
tower and through the receiver. 

The cold salt 11ne to the receiver starts at the booster pump, rises to the 
top of the hot storage tank, traverses the distance from the storage tanks to 
the receiver tower on an elevated p1pe bridge, enters the tower, and runs up 
the east side of the tower 1n an ex1st1ng p1pe chase to the receiver. The hot 
salt 11ne leaves the hot surge tank and traverses to the pipe chase. The hot 
salt downcomer carries the salt to the level of the pipe bridge. The hot salt 
line traverses the bridge, ending 1n a control valve which throttles the flow 
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to the hot storage tank. The salt pip1ng 1s 1nclined between the storage 
tanks and the tower to ensure that the pip1ng system w111 completely drain. 

• The salt piping 1s electrically heat traced and insulated w1th calcium 
silicate and aluminum sheathing. 

• 

• 

The receiver components are listed on Table 3.2; valves are described on Table 
3.3; instrumentation 1s listed on Table 3.4; an~ control loops are described 
on Table 3.5 . 
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• 
Component 

Receiver 

Cold salt booster 
sump 

Cold salt booster 
pump 

Cold surge tank 

Hot surge tank 

• • 
T~hle 3.2 

Receiver Subsystem Components 

Description 

- 18 ft wide x 13 ft high panel 

- 18 serpentine passes Incoloy 800 
tubes 

- 16 tubes per pass 

- 3/4 in. dia. tubes 

- Carbon steel cylindrical tank 

- Vertical cantilever type 

- Carbon steel cylindrical tank 

- 3 ft. dia. 

- 7 ft. high 

Stainless steel cylindrical tank 

- 2 ft. dia. 

- 7 ft. high 

Function 

- Heat molten salt with 
solar energy from 
heliostat field 

- Reservoir for cold 
salt pump 

Nominal Operating Condition 

- 590°F inlet salt 

- 1050°F outlet salt 

- 96,867 lb/hr 

- 5 MW rating 

- 590°F salt 

- Atmospheric pressure 

- Sµpply additional head I - 590°F salt 
to outlet of cold salt 
pump to provide sa 1 t I - 96,867 1 b/hr 
circulation through 
receiver 

- Dampen changes in salt 
flow rate 

Provide emergency 
salt flow through 
receiver until solar 
flux can be removed 
in the event of pump 
outage 

Dampen changes in 
salt flow rate 

- Pressurized to 125 psi 

- Atmospheric pressure 
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• 
VALVE MAN•FACIURER 

FCV-101 Valtek 
FCV-102 

FCV-151 Valtek 

FCV-161 Valtek 

FCV-162 Valtek 

FCV-180 Kieley-Mueller 
thru 

FCV-189 

FCV-190 Kieley-Mueller 
thru 

FCV-198 

FCV-199 Ki el ey-Muel l er 

CV - Control Valve 
sv - Shutoff valve 
FU - t-ail Upen 
FC - Fail Close 

•• Table 3.3 

K~CEIVER SUBSYSTEM REMOTE OPERATED VALVES 

SIZE 

2" 

2" 

2" 

2" 

l l /2" 

1 1 /2" 

2" 

IVPE FAIL POSII ION 

CV FO 

CV FC 

CV FO 

CV FC 

SV FC 

sv FC 

SV FC 

1 
'Sh.vi-,,t~ viJ2.ve..­

(.o..Q c\n:J u.-L l"-- J 
t'a-t,[(),,_1,' ,,, .. ~ 

v (j..Q_ v '--'' 

FONC I ION 

Receiver Flow Control 

Receiver Fill Control 
Cold Surge Level Control 

Hot Surge Tank Level 
Control 

Hot Surge Tank Level 
Control (Receiver) 

Kecei ver Fi 11 and 
Drain 

Receiver Purge 

Allow Downcomer 
Backflow During 
Receiver Fill and 
Permit Drainage to 
Cold Storage Tank 
During Shutdown 

• 
LOCAi ION 

Near Receiver Lower 
West Corner 

Above Hot Tank 

Above Hot Tank 

Above Hot rank 

Below Receiver 

Above Receiver 

Above Hot Tank 
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• • • Table 3.4 

Receiver Subsystem Instrumentation 

Alarm Levels 
Control Display Sampling 

Identifier Description Module Range High Low Dimension Period (sec) 

Boost Pump 

Discharge pressure - r-~ t
11

, PCM 3 0-400 350 275 PSI 2 
1, 0 r~ 

.--3> Bearing temJJ .·• ei,,. t,,,.. ~·, PCM 3 0-500 190 °F 10 
. I\C; ~Yl,'.'.kJ t_i [I~,' ,·y"{L',$ fL,J :• l, 

:l)I. ~-'> ~ 

, 'J Sump vent temp 0 t .,,..,;, PCM 3 0-1200 350 ° F 10 
l,;,",•Y-,i,,_IJ _,. ;:,,,,:. ;_ 2(~' ~-l1.C ~ \,t, 

U,cJ11'· 
Hot surge tank ·,.,,,_,...ve/ 

Level , PCM 3 0-100 70 15 inch 2 ' ' , {' ,. ,.J 
i,i --\'~.1,·Y<,t--L ff.('.t-~'·-·h ;.1, t~J> ,;J..., ,' ) ci..LJo'"'vW1-d 

,, ·sa1t·,l;mp . PCM 1 0-1200 1070 500 °F 10 
{'1.::.- ,,,-r,.-_.l,._,_,j !;.';C." r-:, f.{_,_,;,, ... i,,'Vl-1i ,;,:,~,~-,..., ... _+1',~."'\ 

Vent temp ... ,. ,. ~ PCM 1 0-1200 400 °F 10 
1\-:.. ,·,1, '.(, '11,.~ ~ 0 :,r.. 1,-

Cold surge tank 

Level . , PCM 1 0-100 90 10 inch 10 
11 (~:,•·?-,;~.~--:.~ ·'.. ~), ·i5e- cL. :-L,li"-id /h:)~~·,')f)'l.,Jl 

'·
1·sait'temp PCM 1 0-1200 750 500 °F 10 

Pressure PCM 1 0-200 180 10 PSI 10 
1\1..·, .,,;_c,: ., :_ 15l, r~-.... 

Down comer outlet temp PCM 3 0-1200 1070 500 ° F 2 

Solar insolation - vw,-t vi, .:,. PCM 3 0-1000 W/M2 5 
'·.! ,~·, f': 1\..f•">c.:,, •. ' ', f'''~'tl-'f ~'~ 

\ 1 - ,, 

•, ,. ~ ! . ., .i ,J 11 ~ '-' -.•·. 1 -,
1 

:1. ~·, t. l':,, \..,, ~-IA-,,--,.-( 

', . r.'·. t ,,. ·. ·, t' ,_, ,· (. 
1

1 /•..i1.1 e. 1;:•i"t., 
L} i "'·.1 .• ·- ~ 1 ~-, J e ,"";>"':;rL•f' 2-t~- (~ 
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• 
Identifier 

PT-181 

FT-101 

TE-101 

TE-102 

TE-103 

TE-104 

TE-105 

TE-106 

TE-107 

TE-108 

TE-109 

TE-110 

TE-111 

TE-112 

TE-113 

• 
Table 3.4 

Receiver Subsystem Instrumentation 

Alarm Levels 
Control Display 

Description Module Range High Low 

Receiver 

In 1 et pressure -~l~;u1. t-i .. 1 h.!J2.,_k ... PCM 1 0-200 125 10 
rt F T : - . • I" ~ i.. ~ ~ '· 1 "'SI , !;, t 1 ~ ·r , ..:: , 
Salt fl ow 1ral'et'' '0 i,,! -~ •') PCM 1 0-100 100 
I:; t o..•- • (. ~'-~-'J • "l!"t {J\_f .,,., .... :..i,.J ~ .~' ,q Lu.lJ.12( 

Sa 1 f 'i nli'~t \~mlt (,Uul' vn.t,l(~- PCM 1 0-1200 650 500 
~ ' Yr· 

I : I ·- u CC•,' ir 

Salt outlet temp PCM 1 0-1200 1060 500 

Back tube-pass #1 outlet PCM 1 0-1200 640 500 

Back tube-pass #2 outlet PCM 1 0-1200 665 500 

Back tube-pass #3 outlet PCM 1 0-1200 690 500 

Back tube-pass #4 outlet PCM 1 0-1200 720 500 

Back tube-pass #5 outlet PCM 1 0-1200 750 500 

Back tube-pass #6 outlet PCM 1 0-1200 780 500 

Back tube-pass #7 outlet PCM 1 0-1200 810 500 · 

Back tube-pass #8 outlet PCM 1 0-1200 835 500 

Back tube-pass #9 outlet PCM 1 0-1200 865 500 

Back tube-pass #10 outlet PCM 1 0-1200 890 500 

Back tube-pass #11 outlet PCM 1 0-1200 920 500 

• 
Page 2 

Dimension 
Sampling 

Period (sec) 

PSI 10 

KLB/hr 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 

OF 2 



• • • Table 3 .. 4 
Receiver Subsystem Instrumentation Page 3 

Alarm Levels 
Control Display Sampling Identifier Description Module Range High Low Dimension Period (sec) 

Receiver (cont.) 

TE-114 Back tube-pass #11 outlet PCM 1 0-1200 950 500 OF 2 
TE-115 Back tube-pass #12 outlet PCM 1 0-1200 975 500 OF 2 
TE-116 Back tube-pass #13 outlet PCM 1 0-1200 990 500 OF 2 
TE-117 Back tube-pass #14 outlet PCM 1 0-1200 1010 500 Of 2 
TE-118 Back tube-pass #15 outlet PCM 1 0-1200 1030 500 OF 2 

'f TE-119 Back tube-pass #16 outlet PCM 1 0-1200 1050 500 OF 2 ...., 
CXl 

TE-120 Back tube-pass #17 outlet PCM 1 0-1200 1070 500 OF 2 
TE-131 Back tube-pass #1 upper PCM 1 0-1200 645 500 OF 10 
TE-132 Back tube-pass #5 upper PCM 1 0-1200 745 500 OF 10 
TE-133 Back tube-pass #8 upper PCM 1 0-1200 815 500 OF 10 
TE-134 Back tube-pass #11 upper PCM 1 0-1200 915 500 Of 10 
TE-135 Back tube-pass #14 upper PCM 1 0-1200 980 500 OF 10 
TE-136 Back tube-pass #17 upper PCM 1 0-1200 1045 500 OF 10 
TE-137 Back tube-pass #2 middle PCM 1 0-1200 680 500 OF 10 



• • • Table 3.4 Page 4 
Receiver Subsystem Instrumentation 

Alarm Levels 
Control Display Sampling 

Identifier Description Module Range High Low Dimension Period (sec) 

Receiver (cont.) 

TE-138 Back tube-pass #6 middle PCM 1 0-1200 735 500 OF 10 

TE-139 Back tube-pass #8 middle PCM 1 0-1200 825 500 OF 10 

TE-140 Back tube-pass #11 middle PCM 1 0-1200 905 500 OF 10 

TE-141 Back tube-pass #14 middle PCM 1 0-1200 990 500 OF 10 

c,.: TE-142 Back tube-pass #17 middle PCM 1 0-1200 1045 500 OF 10 
I 

I-' 

"° TE-143 Back tube-pass #1 bottom PCM 1 0-1200 660 500 OF 10 

TE-144 Back tube-pass #5 bottom PCM 1 0-1200 725 500 OF 10 

TE-145 Back tube-pass #8 bottom PCM 1 0-1200 830 500 OF 10 

TE-146 Back tube-pass #11 bottom PCM 1 0-1200 895 500 OF 10 

TE-147 Back tube-pass #14 bottom PCM 1 0-1200 985 500 OF 10 

TE-148 Back tube-pass #17 bottom PCM 1 0-1200 1035 500 OF 10 

TE-185 Header-pass #2 outlet PCM 1 0-1200 665 500 OF 10 

TE-186 Header-pass #3 outlet PCM 1 0-1200 690 500 OF 10 



• • • 
Table 3.4 Page 5 

Receiver Subsystem Instrumentation 

Alarm Levels 
Control Display Sampling Identifier Description Module Range High Low Dimension Period (sec) 

Receiver (cont.) 

TE-187 Header-pass #4 outlet PCM 1 0-1200 720 500 OF 10 

TE-188 Header-pass #5 outlet PCM 1 0-1200 750 500 OF 10 

TE-189 Header-pass #6 outlet PCM 1 0-1200 780 500 OF 10 

TE-190 Header-pass #7 outlet PCM 1 0-1200 810 500 OF 10 

TE-191 Header-pass #8 outlet PCM 1 0-1200 835 500 OF 10 
t,.) 
I 

N TE-192 
0 

Header-pass #9 outlet PCM 1 0-1200 865 500 . OF 10 

TE-193 Header-pass #12 outlet PCM 1 0-1200 950 500 OF 10 

TE-194 Header-pass #13 outlet PCM 1 0-1200 975 500 OF 10 

TE-195 Header-pass #14 outlet PCM 1 0-1200 990 500 OF 10 

TE-196 Header-pass #15 outlet PCM 1 0-1200 1010 500 OF 10 

TE-197 Header-pass #16 outlet PCM 1 0-1200 1030 500 OF 10 

TE-198 Header-pass #17 outlet PCM 1 0-1200 1050 500 . OF 10 



• • • 
Table 3.5 

Receiver Subsystem Control Loops 

Controlled Variable, I Mode I Set Point Controller Inputs Controller Output 

Receiver salt flowl Constant flow I 30 KLB/hr Flow set point (FD-101) 
Measured flow (FT-101) 

FCV-101/102 position 

Hot surge tank 
w level 
I 

N 
I-' 

Receiving storage 
tank selection 

Cold surge tank 
level 

',u lli.-·i~. 1:·c· 11..,f, 

~-Li.:. f._ (,;_.__ <i)'C :... ·1 l i 

,) 

r.-, -
\ LV 'i) ( ' - :..•~-

(start-up & FD-101 
shutdown with 
receiver con-
trol algorithm I 1000°F 
off scan SP. SALT 
Constant Outlet 
Temperatui:e · 
(Receiver con:.. 
trol algorithm 
nn-} 

Operation 

Operation 

Operation 

20 in 
FCV-161 
FCV-162 

750°F 

,a,,85 11 

LT-151 

J •I L ~ -.( ' . .(. ~) 

·.,. '·. ,-.-t 

11 )-Cc, p c .. ,:;-yl ~£>.J2 

t'(,,L s ,; __ .(_f- b 

,-.{'-, ,.i...:,, l-·li< .. L, ( S" I 

Temperature set point (SP. SALT) 
Outlet temperature (TE-102) 
Inlet temperature (TE-101) 
Salt flow (FT-101) 
Receiver back tube temperatures 

(TE-103 thru TE-120) 

Surge tank level (LT-16ij 
Level set point 

Downcomer salt 
temperature (TE-161) 

Cold surge tank level 
(LT-151) 
Level set point 

FCV-101/102 position 

FCV-161 or FCV-162 position 
(selection based on salt 
temperature) 

TE-161 < 750°F 
Cold storage tank selected 

TE-161 > 750°F 
Hot storage tank selected 

FCV-151 position 

rs fv"W- F-C..v/4,1 ) FCJ/tez. fv (J)l\.½1 Fco/l~t (FC-.tlc.,1, c..lok:,, 

~ l,IA- k liL _st- ss ti,, e..?- ~ ,-. ~..) 



3.4 THERMAL STORAGE SUBSYSTEM. 
The thermal storage subsystem prov1des a cold salt source for the rece1ver for 

• daytime operation, and a hot salt source for the steam generator for day and 
early evening operation. The TSS can also furn1sh a source of thermal energy 
for overn1ght freeze protection of the receiver, steam generator, and salt 
pip1ng and for early morn1ng plant start-up. The subsystem includes the hot 
and cold salt storage tanks, propane-f1red salt heater, cold salt pump and 
cold salt sump. The subsystem schematic 1s shown on Figure 3.15. Major 
components are described on Table 3.6; valves are 11sted on Table 3.7; 
instrumentation 1s described on Table 3.8; and control loops are g1ven on 
Table 3.9. 

• 

• 

The salt pump 1s of a vert1cal cantilever design. The impeller and casing are 
suspended below the 11quid level 1n a sump; the bearings are located above the 
liquid level and do not contact the salt. 

The hot salt tank employs a un1que des1gn. To allow the use of carbon steel 
1n the structural portions of the tank, an internal refractory 1nsulation is 
used to limit the temperature of the walls, roof, and floor. A waffled 
Incoloy 11ner separates the salt and the internal insulation, and the tank 
foundation is cooled with circulating water to limit the floor temperature. 
The outside of the tank is insulated in the conventional manner with calcium 
s1licate and aluminum sheathing. The cold salt tank is similar in design to 
the hot tank except that it does not require the internal insulation and liner 
due to 1ts lower operating temperature . 
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• • • Table 3.6 
Thermal Storage Subsystem Components 

Component 

Cold salt storage 
tank 

Description. 

- Carbon steel cylindrical tank 

- 12.3 ft. dia. 

- 12.3 ft. high 

- 15 in-fibrous external insulation 

Hot salt storage tank I - Carbon steel cylindrical shell 

Cold salt sump 

Cold salt pump 

- 12.3 ft. dia. stainless steel 
liner 

- 23.6 ft. high 

- 13-1/2 in. insulating firebrick 
between shell and liner 

- 2 in. fibrous external insulation 

- Carbon steel cylindrical tank 

- 59 in. di a. 

- 66 in. deep 

- Vertical cantilever type 

- 60 H.P. driver 

Function Nominal Operating Condition 

- Cold salt storage - 590°F salt 

- Hot salt storage - 1050°F salt 

- Approx. 7 MWt hr storage 
capacity 

- Pump reservoir - 590°F salt 

- Atmospheric pressure 

- Pump salt from cold I - 590°F salt 
storage tank to cold 
salt booster pump, I: - 96,867 lb/hr 
SGS, or propane heater 



• Ta.3. 6 • Thermal Storage Subsystem Cqmponents - 2 
Component Description Function Nominal Operating Condition 

Hot salt sump - Stainless steel cylindrical tank - Reservoir for hot - 1050°F salt salt pump - 48 in. dia. - Atmospheric pressure 
- 49 in. deep 

Hot salt pump - Vertical·cantilever type - Provide hot salt - 1050°F salt circulation through - 7-1/2 HP driver srs: - 64,680 lb/hr 

Propane heater - 3 MW propane fired heater - Provide auxiliary salt : 59,900 lb/hr salt heating capability - 9 ft. dia. shell - 590°F inlet 
w - 24 ft. high - 1050°F outlet I 
N 

- One stainless steel heating coil, 
u, 

2.12 in. dia., 1640 ft. long 

' 

' 

: i 

; 

' 
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Table 3.7 

THERMAL STORAGE SUBSYSTEM REMOTE OPERATED VALVES 

VALVE MAN•FACIDRER SIZE IYPE FJJ;IL POSI I ION F•NC I ION LOCAi ION 

FCV-201 Valtek 311 CV FC Cold Sump Level Control Cold Storage Tank 
Base Sou th Si de 

FCV-211 Ki el ey-Muel l er 311 sv FC Cold Sump Isolation Pump House North 
Side West End 

w 
I FCV-221 Valtek 311 CV FC Hot Sump Level Control Hot Storage Tank N 

.:;-. Southwest Si de 

FCV-231 Kiel ey-Mueller 311 sv FC Hot Sump Isolation Outside Pumphouse 
Northeast Corner 

FCV-241 Valtek 211 CV FC Propane Heater Flow Line to Propane 
Control Heater East of 

FCV-231 

FCV-242 Valtek 1 l /211 sv FC Propane Heater Top of Hot Tank 
Isolation 



• • • Table ~.8 
Thermal Storage Subsystem Instrumentation 

Alarm Levels 
Control Display Sampling Identifier Description Module Range High Low Dimension Period (sec) 

Cold Storage Tank 

LT-281 Level PCM 3 0-150 134 15 inch 10 

TE-281 Lower temp PCM 3 0-1200 700 500 OF 10 
TE-282 Middle temp PCM 3 0-1200 700 500 OF 10 

TE-283 Upper temp PCM 3 0-1200 700 500 OF 10 

Hot storage tank 

LT- 291 Level PCM 3 0-200 190 10 inch 10 
(,..> 

TE-291 Lower temp PCM 3 0-1200 1070 500 OF 10 
I 

N 
':-I 

TE-292 Middle temp PCM 3 0-1200 1070 500 OF 10 
TE-293 Upper temp PCM 3 0-1200 1070 500 OF 10 

Cold salt pump 

LT-201 Sump level PCM 3 0-60 60 15 inch 2 
TE-286 Bearing temp PCM 3 0-500 190 OF 10 
TE-211 Vent temp PCM 3 0-1200 400 OF 2 

Hot Salt Pump 

LT-221 Sump level PCM 3 0-48 41 15 inch 2 
TE-231 Vent temp PCM 3 0-1200 400 OF 2 



• • • Table 3.9 
] 

Therma:l Storage Subsytem Control Loops 

Controlled Variable Mode Set Point Controller Inputs Controller Output 

Cold sump level Operation 23 in Sump level (LT-201} FCV-201 position -
FCV-201 Level set point Flow from cold storage tank (45 in fill) 

Hot sump level Operation 20 in Sump level (LT-221) FCV-221 position -FCV-221 Level set point Flow from hot storage tank 

w 
I 

N> 
(X) 
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3.5 STEAM GENERATION SUBSYSTEM 
The steam generation subsystem transfers sensible heat from the molten salt to 
produce superheated steam for the turbine-generator. The subsystem schematic 
is shown on Figure 3.6. The subsystem includes an evaporator, steam drum, 
boiler recirculation pump, superheater, and attemperator. 

The evaporator and superheater are U-tubes, U-shell heat exchangers, with low 
pressure salt on the shell side and high-pressure water and steam on the tube 
side. This shell and tube configuration has been selected to m1nimize thermal 
stresses, due to differential expansion, in the tubes and tubesheets. 

A conventional steam drum, located above the evaporator, separates water 
droplets from the saturated steam before the latter enters the superheater, 

-
and- receives feedwater from the feedwater heater. A forced rec1rculat1on 
design was selected, since it is preferred for power plants requiring daily 
start-up and shutdown. 

The superheater outlet steam can be attemperated by mixing with a small amount 
of saturated steam from the drum. The salt flow from the superheater to the 
evaporator is also attemperated to 850°F, when necessary, by mixing with salt 
flow from the cold tank. This allows chrome-moly piping and fittings, rather 
than stainless steel, to be used in the evaporator. 

Warmup of the steam generation subsystem is accomplished by isolating the 
subsystem and preheating w1th the subsystem's electrical heater. 

Major subsystem components, valves, instrumentation, and control loops are 
described on Tables 3.10 through 3.13 . 
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• 
Component 

Evaporator 

Superheater 

Steam Drum 

Table 3.10. Steam Generation.system Components 

Description 

- U-tube/U-shell counterflow heat 
exchanger 

- 8 in. dia. chrome - moly shell 
(salt) 

- 27 chrome-moly tubes 0.875 in. 
dia. 68 ft avg. length (water) 

Function 

- Evaporate subcooled 
water to produce 
saturated steam/water 
mixture 

• 
Nominal Operating Condition 

- 850°F salt inlet 

- 590°F salt outlet 

- 78,550 lb/hr salt flow rate 

- Subcooled water inlet 

- 567°F, 1200 psi saturated 
steam/water outlet 

- 2.15 MW rating 

- U-tube/U-shell counterflow heat 
exchanger 

- Heat saturated steam to I - 1050°F salt inlet 

- 6 in. dia. stainless steel shell 
(salt) 

- 23 stainless steel tubes 
0.500 in. dia. 33 ft. avg. 
length (steam) 

- Cylindrical pressure vessel with 
elliptical heads 

- 24 in ID 

- 6 ft 10 in overall height 

- 2 in thick carbon steel 

- Contains primary cyclone steam 
separator and primary & secondary 
steam scrubbers 

superheat condition 

- Separate steam/water 
mixture exiting 
evaporator 

- Supply saturated steam 
to superheater 

- Provide feedwater surge 
volume 

- 906°F salt outlet 

- 64,680 lb/hr salt flow rate 

- 567°F 1175 psi saturated 
steam inlet 

- 1000°F. 1100 psi superheated 
vapor outlet 

- 10,530 lb/hr steam flow rate 

- 0.98 MW rating 

- 567°F 

.- 1200 psi 
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• 
Component 

Boiler water 
circulation pump 

Start-up heater 

Steam attemperator 

Salt attemperator 
(evaporator inlet) 

• Table 3.10. Steam Generation Subsystem Components - 2 • 
Description 

- Canned centrifugal type 

- 5 HP driver 

- Chamber type electric heater 

- 3 40-kW heating elements 

- 2 15-kW heating elements 

- Mixing tee 

- Mixing tee 

Function 

- Provide circulation of 
subcooled water from 
the steam drum to 
evaporator. Maintain 
high recirculation rate 
over full range of 
operating conditions. 

- Raise temperature and 
pressure of water during 
cold start-up to avoid 
salt freeze-up in 
evaporator 

- Heat boiler water to 
maintain temperature and 
pressure of water/steam 
system during diurnal 
hold 

Nominal Operating Condition 

- 560°F 

- 119 GPM 

- 111 ft. head 

- 150 kW during start-up 

- Cycled during diurnal hold 

- Bypassed during normal 
operation 

1053 lb/hr dry saturated 
steam at 567°F 

- Mix saturated steam fro~ -
steam drum with super­
heated steam from super­
heater to control - 10,529 lb/hr superheated 

steam at 1000°F 1100 psi steam delivery tempera­
ture to turbine 

- Mi~ cold salt with 
superheater outlet sal1 
to limit evaporator 
inlet salt temperature 
to 850°F because of 
Cr-Mo construction 

- 11,582 lb/hr delivery steam 
at 950°F 1100 psi 

. - 64,680 lb/hr at 906°F 

- 13,870 lb/hr at 590°F 

- 78,550 lb/hr at 850°F 
supplied to evaporator 
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Component 

Salt start-up 
attemperator 
(superheater inlet) 

Heat tracing 

• 
Table 3.10. Steam Generation Subsystem Components - 3 

Description 

- Mixing tee 

- Electrical heating element 

- Inconel sheath 

Function 

- Mix cold salt with hot 
salt from hot tank to 
provide a controlled 
temperature increase of 
salt entering super­
heater during start-up 

- Maintain heat exchanger 
and salt piping above 
the freezing point of 
salt 

- Provide freeze protec­
tion of feedwater pipin 
and ·instrumentation 
during shutdown 

• 
Nominal Operating Condition 

- Full flow of cold salt 
at start-up 

- No cold salt flow during 
operation 

- Temperature monitored by 
thermocouples 

- Cycle as required 
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Table 3. 11 

SGS REMOTE OPERATED VALVES 

VA[VE ~Js;NOFAC I ORER SIZE IYPE FAI[ POSI I ION F•NC I ION COCAI ION 

FCV-301 Valtek l" CV FO Evaporator Salt SGS Skid West Side 
Temperature Control South End 
and Cold Salt Fill 

FCV-321 Valtek 2" CV FO Main Salt Flow SGS Skid South End 
Control 

FCV-331 Fisher l" CV FO Steam Attemperator SGS Skid North Side 
Temperature Control Steam Drum 

FCV-341 Valtek l" CV FC Mai n Sal t Fi 11 SGS Skid West Side 
Middle 

FCV-351 Valtek 2" CV FO Hot Salt Flow Control Outside Pumphouse w Northeast Corner I 
w 
~ 

FCV-381 Kieley-Mueller 1" sv FC Evaporator Salt SGS Skid West Side 
Drain Middle 

FCV-382 Kieley-Mueller l" sv FC Superheater Salt SGS Skid West Side 
Drain Below Steam Drum 

FCV-383 Uresser 4" sv FO Evaporator Water SGS Skid Southeast 
Supply Corner 

FCV-384 Valtek 2" sv FO Start-up Heater SGS Skid Below 
Supply FCV-383 
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Table 3.12:. SGS Instrumentation 

Alarm Levels 
Control Display Sampling Identifier Description Module Range High Low Dimension Period (sec) 

Feedwater 

PT-386 Pressure PCM-3/ 
Bailey 

0-1500 1500 PSI 5 

TE-386 Temp PCM-3/ 0-750 
Bailey 

575 500 Of 10 

Steam Drum 

PT-383 Pressure PCM-3/ 0-1500 
Bailey 

1250 950 PSI 5 

TE-383 Fluid temp PCM-3/ 0-750 575 500 OF 10 
w Bailey 
I 
~ 
µ-; LT-311 Fluid level PCM-3/ -17 to +23 4 -4 inch 2 

Bailey 

Evaporator 

TE-301 Salt inlet temp PCM-3/ 0-1200 
Bailey 

880 500 OF 2 

TE-384 Salt outlet temp PCM-3/ 0-1200 
Bailey 

640 500 OF 2 

PT-384 Salt outlet pressure PCM-3/ 0-200 PSI 5 
Bailey 

FT-321 Sa 1t fl ow rate PCM-3/ 0-100 KLB/hr 2 
Bailey 

-
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Identifier 

PT-382 

TE-382 

TE-331 

FT-381 

FT-382 

PT-321 

TE-332 

FT-311 

TE-387 

TE-388 

Description 

Superheater 

Salt inlet pressure 

Salt inlet temp 

Steam outlet temp 

Attemperator steam flow 

SGS Cold Salt Supply 

Steam Delivery 
Pressure 

Temp 

Flow rate 

Hot Salt Pump Bearing 

Start-up Heater 5 
Element Temp 

• Table 3.ll. SGS Instrumentation 

Control Display 
Module Range 

PCM-3/ 0-200 
Bailey 

PCM-3/ 0-1200 
Bailey 

PCM-3 0-1200 
Bailey 
PCM-3/ 0-2500 
Bailey 

PCM-3/ 0-16 
Bailey 

PCM-3/ 0-1500 
Bailey 

PCM-3/ 0-1200 
Bailey 

PCM-3/ 0-100 
Bailey 

PCM-3 0-500 

PCM-3/ 0-1200 
Bailey 

• Page 2 

Alarm Levels 

High Low Dimension 
Sampling · 

Period (sec) 

100 PSI 5 

1070 500 OF 5 

910 
• 

OF 2 

lb/hr 5 

KLB/hr 5 

1150 950 PSI 2 

990 910 OF 2 

12.6 3.2 KLB/hr 2 

190 OF 10 

1100 500 OF 10 
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:ontrolled Variable C 

Steam delivery 
pressure 

Steam delivery 
temperature 

Steam drum level 

Evaporator salt 
inlet temperature 

Boiler water 
temperature 

Mode 

SGS start-up 

Boiler 
following 

Operation 

Operation 

Operation 

Diurnal 
Shutdown 

• • Table 3.13. SGS Control Loops 

Set Point Controller Inputs Controller Output 

1000 psi g Delivery pressure (PT-321) FCV-491 position -
FCV-491 pressure set point SGS steam flow 

1100 psig Delivery pressure (PT-321) FCV-321 position -
SP. SP Pressure set point (SP. SP) SGS main salt flow 

Steam flow (FT-311) 
Salt flow {FT-321) 

950°F Delivery temperature FCV-331 position -
SP. ST {TE-332) Steam attemperator flow 

Temperature set point (SP. ST) 

a in Drum level {LT-311) FCV-411 position -
SP. DL Level set point {SP. DL) Feedwater flow 

Feedwater flow (FT-411) 
Steam flow {FT-311) 

850°F Inlet temperature (TE-301) FCV-301 position -
SP. EST Temperature set point (SP. EST) Cold salt flow 

rv 520° F Circulation heater Electric immersion 
outlet temperature (TE-388) heater elements on/off 



• 

• 

• 

3.6 ELECTRIC POWER GENERATION SUBSYSTEM 
The electric power generation subsystem converts the enthalpy in the main 

steam flow to electricity. The subsystem (Figure 3.7) includes the steam 

turbine, electric generator, electric power equipment, condenser, condensate 

pump and storage tank. The electrical one-line diagram is shown an Figure 3.8. 

The turbine-generator set 1s a skid-mounted unit located at the north end of 
the receiver tower complex at the 80 ft. level (20 ft. below grade). Th1s 
skid consists of a turb1ne, generator, and auxiliary equipment. The turbine 
is a seven-stage, single flow machine. operating at 17,400 rpm. Inlet steam 
condit1ons are rated at 940°F and 1050 ps1a. A single reduction gearbox 
reduces the turbine shaft speed to the generator speed of 1,200 rpm. The 

750 kW generator operates at 450V, and 1s cooled by c1rculating water 
e 

through a1r cooling coils located above the generator. The turbine-generator 

auxi11ar1es include a lubricating 011 pump, lube 011 cooler, a1r ejection 

vacuum pump and mechan1cal-hydraulic governor. The allowable rate of change 

in load is 10 percent per minute from 30 to 100 percent of rated capac1ty. 

A shell and tube condenser, supported by a separate frame, is located directly 
below the turb1ne. Access to the condenser is on the floor 40 ft. below 

ground. Condensate from the hot well of the condenser will be transferred to 

the deaerator when the water level in the deaerator requires makeup. 
Otherwise, the condensate is pumped to a storage tank. Condensate from this 

tank is piped back ta the condenser hot well when the hot well level requires 

water. 

Major components of the EPGS, valves, 1nstrumentat1on, and control loops are 

described on Tables 3.14 through 3.17 . 
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Component 

Turbine 

Electric generator 

Condenser 

Condensate pump 

• Table ~.14 
Electric Power Generation Subs.vstem Components 

Description ., .. , 

- Axial flow condensing type 

- 7 stage 

Function 

- Expand steam to· drive 
electric generator 

• 
Nominal Operating Condition 

- 940°F 1050 psig throttle steam 

- 133°F 2.5 psia exhaust steam 

- 7800 lb/hr steam flow 

- 17,443 RPM 

- 1000 HP 

- AC generator - Generate electric power! - 750 kWe (ratin~) 

- 450 volt, 3 phase 

1200 RPM 

- Solid state exciter 

Crossflow shell and tube heat 
exchanger 

Rectangular shell (condensate) 

- 438 tube5, 5/8-in. dia. 7-1/2 ft 
long (glycol/water coolant) 

- Cylindrical hot well 

- Turbine type 

- 2 stage 

- 20 HP driver 

Condense turbine 
exhaust steam 

Provide turbine 
exhaust vacuum 

- Pump condensate from 
hot well to deaerator 

- 600 kWe (maximum in MSEE) 

0.8 power factor rating 

. - 2. 5 psi a saturated steam 
inlet 

- 133°F condensate outlet 

- 7800 lb/hr steam/water flow 

- 1200 GPM glycol/water 
coolant flow 

- 133°F water 

- 260 psi head (mfg rating) 

- 18 GPM (mfg rating) 
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• 
Component 

A1r exhaust pump 

Electric 011 pump 

Cool1ng tower pump 

Wet cool1ng tower 

• 
Table 3.14 

Electr1c Power Generat1on Subsystem Components 

Descr1pt1on 

- Nash vacuum pump 
- 5 HP dr1ver 

- V1k1ng gear pump 

-Aurora centr1fugal pump 

-Fan forced wet cooler 
-1/2 HP fan motor 

Funct1on 

- Prov1de condenser 
vacuum 

- Prov1de bear1ng 011 
pressure dur1ng 
turb1ne start-up 
and shutdown 
(turb1ne-dr1ven 
pump prov1des 011 
pressure dur1ng 
operat1on) 

- Prov1de coolant 
c1rculation through 
011 cooler 

- Reject 011 coolant 
heat 

• 
Nominal Operating Cond1t1on 

- 5 1n Hg condenser 
pressure (ABS) 

- 75 CFM (mfg. rat1ng) 
- Off dur1ng operation 

- 35 psi head (mfg. rat1ng) 
- 120 6PM (mfg. rat1ng) 

- 110°F coolant outlet 
temp 
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Table 3.15 

EPGS REMOTE OPERATED VALVES 

VALVES MANOFACIORER SIZE IYPE FAI[ POSI I ION FONCI ION COCA! ION 

FCV-501 Valtek 2" sv FC Turbine Steam Isolation TWR Level 80 North 
Turbine Northeast Corner 

FCV-511 Asco 1/211 sv FC Hotwell Overflow TWR Level 60 North 
Condenser Platform 
Northwest 

FCV-512 Asco 3/411 sv FC Hotwell Make-up TWR Level 80 Northeast 
Condensate Storage Tank 

FCV-521 Masoneilan 2" CV FO 011 Cooler Water TWR Level 80 North 
(JJ Fl ow Control Turbine/Generator 
I Overhead ..c,,,. 

(JJ 

FCV-541 Asco 3/411 sv FC Condenser Storage TWR Level 80 Northeast 
Tank Make-up Condensate Storage Tank 

FCV-551 Asco 1/211 sv FC Condenser Recirculation TWR Level 60 North 
Condenser Platform Northwest 

TVM GE w/auma 1 1 /211 CV FC Turbine Steam Supply Turbine North Side 
Actuator Throttle 

SNM GE -- CV -- Turbine Sync Speed Turbine Center 
Control 

Fcv-f61 ASCO l/2 11 sv FO Close throttle Turbine 
valve in emergency 
trip (dumps hydraulic 
oil) 

. i 



• • • TABLE 3.17. EPGS INSTRUMENTATION 
CONTROL DISPLAY ALARM LEVELS SAMPLING 

IDENTIFIER DESCRIPTION --- MODULE _ RANGE HIGH LOW _ _DIMENSION PERIOD liill 
Turb1ne 

PT-581 Steam Supply Pressure PCM 2 0-1500 800 PSI 5 
PT-582 Steam Seal Pressure PCM 2 0-1500 PSI 5 
TE-581 Exhaust Temp PCM 2 0-500 Of 5 
TT-583 Steam Supply Temp PCM 2 0-1200 990 800 Of 5 
TT-501 Outboard Bear1ng 011 Temp PCM 2 0-500 170 110 or 5 
TT-502 Inboard Bearing 011 Temp PCM 2. 0-500 170 110 Of 5 
TE-503 Gear Outboard Bearing PCM 2 0-500 170 110 Of 5 

011 Temp 
AZT-581 V1brat1on PCM 2 0-100 100 PCT (0-5 g) 5 

Generator 
JT-581 Power PCM 2 0-960 kw 5 
ET-581 Voltage PCM 2 0-600 480 450 Volt 5 
IT-581 Current PCM 2 0-1200 Amp 5 
PFT-581 Power Factor PCM 2 0-1.0 1.0 0.85 PCT 5 
VT-581 VARS PCM 2 0-960 KVA 5 
ST-582 Speed PCM 2 0-1500 1270 rpm 5 

w ST-581 Frequency PCM 2 0-100 60 40 PCT (55-65 Hz) 5 
I TT-510 Stator W1nd1ng 1 Temp PCM 2 0-500 260 or 5 ~ 
~ TT-511 Stator W1nd1ng 2 Temp PCM 2 0-500 260 or 5 

TT-512 Stator W1nd1ng 3 Temp PCM 2 0-500 260 or 5 
TT-513 Stator W1nd1ng 4 Temp PCM 2 0-500 260 Of 5 
TT-514 Stator W1nd1ng 5 Temp PCM 2 0-500 260 or 5 
TT-515 Stator W1nd1ng 6 Temp PCM 2 0-500 260 or 5 
TE-508 Cooling A1r Outlet Temp PCM 2 0-500 100 or 5 
TT-507 Outboard Bear1ng 011 PCM 2 0-500 170 110 or 5 
TE-505 Gear Outboard Bearing PCM 2 0-500 170 110 or 5 

011 Temp 
TE-506 Gear Inboard Bear1ng PCM 2 0-500 170 110 or 5 

011 Temp 

PT-502 Condenser Pressure PCM 2 0-30 15 In Hg 5 
PT-583 Condensate Pump D1scharge PCM 2 0-400 300 240 PSI 5 

Pressure 
LT-511 Hot Well Level PCM 2 0-15 16 8 Inch 2 
TE-582 Cool1ng Tower Pump PCM 2 0-500 100 40 or 5 

D1scharge Temp 
PT-531 011 Pump Discharge PDM 2 0-200 100 55 PSI 5 

Pressure 
TT-521 Bearing 011 Supply Temp PCM 2 0-500 140 100 or 2 
PT-501 Bearing 011 Supply Press. PCM 2 0-50 40 10 PSI 5 
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C :ontrolled Variable 

Condenser hot well 
level 

Condensate storage 
tank level 

Turbine/generator 
oil temperature 

Mode Set Point 

Remote operatior 9 in min 
(TCP. MS on) 14 in max 
(EN.HLC on) 

Operation 12 in min 
30 in max 

Remote 125°F 
operation Fe'! 521 

• • 
Table 3-17 

EPGS Control Loops 

Controller Inputs Controller Output 

Hot well level (LT-511) FCV-512 open/close - makeup 
FCV-511 open/close - dump 

Storage_ tank level {LS-541) FCV-541 open/close - supply 
from cycle fill pump 

FCV-542 open/close - CMUP 
Stand pipe air overpressure 

Oil temperature.(TT-521) FCV-521 position - cooling 
water flow 
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3.7 HEAT REJECTION AND FEEDWATER SUBSYSTEM 
The heat rejection and feedwater subsystem rejects waste heat to the 

atmosphere, pressurizes and heats the condensate to the final feedwater 

temperature. The subsystem (Figure 3.9) includes the cooling towers, 

circulating water pump, deaerator, spray water heat exchanger, spray water 
pump, feedwater pump, feedwater heater, demineralizers, chemical feeders, 

water analyzers, and condensate makeup pump. 

The cooling towers consist of six forced-draft, finned-tube water-to-air heat 
exchangers. They orig1nally were designed as Freon condensers for 
refrigeration systems. 

The deaerator is used as a direct contact feedwater heater and deaerator and 
to reject steam generated by the SGS. It is a horizontal, cylindrical 

pressure vessel, designed to operate at 250 psia and 400°F. It includes a 
steam header with mixing spargers near the bottom of the tank, water spray 

nozzles across the top, and two immersion electric heaters. Feedwater, stored· 
in the deaerator, is heated by steam from a branch off the SGS mainline to the 
turbine. The feedwater 1s circulated by a spray water pump at 400 gpm from 

the bottom of the deaerator to the spray nozzles in the vapor space at the top 
of the deaerator where the water condenses the steam and is thereby heated. 

Oondensate from the turbine condenser, blended into this spray water, 1s also 

heated to 400°F and deaerated. 

The feedwater heater is a vertical, cylindrical pressure vessel with an 

internal steam condensing co11. Feedwater from the deaerator 1s heated on the 
tube s1de as steam from a branch of the SGS ma1nl1ne condenses on the shell 

s1de. The saturated 11qu1d from the co11 1s cascaded down to the deaerator 

through a steam trap. Ma1n steam is used for feedwater heating 1n the 
feedwater heater and the deaerator because there are no external extraction 

points on the turbine. 

Major components, valves, 1nstrumentat1on, and control loops are described on 

Tables 3.18 through 3.21 . 
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Figure 3.9. Heat Rejection and Feedwater Subsystem Schematic 
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Component 

Feedwater heater 

Deaerator 

Spray water heat 
exchanger 

• Table 3.18 
He~t Rejection and Feedwater Subsystem Components 

Description ., _, 

- Shell and coiled tube counter­
flow heat exchanger 

- 35 in ID 2.5 in thick carbon 
steel shell (feedwater) 

- 4 ft 8 in overall height 

- 30 coiled tubes 0.500 in. dia. 
43 ft long (steam) 

- Horizontal tank 

- 5 ft ID 

- 12 ft long 

- Contains 15 submerged mixing 
nozzles, 1 overhead spray nozzle, 
2 147-kW electric immersion 
heaters 

- Shell and tube heat exchanger 

- 24 in. dia. shell 

Function 

- Raise feedwater 
temperature to SGS 
inlet condition 

- Degasify condensate 

- Heat condensate for 
delivery to feedwater 
heater 

- Provide alternate 
steam dump when turbine 
is not operating 

- Reject excess heat 
from deaerator when 
utilized as alternate 
steam dump 

• 
Nominal Operating Condition 

- 950°F superheated steam inlet 

- 545°F saturated liquid outlet 

- 2150 lb/hr steam flow rate 

- 401°F feedwater inlet 

- 550°F feedwater outlet 

- 11,582 lb/hr feedwater flow 
rate 

- 0.59 MW heat transfer 

- 401°F 

- 250 psi 

- 0.63 MW heat transfer 

- No flow from deaerator 
during normal operation 
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• 
Component 

Feedwater pump 

Spray water pump 

Cooling water pump 

Cooling towers 

• • Table 3.18 
Heat Rejection and Feedwater Subsystem Components - 2 

Description. a•I 

- High speed centrifugal type 

- 18,770 pump RPM 

- 150 HP driver 

- Vertical turbine type 

- 3 stage 

- 7-1/2 HP driver 

- Centrifugal type 

- 40 HP driver 

- 6 units 

- Forced draft, finned-tube, 
glycol/water-to-air heat 
exchangers 

Function Nominal Operating Condition 

- Provide high pressure I - Inlet: 250 psi, 401°F 
feedwater to the steam water 
generator (through 
the feedwater heater) I - 1450 psi head (mfg rating) 

- 60 GPM (mfg rating) 

- Provide circulation I - 401°F 
from deaerator to spra) 
water heat exchanger I - 26 psi head (mfg rating) 
and/or its bypass and 
return to deaerator I - 300 GPM (mfg rating) 
overhead spray nozzle 

- Provide glycol/water 1 · - 132°F glycol/water 
circulation for spray 
water heat exchanger - I· - 40 psi head 
cooling tower - con-
denser circuit I - 1200 GPM 

- Reject waste heat to 
atmosphere 

- 94°F air 

- 132°F glycol/water inlet 

- 120°F glycol/water outlet 

- 2.4 MW heat rejection 
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Table 3.19 

HRFS REMOTE OPERATED VALVES 

VJ\:[VE MJ'iJJOFJi:CTO RER SIZE TYPE FAIL POSITION FUNCTION LOCAliON 

FCV-401 Fisher 2" CV FO Feedwater Pump Pressure Southwest of Ueaerator 
control 

FCV-411 Kieley-Mueller 2" CV FC Feedwater Flow Control SGS Skid Northeast 

FCV-421 Ki el ey-Muel ler 2" CV FO Feedwater Heater Above Feedwater 
Temperature Control Heater 

FCV-431 Kieley-Mueller 2" CV FC Main Steam Pressure Southwest of 
Control Deaerator 

FCV-432 Kieley-Mueller 3"-3 way CV To SWHX Deaerator Pressure Between Deaerator 
Control and Spray Water 

Heat Exchanger 
,.J 
I 

(J~ FCV-4/1 Valtek l" CV FC Condensate Control Above North Door 
C 

to Ueaerator to Spray Water Pump 
Room 

FCV-483 Atkomatic l" sv -- Ueaerator Vent Hlock Above ueaerator 

FCV-484 Atkomatic 1/4" sv -- ueaerator Vent Bypass Above Deaerator 

FCV-485 ASCO 2" sv -- Demineralized Water Above Culligan Beds 
Storage Tank Fill 

FCV-491 Kieley-Mueller 2" CV FC SGS Steam Delivery North End of SGS 
Control During Start- Skid 
Up 



• • • TABLE 3 .20. HRFS INSTRUMENTATION 

CONTROL DISPLAY ALARM LEVELS SAMPLING 
IDENTIFIER DESCRIPTION MODULE RANGE HIGH LOW DIMENSION PERIOD (sec) 

Ma1n Steam 
PT-431 p·ressure PCM 2 0-1500 1200 900 PSI 2 
TE-483 Temp PCM 2 0-1200 990 850 Inch 10 

Deaerator 
PT-432 Pressure PCM 2 0-400 250 200 PSI 2 
TE-451 Flu1d Temp PCM 2 0-500 400 300 OF 2 
TE-481 Steam Temp PCM 2 0-500 400 300 OF 10 
LT-471 Flu1d Level PCM 2 0-30 30 10 Inch 2 

Spray Water 
PT-482 Pressure PCM 2 0-400 300 200 PSI 5 
FT-482 Flow Rate PCM 2 0-160 KLB/hr 5 
TE-482 Temp PCM 2 0-500 445 OF 10 
FT-481 Feed/Spray Water Flow PCM 2 0-160 KLB/hr 5 

;;.J Rate I 
c..,-, ,..... 

Feedwater 
PT-481 FWP Supply Pressure PCM 2 0-400 170 PSI 5 
PT-401 FWP 01scharge Pressure PCM 2 0-1500 1400 900 PSI 2 
PT-484 FWP Coolant Pressure PCM 2 0-100 PSI 5 
PT-483 FWH Outlet Pressure PCM 2 0-1500 1230 1180 PSI 5 
FT-411 Flow Rate PCM 2/ 0-160 KLB/hr 2 

Bailey 
FT-421 FWH Outlet Temp PCM 2 0-750 600 400 OF 2 

Cool1ng Water 
TE-484 SWHX Inlet Temp PCM 2 0-500 130 OF 10 
TE-486 Tower Outlet Temp PCM 2/ 0-500 110 32 OF 10 
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• • Table 3.21. HRFS Control Loops 

Controlled Variable I Mode 

Feedwater temp. I Operation 

Feedwater pressure I Operation 

Steam delivery 
pressure 

Manual salt 
flow 

GSTAT off 

Set Point 

~;2.t:-:·~ 
5-400F 
FCV-421 

1250 psig 
FCV-401 

1080 psig 
PT-431 

Deaerator pressure Operation - I 233 psig 
Desuperheating PT-432 
GSTAT off 
Boiler followind 233 psig 
GSTAT on 1 PT-432 

Deaerator temp. I Start-up 

Deaerator level (I Operation 

J, v-~ 

,,. 

,. 

:·)· 

Turbine 
Operation 

390°F 
DTC 451 
DTC 452 

tvol ~ r 

15 
• c'I ,,.;to· 
rn /~i-.;..~.,.i ,) 

FY-472 
{14 in backup 
during turbine 
operation) 

15 in 
FCV-471 

Controller Inputs 

Feedwater temperature {TE-421) 
Temperatufe set point 

Feedwater pressure {PT-401) 
Pressure set point 

Delivery pressure {PT-431) 
Pressure set point 

Deaerator pressure {PT-432) 
Pressure set point 

Deaerator pressure {PT-432) 
Pressure set point 

Deaerator temperature 
{TE-451) 
Temperature set point 

Deaerator level {LT-471) 
Level set point 

Deaerator level {LT-471) 
Level set point 

• 
Controller Output 

FCV-421 position -
Feedwater heater 
Steam supply flow 

FCV-401 position -
FWP recirculation flow 

FCV-431 position -
Deaerator steam dump 

FCV-432 position -
Deaerator dump to SWMX 

FCV-431 position -
Deaerator steam supply 

DTC-451/452 on/off -
Electric heater control 

FY-472 condensate -
Makeup pump stroke position 

FCV-471 position -
Turbine condensate return 
from hot we 11 
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3.8 SYSTEM TRIPS 
3.8.1 Equipment Protection Subsystem 
The Equipment Protection Subsystem (EPS) is a hard-wired system using 
dedicated sensors and is designed to safe the MSEE in the event of any 

potentially unsafe condit1on. Subsequent to the EPS plac1ng the system in a 
0 safe 0 cond1tion, operator action 1s requ1red to shut the system down or to 

change into any other mode. The trip 11st for the EPS, includ1ng actions 
taken by the EPS and subsequently to be taken by the operator, are shown on 

Table 3.22, subdiv1ded by subsystem. 

3.8.2 Turb1ne/Generator Trips 
Trips built 1nto the turbine/generator are g1ven on Table 3.2.3. Def1n1tions 

and gu1del1nes are given below. 

A. Def1nitions 

1. Turbine Trip - Immediate turb1ne steam shutoff - manual or auto. 

2. Turb1ne Shutdown - Gradual turb1ne steam shutoff·- manual . 

3. Generator Tr1p - Generator circu1t breaker opened - manual or auto. 

B. Steam reactions to trips 

1. Ant1c1pated - Steam control ma1nta1ned manually or auto. 

2. Upset - Rel1ance on auto steam control - SGS salt flow w111 stop 

Doc. 1694U 

and HRFS will attempt to desuperheat steam. Probable 
HRFS and SGS safety valve 11ft1ng 1f upset 1s 
uncontrolled . 
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C. Tr1p 1nterlocks 

,. A generator breaker tr1p always 1n1t1ates a turb1ne SVC tr1p 
(aux1liary relay 32x closes FCV-501) and an EPST TR-586 (32x). 

2. A generator breaker trip always init1ates a turbine T.V. reset 
(auxiliary relay 32x resets T.V. closed) w/ZT-581 10'% open. 

3. A turbine T.V. reset and an EPS 2 & 3 reset w111 reopen FCV-501 
unless manually closed (or tripped). 

D. All auto trips should be carefully reviewed - determine the cause of the 
tr1p and correct the problem before resum1ng operat1ons. 

E. Fa11-safe follow-through guidelines 
These gu1del1nes present 1tems of concern to fa11-safe the EPGS upon a 
major component failure, after a tr1p that d1d not funct1on, or to back 
up an auto tr1p. Int1mate fam111ar1ty w1th these gu1delines is mandatory 
before EPGS operation to insure safe operation, both from a personnel and 
equipment standpoint . 

1. Three 1tems are of major concern to fail-safe the EPGS and MSEE 
operating systems: 

a. Steam over-pressurizat1on 
b. Turbine trip 
c. Generator trip 

2. Steam system reactions to turbine tr1ps: 

Doc. 1694U 

a. Over-pressur1zat1on 
b. Possible HRFS/D-D & SGS/steam drum safety valve 11ft1ng 
c. Desuperheating by HRFS/FCV-431 switchover to steam control to 

dump steam to DID 
d. FCV-432 0/D heat dump through SWHX and dry cooling tower 
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3. Turbine tr1pp1ng 1s. redundant-des1gned and may be fully ut111zed 
w1th these four tr1ps: 

a. Actuate ET emergency tr1p FCV-561 
b. Open generator breaker with breaker c.s. 
c. Actuate EPS T-G tr1p button from control room 
d. Manually close throttle valve with hand wheel 

(oil tr1p) 
(electric tr1p) 
(EPS backup) 
(manual) 

4. · Turbine-generator trip verificat1on: 

a. ST-582 speed decreasing 
b. PT-532 hydraulic 011 pressure decreasing 
c. PT-581 steam pressure drops to zero 
d. Generator breaker open - green light on 

EDP operation 1s not mandatory upon a turbine tr1p 
since the shaft dr1ven 011 pump provides adequate 
011 flow for turbine coast down . 

(T.V. tr1p) 
(FCV-501 trip) 

5. Generator tr1ps are redundant-designed w1th turbine trips. Be 
aware that: 

Doc. l 694U 

a. EPGS UPS prov1des emergency backup C/B tr1p power 
b. Exciter voltage·shutdown local disconnect switch shuts down all 

of the generator electrical power . 
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TABLE 3.22 • EQUIPMENT PROTECTION SYSTEM 

• RECEIVER SUBSYSTEM TRIPS 

TRIP TRIP INSTRUMENT TRIP 
IDENTIFIER CONDITION IDENTIFIER LEVEL ACTION REgUIRED 

Operator Manual Trip N/A EPS 
- Defocus Hel1ostats 

TR-181 Receiver Salt Outlet TE-102A 1080°F Operator 
Temp High - Control Receiver 

From The EMCON 
Console 

TR-184 Receiver Tube Temp High TE-140A 925°F 
and 

During Hot Salt TE-102A )750°f 
Production 

TR-187 Loss of Receiver Door ZSH-DR Contact 
Open Signal Open 

TR-182 Boost Pump Pressure Low PT-lBOA 250 PSIG EPS 
and 

During Hot Salt TE-102A >750°F - Defocu·s • Heliostats 
Production - Close FCV-151 

After Time Delay 

TR-183 Receiver Salt Inlet PT-lBlA 8 PSIG Operator 
and 

Pressure Low During TE-102A >750°F - Shutdown Receiver 
Hot Salt Production from EMCON 

Console 

TR-185 Hot Surge Tank Level LF-161A 80 In EPS 
High or - Defocus 

Heliostats 
TE-184A 300°F - Close FCV-101 

and FCV-102 
After Time Delay 

Operator 
- Shutdown 

Rece1ver From 
EMCON Console 

• 
3-56 
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TRIP 
IDENTIFIER 

TR-186 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
RECEIVER SUBSYSTEM TRIPS 

(Continued) 

TRIP 
CONDITION 

Boost Pump Sump Level 
H1gh 

INSTRUMENT TRIP 
IDENTIFIER LEVEL 
TE-181A 4OO°F 
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ACTION REQUIRED 
EPS 
- Defocus Heliostats 

nme Delay 
Close FCV-151 · 
Turn Off Cold 
Salt Boost Pump 
Turn Off Hot Salt 
Pump 

EMCON (Automatic) 
Mainta1n Control 
of Receiver and 
HRFS 

Operator 
- Shut Down the 

Plant From the 
EMCON Console 



• 

• 

• 

TRIP 
IDENTIFIER 

TR-281 

TR-282 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
THERMAL STORAGE SUBSYSTEM TRIPS 

(Cont1nued) 

TRIP 
CONDITION 

Hot Salt Sump Level 
H1gh 

Cold Salt Sump Level 
H1gh 

INSTRUMENT TRIP 
IDENTIFIER LEVEL 
LT-221A 40 In 
or 
TE-231A 300°F 

LT-201A 
or 
TE-211A 
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55 In 

350°F 

ACTION REQUIRED 
EPS 
- Close Sump 

Insolat1on Valve 
FCV-231 

Operator 
- Allow T1me for 

Hot Salt Pump 
Operat1ons To 
Bring Sump Level 
Down 

- Shut down SGS, 
HRFS, and EPGS 
From EMCON Console 

EPS 
- Close Sump 

Insolat1on Valve 
FCV-211 

- Defocus Hel1ostats 

Operator 
- Allow T1me for 

Cold Salt Pump 
Operat1ons To 
Br1ng Sump Level 
Down 

- Shut down the 
Plant From The 
EMCON Console 



TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
STEAM GENERATOR SUBSYSTEM TRIPS 

(Cont1nued) 

• TRIP TRIP INSTRUMENT TRIP 
IDENTIFIER CONDITION IDENTIFIER LEVEL ACTION REQUIRED 

TR-381 Steam Drum Level Low LT-311A -10 In EPS 
- Close FCV-501 
- Open Generator 

C1rcu1t Breaker 
- Turn Off FWP 

(Drum Level H1gh 
only) 

EMCON (Automat1c) 
- Dump Steam To 

Deaerator 
TR-383 Steam Drum Level H1gh LT-311A +17 In - Ma1nta1n Control 

and of HRFS 
and Water Hot TE-383A >250°F 

Network 90 
- Shut Off Salt 

Flow (Close 
FCV-301, 341, and 
351) 

- Turn Off BWCP 
(Drum Level Low 
only) 

• Operator 
Shut Down SGS, 
HRFS, and EPGS 
From EMCON Console 

TR-382 Bo1ler water Motor Off EPS 
C1rculat1on Current - Close FCV-501 
Pump Fa11 ure Sensor - Open Generator 

C1 rcu1t Breaker 

EMCON (automat1c) 
- Dump Steam to 

Deaerator 
- Ma1nta1n control 

of HRFS 

Network 90 
- Shut Off Salt 

Flow (Close 
It·: ... "1 FCV-5'0l, 341, 

--- ' and 351) 

Operator 
- Shut down SGS, 

• HRFS, and EPGS 
from EMCON console 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
EPGS TRIPS 

(Continued) 

• TRIP TRIP INSTRUMENT TRIP 
IDENTIFIER CONDITION IDENTIFIER LEVEL ACTION REQUIRED 

Turbine Overspeed OST 1320 RPM EPS 
Generator - Close FCV-501 

Open Generator 
Circuit Breaker 

Turbine Back Pressure TBPT 5 PSIG 
High 

EMCON (Automatic) 
TR-584 Generator Bearing TS-501A 180°F - Dump Steam to 

Temp High Deaerator 
- Ma1nta1n Control 

of HRFS 

TR-585 Generator Cooling Air TS-502A 122°F Operator 
Temp High - Control System 

From EMCON Console 
-:- Reduce Steam Flow 

TR-586 Generator Circuit - Shut Down If 
Breaker Trip Necessary 

-Manual 
-Low/high 

• Voltage 
-Low/high 
frequency 

TR-587 Turbine Vibration H1gh AZT-581 Sg 

TR-588 Steam Energy Low TE-332 750°F 
or 
PT-581A 770 PSI 

TR-583 Turbine 011 Pressure PS-501A 6 PSI 
{ LUBE) 
or 
PS-531A 50 PSI 
(HYDR) 

TR-582 Manual T/G Emergency Control Operator 
Tr1p Room PB In1t1ate 

• 3-60 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
MASTER CONTROL SUBSYSTEM TRIPS 

(Cont1nued) 

TRIP 
CONDITION ACTION REQUIRED 

PCM l M1crocomputer Fa1lure EPS 
- Loss of Rece1ver D1splays Defocus Hel1ostats 
- Loss of Salt Auto Flow Control - Close FCV-151 After T1me Delay 

- Loss of Cold Surge Tank Auto 
Level Control 

Operator 
Control Rece1ver from PCM l 
Drain Receiver If Necessary 

PCM 2 M1crocomputer Fa1lure EPS 
- Loss of HRFS and EPGS D1splays - Turn Off Hot Salt Pump 
- Loss of Feedback Control Loops - Close FCV-301, FCV-341, and FCV-351 

PCM 3 Microcomputer Failure 
- Loss of TSS D1splays 
- Loss of Feedback Control Loops 
- Loss of SGS Displays 
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Turn Off FWP 
Close FCV-501 and FCV-491 After Steam 
Pressure Drops 
Open Generator C1rcuit Breaker 
Turn Off Condensate Pump 

Operator 
Shut Down SGS From Console 
Shut Down HRFS and EPGS From PCM 2 

EPS 
Defocus Heliostats 

- T1me Delay 
Close FCV-211 
Close FCV-231 
Turn Off Hot and Cold Salt Pumps 
Turn Off Cold Salt Boost Pump 
Close FCV-151 
Close FCV-501 

- Open Generator C1rcuit Breaker 

EMCON (Automatic) 
Dump Steam To Deaerator 
Mainta1n Control of HRFS 

Network 90 (Automat1c) 
Interlocks W111 Close FCV-301, 
FCV-341, and FCV-351 

Operator 
Shut Down SGS From Network 90 Console 
Shut Down Rece1ver, HRFS, and EPGS 
from EMCON Console 
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TABLE 3.22. EQUIPMENT PROTECTION SYSTEM 
MASTER CONTROL SUBSYSTEM TRIPS 

(Continued) 

TRIP 
CONDITION 

Simultaneous Failure of PCM 1, 
2, and 3 M1crocomputers 
- Loss of All Subsystem Control 

CCM M1crocomputer Fa1lure 
- Loss of PCM/Host Computer 

Commun1cat1on Lin 
- Loss of Console Displays 
- Loss of Console Control 

CapaMlity 
- Loss of Sequencing Operations 

Involving More Than One PCM 

Operator Remote Manual Trip 

EMCON Host Computer Failure 
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EPS 
ACTION REQUIRED 

Defocus Heliostats 
Time Delay 
Close FCV-211 
Close FCV-231 
Turn Off Hot and Cold Salt Pumps 
Turn Off Cold Salt Boost Pump 
Close FCV-151 
Turn off FWP 
Close FCV-501 and FCV-491 After Steam 

Pressure Drops 
Open Generator Circuit Breaker 
Turn Off Condensate Pump 

Operator 
Shut Down the Subsystems From PCM 1, 
2, and 3 and Network 90 

PCMs and CCM Continue To Operate and 
Control The Plant 

Operator 
Shut Down The Subsystems From PCM 1,. 
2, and 3 
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MODE 

Manual 

Manual 

Manual/auto 

Manual/auto 

Manual 

Auto 
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Table 3.23. TURBINE/GENERATOR TRIP LIST 

DESCRIPTION 

MGBT - Manual generator 
breaker trip 

ET - Emergency trip 

SVC - Stop valve closure 

OST - Overspeed trip 

MTVC - Manual throttle 
valve closure 

GBT - Generator breaker 
trip 
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INITIATION 

Breaker switch opened at 
local or remote generator 
control panel 

ET "on" at EMCON console or 
local trip button actuated 

Close FCV-501 

Local OST button 

Close throttle valve (TVM) 

a. Reverse power 
b. Ground fault 
c. Overcurrent 
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Section 4 

CONSOLE OPERATION 

A detailed descr1pt1on of the MSEE control system and 1ts operat1on 1s 

conta1ned 1n th1s section. The subsystem architecture and functional 

descr1pt1on was given in Section 3.2. 

4.1 EMCON CONSOL£ DISPLAY SCREEN 

The EMCON color console provides a variety of displays arranged in a hierarchy 

of system level, subsystem level, group level, and ind1vidual po1nt level. 

For the operat1on of MSEE the console d1splays used most often 1nclude system 

and subsystem level color graphic d1plays, 4 over 4 group d1splays, 22 line 

group d1splays and the s1ngle loop d1splays. An example of each of these 

types of d1splays 1s shown 1n F1gures 4.1 through 4.5. 

The graphic d1splays are used pr1mar1ly to observe the status of the entire 

system or an individual subsystem, particularly to locate trouble areas in the 

operation. The group level 4 over 4 and 22 line displays are used to observe 

process variables and to operate controls in a particular area within the 

system. The single loop display is used to analyze the behavior of an 

individual process variable and to perform tuning of controls. 

The lower left-hand corner of the screen is called the KEYBOARD ECHO AREA. It 

is here where the keys are displayed as they are h1t. Keys are usually 

displayed 1n GREEN. Error messages are pr1nted in the keyboard echo area in 

RED. 

The lower r1ght-hand corner of the screen 1s used to d1splay the current time 

and date. When the Console KEYLOCK is UNLOCKED (Console Unprotected), the 

time and date are displayed in RED. When the Keylock is LOCKED, the time and 

date are displayed in YELLOW. 

The remainder of the screen (46 lines high by 80 columns wide) is available 

for the various displays . 
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The status of each po1nt (tag name) determ1nes the color 1n wh1ch it 1s 

displayed: 

1. WHITE - OFF-LINE 
2. GREEN - NORMAL 
3. BLUE . - OFF SCAN, BAD SENSOR, or 1/0 ERROR 
4. RED - LOW or HIGH ABSOLUTE ALARM, RATE-of-CHANGE ALARM 

5. YELLOW - DEVIATION ALARM 

4-2 
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4.2 THE EMCON CONSOLE KEYBOARD 

• Figure 4.6 shows the keyboard layout. 

• 

• 

Error Protect1on and Recovery 

The Color Console keyboard 1s log1cally constructed to protect the 

operator from perform1ng nonsense funct1ons. For example, 1t w111 not 

allow the operator to change the setpo1nt of a contact 1nput bit (because 

contacts have no setpo1nts!). If the operator tr1es to perform a 

nonsense operat1on, "WRONG KEY" w111 be d1splayed 1n the Keyboard Echo 

Area. However, the operator DOES NOT have to h1t an "Error Clear" key 

when an error 1s encountered. He s1mply re-enters the correct keys. 

L1kew1se, 1f he makes a typing error, hitting <CLEAR ENTRY>. w111 erase 

what he has typed and all he has to do 1s retype the 11ne. 

Funct1onally, the keyboard has several areas: 

1. DATA ENTRY - Th1s area contains the NUMBER pad and ALPHABET for 

br1ng1ng points onto the d1splay, entering numer1c values, etc . 

2. DISPLAY SELECTION - This area contains keys that select the various 

display modes of the screen. 

3. TUNING - This part of the keyboard is used (usually by the process 

engineer} for tuning control loops. It is usually under keylock 

(password} protection. 

4. OPERATION - This part of the keyboard is used by the process operator 

for running the process. For example, it places loops in Auto or 

Aanual status, changes Setpoints, etc. 

5. SELECTION - (optional}. These keys select one of the eight 

controllers on the screen for tuning purposes . 
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There are two types of keys: 

F1xed Defin1t1on - These are keys that are always legal to h,t. They are 
11m1ted to: 

1. DISPLAY KEYS - To change the display format of the screen. 
2. CLEAR ENTRY - To erase typ1ng errors and clear prev1ous keyboard 

entries. 

Variable Definition - These keys may be legal or illegal or may perform 
d1fferent functions depending on the display mode of the screen and the 
type of point that is Selected. These keys are limited to: 

1. DATA ENTRY KEYS - For entering point names and data values. 
2. POINT MODIFY KEYS - For selecting the tuning parameter to be changed. 
3. ALARM SILENCE/ACKNOWLEDGE KEYS - To Silence and Acknowledge Alarms. 
4. SELECT KEYS - For Selelcting a 11ne to change. 

4.3 USE OF CONSOLE DISPLAYS 

4.3.l Br1nging a Point onto the Display 

NOTE: A single keystroke is designated by be1ng enclosed in angle brackets 
< >. On the console itself, these brackets are NOT shown. 

The Color Console allows the operator to bring a point or several points onto 
the display in three ways: 

1. GROUPS - by ind1cating wh1ch pre-defined group of points is to be 
displayed. Table 4.1 lists the pre-def1ned groups. To display one of 
these groups, press the <GROUP> key followed by the group number. 
For example, 

<GROUP> <0> <2> 

w111 br1ng group 2, receiver and thermal storage subsystem controls, 
onto the screen. Most of the pre-defined groups will initially be 
displayed 1n the 22 11ne format. 
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2. INDIVIDUALLY - by enter1ng the tag name. When ca111ng a po1nt up at 
random, us1ng the 1nd1v1dual method, press the ENTER key after typ1ng 
the tag name 1n order to br1ng the po1nt onto the d1splay. For 
example, 

<F><T><l><O><l><ENTER> 

w111 br1ng "FT-101" onto the screen. 

3. JOGGING - us1ng the "JOG UP" or "JOG DOWN" keys, the user may "step 
through" the data base e1ther forward or backward. 

Table 4.1. MSEE Group L1st 

Group 
Number Group Name 

01 RS controls w1th dra1n and purge valves 
02 RS and TSS ,controls 
03 RS and TSS 1nstrumentat1on 
04 TSS pump house 
05 TSS storage tanks for propane heater operations 
06 RS back tube temp 
07 RS header temp 
OB RS dra1n m1cros 
09 RS purge micros 
10 RS pass temp 
11 Cr1t1cal 1nstrument readings 
12 RS f111 and dra1n sequence 
13 SGS operation 
14 SGS operations 
15 SGS 1nstrumentat1on 
16 SGS heater control 
17 SGS valve m1cros 
18 HRFS controls 
19 HRFS pump controls 
20 HRFS cool1ng fan controls 
21 Turb1ne operat1ons 
22 Turb1ne operat1ons 
23 Generator operat1ons 
26 EPS tr1ps 
27 EPS tr1ps 
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4.3.2 D1splaY of an Ind1v1duallY Entered Po1nt 

Once the po1nt name 1s entered, the system will look up the name 1n the point 
name table. If 1t 1s NOT found, "NOT DEFINED" will be printed in RED in the 
Echo Area. 

. 
If the point name IS found, the point will be displayed: 

1. At the TOP of the screen in Standard (22-line) mode. 

2. In the TOP LEFT controller faceplate in a 4 over 4 mode. 

3. As the single controller in Single Controller mode. 

If more points are brought onto the screen than the screen can hold, the NEW 
points still are displayed as described above, and the OLD points are dropped 
off: 

1. the BOTTOM 1n Standard (22-line) mode, 

2. the BOTTOM RIGHT 1n 4 over 4 mode, 

3. and replaces the s1ngle controller in Single Controller mode. 

4.3.3 Selecting a Point 

The SELECTED POINT is the single line or controller on the screen that is 
available for change. For example, the 0 SETPOINT" key will change the 
Setpoint of the SELECTED POINT. 

The SELECTED POINT is always displayed in REVERSE VIDEO. That is, if the 
point's status were BAD SENSOR, it would usually be displayed in BLUE letters 
on a BLACK background. If it were the SELECTED POINT, it would be displayed 
in BLACK letters on a BLUE background . 
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In the 4 over 4 d1splay, the po1nt name and status of the SELECTEDP OINT are 
d1splayed 1n reverse v1deo. A special display sequence will cause the 
selected controller to be refreshed (updated) at three times the rate of the 
other controllers. Th1s provides a faster visual indication of the process, 
and is especially useful while tuning. 

In the 22-line (standard) displays, the entire line of the SELECTED POINT is 
displayed in reverse video. 

You may NOT select a point if graphics are displayed. The Console will 
remember the SELECTED POINT as you switch from one display mode to the next. 
For example, you may select controller #4 in 4 over 4 mode, sw1tch to the 
22-11ne mode, and sw1tch back to the 4 over 4 display. 

To select a point, s1mply h1t the <SELECT> key, followed by the TWO d1git 
controller or line nuimber. For example, 

<SELECT><O><3> 

will select line #3 of a 22-line display or controller #3 of a 4 over 4 
• display. 

• 

If the 11ne number 1s illegal for that particular display (for example, trying 
to select faceplate #9 on a 4 over 4 display) WRONG KEY will be printed in the 
Echo Area. 

Another method available 1s the use of individual select keys numbered l 

through 8 on the upper panel. These allow the selection of one of eight 
faceplates or lines with a single keystroke. Simply press the key on the 
upper panel (not the Number Pad) to select the desired controller. 

4.3.4 Clearing the Screen 

In order to erase the screen completely, press <CLEAR CRT>. This also 
erases the display list and, therefore, you cannot flip back to the previous 
display . 
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4.3.5 4 Over 4 Display 

To convert the current display to a 4 over 4 d1splay, press <Cont 
4-0ver-4>. Eight controller faceplates w111 appear on the screen, and they 
will be filled in, left-to-r1ght and top-to-bottom, w1th the first e1ght 
points at the top of the screen if the previous d1splay was Standard 22 11ne. 

If the Selected Po1nt on the previous d1splay was between 11nes one and e1ght, 
that po1nt w111 rema1n selected. If the Selected Po1nt was out of that range, 
Controller #1 (the top-left corner) w111 automat1cally be selected. The 
Selected Controller has the upper part of the faceplate, conta1n1ng the po1nt 
name and status 1n Reverse Video. Unacknowledged alarms w111 have a bl1nk1ng 
status. 

When 1n Controller Mode, the Console w111 refresh the Selected Po1nt at three 
t1mes the rate of the other po1nts. Th1s g1ves a faster v1sual response to 
operator and process changes. 

Each controller faceplate 1s d1vided 1nto three areas: upper, m1ddle, and 
lower . 

The upper box contains: 

1. Two yellow d1g1ts corresponding to the controller number (used for 
SELECT) 

2. The Po1nt name color-coded according to status, 

3. The Po1nt status characters, also color-coded. The Point status 
characters are as follows: 
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BLANK - Normal 
H - H1gh absolute alarm 
L - Low absolute alarm 
B - Bad sensor 
0 - Off scan 
* - Off 11ne 
X - Off alarm 

As expla1ned earl1er, the Po1nt name and Status are d1splayed 1n reverse v1deo 
1f the controller 1s the Selected Controller. 

The lower box conta1ns: 

1. The four words that compr1se the Po1nt Descr1ptors. 

The m1ddle box conta1ns: 

1. A green vert1cal bar that graph1cally corresponds to the process 
measurement . 

2. Two red vert1cal bars on e1ther s1de of the measurement bar that 
graphically corresponds to the process setpo1nt. 

3. A green horizontal bar that graphically corresponds to the controller 
output. If the controller 1s a velocity type and the feedback sensor 
is bad, a blue hor1zontal bar appears for the controller output. If 
a feedback sensor 1s not spec1fied when the data base is generated, 
the controller output bar will not appear. 

4. The numer1c Eng1neer1ng Un1ts value of the process measurement, 
prefixed by the letters: 
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l. 0 SP 0 if the controller is a PID controller (with Setpoint) 

2. 0 cLa if the controller 1s a Calculation block, in wh1ch case the 
value corresponds to the calculat1on result, in percent, of EGU 
of PV. 

3. The Eng1neer1ng Un1ts tag or label 

4. The Controller type: 

l. AIN for Analog Inputs, scan-only 

2. CIB for Contact 1nputs 

3. LOB for Latch1ng Contact Outputs 

4. PIV for Velocity-mode PID based on error 

5. PID for Pos1t1onal-mode PIO based on error 

6. CAL for Calculation. 

7. SSL for Signal Select/Limiter 

8. NLV for Non-Linear, Velocity PID based on error 

5. The Controller Auto/Manual/Cascase/LOCL status. 

6. The numeric value of the output be1ng calculated by the control 
algorithm, displayed in percent. The d1rection of value movement 
1s depicted by the "O" and "C" at each end of the output bar. 

Some of the items mentioned above may not be displayed on a particular 
controller, based on the point type and controller type (if any exists) . 
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If the po1nt goes off 11ne (the commun1cat1ons 11nk fa1ls), the bars w111 
d1sappear and the po1nt name w111 be d1splayed 1n wh1te. When the po1nt 
returns on 11ne, the controller w111 be re-drawn. 

4.3.6 S1ngle Loop D1splay 

The S1ngle Loop d1splay presents deta1led 1nformat1on 1n a spl1t-screen 
presentat1on. The s1ngle loop d1splay always presents the SELECTED po1nt. 
After selecting a po1nt on the screen (from the 22 11ne or 4 over 4 displays), 
press <SINGLE LOOP> to view the selected point in Single Loop format. 

The upper half of the screen is presented in two quarters: 

1. The left quarter contains a single controller faceplate display, 
conta1n1ng 1nformat1on as descr1bed in the preced1ng sect1on. 

2. The r1ght quarter contains the numer1c values of the tuning 
parameters assoc1ated w1th the po1nt on d1splay. The tuning 
parameters that are d1splayed depend on the type of point and control 
block (1f any) that 1s on the d1splay. These may 1nclude: 

1. The h1gh absolute alarm 11m1t 

2. The low absolute alarm 11m1t 

3. The eng1neer1ng un1ts range 

4. The d1splay range ( 1f scale expans1on 1s used) 

5. Proport1onal band constant ( PB) 

6. Reset t1me (1ntegral) 

7. Rate t1me (der1vat1ve) 

8 • H1gh and Low Dev1at1on L1m1ts 
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Some of these tun1ng parameters may be changed from the operator's 
console keyboard . 

The bottom half of the screen is used for a real-t1me trend of the measurement 
of the point. The Y-axis is labeled 1n Eng1neering Units. The X-axis is the 
time base. The left margin 1s the t1me when the d1splay 1s first called up, 
the right marg1n w111 be reached after approx1mately twelve m1nutes. The 
graph 1s plotted, much like a pen recorder, w1th a sample of the measurement 
be1ng d1splayed every five seconds. When the right-hand marg1n 1s reached, 
the screen 1s erased and the d1splay re-starts at the left marg1n. 

A feature of th1s d1splay is that the value 1s plotted 1n the color of the 
po1nt status. For example, if the po1nt 1s 0 Normal 0

, the dots w111 be drawn 
1n green. As the po1nt enters its High Absolute Alarm area, the dots w111 
change to red. 

If no point 1s selected when the <SINGLE LOOP> key is h1t {for example, when 
the screen is clear) "OFF LINE" w111 be displayed 1n the Keyboard Echo Area. 
If the point goes off line while on display, the faceplate will be blanked, as 
in the 4-Over-4 display, and the graph w111 turn white . 

After the S1ngle d1splay mode is selected, other po1nts may be called up at 
random by entering the Tag name. The screen w111 be erased and the new point 
w111 then be displayed. 

You may return to the previous display from the S1ngle d1splay by s1mply 
press1ng one of the d1splay mode keys. 

4.3.7 Standard 22-L1ne D1splay 

To enter the standard d1splay mode, press <22-L1ne>. If a po1nt d1splay was 
already on the screen (for example, 4-Over-4, or S1ngle) the d1splay w111 be 
converted to the 22-11ne format. If the screen was clear, the Console w111 
wa1t for po1nts to be called up by enter1ng the tag names . 
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The Standard display presents: 

1. A yellow, two-digit line number 

2. The Tag Name 

3. The measurement, in Engineering Units 

4. The engineering Units label 

5. The Point status (blinking 1f unacknowledged) 

6. The four Point Descriptor words 

7. The High and Low, Alarm Limits (if applicable) 

8. The PCM number where the point is located. 

The Selected point is displayed in reverse video, and each line is color-coded 
according to its status. As points are added to the screen, by entering the 

• tag name or Jogging Up or Down, these points are displayed at the TOP of the 
screen, and the other points move down and eventually off the bottom of the 
screen. The 22-line display shows the maximum number of points that may be 
contained on the screen. Therefore, you may notice for example, that when 
changing from a 4-0ver-4 display to 22-Line, more than eight lines w111 be on 
the screen. This feature allows you to group points in such a way that the 
top eight points are control points, and the bottom fourteen may be used for 
other points. 

• 

4.3.8 Graphic Displays 

The graphic displays are called up by pressing the <GRAPHICS> key followed 
by the number of the desired graphic and the <ENTER> key. For example, 
<GRAPHIC> <9><9><l><ENTER> will display the MSEE overall system 
graphic. The available graphic displays are: 
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990 Rece1ver Panel Warm Up Temperatures 
991 MSEE Overall 
992 

993 

994 

995 

Rece1ver Subsystem 
Thermal Storage Subsystem 
Steam Generator Subsystem 
Heat Reject1on and Feedwater Subsystem 

996 Electr1c Power Generat1on Subsystem 

The <CLEAR CRT> key must be pressed before the d1splay can be changed. The 
graph1cs d1splays are for observ1ng operat1ons only and cannot be used for 
control. 

4.4 CONTROL 

4.4.l Change Keys, Tun1ng Keys, Mod1fy Keys 

The operator's console supports a full set of keys that mod1fy the 
character1st1cs of a loop on 11ne. These keys perform 1mmed1ate changes to 
the 11ve po1nt, but they do not effect any changes on the Host d1sk 1mage of 
the control data base. 

The MODIFY keys are d1v1ded 1nto two categor1es: Process Operator functions 
and Process Engineer funct1ons. 

The Process Operator funct1ons are those normally necessary for the da1ly 
operat1on of the plant. They may be performed by anyone at any t1me and can 
be 11kened to the funct1ons ava1lable on the front panel of a typ1cal analog 
controller. These keys 1nclude: 
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1. Sw1tch to Automat1c Control, <AUTO> 

2 • Sw1tch to Manual Control, <MAN> 

3. Change Set po1nt, <SET POINT> 

4. Change Output, <OUTPUT> 

5. Change Analog or Contact Value, <VALUE> 

The Process Engineer functions are those used to change the characteristics of 
the control operation being performed. These changes must be done under 
keylock (Password) protection and therefore, are not immediately accessible to 
the operator. 

These functions are parallel to those contained 1ns1de an analog controller, 
where the controller must be removed from its case in order to be changed. 
These keys include: 

,. Change H1gh Alarm LIMIT, <HIGH> 

2. Change Low Alarm Limit, <LOW> 

3. Change Rate-Of-Change Alarm L1m1t, <RATE of CHG> 

4. Change Dev1at1on Alarm Limits, <DEV> 

5. Change Scan Status, <SCAN> 

6. Change Host Alarm Status, <ALARM> 

7. Change Rate (Der1vat1ve), <RATE> 

8 • Change Reset (Integral), <RESET> 
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9. Change Proportional Band, <PROP BAND> 

10 . Change B1as, <RATE> 

11. Change Lag T1me, <GAIN> 

12. Change Ramp Time, <PROP BAND> 

13. Change Gap, <GAP> 

4.4.2 Success/Error Messages 

If the Modify occurs successfully (is accepted by the remote computer) 

*DONE* 

will be printed (in green). 

If the Modify function fails as a result of a communications link problem, 

*COMM LINK ERR* 

will be printed in red. 

Other operator messages are discussed 1n the1r appropriate section. 

4.4.3 Switch To Automatic Control, <AUTO> 

In the case of a contact output, pressing <AUTO> w111 prevent the contact 
from being turned on or off with the <VALUE> key. 

If the selected point is an analog input with a control block attached, 
press1ng <AUTO> w111 put the output of that block in automatic or cascade 
mode . 
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In all other cases, the <AUTO> key is illegal and will print uwRONG KEYu 1f 
hit. 

4.4.4 Sw1tch To Manual Control, <MANL> 

For a contact output; pressing <MANL> w111 allow the value of the contact to 
be changed us1ng the <VALUE>. 

For an analog input with a control block attached, pressing <MANL> will 
place the block 1n manual mode and allow the output of the control block to be 
changed us1ng the <OUTPUT> key. 

For all other blocks, <MANL> 1s 1llegal and will pr1nt 0 WRONG KEY 0 1f h1t. 

4.4.5 Setpo1nts 

The SETPOINT Key 

The <SETPOINT> key, from its name, 1ndicates that 1t will mod1fy the 
setpoint of any block that has a setpoint. 

When the key is pressed, it w111 print the name of the parameter that it 1s 
changing. 

If the selected analog point does not have a changeable setpoint f1~ld, "NO 
TUNING" will be printed in red when the key is hit. Digital po1nts w111 
respond with "WRONG KEYn. 

Note also that the setpoint key 1s legal only for the 4-0ver-4 and Single 
Controller display. If pressed for any other display, 0 WRONG KEY" will be 
printed . 
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Changing Setpo1nt -

If the selected point has a 3-term PIO block (or one of 1ts var1at1ons) 
attached, the <SETPOINT> key w1ll modify the setpoint of the loop. It w111 
pr1nt 0 SETPOINT 0 when the key is hit, followed by the current setpo1nt, in 
engineering units. For example, 

SETPOINT 73.05 

The operator may enter the new setpoint, in engineering units, followed by 
<ENTER>. If he does not wish to enter a new value, he may simply h1t 
<ENTER> and no change will occur. 

If the value was entered correctly, 0 *DONE* 0 will be printed. 

If the value was typed incorrectly or if the value was outside the engineering 
units range, °CONVERT ERR" will be printed 1n red. The operator must try 
again, starting with pressing the <SETPOINT> key . 

Cascaded Setpo1nts -

In some cases, the setpoint of the slave (or downstream) loop will be 
determined by the output of a master (or upstream) loop. For example, suppose 
the downstream loop 1s selected and the cascade 1s closed ( 11 CASC" is displayed 
on the controller). When the <SETPOINT> key 1s hit, you will see: 

WARNING: CASCADE CLOSED. 

The operator may still enter a new value, but it will be replaced by the new 
upstream setpoint when the upstream block is scanned. 

To change the downstream setpo1nt, the operator should put the upstream block 
1n "MANUAL" to open the cascade. He may then: 
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• 
1. Change the 0 0UTPUT 0 of the upstream block, thereby ch~ng1ng the 

downstream setpo1nt. Th1s can be done only 1f the upstream block a 
PIO-Type block • 

2. Change the 0 SETPOINT 0 of the downstream block, us1ng the <SETPT> 
key. The warn1ng message w111 not be shown. 

Jogg1ng Setpo1nts -

After press1ng the <SETPOINT> key, the 0 INCREMENT /ON° DECREMENT/OFF 0 

(up-arrow and down-arrow etchings, respectively) are defined to 1ncrease or 

decrease the setpo1nt by one percent of the full eng1neer1ng units range each 

t1me they are hit. This is s1milar to holding a Bat-Handle to RAMP a setpoint. 

For example: 

<SETPOINT><INC-ON><INC-ON> 

will increase the setpo1nt by two percent of full range. The change occurs 

each t1me the key 1s pressed; hold1ng the <INC-ON> key down, for example, 

• will not cause a cont1nu1ng 1ncrease. 

• 

The setpo1nt value will not increase past 100 percent of full Engineering 
Units range nor decrease below zero percent. 

4.4.6 Pos1t1onal Output Commands 

The OUTPUT Key 

The <OUTPUT> key changes the output of a control block. When the <OUTPUT> 
key is pressed, one of the following prompts are given: "Pos1t1onal Output" 

or "Incremental Output 0
• Pos1t1onal output requ1res the entry to be the 

absolute position between O and 100 percent. Incremental output requ1res the 

entry to be incremented or decremented from its current pos1t1on. Entry range 

from -100 to 100% . 
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• 
If the controller 1s in "AUTO" or "CASC" mode, then the output is being 
calculated by the controller's algor1thm and is not changeable with the output 
key. An attempt to dq so w111 cause 

*BLOCK IN AUTO* 

to be printed in RED. 

Therefore, you must set the controller in manual mode using the <MAN> key. 

The <OUTPUT> key 1s only val1d for displays where controller output 1s shown 
(4-over-4 and s1ngle controller). If <OUTPUT> 1s struck on any other 
d1splay, "WRONG KEY" w111 be pr1nted. 

If the selected block does not have a control block or 1f 1ts control block 
does not have a changeable output, "NO OUTPUT" w111 be displayed when 
<OUTPUT> 1s h1t. 

Entering A New Output Value 

• After pressing the <OUTPUT> key, the operator may change the output by 
entering a new numeric value followed by <ENTER>. For positional output, 
the value is the absolute pos1t1on between 0.0 and 100.0 percent of full 
output from 35 percent to 60 percent, the operator strikes: 

<OUTPUT><6><0><ENTER> 

For incremental output, the entry would be: 

<OUTPUT><2><5><ENTER> 

• 
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Jogg1ng Outputs 

• Once the <OUTPUT> key 1s hit, the 0 INCREMENT/ON° (UPARROW) and 
"DECREMENT/OFF 0 (DOWNARROW) keys are defined to change the current output by 
one percent each time they are hit. 

• 

• 

To decrease the output by 3 percent for example, the operator hits: 

<OUTPUT><DEC-OFF><DEC-OFF><DEC-OFF> 

The output will not decrease below zero, nor increase above 100 percent of 
output range. 

4.4.7 Digital Output Commands 

The <VALUE> key 

The <VALUE> key is used for changing the value of a contact output (on/off 
or open/close commands) . 

If the selected po1nt is a contact output, pressing the <VALUE> key will set 
the keyboard such that: 

l) 

1. Pressing <INCREMENT/ON> will turn the contact on (set 1ts value to 

2. Pressing <DECREMENT/OFF> will turn the contact off (set 1ts value 
to 0). 

for example, to turn a contact on, h1t 

<VALUE><INC-ON> 
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You can now immediately turn the contact off by striking <DEC-OFF> without 
having to strike the <VALUE> key, for example: 

<VALUE><INC-ON><DEC-OFF> 

The contact output must be 1n MANUAL mode to change its output us1ng the 
<VALUE> key. 

4.5 MISCELLANEOUS KEYS 

4.5.1 Print Key 

When the console has a standard 22 line display on the screen, the operator 
may press this key to have the display dup11cated on the operator track1ng 
typer. Th1s is not an exact copy but a remake of the d1splay by the tracking 
program. When all packets have been sent to the tracking program, the console 
w111 tell the operator that the task has been completed by display1ng '*DONE*' 
in the keyboard echo area. The typing may cont1nue depending on the speed of 
the typer . 

For example: 

<PRINT> *DONE* 

4.5.2 COPY Key 

Th1s key is for the copy1ng of the CRT screen to the hard copy graphics 
pr1nter. When th1s key 1s pressed, the console will echo 'COPY' at wh1ch t1me 
the screen w111 freeze unt11 the copy1ng process 1s f1n1shed. When the screen 
becomes unfrozen and the copy1ng 1s done, the console w111 display 1n the echo 
area '*DONE*' 1nd1cat1ng that the copy1ng process 1s complete. 

For example: 

<COPY> *DONE* 
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4.6 BAILEY NETWORK 90 CONSOLE 

The Ba1ley Network 90 keyboard 1s shown 1n Figure 4.7. The Network 90 1s used 
pr1mar1ly as a display dur1ng SGS operat1on. Two d1splays are illustrated on 
F1gures 4.8 & 4.9. Only one operational conunand 1s made from th1s system. 
Hence, full console operat1on w111 not be covered 1n th1s program . 
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Section 5 
TRAINING MATERIAL 

• This section contains exercises to be conducted as part of the training and 

operating program. 

5.1 PRE-OPERATIONAL CONTROL ROOM EXERCISES 

5.1.l EMCON Console Introduction 

Part 1 - Display Familiarization 

_gr__ SECTION COMPLETED 

l) Choose and call up a group IGROUP I 4.3.l 

from the group list 

• 2) Place the group 1nto a 4 cont 4 4.3.5 

over 4 display over 4 

3) Select a po1nt 

\suEcrJ 
4.3.3 

a) Us1ng the select key 

b) Us1ng the 1nd1v1dual UPPER PANEL 
select keys 1 - 8 
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Part 1 - Display Familiarization (continued) 

4) Place the selected po1nt 1nto 
a s1ngle loop d1splay 

5) Return to the 22 11ne d1splay 

6) Call up an 1nd1v1dual po1nt 
by enter1ng the po1nt name 

7) Call up each of the system 
and subsystem graphic 
displays. Press °CLEAR CRT 0 

key when completed 

8) Change a groups 4 over 4 
display 

a) Call up group 14 (note 
pos1t1on of FCV-431) 

b) Place the group 1nto a 
4 over 4 display 

c) Press "PAGE" key tw1ce 

(note display changes) 

d) Return to 22 11ne display 
(note pos1t1on of FCV-431) 

9) Pr1nt a.22 11ne display 

10) Copy a 4 over 4 d1splay 

Doc. l 843U 

SINGLE 
LOOP 

j PRINT I 
EJ 
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SECTION 

4.3.6 

4.3.7 

4 .3 .1 

4.3.8 

4. 5. 1 

4.5.2 

COMPLETED 



Part 2 - Control 

• JS.EL SECTION COMPLETED 

1) Change a valve pos1t1on IOUTPU~ 4.4.6 

a) Call up group 14 and 1nclude 
FCV-421 1n a 4 over 4 d1splay 

b) Select FCV-421 

C) Place 1n manual control EJ 4.4.4 

d) Change valve pos1t1on to f NTER I 
40% open by enter1ng the 
proper value 

e) Change the valve pos1t1on by GJ 
us1ng the "UPARROW" and 

GJ • "DOWNARROW" keys 

f) Close the valve {0%) 

g) Return valve to auto pos1t1on 

.[;J 2) Change a setpo1nt SET 4.4.5 
POINT 

a) Call up group 14 and 1nclude 
FCV-432 1n a 4 over 4 
display 

b) Select FCV-432 

C) Change the set po1nt to 200 
PSI by enter1ng the value 
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Part 2 - Control 

• ...!EL SECTION COMPLETED 

d) Change the set po1nt us1ng the 
0 UPARROW 0 and 0 DOWNARROW 0 keys 

e) Change the set po1nt to 233 PSI 

3) Turn on a pump l VALUE I 4.4.7 

a) Call up group 19 and select 
CFP.EN (cycle f111 pump 
enable) 

b) Turn CFP.EN on GJ 
C) Select CFP 

• d) Turn CFP on 

e) VerHy ZSHCFP "on° 

f) Turn pump off [J 
g) Ver1fy ZSHCFP "offR 

h) Turn CFP.EN off 
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Part 2 - Control 

...!EL SECIION COMPLETED 

• 4) Open rece1ver cav1ty door I VALUE! 4.4.7 

a) Call up group 02 

b) Ver1fy DR.CLS Roff• 
(cav1ty door close) 

c) Ver1fy DR.OPN Roff• 
(cav1ty door open) 

d) Ver1fy ZSHDR Roff• 
(door open m1cro) 

e) Turn DR.OPN •on" and 
observe door on v1deo 
mon1tor 

• f) When ZSHDR 1nd1cates that 
door 1s fully open 1mme-
d1ately turn DR.OPN "off" 

5) Close rece1ver cav1ty door 8 4.4.7 

a) Ver1fy DR.CLS "off" 

b) Ver1fy DR.OPN "off" 

C) Ver1fy ZSLDR "off" 

d) Turn DR.CLS 0 on° 

e) When ZSLDR 1nd1cates that 
door 1s fully closed, 
1mmed1ately turn DR.CLS • "off" 
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5.1.2 Acurex Data System Familiarization 

1. The Acurex data is displayed on page 02. If this page is not displayed 

on the display screen, ue the nPAGE FWD 0 or 0 PAGE BACKn key as required 

to change to this page. 

2. Check the receiver purge and dra1n valve temperatures and verify that all 

are above 480°F. 

a. Determine the channel numbers corresponding to the purge and drain 

valve thermocouples (see Rs heat trace instrumentation list). 

b. Use the arrows on the keypad to move the cursor to the top channel 

number on the display screen. 

c. Key in the first channel in the series of channels that you wish to 

display and press the nENTER" key. 

d. Repeat step c to check the rema1n1ng purge and dra1n valve 

temperatures . 

3. Check FCV-101 and FCV-102 temperatures and ver1fy that they are above 

480°F. 

4. Check channels 100-142. Note the thermocouple locations on the 

1nstrumentat1on 11st. Record any temperatures less than 480°F along w1th 

the corresponding channel . 
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5 .1. 3 Receiver Subsystem Instrumentation and Control 

1. 

2. 

Rev1ew group 1 and locate the 1nstrumentat1on and 
valve tag names on the P&ID. 

Repeat step 1 for group 2. 

3. Repeat step l for group 3. 

~a} Skf I {,th ~p il-· 

4. Manual control of a cascaded valve from an 
upstream control block. 

a) On Acurex ver1fy that FCV-151 temperature 1s 
above 480°F. Ver1f1ed: ______ _ 

b) Place FCV-151 1n cascade. (Group 2) 

c) Place LT-151 1n manual and output the 
valve that w111 pos1t1on FCV-151 25% open . 

d) Close FCV-151 and return LT-151 to auto. 

5. Manual control of a cascaded valve from the downstream 
control block. 

a) Place LT-151 1n manual. 

b) W1th FCV-151 1n auto, change the set point 
to pos1t1on the valve 25% open. 

c) Return FCV-151 to closed pos1t1on. 

d) Return LT-151 to auto; note FCV-151 change 
to cascade • 
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7. 

Manual valve control 

a) Place FCV-151 in manual. 

b) Output the proper value to position the 
valve 25% open. 

c) Return FCV-151 to cascade. 

Change the salt outlet temperature set point 

Note: The receiver control algorithm would have 
have to be "ON SCAN" to control the outlet 
temperature. However for this exercise, 
RCA will remain off. 

a) Change SP.SALT to 1000°F. 

• b) Change SP.SALT to 750°F. 

8. Constant receiver flow 

a) On Acurex verify that FCV-101 and FCV-102 
temperatures are above 480°F. Ver1f1ed: ___ _ 

b) Place FCV-101 and FCV-102 1n cascade. 

t\'., (~ 
c) Change FD-101 set point to 40 KLB/hr (FB=tfr must 

be off scan). 

d) Return FD-101 set po1nt to 30 KLB/hr. 

e) Return FCV-101 and FCV-102 to manual control. 
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5.1.4 Thermal Storage Subsvstem Instrumentat1on and Control 

1. Rev1ew groupl 4 and locate the 1nstrumentat1on 
and valve tag names on the P&ID. 

2. Repeat step l for group 5. 

3. Complete the follow1ng table. 

Day ___ _ T1me. ____ _ 

Descr1pt1on 

Hot storage 
· tank level 

Cold storage 
tank level 

Hot sump 
level 

Cold sump 
level 

Cold storage 
tank bottom 
temp 

Hot sump 
temp (Acurex) 

Cold sump 
temp (Acurex) 

Tag Name Value 

Completed 

4. How 1s the set po1nt changed for the hot and cold sump levels? 
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5.1.5 SGS Instrumentation and Control 

1. Rev1ew group 13 and locate the 1nstrumentat1on 
and valve tag names on the P&ID. 

2. Repeat step l for group 14. 

3. Repeat step 1 for group 15. 

4. Manual control of a Network 90 controlled valve. 

a) On Acurex verify that FCV-321 temperature 
1s above 480°F. Ver1f1ed:~-----

b) Turn/ver1fy MAN.321 on. (Group 13) 

c) Change SP.321 setpo1nt to pos1t1on the 
valve 25% open. 

d) Change SP.321 setpo1nt to close the valve. 
t-: \ (. 1• \ t~ .~ if ~: ~ ~: _,_ .l~ .. 1 1, .,1 •. · ,~~; h 1. •. ·i/ l ( L.-:., r :, 

5. Automatic control of a Network 90 controlled valve. 

a) Turn MAN. 321 off. 

b) FCV-321 will now control the main steam 
pressure to SP.SP s.etpoint. Change this 
setpo1nt to 1075 PSI. 

c) Change SP.SP setpo1nt to 1100 PSI. 

d) Return MAN.321 to on . 
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6. Control of a Network 90 controlled 1solat1on valve. 

• a) On Acurex ver1fy that FCV-381 and FCV-382 

• 

• 

temperatures are above 480°F. Ver1f1ed: ___ _ 

b) FCV-381 and FCV-382 are controlled together. (Group 13) 

c) Turn FCV38182 on to open the valves. 

d) Check m1cros to ver1fy valves open (Group 17). 

e) Turn FCV38182 off to close FCV-381 and FCV-382. 

f) Turn MAN.38182 off. 

7. Change the pos1t1on of FCV-331 us1ng step, 4 as 
a gu1de. Return the valve pos1t1on to 10% open 
when f1n1shed • 
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Procedure 

5. Complete control room pretest checklist 
(COP fl) Sect1ons I - VI. 

6. F111 rece1ver and estab11sh serpent1ne flow 
w1th rece1ver 1n solar charg1ng configuration, 
SP.SALT at 750°F, and warm up he11ostats on 
target CROP 12). 

7. Increase he11ostat field 1n 1ncrements of 
12-1/2% unt11 salt flow rate exceeds 60 KLB/hr. 

8. Increase SP.SALT to 850°F. Stab111ze and 
conf1rm salt outlet temperature and flow 
sw1tchover to hot tank. 

9 Complete Table 5.1 after stab111z1ng at each 
of the noted operat1ng condit1ons. Calculate 
the power and eff1c1ency for each case as 
follows . 

Doc. 1843U 

o D1rect 1nsolat1on power 

P0 (watts)= Ax N x (sun) 

where: A= hel1ostat m1rror surface area= 37.2m
2 

N = number of hel1ostats on target 
Sun= solar 1nsolat1on 1n W/M

2 

o Rece1ver power output 
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Procedure 

PR (watts)= 108 (fT-lOl)[(TE-102) - (TE-101)] 

where: fT-101 = salt flow rate in KLB/hr 
TE-102 = receiver outlet salt temp in °f 
TE-101 = receiver inlet salt temp in °f 

o CS/RS efficiency 

11 = 

10. Scram hel1ostats and set receiver flow 
demand to 30 KLB/hr. Confirm flow switchback 
to cold tank at 700°f . 

11. Shut down receiver (ROP #3) . 
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Operat1ng Cond1t1ons 

SP. SALT 
850 

900 

850 

900 

950 

900 

950 

1000 

Number of 
Hel1ostat Hel1ostats 

f1eld (pct) on Target 
50¾ 

50¾ 

75% 

75¾ 

75¾ 

100% 

100% 

100¾ 

Ambient A1r Temp 

Relative Hum1d1ty 

Barometric Pressure 

W1nd Speed 

Wind D1rect1on 

• • 
Table 5.1. Rece1ver Steady State Operat1on 
Data Calculate . 

Salt Salt I Solar Inlet Outlet Flow D1.rect Receiver I 
nme of Insolat1on Temp Temp Rate Insolat1on Power CS/RS 

Day (Sun) (TE-101) (TE-102) (FT-101) Power Output Eff1c1ency 

I 

Beg1n End 
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5.2.3 Rece1ver Operation with Simulated Clouds 

Description 
o During receiver loop operation, simulate passing clouds by ramping 

hel1ostats on and off of the rece1ver. 

Ob.1ectives 

o Demonstrate receiver operation through simulated cloud passage. 

o Familiar1ze operator with receiver control algorithm. 

Initial System Conditions 

o RS2 - Receiver drained with trace heat on 
o TSS2 Hot and cold salt tanks warm and ready for operation with hot 

tank level less than 20 inches 
o SGS not applicable 
o EPGS not applicable 

Procedure 

1. Adv1se data system operator to load receiver 
data package. 

2. Adv1se data system operator to d1splay the 
following on the data display screens: 

LT-281 Cold storage tank level 
LT-291 Hot storage tank level 
TE-102 Receiver outlet salt temp 
FT-101 Rece1ver salt flow rate 

3 Conf1rm rece1ver techn1c1an is complet1ng 

rece1ver pretest checkl1st (ROP #1) 

4 Conf1rm thermal storage techn1c1an 1s complet1ng 
TSS pretest checkl1st (TOP #1) 
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5 Complete control room pretest checklist 
(COP #1) Sections I - VI . 

6 Fill receiver, establish serpentine flow with 
receiver in solar charging configuration SP.SALT 
at 900°F, and 25 percent of the heliostats on 
target. 

7. Complete Table 5.2 for each of the noted 
transient cases. Allow receiver to stabilize 
before each case. 

8. Shut down receiver (ROP #3) . 
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In1t1al 

Cond t1ons 

Hel1ostat 
SP.SALT F1 eld ( Pct) 

900 25 

900 25 

900 25 

900 25 

950 50 

950 50 

950 50 

1000 50 

• 
Table 5.2. Rece1ver Operat1on w1th S1mulated Clouds 

Hel1ostat Trans1ent 

F1nal 
Hel1ostat 

F1eld ( Pct) 

75 

75 

75 

75 

100 

100 

100 

100 

He11ostat T1me 
Increment Increment 

( Pct) (Sec) 

12 1/2 60 

25 60 

25 30 

50 -

12 1/2 60 

25 60 

50 -

12 1/2 60 

Amb1ent A1r Temp 
Relat1ve Hum1d1ty 
Barometr1c Pressure 
W1nd Speed 
W1nd D1recc1on 

Salt 
T1me of Inlet 

F1rst Hel1ostat Temp 
Command (TE-101) 

Beg1n End 

• 
Data 

Initial Maximum 
Salt Salt 

outlet Outlet 
Temp Temp 

(TE-1012 (TE-102) 
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5.2.4 Thermal Storage Charging with Propane Heater 
Description 

o Charge the hot salt tank using the propane heater . 

Objective 

o Fam111ar1ze operator w1th propane heater loop 
equ1pment and controls. 

In1tial svstem Cond1t1ons 

o RS not applicable 
o TSS2 - Hot and cold salt tanks warm and ready for 

operat1on w1th cold tank level greater than 
80 1nches. 

o SGS not applicable 
o EPGS not applicable 

Procedure 

1. Adv1se data system operator to load system data 
package. 

2. Advise data system operator to display the 
follow1ng on the data display screens: 

LT-281 
LT-291 
TE-291 

Cold storage tank level 
Hot storage tank level 
Hot storage tank temp 

3. Confirm thermal storage technician is completing 
TSS pretest checklist (TOP #1) 
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4. Complete control room pretest check11st (COP #1) 

Sect1ons I - IV and VI 

5. Start up propane heater (TOP #2) 

6. Complete the follow1ng table for future reference: 
-.-/ 

~->? 

~ 
~~ ,· 

Salt Outlet Stack Temp. FCV-241 
Temp (Ch 142) (OF) Pos1t1on 

800 

980 q 0 ii ,Jr; ~ 3 ·":?.: .'j 

1000 

a. Shut down propane heater (TOP #3) 
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5.2.5 Steam Generator Steady State Operation 

Descr1pt1on 

o Operate the steam generator us1ng hot salt from storage, 
rejecting the-steam through HRFS. 

ObJect1ves 

o Introduce the operator to SGS start-up and steady state 
and shutdown operations. 

o Fam1liar1ze the operator SGS equipment and controls. 

Init1al System Cond1t1ons 

o RS not appl1cable 
o TSS2 - Hot and cold salt tanks warm and ready for 

operat1on with hot tank level greater than 
80 1nches and cold tank level greater than 
30 inches. 

o SGS2- SGS warm and salt drained (diurnal shutdown). 
o EPGS not ava1lable 

Procedure 

1. Adv1se data system operator to load 
system data package. 

2. Adv1se data system operator to display 
the following on the data d1splay screens: 
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Procedure 

LT-281 
LT-291 
FT-321 
FT-311 
TE-382 
TE-332 

Cold storage tank level 
Hot storage tank level 
SGS salt flow rate 
Steam flow rate 
Superheater salt 1nlet temp 
Ma1n steam temp 

3. Conf1rm thermal storage techn1c1an 1s complet1ng TSS 
pretest check11st (TOP #1). 

4. Conf1rm steam generator techn1cian 1s complet1ng SGS 
pretest checklist (SOP #1). 

5. Complete control room pretest checklist (COP #1) 
Sect1ons I - IV, VI, VII and Sect1on VIII if not 
previously completed. 

6. Start up SGS and establish approximately 3 KLB/hr 
steam flow in boiler following mode (SOP #2). 

7. Increase the steam demand by manually ramping 
FCV-431 open to simulate turbine loading. 
Stabilize at each of the steam load conditions 
listed in the following table and complete the 
table for future reference. 

Actual FCV-431 
Nominal Steam Commanded 

Steam Load Flow Position 
Salt 
Flow 

(KLB/hr) (FT-311) ( Pct) (FT-321) 

Feedwater temp (TE-386) 
Superheater salt inlet temp (TE-382) 

8. Shut down SGS (SOP #3} 
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5.2.6 Operation of Full Electric Loop 
Descript1on 

o Generate steam using hot salt from storage and supply 
steam to EPGS to operate turbine and generate 
electricity. 

Objectives · 

o Introduce the operator to ·EPGS operations. 

o Fam1liarize the operator with EPGS equipment and 
controls. 

Initial System Conditions 

o RS not applicable 

o TSS2- Hot and cold salt tanks warm and ready for 
operation with hot tank level greater than 
80 inches and temperature above 900°F. 

o SGS2- SGS warm and salt drained (diurnal shutdown). 

o EPGS2- EPGS pumps on (turbine standby). 

Procedure 

l. Advise data system operator to load system 
data package . 
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Procedure 

2. Adv1se data system operator to d1splay the 
follow1ng on the data d1splay screen. 

LT-281 Cold storage tank level 
LT-291 Hot storage tank level 
FT-321 SGS salt flow rate 

FT-311 Steam fl ow rate 
JT-581 Generator power output 
ST-582 Generator RPM 

3. Conf1rm thermal storge techn1c1an 1s complet1ng TSS 
pretest checkl1st (TOp #1). 

4. Conf1rm steam generator techn1c1an 1s complet1ng SGS 
pretest checkl1st (SOP #1). 

5. Conf1rm EPGS techn1c1an 1s complet1ng EPGS pretest 
check11st (POP #1) . 

6. Complete control room pretest checklist (COP #1) 
Sect1ons I - IV and VI - IX except Section VIII 
1f previously completed. 

7. Start up SGS (SOP #2)/ 

8. Start up EPGS and locally synchronize generator 
to power gr1d. 

9. Transfer generator control to remote (control 
room) panel (POP #2) . 
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Procedure Completed 

10. Ramp up generator load to 500 kW. Stabilize 
and complete the following table. 

Generator output (JT-581) 
Date/time 

Turbine steam pressure (~T-581) 
Turbine steam temp (TT-583) 
Ma1n steamm flow rate (FT-311) 
Superheater salt inlet temp (TE-382) 
Salt flow rate (FT-321) 

11. Shut down EPGS (POP #3). 

12. Shut down SGS (SOP #3) • 
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5.2.8 EPGS Steady State Performance 

Descr1pt1on 

o Operate steam generator and turb1ne/generator 
at var1ous steady state loads for performance 

evaluation. 

Objectives 

o Determ1ne the follow1ng: 

Turbine heat rate 
EPGS/HRFS thermal eff1c1ency 
Turbine/generator eff1c1ency 

In1t1al System Cond1t1ons 

o SGS steady state operat1on 
o HRFS steady state operat1on 
o EPGS steady state operation 

Procedure 

1. Review the supplementary mater1al prov1ded 
at the end of th1s section. 

2. Record the water. steam. and generator operat1ng 
data on the EPGS performance worksheet (F1gure 5.3). 

Note: Space 1s prov1ded for three steady state 
operat1ng cond1t1ons. 

3. Determine the water and steam enthalpy as follows 
and record on the worksheet • 
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Ma1n steam (h0) and throttle steam (h1) 
For the steam cond1t1ons locate the 1ntersect1on of the 
constant pressure and constant temperature 11nes on the 
Mo111er Chart (F1gure 5.4). Read the enthalpy on the 
vert1cal scale. 

Constant entropy exhaust steam (h) 
X 

Locate the throttle steam cond1t1ons on the Moll1er 
Chart and follow a vert1cal 11ne (constant entropy) from 
th1s po1nt downward to 1ts 1ntersect1on w1th the exhaust 
pressure (PT-502) 11ne. Read the enthalpy at this 
1ntersect1on. 

Saturated 11qu1d at exhaust pressure (hf) 

· hf ~~U = 83.0 + 8.1 [(PT-502) - 3.0] 

PT-502 1n 1nches of Hg 

- Condensate (h2) 

BTU 

lb = (TI-582) - 32 

TJ-582 1n °F 

- Feedwater (h3) 

BTU 
7b (Tl-582) - 32 

TE-386 1n °F 

4. Calculate the fract1on of the ma1n steam suppl1ed to the turbine, x, 
and the steam flow, w

1
, as shown on the worksheet . 

5. Calculate the performance and eff1c1ency as shown on the worksheet 
and compare to rat1ngs. 
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SUPPLEMENTARY MATERIAL 

MEASURING STEAM------------
: t •• 

What are the yardsticks for 1tam1 Flnt If•• ha~e • llad pnuure there Is enly one uturatiun tanperature and vi~ 
amowat of steam in • closed epace. we nn meuure wwlaht versa. If ,OU know one you can ftnd the other in the 1team 
or volume. U111all1 we IIICUUN steam llow in lb per lar. tabla. Thul for bollinc water and steam in contact. 14.7 
ITUM IIONafflS. Certain either IDUIUrealeab klentifr the psi aba aad 212 I". 50 pli aba ud 281 F, 100 pal ·abs and 
lclnd of lteaca as d1atlnct from the amount. Thetc are (I) 328 I". etc. ue aaturadon pain. 
temperature (2) pressure (3) quality- expressed • pnant .. 
moiatlare or percent vapor or wet steam (4) deane of 111per0 

heat-delrees F above uturatlon temperature (S) apcdftc 
volume - cu ft per lb steam (6) entbalpy- 8&la per lb 
(7), entrop, and (8) internal enera,. The two mos& CGlll-
monJy. meuured are temperature and prasure. With thne 
two (plus aa estimate of quality in the nae of wet steam) 
the otbct psoperties can be read directly from steam tabla. 
SATURATION PAID. When water is boiling. botb the water 
and •team In contact with the water have the aame tempera. 
ture - called the saturation temperature. Far each boWac 

ENTHALPY ("HEAT") DEFINED---------

Far reasons too lOfll to explain hen: 
the term "beat coatent"' la In bad re. 
pute with the steam experts. The quan­
tities formerly known as the '°heat" 
of liquid, "heat" of evaporation and 
"total beat" of steam are now techni­
cally known as the enthalpy of the 
(saturated) liquid, e,ith1tlpy of evapo­
ration, enthalpy ol aalurated vapor and 
enthalpy ol the supetMated vapor. 

The enthalpy of water or steam ls 
the heat that mu,t be added, Btu per 
lb, ta brinl it from liquid at 33 F to 
Its present lemperaiJre, prnaure and 
condition. Enthalpy of evaporation is 
the enthalpy difference between sat­
urated liquid and cby saturated vapor. 

In Table l, for example, tum to the 
line for atmospherfe pressure, 14.7 psi 
abs, currespondlna tu a 1atuntion 
temperature of 212 F. Enthalpy of the 

liquid is 1lven a IIO.O Btu. This means 
that lf you laoJd I lb of water at a 
constant prenur&.of 14.7 psi abs and 
heat it from J2 F to 212 F the heat 
supplied will. be 180 Btu. 

For low praaura and temperatures. 
mthalpy of water ean be estimated by 
subtracting 32 fl'Ofll water temperature. 
(To redure error at higher pressures, 
use aaturatioa tablca like those an p 
91, or complete ones. For maalmum IIC• 
curaey, use compraaed-liquld table. 
For example, take water at 300 'II and 
1000 psia. Rule of thumb shows 300 -
32 = 268 Btu, uturation table 269.6. 
Applying carm:tloa from compressed• 
liquid table 1ives true 271.4 Btu.) 

The same Uaw tabulates the enthalpJ' 
of evaporation aa 970.4 Btu. Thia means 
that (at 14.7 psi aba and 212 F) it 
takes 970.4 Btu to convert oate pound 

of boiling water lntu dry saturated 
steam. If the flow uf heat is reversed. 
as when this same steam condenses at 
atmospheric pnssure, 970.4 Btu will 
flow out as each pound of dry sat­
urated steam at 212 F is reconverted 
tu a pound of liquid at 212 P. 

Next add 180.0 and 970.4 to give 
l 150.4 Btu, the tutal heat that must be 
supplied tu convert one pound of water 
at 32 I" into cby saturated steam. The 
table lfsb this figure as the enthalpy al 
the aatur11ted vapor. 

If, now, the steam ia taken away 
from the presence of the boiling water 
and is then heated In a •uperheater, 
Its temperature will rise above the sat. 
uration temperature, and lts enthalpy 
will increase by the amount of heat 
supplied per pound. Tuta1 enthalpy of 
superheated steam la civen in Table 3. 

HELPFUL HINTS--------------

THROffllHCI. When steam expands with­
out doinc mechanical work. ita enthal­
py don not chan,e. This type of n­
panslOft Is called throttling, and uecun 
whenever Rowing steam encounters 
fixed resistances such as orifices. tbrot. 
tli111 valves. pip-.. friction or cramped 
fittings. Examples of bow to figure what 
happens when steam. ls throttled are 
shown on the next jtwo pages, •lune 
with examples of how ta use the fol­
lowing practical binta. 
NIATINO oa COOUNG WARI. Amount 
of heat supplled or removed to heat or 
cool one paand or water 1s aimpl1 the 

c:hange in enthalpy. Far all ca111 witb­
ln ranee of everyda1 operatloa la low­
and mediun1°prnaure steam plaab 
take eathalPJ' chance IA the water aa 
equal to the temperature chance. 
ITIAM OINlaArtON. CONDINIATION. 
Heat supplied bp • steam 1enerator to 
convert feedwater Into steam b merel7 
the mthalpy of the final ateam mlnus 
the enthalpy of the fecdwater • 

Heat fflDOftd frmn • pound of ell• 
haust steam bJ a condenser is the ell• 
thalpy of the ahauat steam minus the 
enthalpy of water cntcrint the liot welL 
Note, It~. tbat the exbauat steam 
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is almost always wet. so its enthalpy 
cannot be taken directly from the table. 

The enthalpy of wet steam fs the 
enthalpy of the liquid plus the dryness 
percent multiplied by the enthalpy of 
the enporatlon. It can also be figured 
as the_ enthalpy of the saturated vapor 
minus the percent moisture multiplied 
by the enthalpy of evaparation. 
IFPICIINCY. The thermal efficiency of 
any device is its output divided by Its 
input. In the case of a steam generator 
the output la the heat required to con• 
vert the feedwater Jntu the delivered 
•~m. The IDput la the heat In the fuel. 
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FIGURING TURBINE PERFORMANCE 
IAIICCTCLII • ...... _...... ........................... ....... .....,. __ .... ... .... .................... . 

.r-., ·~ : 
TO/IRJffal ,_.,,.,it, ro,,.,,, Im_,,_,.,,,,, 

t:tlr~IO ,,,.... 
NONCONDINSINO oa 
IACIO'IIISUIII UNf1' 

., 

ITIANltll CDNDINIING UNff 

SofuroNtJn "' 
,O,,npotl(/1n, ,,, 
nhwst,,,.,.,,. 

l 

UGINDATIVI 
fllDHIATING UNIT 

Turbines comrm eaazy In atenm to work. the reaultl111 ntlu ls engine dft. br =enthalpy of feedwatcr lenmt lat 
heater, Btu per l1t ahnft energy. la IClectlnc and operatinc deaq. It aerva n • measme of dalca ba=entllalpy o1 feedwutt:r tuwtac !Jolter. 

them. we're n1--,. Interested in how cfrectivenea. feed pump. Bt11 per n, 
effectively this la done. Turbine -per- FOi ALL ff PU OP IUIIINISa ba==-= t::;'nac~:> 
formance ia measured in vnrioua ways. Bleanl rate. lb per •w11r • . Enslne efflelenq 
Here are common ones: _ •te•m "-• lb pr hr (W1) 3413 P 
SIUM IATI ls amount of steam l'I!• - pncra&ar • lbufl output. kwlw (PJ = w., (h1-1t .. 1J+W.s (bi-h.~)+. •• 

FOi .A-PR-"Ull fUIIINI"· +w ... (ba- ~J+W• (111-h .. ) · quired by a turbine to produce a 1lvcn ""' •- '"' +w• (ha-h .. > 
unit ou-•t- uaually es-- In lb Hut nte. Btu per l&wlw W•a. w.._ W..= bJccd • team ft-. .,._ ., • .....,.... _ Wt (ht-II') Ht per hr 
per kwbr. It ls of direct practical c:otl• - p 11o ... h..._ ti-= enthalpies of bleed 
nm In fiprinc boilet steam needs and ht = • tram enthaw enteriftc tudrine, ltlluffl at Initial lte• m 

l dlvid l Btu per lb <- diqram) entropy. Btu per lb performance changes of n ua tur. .,,_. .,__,,_.,. •• ,._: . W• =eahuuat 1tam Sow, lb per lu' 
btaa. It ha only limited value fOt' h' = 11c:tuat ellhauat aithalpy, Stu per Ht 11 .. = cdaauat 1team enthalpy at iaftlul 
comparinc dllfcrmt turbines because .,,_. •tum • .,...,.,. to wute: 1team entrop)", Btu per lb 

ll'=1• turated--ter enthalpy at~ FOi ALL TYPH OP TURBINES. it doem't rdlcct chances in throttle preau,e, Btu per lb (tee 4iqrasn) 
d . 3413 

pressure. aa oa beat rate. Enstae elldeaaq Thennul dlk:lw1 Heat rate. Btu per kwhr 
HEAT IA11 is amount of eneru to pro- - 1413 p PIIFOIMANCI VARIATIONS. Steam 
duce • ..aven unit output - usually a- - (Wa -W,) <h•..:.. h•) + w, (ht - h••> _.., bent ra•· th--• __ _._..., __ _. 

&& W1=1team lc• Y1111 turbine ,,.tam ,,_ ·-- -. ...-- ICHKJ .... -, -... 
p,ased u Btu ~ kwbr. Because it alancla ancl lnlll. lb per hr enaine cfficicney plotted apinst shalt 
denla wlth basic beat units. it Is better ••=1:::::.-ae:'::!~t •t entropy., or ienerator output in kw show tut-
than steam rate fOI' comparin& turbines. au.= lealrolf 1tuum enthaln at eatron al blne-performance variation with Jond. 
THDMAL EFFICIENCY ls ntio of enau ---=lni:.:'t:::ia~I ===:1..=8::tu::..r.:=-=.1b::.-____ Conuno1I method forslaowlnc perform. 
output to enero Input. It is diftctlJ FOR STRAIGHT-C:ONDINSINCI TURIINIS ance for automatlc-eictractlon and 
related to beat nte: tbamal efliclellCJ' ~• rw; ~;,')' C:.~1a,> tW, Ch, - II,,> mbed-prmure turbines plots total 
=3413/hcnt rate. °See chart. - p hourly •team 4ow a&•iast output for 
INGINI EFFICIENCY Is measure of how lat= •turated-water entll•ln at ealtauat a ranse of extrac:tlon ftows. 

prcau,e, Btu per u, <-diuar••> T--..1.!~ -- .,___ wltb -.:JJ an actual turbine compares wltla .,, = •uporbution endlalpy of lealrolr 161: .. IDI: .,_.ormance c.._es 
an Ideal one. Expanding from &iven 1tra111 a1 dladlarp pna. Btu 1111' • Yarlatiom la ateam pressure. and tesn-
tbrottle to exhaust condltiona, a lb of Eaalne eJlldellC)' pcnture. exhaust pressure. makeup. 
atenm does mulmum work If expan- - 3413 P wnter ftaw, etc. For methoda of ficur-
•iml la at eanstat entropy. 'fbls Ideal ...,,=-=-=(W~,..,,-=w=•:-'::>-=C1u=-==--=ha=)=+==W:-:•=-<1aa_-_.._ __ ,... 1111 ~ for these factors see 
condltloA ls ne,,er obtn1aed. 'When ae- REG 11A IUIIINISt r .. , Coda lot Steua Turbina. PTC 

Ilea& nte. Bt11 .-1iwtar - AS~.t"rP ,u tual work done by a lb of expaadiaa _ w, (hi-h•>:t<,Wt he-.. > 1-1949, published vr ... ._ 29 nest 
atea111 la divided bJ lda1 expaaaloD - p Htb St.. New Yen IS. N, Y • 
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SECTION 6 
MODES OF OPERATION AND TRANSITIONS 

The operating modes and transitions for each subsystem are described below: 

Receiver Operating Modes 
RSl Receiver cold and drained 
RS2 Receiver dra1ned w1th trace heat on 
RS3 Rece1ver drained w1th trace heat on and warm-up heliostats 

RS4 Rece1ver cold flow w1th trace heat on and warm-up heliostats 

RSS Rece1ver cold flow with trace heat on, no warm-up heliostats 
and rece1ver door closed 

RS6 Receiver operat1on, manual with flow control 
RS7 Receiver operat1on, temperature control 

Receiver Transitions 
0 Start~up RSl 

RS2 
RS3 

RS4 

to RS2 -
to RS3 -
to RS4 -

to RS5 -

to RS6 -

to RS7 -

Turn on trace heaters 
Drained and warm to warm-up hel1ostats 
Warm-up he11ostats to cold flow through 
receiver 
Cold flow through receiver with receiver door 

closed 
To salt flow through receiver with flow 
control 
To salt flow through receiver with 
temperature control 

RS6 to RS7 - Salt flow w1th flow control to temperature 
control 

o Shutdown RS7 to RS6 - Salt flow w1th temperature control to flow 

control 

Doc. 0807U 

to RS5 - Salt flow w1th te~perature control to cold 
flow w1th door closed 

to RS2 - Salt flow w1th temperature control to drained 
w1th trace heat on 
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RS6 to RSS - Salt flow w1th flow control to cold flow w1th 
door closed 

to RS2 - Salt flow w1th flow control to d ra 1 ned w1th 
trace heat on 

RSS to RS2 - Cold flow w1th door closed to drained w1th 
trace heat on 

RS4 to RS2 - Cold flow w1th warm-up hel1ostats to dra1ned 
w1th trace heat on 

RS3 to RS2 - Dra1ned w1th warm-up heliostats to drained 
w1th trace heat 

RS2 to RSl - Turn off trace heaters 

Thermal Storage Operat1ng Modes 
TSSl Hot tank dra1ned and cold 
TSS2 Hot and cold salt tanks warm and ready for operation 
TSS3 Charg1ng w1th propane heater 

Thermal Storage Trans1t1ons 
o Start-up TSSl to TSS2 - Pre-test check 11sts to pre-cond1t1oning 

hot salt tank 
TSS2 to TSS3 - Pre-test check 11sts to charging hot salt 

tank 

o Shutdown TSS3 to TSS2 - Charging hot salt tank to shutdown, salt 1n 
both tanks 

TSS2 to TSSl - Drain hot tank 

Steam Generator Subsystem Operating Modes 
SGSl SGS cold and drained 
SGS2 SGS warm and salt drained (diurnal shutdown) 
SGS3 SGS warm standby (cold salt flow) 
SGS4 SGS operating in boiler follow1ng mode 
SGS5 SGS operating in turbine following mode 

Steam Generator Trans1t1ons 
o Start-up SGSl to SGS2 - Pre-test check lists, pre-heat to d1urnal 

shutdown 

6-2 
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SGS2 to SGS3 - D1urnal shutdown to cold salt flow 
SGS3 to SGS4 - Cold salt flow to bo1ler follow1ng mode 

• SGS4 to SGSS - Bo1ler follow1ng to turbine follow1ng mode 

• 

• 

o Shutdown SGSS to SGS4 - Turbine follow1ng to bo1ler following mode 
SGS4 to SGS3 - Boiler follow1ng mode to cold salt flow 
SGS3 to SGS2 - Cold salt flow to diurnal shutdown 
SGS2 to SGSl - Diurnal shutdown to drained and cold 

Elect1c Power Generation Subsystem Operat1ng Modes 
EPGSl Shutdown 
EPGS2 (Turbine standby) EPGS pumps on 
EPGS3 EPGS standby (operating - offline) 
EPGS 4 EPGS on-line (operat1ng - synchronized) 

Electr1c Power Generation Subsystem Transitions 
o Start-up EPGS 1 to EPGS 2 - Pre-test check 11sts, pre-op and 

start-up pumps 

o Shutdown 

EPGS 2 to EPGS 3 - Turbine standby to EPGS standby 
EPGS 3 to EPGS 4 - EPGS standby to on-11ne 

EPGS 4 to EPGS 3 - On-line to standby 

EPGS 3 to EPGS 2 - EPGS standby to turbine standby 

EPGS 2 to EPGS 1 - Turbine standby to shutdown 

Valve alignments for remote-operated valves are given in Table 6.1 for 
pretest, operating, and post-test modes . 
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FIG URE 6.1 MSEE RE.MOTE'. OPERATED VALVE ALIGNMENT 

PRETEST OPERATION POST 

MOOI F="ICATION tlloO\FIC;q1O N MODIFICA"TION 
TEST 

VALVE FUNCTION BAS IC. F'UL.L. To OPERATE Too~T"E 'aASIC. FUL.1. 1'00PEMT£ 

SY:.TE.M f. W/o REC!/~ , _ RE.CVR.ONLY SYSTEM I.W/O REC\I~ 

2.. w/o..._w/o -OR- -AND-
2. PFI.OPA.N e;: 2- w/PRoPA.NE 

PRoPANE: \.n'R H°TR.ONL'( HT" 

Fcv- IOI REcvR F'LoW CTRL.. 0 MAN © CASC. Sf'.SAL1 0 t,'\A...a 0 MAN "' 
SP 1000 "F -· ·----- --·- __ , 

FC.V- )o2. REC\/?.. ,;:: L.CW C.TP..\.. 0 MA,-1 @) CA.SC. SP.SAi.. T 0 MAN 0 IV\AN 
SP IOOO~F 

FC\/-\51 C.ST LEVEL CTRI._ • "'lAl'I .L MAN .L MAt-l @ C.A.SC. LT•ISI .L MAN 0 MAN 
(wJ }-ITP.) SP 87" 

Fe V- I'=, I H S , L. E. Vt '- C. 1" ~ l.. • AUTO 8L MAN .L MAN © AUTO .L MAN 0 MAN SP75.,. (w/ H~' Sp zo" 

FC. V-16 2. HST LEVEL CT"RL. • AvTO 0 MAN 0 MAN • Avro 0 MAN 0 MAN 
$P 2.o" twJ hrf') ~P a.o., 

F C V-IB0-189 REC'/~ PR.A.\ 1'! 0 • • Fcv-190-198 RE:C'V~ PUR.C.E° 0 • •• FCV-l 99 Rtrc:v~ DR.A.\1'\ ( FILL 0 • 0 
,. . 

-
FCV-201 COLO SUM? LE.Vi;.L. C.T'R.\.. •• Auro © Auro • MAN 

.SP 23'"' .SP z:3"' 

FC'll-2 \ I COLO SUMP I 50LAT£° .L 0 8L 
·- -F'CV-2.2.I HOT SUM? LEl/t:.l.. C.rR.L. • 11,uTO . 

© Auro • MAN 
SP 2.o" ~p 20'' 

F"CV-2.31 1-\0'T' 51.JMP !&:>LATE" .L 0 .L 
FC'l-2"\I PROPANE: H,R. FLOW (.TR\. .L 8L ~~%MAN • F='C. V-2~2. PRoPANE: H ,R I SC>LATE' .L • (w/lc\,--R.) • .L 0 ·- • /w/.,_,.,, 

--· - --. --
-

FCV-301 EVAP SALT' TEMP c::.rRL.. • MAr-1 ON .L "'V\N ON © MANOF'F' • MANO,-, 
· N')o CA.SC. 

l='CV-3 21 SGS SALT FLOW c:r~L. 0 
MAN ON © MAN OFf'Z 0 MAIJ ON 

N9o~ 
' 

F'CV-331 STEAi"\ Ti=.MP C:.TR\.- Q!o% MArJ ON © l"IA..aOF"F' Qlo%MANoN 
lffoCASC. 

FC 'l-341 s~s co1..o sAL.T F1L.L cTRL • MAN ON 
• L MAN ON • MAN e>P-1 • t,AAN ON 

; 

l='c.Y-35'1 s~s HOTSAI..T F"\1..1... C.TRL. • MAN orJ 
0 MAN-ON • N\ANoN 

l="CY-381 EVAP SA1..T o~AIN MAN ON MAM ON "'IAl'I ON 

0 l~~-,-iif<' ~-~ • .• • 1. ·' 

F'CV-392. SUPWrR. SALT D R/1 ! "·\ _,,.,. 
', 

FC.1/-383 START-VP HTR [3YPAS5 • MA~ or-I 0 'MAN ON • MANON 

Fc.\/-384- S,ART"-UP HT"R. I 50L./tTE: 0 
MANON • !"\AN ON 0 ""ANON 

-

I=(. v- 401 FWP PR'E $SURE' C.i"RL • Auro @ ALITO • AUTO 
SP 1'-SO SP 12.!S'o SP 1250 

J:'C.V-4-11 FE£D\NTR,_ F"L.OVv CT"RL • ""1AN ON 
@ MA"'Of'F • MANON 

H90 CA.SC 

FCV-421 FWH TEMP c.n,t.._ 0 AV-TO 
© Avi-o · 0 AuTO SP 52.0"F s;; szo•i::- .SP ,rz.c:, °F - . -· 

i=-cv-431 DA ,,.._ STE:AM PRES!, c'rR L • CASC. PT·-4!.1 
SP I0So 

© CASC. PT- • 32. 
SP 2.'33 

• CA Sc. PT-431 
SP 1080 

i=c v'-4'3'2. DA PRE:"5:SURE. C.TR.L 0 Aura 
© AUTO 

0 AUT'O 
Sf' 2. ·33 .SP %.• O .SP 2.'.U 

F'C'l-471 DA LE.V!;_l- C.TFI-..L • AUTO 
© A.u-ro • AUTO 

Sf' o" SP IS" SP o" 
i:-c:v-~&3 DA VE.NT NO. I 0 LOC:A L 0 l.OC.AL. • 1-0CA'-

-
FCV-484 DA VE.Ni' NO. 2.. • Loe.AL • Loe.At.. • \..OC-'\L. . 
l="CV-48 5 D£M1tJ WATE.R.. TAN'\<.. PJL.L • LOCAL • L.OCAI.. . • LOCAL. 

rt:V-491 $TAl'I-T-UP STCA"'\ C.T~L • AvTO 

0 AUTO • Au-ra 
~p 1000 .SP 1000 SP 1000 . 

FC.V- 501 T\JRBINE srop • 0 • Fc.v-s,1 HOT Wr..LL. OVE. RF' L.O"'V • © • EN.RLC.OFF EN_HLC OM EN.HLC OFF 
FCV- 512. HOTWE:LI... MAl<-E-lJ'P • (LOCALOITlllj {scAuTOCNT1t9 • ( LOCAi. CN~ 

f:"C:.1/- 52.1 OIL COoLANT Fl.nw C:T~L • Av-ro 
© AUTO • MAN 

SF> ,z..,," F SP 12.0" F 

r=cv-54, C.N ST" MAKE-UP • l.ocALCNTRL L.ocAl-CNTRL.. • LOCAI..CNTR.\. I 

Fc.V-551 LONOE:NSA•E f.<EC.IR..C.. • • • FCV-561 TU~(31NE:" TRIP • J;"T OFF' • ETOF'F • E:TOfF 

rv/V\ TUR.(!, INf: TMl<.C>T""rl..E'° • © •• 
• 

.L 0 © 
f LLOCKE:O LoPEN LcoNTRoLI.., N~ 

Lc.v::.sEo 

I 

I 

I l 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 
I 

I ', 

I 
t, ' 

, 
p 

'l 
t 

., 

TEST DATE 
9/18/84 

This Console operating procedure w111 bet dt11fzed to verify 
process control integrity prior to all tests. It is 
unnecessary to verify control fntegrfty of subsystems 
not used1(not applicable). This checklist ih.11 be completed 

' by the control room process console operator., , i 
I II ~ ,' • r 

I i ;I 
I , 

I. Test Description 
I ! 

II. Responsible operating personnel 
'' 

Test Conductor (MDAC) 

Heliostat Operator 

Console Operator 

Operation/Safety Engineer 

Subsystem Technicians 

RS 

TSS 

SGS 

HRFS 

EPGS 

\ 
7-/ 

f 

Primary·. 
I 
\ 

Stan Saloff 

Arleen Vance 

Evans/Nelson 
~ 

John Holmes 

Jerome Griego 

Matt Matthews 

Matt Matthews 

Jay Holton 

Jay Holton 

' f 

j 

1 f:. ,t. 

i r I 
,i 

t 

If 

Start Time 

Backup 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

III. Safety Checklist 
Complete this checklist for 111 operations. 

I ~ 
1. Sf te occupants ,, 

A. Verify that a11 test personnel have been briefed on the 
scheduled test description, objectives, fndivfdual 
responsibilities, a~d expected response to emergencies 

' 

B. Com,nunications established to all manned control points 
I 
I 

c. Safety equipment in place: 
½ 

1. OSHA protective gloves • ,f ,: 

2. Fire retardant coveralls 

3. Hard hats/Face shields 

4. Approved fire extinguishers 

2. Solar only 

3. 

4. 

A. "Test In Progress" 1f ghts on f n the tower 

B. Non-Test personnel informed and in secure location 

c. Diesel-Generator on and frequency OK 

D. Field monitor on call after solar start-up 

E. Communi catf ons established , 

F. Tower top barricade up 
I 

' 

I , 
i 

G. Gates closed and posted with red lights or $igns 
·, 

H. Field clear and ready for start-up 

Control Room locked 

Beam up command shall be given only after above 
checklist is completed by 0/S Engineer 

2 ,-2. i; 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

STEP DESCRIPTION -
Notice l I 

; 

l 
I 1 

Four items ~hat impact system start-ut sfgnfficantly 
and should be verified and/or corrected first are: · 

• ' -..J,< a. Emcon operatf on · , .... k) . 
b. Acurex temperatures .,,. ~ ]p/(r'I 
c. D/D level and temp. \)\~ / -v·· 1 i 

I' 

d. Steam drum level and temp. 

IV. MASJER CONTROL SUBSYSTEM 
I I' ~ : 

A. EMCON ,D/2 HOST START UP CHECKLIST 
Con,tplete this checklist for all operations. , 
: ::J;; . ' ,·1 

1. Equipment powered up: 

a) Host cabinet 
b) Operator Console 1 
c) Operator Console 2 
d) (2) LA-120 Terminals 
e) VT-100 Terminal 
f) Tri-log printer 

2. Disk Packs (2) installed fn drives, disk 
drives running with nREADY" lamp lit. 

3. EMCON system booted and "START-UP" command 
file executed: 

a) Correct date and time 
b) Disk unit DLI mounted 
c) CCM, PCMs loaded (optional) 
d) EMCON host programs running 

1. SPNCOL 
2. · POWER 
3. ALRMMX 
4. ALARMS 

5. CONSL2 
6. CONSLl 
7. SYSMON 
8. TRACKR 

4. MSSND program executing when data logging 
display is required on the Auxiliary Data 
Logging/Display System. 

5. Unlock Console to allow activation of 

r·· 

operational alarms and Receiver Control Algorithm. 

6. Enable general alarms by turning GAL on. 

3 
7 .. 3 

VERIFICATION 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

STEP DESCRIPTION VERIFICATION 

B. ACUREX START-UP CHECKLIST 
· Complete thfs checklist· for 111 operations using salt. 

1. Equipment powered up: 
I i 

'a) Host chassis - Autodate Ten/50 " 
b) Electrohome monitor 
:c) GT-100 Terminal 
d) Texas Instruments 820 RO Tenuinal 

2. Tape Cassette loaded fn host drfve. 
I 

3. Recent (within 60 minutes) logout of 
temperatures available on Tl printer. 

4. Set scan rate to every 60 minutes. . .. 

1 C. AUXILIARY DATA LOGGING/DISPLAY SYSTEM 1 

Last Print Time 

Data acqu1sltfon checklist completion optional as required. 

1. Equipment powered up: 

a) H-P 1000 Cabinet 
b) H-P 2645 Terminal 
c) H-P 2621 Terminal 
d) Tektronix 4014 Terminal 
e) Tektronix 463 hard-copy unit 
f) (6) Display CRTs 
g) Versatec Video Copier 
h) Versatec Printer 
i) H-P 7925 Disc Drive 

2. Disk pack installed in drive, disc drive 
runn1 ng with "READY" lamp 11 t. 

3. System booted: 

a) Correct date and tfme 
b) Transfer file IMSRP executed 

4. MSPAS program executing when data logging/ 
display is required and MSSN2 has been 
started on the EMCON host. 

' 

5. Following support programs available for execut: 

a) MSRTP 
bl MSPSU 
c) MSDSD 
d) MSSLl through MSSL6 
e) MSCOT 

6. Label file used: ----
7. Data file used: ----

4 
7-+ 
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COP #1 

STEP 

v. 

02 

07 

01 

04 

CONTROL ROOM PRETEST CHECKLIST 

DESCRIPTION 

O. NETWORK 90 SETUP CHECKLIST 
Complet, thfs checklist for operation with SGS. 

I i 
1 

1.. Verf fy equipment powered up and operatf onal. 
i a) 

b) 
*c) 
*d) 

I 

I 

Bailey PCU 
Operator Interface Drive Unft 
Keyboard Console 
Printer 

*These components may be turned off when not fn use. 

RS l RECEIVER SUBSYSTEM 
Complete this checklist for operation wf th Recef ver. 

1 l~ · Verify acceptable lfmi ts on winds (less ihan 
'1, 30 MPH). solar i nsolatton (above 600 W/m ) and 

cloud condition (partly cloudy or clear). 

2. Verify TV cameras are on and operational. 

3. Verify the Control Room SCRAM and EPS power 
supplies behind Weather Monitor Panel are On 
and set at 24VDC. 

4. Open the Receiver cavity door upon the request 
of the RS technician for the RS pretest check. 

VERIFICATION 

I 
I 

. ✓ 

Reclose or leave open as required. (DR.OPN/CLS). --"~.,_, __ _ 
1 

s. Verify Emcon RS header temperatures 
are above 480°F. (TE-188 fnbperable). 

6. Verify the Acurex RS trace heaters are 
operating and the temperatures are above 
480°F (Table A). NOTE EXCEPTIONS. 
If required, heat tracing control can be taken 
over locally at the module control room. 

7. Align/verify the following valve alfgnment; 

.,_,,,. \i 

'' 

- '\ 

confirm valve temps are acceptable before moving. 
{to avoid bellows damage) Coordinate with Receiver 
technician. RCK 'ON' may be used to auto align 
these, turning itself off when complete. 

Valve 

FCV-101 
FCV-102 
FCV-180-189 
FCV-190-198 
CSP.EN 
BP.EN 

Description 

Salt flow control 
Salt flow control 
Drain valves 
Purge valves 
Enable CSP control 
Enable BP control 

'li 

Position 

Man/Open/N .J 

Man/Open/N 
On/Open/N · 
On/Open/N\ 
O,v 
ON 

':,;itc/v {, 't- ,·, tpc-f 
r: i--· ,. r- 1: rl.t , ",~ 'ttJ,_ · I 

{ZSHlS0-189 On) 
(ZSH190-198 On) 

,, 

~-

08 
09 



COP #1 COUTROL ROOM.PRETEST CHECKLIST 

• 

-

03 

• 

- 02 

04 

05 

·STEP 

VI. 

DESCRIPTION VERIFICATION 

TSS - THERMAL STORAGE SUBSYSTEM 
Complete this checklist for a11 operations using salt. 
1 • Verify that the Acurex TSS tra·ce heaters 

are operating and the temperatures hre 
above 480°F· (Table 8). NOTE EXCEPTIONS. 
If req'd heat tracing control can be.controlled 
locally at salt storage control building. 

2. If operating Propane Heater without SGS, 
verify that these Acurex SGS inlet trace 
heaters are above 480°F (Ref. Table C): 

Channel 
204 
205 
206 

Channel 
255 
256 
257 
258 

Loe a 1 Tem~4 Verf· f i c. 
FCV- I 

Hot Tank tnlet line 

3. Verify salt levels in storage tanks and ~ 
.,,/ sumps are commensurate wtth test requirements· 

(;2.t','-1 

LT-201 Cold Sump t 17, ') fn. (60• max)**@:.,;·~·/."~ 0 f' (Acurex Chan 124,125) 
I 

LT-281 Cold Tank }. in. (40" min)* @ ''.) :'. : I 0 (Acurex Chan 110-112) 
) .., . / ,, ·I? ,·l F 

' 

LT-221 Hot Sump ',J ,. ' in. ( 45" 
.•-, I : I t 

)**@ <· ·. ·- OF max 1:1 u, 1.,;._ ( Acurex Chan 126,127) 
:.,:1;, i, f'"r· 

l(~oD 

Time 

LT-291 Hot Tank (;;:; :_, in. ~~/'1·j: °F (Acurex Chan 134-136) 
*Minimum level req'd to maintain col3 sump level during fill operations. 
**Maximum levels reauire vent checks; advise technician. 

4. Align/verify the following valves for operation 
with RS, with SGS, & without Propane Heater. 
Confirm valve temps are accept. before moving. 
Coordinate with thermal storage technician. 
TCK 'ON" ma_y be used to auto a11 gn these, turning 
itself off when complete. 

Valve Description Position 

*FCV-151 CST level Control 
FCV-161 HST level Control(Hot} 
FCV-162 HST Level Control(Cold) 
FCV-199 Bypass valve 
FCV-201 Cold .Sump Level Control 
FCV-211 Cold Sump Isol. (OPN/CLS.211) 
FCV-221 Hot Sump Level Control 
FCV-231 Hot Sump Isol. (OPN/CLS.231) 
FCV-241 Propane Heater Inlet 
FCV-242 Propane Heater Isolation 
FCV-301 Bypass Salt Flow 
FCV-341 Cold Salt Isol. 
FCV-351 Hot Salt Isol. 
CSP.EN Enable CSP Control 

Man/Cl osed/N.I 
Man/Cl osed/N ✓ · 
Man/Cl osed/N✓ 
Off/Open /N../ _ 1 (ZSH199 on)-

Auto/Cl osed/N SP 23•1,,1 
Closed/Locked ✓ ( ZSL211 on) -

Auto/Closed/N SP 20'!..I 
Closed/Locked✓ (ZSL231 on) -

Man/Closed/Locked I 
Off/Closed/locked ✓ (ZSL242 on) 

Closed/N✓ (MAN on, SP Auto 01. 
Closed/N-/. (MAN on, SP Auto 0'.t 
Closed/N ✓' (MAN on, SP Auto 0% 

On ✓ 

*Bad signal (blue) can indicate EPS closure. 
regain control. 

Clear trips and reset EPSl & EPS3 to 

6 
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COP Ill CONTROL ROOM PRETEST CHECKLIST 

02 

cf5" 

13 

STEP DESCRIPTION 

. 
5. For operation with Propane Heater instead 

of Receiver OR for SGS alone, Mod1fy the 
valve• alignment of step 4 as follows: 

Valve 

FCV-151 
FCV-161 
FCV-162 
FCV-242 

Position 

Locked 
Locked 
Man/Open/N 
Nuetral 

6. For operation without SGS, Modify the valve 
alignment of step 4 as follows: 

Valve 

FCV-301 
FCV-341 

Position 

Locked 
Locked 

04 7. Verify pump bearing temp's are less than l90°F 
{TE 180, 286, & 387 on EMCON) and alarms on. 

VI I. SGS - STEAM GENERATION SUBSYSTEM 
Complete this checklist for operation with SGS. 

1. Verify that the Acurex SGS trace heaters 
are operating and the temperatures are 
above 480°F (Table C). NOTE EXCEPTIONS. 
If required, heat tracing control can be 
taken over locally at the salt storage 
control building Acurex cabinet back. 

2. Align/verify the following valve positions. 
Confirm valve temps are accept. before moving. 
Coordinate with thermal storage technician • 
All SGS control valve MAN signals should be On. 
(Emcon commands not applicable from Net 90) 
SCK 'ON' may be used to auto align these, 
turning itself off when complete. 

Emcon Command 

MAN.321 On/ SP-321 Auto lOM 
MAN.331 On/ SP-331 Auto IM 

13 MAN.38182 On/FCV-38182 On 
*MAN.384 On/ FCV-384 On 
*MAN.383 On/ FCV-383 Off 

1l4 HSP.EN 

Valve Description 

Main Salt Flow 
Steam Attemp. 
Salt Drain 
Circ Htr Supply 
Circ Htr Bypass 
Enable HSP Control 

VERIFICATION 

Position 

Open 
10% Open 

Open 
Open 

Closed 
On 

*Open FCV-384 before closing FCV-383 to avoid SGS Pump and Heater Shut-off 

7 ,-7 

Time 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

STEP DESCRIPTION VERIFICATION 

. . 

• ; i 

Complete the fo11owing steps after completing HRFS startup. 
( Presu~i ng SGS 1 s in Di urn a 1 Shutdown) • , , 

- I 
3. If SGS F.W. inlet pipe temp. (Acurex Channel 132) 

.
1 

,k,,fs 
1

be1 ow 200°F. f ncrease bridge pipe feedwater temperature: 
~ I _-;fi - 1a) Verify D/D TE-451 is above 250°F 
~ . 

!b) 
I 

Advise the SGS technician to open the 
bridge feedwater drain HV-370, then open 
FCV-411 to 2°' (Emcon MAN.411 on/SP Auto 201) 

c) Verify Acurex channel 13~ increases above 
200°F (Approx 5 min after opening FCV-411) 

d. Reclose-HV-370 and FCV-411 

4. Verify drum level LT-311 is at Q--;.--0 inches. 
If drum level is below 0.0 inches; open HV-488, 
then open FCV-411 to 20% and fill to 0.0". Close 
FCV-411 and HV-488 to avoid FW leakage into drum. 

5. Verify that the boiler water circulation pump 
(BWCP) !!_ running (ZSHBCP). If it is~ running: 

a) Review overnight data to determine 
reason and correct. 

b} Start BWCP 

c) Start circulation heater (pulse EHAC.ON) 

6. If freezing ambient temperatures have been 
experienced, resolve any suspicious instr. 
transmitter readings with the SGS technician. 
Be skeptical of all readings until proven. 

8 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

STEP DESCRIPTION VERIFICATION 

I 

VIII. HRFS - HEAT REJECTION AND FEEDWATER SUBSYSTEM 
Complete thfs checklist for all water systiin operations. 

1. Set/Verify the following control devices 
, in the listed positions: HCK 'ON' may be used 

to •uto align these, turning itself off when complete. 

call 
up 

Identf ff er De serf ~ti on Command Pos ft ion 
GsTAT D/D Pressnab1e Off N/'.A 

EN.DTC451 0/D Heater 1 Enable Off N/A 
EN.DTC452 

1 

D/D Heater 2 Enable Off N/A 
. DTC-451 . D/D Heater 1 Auto SP 390 or 400°F Not Enabled 
\ DTC-452 D/D Heater 2 Auto SP 390 or 400°F Not Enabled 
.\, FCV-401-·.. FWP Press Reef re Auto SP 1250 psf Closed 

j J' FCV-411 Feedwater Delivery MAN.411 On/SP-411 AUTO OS Closed f J FCV-421 FWH Steam Supply Man Closed 
18 .. J FCV-431 D/D Steam Inlet Auto/Case to PT-431 Closed 

t""' PT-431 Steam Line Press Auto SP 1080 ps1 N/A 
< .: PT-432 . D/D Press Auto SP 233 psf N/A -- ' FCV-432 -SWHX Divert Auto SP 240 psi Open to Bypass 

FCV-471 T-G Condensate Return Auto SP 0% Closed 
FY-472 CMUP Stroke Posftfoner Auto SP 0% Closed 

FCV-491 SGS Steam Delivery Auto SP 900 psi Closed 
*FCV-501 Main Steam Stop Off/ZSL-501 On Closed 

*TVM Turbine Steam TVM.OPN Off/ZT-581 Oi Open Closed 
1"9720 FWP.EN/SWP.EN/CWP.EN/CMP.EN/CFP.EN/CFl.EN thru CF6.EN On 

*Note EMCON control for these valves is disabled if TC1'MS Ts-inToca1 (off). 

IX. EPGS ELECTRIC POWER GENERATION SUBSYSTEM 
19 1. PP.EN SIGNALS ON-CTP.EN,CTF.EN,EOP:.EN,AEP.EN, 
20 CWP.EN,FCV-521 Auto SP 120, FCV-501 off, EN. HLC off, 
21 VIB.OVR on: PCK may be used to auto align these, 

turning itself off when complete. 

21 

26 

21 

1.1 Verify RGP Gen Breaker green (open) light 1s on. 

2. Confirm correct selection of EPGS operating mode, 
Remote (TCPMS On) or local {TCPMS Off). 

3. Verify Generator operator has procured 
the Sync switch handle from the MSEE key box. 

4. Disable auto hotwell level control by 
turning EN.HLC off. 

5. Override EPS vibration trips by turning 
VIB .OVR on. 

6. Momentarily enable EPS3.RST and EPS2.RST. 
. 

7. Verify FCV-521 Oil Cooler C.W. is in 
Auto with a SP of 120°F Closed. (Emcon control 
disabled if TCPMS is in local (off)). 

9 
?-9 
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T/C 
, I 

DESCRIPTION 
' I 

TEH-190 Purge
1 

Valve. #1 

TEH-191 Purge Va 1 Ye #2 
i . 

TEH-192 rurge Valve: #3 

TEH-193 rurge Valv~I 114 

TEH-194 Purge Valve #5 

TEH-195 

TEH-196 

TEH-197 

Purge. Va 1 Ye 116 
' 
i 

Purge Valve' #7 
. I 

Purge Va 1 ve 1#8 

TEH-198 Purge Valve #9 
! 

TEH-180 Drain Valve #1 

TEH-181 Drain Valve #2 

TEH-182 Drain Valve #3 

TEH-183 Drain Valve #4 

TEH-184 Drain Valve #5 

TEH-185 Drain Valve #6 

TEH-186 Drain Valve #7 

TEH-187 Drain Valve #8 

TEH-188 Drain Valve #9 

TEH-189 Drain Valve #10 

ACOREX 
CHANNEL 

000./ 

001,/ 

002 / 

003./ 

004" 

005 / 

006 / 

008, 

009,, 

010 

011 

012 

013, 

T/C DESCRIPTION 

TEH•l57 Receiver Outlet-Heater R 

TEH-158 Receiver Outlet-Heater R 

ACUREX 
CHANNEL 

027✓ 

028../ 

TEH-153 ffot Surge Tank Inlet-Heater N 029 / 

TEH-159 Hot Surge Tank Outlet-Heater N 030 / 

TEH-152 fold Surge Tank Inlet-Heater O 031 .,-,, 

TEH-156 told Surge Tank-Heater O 032 / 

TEH-150 Receiver In1et-Heater P 033 / 

TEH-151 Receiver Inlet-Heater P 034 r 

TEH-162 FCY-101-Heater Q 

TEH-163 FCV-102-Heater Q 

TEH-154 Drain Line-Heater T 

TEH-155 Drain Line-Heater T 

TEH-166 Hot Surge-Heater U 

TEH-167 Hot Surge-Heater U 

014., TEH-164 Cold Surge-Heaster V 

035...,.,.,,. 

036 ./ 

037 / 

038/ 

039 

040, 

041 , 

042 / 015 (Bad) TEH-165 Cold Surge-Heater V 

016 TEH-131 Riser-Heater H 

017 TEH-133 Riser-Heater I 

018 TEH-134 Riser-Heater I 

• TEH-160 Purge Line-Heater S 019 

TEH-161 Purge Line-Heater S 020 

TEH-135 Riser-Heater J 

TEH-136 Riser-Heater J 

300 ," 

301 -

302 , 

303, 

304 

305 

306 

307 

308 -

TEH-176 Drain Line 

TEH-177 Drain Line 

TEH-172 Outlet of Pass #1 
( Header l 

TEH-173 Pass #10 

• TEH-174 Pass #11 

TEH-175 Pass #18 

TABLE A 

021 ', 1; 
10 

) TEH-130 Downcomer-Heater K 

022 TEH-132 Downcomer-Heater L 

023 TEH-137 Oowncomer-Heater M 

024 TEH-138 Downcorner-Heater M 

025·· 

026 j 

TEH-139 Downcomer-Heater L 

RS HEAT TRACE INSTRUMENTATION 

10 -, .. ,o 

(Skip) 309 
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' • • I ' TSS Heat Trace Instrumentation 

T/C DESCRIPTION 
TEH-218 Hot Tank Outlet 
TEH-216 FCV-211, Line X 
TEH-219 Hot Sump Outlet 
TEH-222 Hot Sump 
TEH-225 Cold Sump Outlet 
TEH-230 Cold Tank Inlet 
TEH-201 Boost Sump Drain - Heater D 
TEH-202 Cold Pump Outlet - Heater C 
TEH-265 Cold Sump Outlet 
TEH-229 Cold Sump Inlet 
TEH-233 Cold Tank #1, CT-1 thru 7 
TEH-234 Cold Tank #2, CT--1 thru 7 
•lEH-235 Cold Tank #3, CT-1 thru 7 
TEH-231 FCV-201 
TEH-232 Cold Tank Outlet 
TEH-205 Boost Suump - Heater W 
TEH-206 Boost Sump - Herater W 
TEH-203 Boost Pump Bypass - Heater E 
TEH-204 Boost Pump Outlet - Heater B 
TEH-209 Cold Tank Inlet - Heater F 
TEH-210 Cold Tank Bypass - Heater G 
TEH-237 FCV-162, Heater F 

ACUREX 
CHANNEL 

(8) 100 

(B)101 

(B)102 
(8) 103 

104 

105 / 
106 ( L.ot.J) 
107 (LPvJ) 
108 

109 
*110 

*111 

*112 -
113 
114 

115 ($KIP) 
116 

117 

118('4 
(B) 119 

120 
(B)121 · 

T/C DESCRIPTION 
TEH·-207 Boost Pump Outlet - Heater A 
TEH-208 Boost Pump 0qt1et - Heater A 
TEH-227 Cold Sump 
TEH-228 Cold Sump 

TEH-220 Hot Sump 

TEH-221 Hot Sump 

TEH-211 Riser - Storage End - Heater H 
TEH-241 FCV~lSl, Heater H 
TEH-212 Downcomer - Storage - Heater K 

ACUREX· 

CHANNEL· 
122 Lffib, f 

123 
*124 
*125 

(8)*126 
(8)*127 

128 
(A)129 

130 

TEH-240 FCV-161, Heaters A-Y. K __ill 
TEH-213 Hot Tank #1 *134 
TEH-214 Hot Tank #2 *135 
TEH-215 Hot Tank #3 *136 ,, 

TEH-217 Cold/Hot Tank Bypass-Heater AA (A,8)137 
TEH-223 Propane Heater (A) 138 --t7z..., 

TEH-224 Propane Heater · (A~<+ '?'1. c> 

TEH-236 Cold/Hot Tank Bypass, Heater AA .(A,8)140 'l~cJ 

TEH-238 FCV-242 141 *:s2. •-~¼:.'if· 
TEH-239 Propane Heater Outlet (A)142 

* Record for TSS Step 2, stored salt temp's -{A) Normally not operating during system operation 
(B) Not required for Propane Heater operation 

Table B TSS Heat Trace Instrumentation 

11 
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DESCRIPTION 

TEH-305. 306 'i Hot Salt Inlet Lfnes 
' 

TEH-307 • -308 Salt Pfpfng Between SH and EV 

TEH-309 thru 311 Cold Salt Inlet Lfnes 

TEH-312 thru 314 EV Salt Outlet 

TEH-315 thru 317 Salt Drain Lines 
TEH-318, 319 

TEH-320, 321 

TEH-322. 323 

6005 thru 6009 

6011 thru 6016 

6020 thru 6025 

6026 thru 6029 

6030, 6031 

6032, 6033 

6034, 6035 

6036, 6037 

6038, 6039 

6040 thru 6042 

6043 

6044 thru 6053 

SH and EV Outlet Overpressure 

SUperheater 

Evaporator 

Mfsc. Salt Lines (info.) 

Superheater (fnfo.) 

FCV-351 Body, Bonnet 

Evaporator (fnfo.) 

Hot Salt Inlet (info.) 

FCV-341 Body, Bonnet 

FCV-301 Body, Bonnet 

FCV-321 Body, Bonnet 

FCV-381 Body, Bonnet 

FCV-382 Body, Bonnet 

Salt Drain Lines (info.) 

SH Drain (info.) 

Misc. Lines (info.) 

ACUREX 
CHANNEL 

200, 201 

202, 203 

204 thru 206 

207 thru 209 

210 thru 212 

**213, 214 

215, 216 
i 217, 218 

230 thru 234 

##236 thru 241 

242,/243 

##245 thru 250 

251 thru 254 

255,/256 

257, 258 

259, 260 

261, 262 

263, 264 

##265 thru 267 
' ; 

**268. 

269 thru 278 

**These will normally be below salt freezing temperature 
(no problem). 

##These may be below 480°F - But they should be above 
400°F prior to salt flow. 

TABLE C SGS HEAT TRACE INSTRUMENTA1ION 

7-12 

233 (Skip) 
234 (O.R.) 

275 (Skip) 
277 (Q.R.) 
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COP #2 CONTROL ROOM POST-TEST.CHECKLIST 
' ', '1 

This Conso,le operating procedure w111 be utflf zed 
to secure the, process controls following all tests. 
Thfs checklist shall be completed by the Control 
Room proces~ console operator. 

STEP DESCRIPTION 

I. HELIOSTAT SUBSYSTEM 

1. Verify system returned to a safe condttton; 
(Helioststs, salt, steam, water) 

Test Date 
9/22/84 

VERIFICATION 

II. RS I RECEIVER SUBSYSTEM 

01 

02 

1. Verify the following valve alignment: 

FCV-101 
FCV-102 
FCV-180 thru 189 
FCV-190 thru 198 

Man/Open 
Man/Open 
Off/Closed 
Off/Closed 

(ZSL's on) 
(ZSL's on) 

2. Verify the receiver cavity door is fully 
closed (ZSLDR on). 

3. Verify RS secured from technician - post 
test checklist completed (ROP #4). 

08 
09 

III. TSS THERMAL STORAGE SUBSYSTEM 

02 

03 

1. Verify the following valve alignment in MAN: 

FCV-151 Open 04 FCV-211 Closed/Locked 
FCV-161 Open 04 FCV-221 Closed 
FCV-162 Open 04 FCV-231 Closed/Locked 
FCV-199 Open 05 FCV-241 Closed 
FCV-201 Closed 05 FCV-242 Closed 
CSP.EN Off, BP.EN Off, HSP.EN Off 

2. Record the following salt levels & temp's: 

LT-201 Cold sump in. @ °F (Acurex Chan 124,125) ---- ----
l T - 281 Cold tank in. @ °F (Acurex Chan 110-112) 

·~; 

LT-221 Hot sump in. @ °F (Acurex Chan 126,127) ----
LT-291 Hot tank in. @ °F (Acurex Chan 134-136) 

3. Verify TSS secured from technician - post 
test checklist completed (TOP #4}. 

1 

-~I 
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COP #2 CONTROL ROOM POST-TEST CHECKLIST 

STEP· DESCRIPTION -
IV. SGS STEAM GENERATION SUBSYSTEM 

13 

18 

1. Verify the following valve alignment: 

*FCV-301: 
*FCV-321 1 

*FCV-331' 
*FCV-341 
*FCV-351 

I 

Closed 
Open 

101 Open 
Closed 
Closed 

MAN.384 On 
FCV.384 On (open) 
MAN.38182 On 
FCV.38182 Off (closed) 

*Emcon comands - MAN signals on with SP 
in Auto to the positions noted. 

2. 1 Verify SGS secured from technfcfan • post 
, test checklist completed (SOP #4). 

V. HRFS HEAT REJECTION AND FEEDWATER SUBSYSTEM 

1. Verify the following device alignment: 

EN.DTC451 
EN.DTC452 

GSTAT 
FCV-431 Closed 
FCV-432 · Open 
FCV-471 Closed 
FY-472 Closed 

FCV-411 Closed 
FCV-491 Closed 
FCV-501 Closed 

Off 
Off 
Off 
Case 

Auto SP 233 or 240 psi 
Auto SP oi 

T9 
20 

Pump EN Signals 

Auto SP Di 
MAN.411 On/SP.411 Auto Di 

Auto Closed 
Off/ZSL-501 On 

Off 

21 

2. Verify HRFS secured from technician - post 
test checklist completed (HOP #4). 

VI. EPGS ELECTRIC POWER GENERATION SUBSYSTEM 

1. Verify TCRMS is off. 

2. If used. reset bkr control switch to green flag, 
remove the RGP Sync switch handle and return it 
to the MSEE key box. Set Run Volt and Speed 
controls down. 

3. Verify EPGS secured from technician - post 
test checklist completed (POP #4) .. 

VII. MCS MASTER CONTROL SUBSYSTEM 

1. Disable general alarms by turning GAL off. 

2. Safe the Emcon and Net. 90 control consoles 
to eliminate any inadvertant control inputs. 
( Lock-up) 

2 

VERIFICATION 
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COP #3 MCS SYSTEM SHUTDOWN 06/12/84 

STEP , 1 

Ti'I I,: 
~ ' ' J ! ' 

DESCRIPTION VERIFICATION 

' 
! : I 

L 
I 

EMCON System Shutdown 
I 

~) i Terminate MSSND execution 
! 

' b) 1, Execute "SHUT UP" command file 

• )1 
,1 

II 

1) No device modifications 

cl Spin down disk drtves 

d) Turn off power to equipment 

I 

, I 
' 

2.' Acurex System Shutdown Iii i 
' 

a) Terminate host operation via key switch 
control 

b) Turn off power to equipment 

3. Data System Shutdown 

a) Terminate programs 

b) Spin down disc drive 

c) Turn off power to equipment 

4. Net-90 

1 . 

7-1§ 
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7.2 RECEIVER OPERATING PROCEDURES 

ROP #1 RECEIVER PRETEST CHECKLIST 

STEP 

1. 

2. 

3. 

4. 

5. 

This Receiver operating procedure will be utilized 
to verify RS intregrity prior to all tests that use 
the Receiver. This checklist shall be completed by 
the RS technician. 

DESCRIPTION 

Turn on the Tower Air Compressor in continuous duty. 
Verify pneumatic air is available at 80 psig min. 
Note it may already be on for HRFS or Facility. 

Verify air is being supplied to the Cold Surge Tank and 
backup air supply for the Drain/Purge Valves (separate 
manifolds) as follows: 

a. Open valves on supply bottles. 
b. Verify supply bottles at 300 psig minimum. 
c. Adjust HPCV-171 to read 200 psig on the Cold Surge 

Tank regulator. 
d. Adjust the backup air supply regulator to 65 psig 

Verify the EPS and 2 each control panel power supplies 
are ON with each set to 24 volts. 

Verify the receiver uni nterrupttib 1 e power supply ( UPS) 
is ready and operational (battery gage greater than 90V) • 

Set up remote camera. 

6. Verify/adjust the pneumatic activated valve air set on 
the Drain and Purge valves (FCV 180 - 198) to 30 psig 
outlet pressure (should be done with valves open). 

CAUTION 

Verify valve temp's with control room prior to cycling. 

7. Align/verify valve positions as specified - coordinate 
with EMCON operator; verify pneumatic pressure to the 
valves (FCVs) 

FCV 101 
FCV 102 
FCV 180-189 
FCV 190-198 

Salt Flow Control 
Salt Flow Control 
Drain Valves 
Purge Valves 

Open/N 
Open/N 
Open/N 
Open/N 

8. Using a probe, verify the Hot Surge Tank Vent is free 
of frozen salt (not blocked). 

9. Check Flux Gage Coolant Pump, and radiator for leaks. 
Verify level in radiator is within 2" of top • 

7-16 

Test Date 
6/7/84 

VERIFICATION 
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ROP #1 RECEIVER PRETEST CHECKLIST 

STEP DESCRIPTION 

10. Verify coolant flow through Flux Gages.( indication on 
fl owmeter.) 

11. Visually check the Receiver Cavity Door, Cavity Walls, 
and the door supports for evidence of scorching. 
Coordinate RS cavity door operation with Emcon operator. 

12. Check for visual evidence of blown fuses, burned relays 
or burned electrical components in the power junction 
box and generally through out the receiver subsystem. 

13. Inspect the salt system for evidence of leaks and 
insulation damage. This is a general inspection for 
any condition that appears abnormal. If a problem is 
detected (i.e. salt leak, etc.), a more thorough 
inspection will be r.equired. 

o RS tower piping 
o Surge Tanks (2 ea) 
o Valves (21 ea) 
o Receiver Assembly (Panel) 

14. Advise the control room that the RS pre-test checklist 
has been completed • 

THE RECEIVER SUBSYSTEM IS READY FOR STARTUP 

7-17 

VERIFICATION 
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ROP 12 RECEIVER STARTUP 
fest Date 
9/20/84 

This Receiver operating procedure shall be performed by the 
Emcon operator. Periodically advise the RS technician of status. 

STEP DESCRIPTION VERIFICATION 

1. Verify completion of the following checklists: 

2. 

02 3. 

26 4. 

5. 

, 
o CS Pretest Activity (Helfostats to Line Bottom) 
o COP #1 Control Room Pretest Checklist✓ 
o ROP #1 RS Pretest Checklist./ 
o TOP #1 TSS Pretest Checklist./ 

WARNING 

Only operating personnel are allowed fn the salt 
storage and receiver areas while system is operating. 
Access is to be controlled by the test conductor. 
Protective clothing must be worn by personnel working 
in these areas during operation. All other personnel 
are to keep clear of these areas. 

JI 
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¼' 
Advise the Helfostat operator to \!·, ''\' ')' \_,, ✓' ./ Bring the Heliostat Field up to Far Standby. 

Open the Receiver Cavity Door (DR.OPN). : 
Verify visually and by micro indications (ZSHDR on)., 

Reset EPS Racks 1 and 3 (turn EPSl.RST and EPS3:RsT on 
then off). Verify Emcon SCRAM d;sable stgnal is On. 

Advise the Heliostat operator to 
Direct Warmup A Heliostat Group at the receiver. 
(Use CRTF's OP-78-03 for specific steps.) 

NOTE 

Receiver panel temperatures 
Graphic 

990 
(TE-131 thru TE-148) must be greater than 450°F 
prior to opening FCV 151 (step 19) during manual 
startup or starting RS.Fill automatic sequence 

(step 11) during automatic startup. 

CAUTION 

o Receiver maximum temperature: 1050°F 

If any receiver temperatures remain below 450°F, 
heliostats may need to be added to increase the 
temperature of that portion of the panel. 
Conversely, ff any temperatures start approaching 
1000°F, heliostats will have ~o be removed to 
limit the flux to that portion of the panel. 
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ROP #2 RECEIVER STARTUP 

STEP 

6. 

04 7. 

8. 

04 

9. 

06 
10 
07 

12 

GR 992 

10. 

11. 

DESCRIPTION 

Advise the salt storage tech. to unlock FCV-211. · 

When unlockedl~~:--FCV 211, verify mf.cros. (If Col.d 
Sump level L~201 is equal to or greater th~n 50 jnches, 
this step should be delayed until just prfor to starting 
the CSP to avofd leakage and possible sump overflow. 

Enable cold sump level control and fflt tump as follows 
to prime CSP for starting and provide an11dequate salt 
reservoir for fill operations: 

a. Activate FCV-201 with a SP of 49• 
b. Verify sump level is so• min. (&o• max.) 
c. Reset fCV-201 SP to 45• 

Reverify salt path temperatures are acceptablei 
0 

0 

0 

0 

0 

Receiver Panel TE-131 thru 148 
Receiver Pass Outlet TE-101 thru 120 
Receiver Header TE-182 thru 198 
Acurex RS (COP #1 Table A) 
Acurex TSS (COP #1 Table Bl f 

NOTE '" 
l 

The auto fill sequence starts here. Start-up 
can be accomplished using the auto start sequence , 
(RS.FILL On) or manually from the Emcon console. 1

; 

For auto fil 1 verify RS.MAN OFF ; 

Activate the FCV 161 Hot Surge Tank level Control with 
a set point of 75 inches. 

Activate the FCV 162 Hot Surge Tank Level Control with 
a set point of 56 inches. In manual fill RS.MAN must be 
enabled to permit a SP change different than 20". 

NOTE 

VERIFICATION 

/ 

v(/ 

I 

L 

MAN (AUTO. i. 1-t ('."'-
C::::::' 

RS.MAN is available to override FCV-161/162 1 s transfer control. 

2 
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ROP #2 RECEIVER STARTUP 

' 

STEP DESCRIPTION -
12. 

13. 

14. 

15. 

16. 

17. 

Start the Cold Salt Pump (CSP). 
l t 

Start the Boost Pump (BP). 
I 

Enable punlp pressure alarm PT180. 
I 

i 
i 

When the PT-180 Pump Outlet pressure fs greater than 
310 psi. incrementally open FCY 151 lo sm fn lC>i steps. 

NOTE 

Monitor the Receiver sequential f111. 
P1p~s fill (TE-161) 1 CST level rises (LT-151) 
Flow starts (FT-101). HST level rises (LT-161). 

Close FCV-199 (FCV-199 on) when HST leve1 LT-161 reaches 
10• {after so• CST level). Verify micro ZSL199 on1. 

When the LT-161 Hot Surge Tank level approaches 55 inches, 
Verify FCV-162 is fn auto and mafntafnfng 56 inches • 

VERIFICATION 

18. Close drain valves FCV-180 thru 189 (off). Verify clos~re. ____ _ 

19. 
\ 

Sequentially close the following Purge Valves at 10 sec.· 
intervals (off) to establish serpentine flow. 
Verify closure. 

FCV-190 
FCV-191 
FCV-192 

FCV-193 
FCV-194 
FCV-195 

FCV-196 
FCV-197,· 
FCV-198 

20. Reset the FCV-162 Hot Surge Tank Level set point to 20". 

21. Reset the FCV-201 Cold Sump Level set point tq 23",. 

22. Establish Receiver manual salt flow control: 

a. Take RCA off scan. 
b. Activate FCV-101/102 CASC control (from FD-101) 
c. Verify FD-101 is in auto and adjust SP to 30 Klb/hr. 

Verify flow below 35Klb/hr.{\,.: .. _ \ " 1 

23. Activate the FCV 151 case. Cold Surge Tank Level Control, 
then update auto. LT 151 level control with a set point 
of 87 inches. 

\l 
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ROP #2 RECEIVER STARTUP 

STEP DESCRIPTION -
24. . Activate the Receiver Temperature Control by putting 

RCA on scan. (Temperature set point SP.SALT will 
automatically come up at 750°F. Thfs wf11 mafnta1n 
a low salt flow rate through the receiver wfth only 
the warm-up Heliostats on target. FD-101 fs 
automatically controlled from RCA.) · 

Enable Receiver operational alarms by turning RAL on. 
1 Verf fy/Turn off RS.FILL ff 1 t was used. 

(Turns itself off when auto ffll fs complete). 

VERIFICATION 

i 

THIS IS THE END OF THE AUTOMATIC SEQUENCE. THE R.S. IS NOW OPtRATIONAL 
(WARM STANDBY) AWAITING START OF SOLAR CHARGING ACTIVITYl 

NOTE 

Receiver minimum flow rate fs auto lfmfted to 30 klb/hr • 

27. To maintain the Warm Standby condition (cold flow) 
for an extended period of time: 

28. 

29. 

a. Deactivate the Receiver Control Algorithm 
by taking RCA off scan. 

b. Reset the FD-101 Salt Flow Control set point 
to 30 klb/hr or to desired flow rate. 

c. Remove the warmup heliostats from the receiver. 
d. Close the receiver cavity door amd verify. 

Prepare for solar charging by verifying:; 

a. Receiver cavity door is open. 
b. Warm-up Helfostats are on Receiver. 
c. RCA Receiver temperature control algorithm 

is activated - scan on. 
d. SP.SALT setpoint is initially set to 750°F. 

Conduct solar charging by advising the Heliostat 
operator to direct incremental Heliostat groups 
onto the Receiver per operating condition requirements. 
(Eighth of the field increments are standard). 
Adjust/Step-up SP.SALT accordingly (1050°F max.) 
and be alert for cloud and process transients. 

4 
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ROP #2 RECEIVER STARTUP 
;, .. 
; 
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STEP ! DESCRIPTION -
- I 
, :1 ,,, 11 , t : • 

' ! :, 'I : . I i . ' 

30. i When' indtvf dual heat trace thermocouple temperatures 
; exce•d 750°F, verify the following Acure,. channels 
: jndicate CLSD (circuit automatfcally,tumed off): -
1
: ! i I ' J: I I . I' I 

Channel Area . 
*b63 Upper incrlower H ,.aders t , __ 
*064 Secondary Headers~ ~ ~ 

065 Header East End i 
066 Receiver outlet 
069 Hot Surge Tank 

· 451 Downcomer and ~t Tank inlet 

*The sw1 tch on the Module Control Room , ~ 
local control panel must be 1n REMOTE to allow 
Acurex automatic control to turn these· off, 

-·~ 

VERIFICATION 

' . 

i' ,, 

THE RS IS NOW ON LINE IN SOLAR CHARGING CONFIGURATION • 

NOTE 

During RS Solar operations. fntennittantly monitor 
these parameters: 

Solar Insolation 
above 600 W/M 

- (CF) Control Room Weather Monitor Panel 
- (TSS) Emcon 'SUN' 

Cavity Door Temperatures - Acurex channels 45,46, & 47 t 

} ' i_; t 
l: 
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· ROP .#3 RECEIVER SHUTDOWN 
Test Date 
9/22/84 

STEP 

1. 

01 2. 

02 3. 

01 4. 
02 

02 5. 

6. 

12 
GR 992 

01 7. 

This Receiver operating procedure shall be performed 
by the Emcon operator. Periodically advtse the 
RS and TSS technicians of status. 

DESCRIPTION 

Defocus the helfostats. 

Verify/Adjust SP.SALT to 7SO•F 1 FCV-201 SP to 23°. 

When FT-101 drops to less than 30 Klb/hr, close 
the receiver cavity door and verify micros. 

Deactivate the Receiver Control Algorithm (by takfng 
RCA off scan) and set the FD•101 set point to 60 
Klb/hr. ·· Waft 3 minutes minimum and cdnti nue when 
TE-161 fs less than 700°F. Verify FC~-162 fs open 
and maintaining level fn HST. 

Deactivate FCV-161 control and close. 

VERIFICATION 

Check Acurex Ch 000-018, ff below 480°F advise RS 
technician to turn heat trace to local 'ON' until acceptable • 
When individual heat trace thermocouple temperatures 
drop below 700°F, verify the following Acute~ channels 
indicate OPEN (circuit automatically turns on): 

*063 Upper and Lower Headers 
*064 SecondaryHeaders 

065 Header East End 
066 Receiver Outlet 
069 Hot Surge Tank Inlet 

*The switch on the Module Control Room 
local control panel must be in REMOTE to allow 
Acurex automatic control to turn .these on. 

THE RS IS NOW IN WARM STANDBY. SALl FLOW MAY BE VARIED 
TO PROVIDE DESIRED TEMPERATURE/FLOW THROUGH THE RECEIVER. 

NOTE 

The RS.DRAIN Auto Drain Sequence starts here. 
Shutdown can be accomplished using the 
Auto sequence or manually from the EMCON console. 
Note Auto seq. steps are not performed 1n the · 
exact order that follows. MAN AUTO 

Set FD-101 setpoint to 30 K1b/hr. Wait for flowmeter 
FT-101 to stabilize at 30 Klb/hr + 3 Klb/hr, then cont. ____ _ 

1 
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ROP #3 RECEIVER SHUTDOWN 

STEP DESCRIPTION 

8. Open the ;following purge and drain valves (on). 
Verify open.micros ZSH 180 thru 198 on • 

• j 

Fcv~.1so-1a9 
FCV~190 
FCV,.il91 
FCV-192 
FCV-193 

FCV-194 
FCV-195 
FCV-196 
FCV-197 
FCV-198 

9. Disable RAL by turning ft off. 

6 

10. Deactivate FCV-101 & 102 auto control. Close FCV-101 
& 102. Verify closed micros. Waft 30 seconds before 
continuing. (Note Auto sequence leaves these'. in.Auto). 

VERIFICATION 

-----
11. Change LT-151 set point to zero. Verify FCV-151 closed. 

I -----

12. Deactivate FCV-151 auto control. 

13. Verify FCV-162 closed (fn Auto). 
The RS is now bottled up and stagnant • 

CAUTION 

The next three steps initiate salt drain back 
to the Cold Salt Tank and must be accomplished 
following the sequence described. An early 
response could cause an overflow of the hot 
surge tank. A late response could cause 
damage to the receiver piping. 

' 
WARNING 

Only operating personnel are allo~ed fn the 
salt storage and receiver areas while system 
is draining. Access fs to be controlled by 
the test conductor. All other personnel are 
to keep clear of these areas. 

14. To drain HST and downcomer, Deactivate 
FCV-162 auto control, ramp open FCV-162 to 100% in 
20% increments 5 seconds apart, verify Open micro, 
contf nue when L T-161 reaches O" or stopt decreasi;ng. 

1 

15. Open FCV-199 to drain CST and riser, 
observe LT-151 at 15 inches, then wait 5 seconds. 

16. Open FCV-101 & 102 5% to drain Receiver residual salt, 
Record time. (Ref. step 24). '. ; 

TIME 
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ROP #3 RECEIVER SHUTDOWN 
' -ti 

STEP DESCRIPTION 
• 

17. Deleted. · 
NOTE 

If SGS fs operating (ZSH.HSP ON), go to Step 24. 

18. Disable PT-180 pump pressure alarm. 
I . I 

19. Turn off boost pump. 

20. Turn off cold salt pump. 
I 

21. Change FCV-201 set point to zero, waft 15 seeonds. 

22. Put FCV-201 into manual. 

23. 

24. 

25 • 

Close FCV-211 and manually lock ft closed. 
' 

Open FCV-101 & 102 lOO'f. 1 approximately 2 minutes 
after completing Step 16. 

Verify/Turn off RS.DRAIN. (Turns itself off when Auto 
Drain is complete) 

THIS IS THE END OF THE AUTOMATIC DRAIN SEQUENCE. 
THE RS IS AWAITING RESIDUAL SALT DRAINBACK. 

02 26. If the SGS is not in operation, 15 minutes after 
completing Step 24, open: 

FCV-151 , 

VERIFICATION 

TIME 

FCV-161 (only ff hot tank has salt level) ..c------

-

• 
-

01 27. lf the SGS 1s not in operation, 20 minutes after 
completing Step 24, close the following valves: 

FCV-180-189 
FCV-190 
FCV-191 
FCV-192 
FCV-193 

FCV-194 
FCV-195 
FCV-196 
FCV-197 
FCV-198 

28. Advise RS tech to turn trace heat back to remote, ff 

29 • 

turned on locally in step 6. t 

Advise the RS and TSS technfcans to complete 
their post test checklists (ROP #4 & TOP #4). 
if no further RS or TSS operation planned. 

THE RS Is NOW SHUTDOWN AND DRA; NED .i ~ I ; 

3 
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ROP #4 RECEIVER POST TEST CHECKLIST 

This Receiver operating procedure will be utilized to verify 
RS integrity following all tests that use the Receiver. 
This checklist shall be completed by the RS technician. 

Test Date 
6/7/84 

STEP DESCRIPTION VERIFICATION 

1. Inspect the salt system for evidence of leaks and insula­
tion damage. This is a general inspection for any 
condition that appears abnormal. If a problem is detected 
(i.e. salt leak, etc.), a more th_orough inspection will be 
required. 

o RS tower piping 
o Surge Tanks (2 ea) 
o Valves (21 ea) 

2. Verify the following valve alignment. 
Coordinate with Emcon operator. 

FCV-101 
FCV-102 
FCV-180 thru 189 
FCV-190 thru 198 

OPEN 
OPEN 
CLOSED 
CLOSED 

3. Open the Receiver Cavity Door and inspect Receiver 
Assembly for evidence of leaks (white on black surface) 
and general condition. Close the door when the 
inspection is complete. Coordinate with Control Room. 

4. Secure remote camera. 

5. Close the Cold Surge Tank and Receiver pneumatic 
backup supply bottles handvalves. Record values, 
CST= ___ p/Air = __ _ 

6. Turn off the Tower Air Compressor only after 
obtaining clearance from Control Room. 
(It may still be in use for HRFS or Facility). 

7. Note any items or abnormalities encountered during 
test activities. 

8. Advise the control room that RS post-test checklist 
has been completed and the RS is secure • 

7-26 
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7.3 THERMAL STORAGE OPERATING PROCEDURES 
TOP #1 TSS PRETEST CHECKLIST 

Test Date 
6/20/84 

This Thennal Storage operating procedure will be utilized to verify TSS integrity 
prior to all tests that use Molten Salt. It shall be performed by the TSS tech. 

STEP DESCRIPTION 

1. Inspect the salt system for evidence of leaks and 
insulation damage. This is a general inspection for 
any condition that appears abnormal. If a problem 
is detected, a more thorough inspection will be 
required. 

o TSS salt piping 
o Hot, Cold, and Booster Pumps and Sumps 
o Vents 
o Valves 

2. Check for visual evidence of blown fuses, burned relays 
or burned electrical components in the power junction 
boxes and generally throughout the TSS. 

3. Verify that the EPS Power Supply (lower part of rack) 
is set to 24 voe and is ON. 

4 • Start/verify the air compressors are ON with a 80 psig 
supply pressure. Drain water from old compress tank. 

5. Inspect the fan and louvers in the pump house for 
proper operation. Verify that the fan thermostat is 
set to 70°F. 

6. Open the hand valve HV-284 at the old air compressor 

7. Verify coolant flow through the HSP and BP bearings 
(piping will be cold with indication on the flow meter). 

8. Verify the HSP, CSP and BP circuit breakers are off 
and the shafts of all three pumps are free. 
(Bump BP to verify freedom with C.B. On in local). 

9. Turn on the HSP, CSP and BP circuit breakers and 
place the controls for the pumps in Auto. 
and verify air flow through the Cold Salt Pump bearings. 

10. Using a probe, verify the C.S., C.T., H.S., H.T., 
and Booster Pump Sump vents are free of frozen salt. 
During routine operation, only intennittant 
verification is required. Particularly verify 
prior to restart after a shutdown or if pluggage is 
suspected from high salt levels {CS 60", HS 45 11

) • 

7-27 
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TOP #1" TSS PRETEST CHECKLIST 

STEP DESCRIPTION VERIFICATION 

11. Turn ON the TSS/SGS backup pneumatic air supply as follows: 

a) Verify supply bottles are at 300 psig minimum 
b) Open the valves on the supply bottles and main 

i sol ati on valve 
c) Adjust the regulator to 50 psig 

12. Check coolant pumps and radiators for leaks and proper 
operation. Verify that HV-290, 291, 292, and 293 are 
open. At the beginning of each month, check the level 
in the radiators and fill if necessary. 

13. Align/verify the valve positions listed below. 
Coordinate with Emcon operator. 

Valve 

FCV-t51 
FCV-161 
FCV-162 
FCV-199 
FCV-201 
FCV-211 
FCV-221 
FCV-231 
FCV-241 
FCV-242 
FCV-301 
FCV-341 
FCV-351 

Description 

Cold Surge Level 
Hot Tank Inlet 
Cold Tank Inlet 
Bypass 
Cold Sump Level 
Cold Sump Isolation 
Hot Sump Level 
Hot Sump Isolation 
Propane Heater Flow 
Propane Heater Isolation 
Bypass Salt Flow Control 
Cold Salt Isolation 
Hot Salt Isolation 

Position 

Closed/N 
Closed/N 
Closed/N 
Open/N 
Closed/N 
Closed/Locked 
Closed/N 
Closed/Locked 
Closed/Locked 
Closed/Locked 
Closed/N 
Closed/N 
Closed/N 

14. For operation with Propane Heater instead of Receiver, 
OR for SGS alone, Modify the valve alignment of step 13 
as follows: 

FCV-151 
FCV-161 
FCV-162 
FCV-242 

Locked 
Locked 
Open/N 
Nuetral 

15. For operation without SGS, Modify the valve alignment 
of step 13 as follows: 

FCV-301 
FCV-341 

Locked 
Locked 

7-28 
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TOP #1 TSS PRETEST CHECKLIST 

STEP DESCRIPTION 

16. Align/Verify the hand valve positions listed below: 

HV-280 HS/CS Tie 
HV-281 HT/CT Tie 

Closed 
Closed 

17. Determine if the OLIN Salt Test Loop is to be used. 
If it is, align these HV's accordingly (with SGS only): 

HV-282 Salt Inlet Open 
HV-283 Salt Outlet Open 

18. Set up the Eppley sun meter insolation instrument. 
It is located on a post south of the TSS. (Emcon 'SUN'). 

a) Rotate platform of tracker (by hand) to acquire sun. 
Fine adjust using azimuth and elev. screw adjust. 

VERIFICATION 

(Sun dot should be in center of target on rear of instr.) 

b) Open door of timer box located on post. 
Rotate timer (turn on) to appropiate run time. 
(Adjust to approx. one half hour past shut-down). 
Close timer door 

c) Verify operation. Listen for tracker motor running. 
Recheck sun target on Eppley, readjust using thumb 
screws. Tighten lock screws. 

19. Advise the Control Room that the TSS Pretest checklist 
has been completed. 

NOTE 

Complete the SGS pretest checklist (SOP #1) and/or 
Local Propane Heater startup (TOP #2A) as required • 

7-29 
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est Date

TOP #2 PROPANE HEATER PROCESS START-UP 8/02184

The propane Heater is used to charge hot salt when weather conditions
do not ittow adequate solar charging or when the Receiver or Collector
subsystems are not on l lne.

This Thennal Storage operating procedure shall be performe-d by the
Encon operator. Perioit ically advise the TSS technician of status.

Turn on propane inlet and outlet l ines trace lreater circuits,f iEH 223,
nti1"Z2+,'an[ fEH 239 for temperature readings) a minimum of 10 hours

('prior to intended usage of the Propane Heater.
\  c h  r b s  , t t 4  , t * L

STEP

05 4 .

5 .

6 .

7 .

8 .

1 .

DESCRIPTION

Verlfy completlon of the fo'l ' lowing checklists:

" COP #1 Control Room pretest checklisty'
" TOP #1 TSS pretest check'l i  st

Instruct/Confinn TOP #2A Local Propane Heater Start-up.

Record the time upon notif ication from the TSS technlcian
ih;i the propane i{eater is on Main F'lanre with 700'F stack
outlet temperature. (net. steps 10 and 12).

Verify Co'ld Tank 
' level LT-281 is greater than 30 inches.

I f  th;  SGs is operat ing (on- l ine) cont inue at  step 11.

Ver i fy Cold Sump Level  LT-201 is 
' less than 60 inches.

Place FCV-211 in neutra ' l  and fu]1y open; ver i fy micros.

Verify/increase the Cold Sump Leve'l to 50 inches.

Activate the FCV-201 Cold Sump Level Control with a set
po in t  o f  23  inches .

Ver i fy LT-201 alarm is act ivated.

14 minutes af ter  MAIN FLAME (step 3) start  Cold Pump.

Veri fy Cold Pump out let  pressure PT-180 increases
to greater than 170 Psi.

NOTE

VERIFICATION

l L ' 4 ,-TIET-

2.

3 .

9 .

04  10 .

11 .

The Hot Tank must be precharged to 750"F
prior to introduction of any high temp"
sa1t.  Dur ing precharge, leave FCU-22I/23L
open unt i l  the Hot Sump level  increases
(40"  max. ) ,  then qu ick ly  c lose  FCU-22L/23L.

7-30
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TOP #2 PROPANE HEATER PROCESS START-UP 

STEP DESCRIPTION 

05 12. Initiate salt flow through the Propane Heater 
15 minutes after completing step 3; 

13. 

Unlock and open FCV-241 to to 50% open. 

Open FCV-242. Record Time. 

NOTE 

It will take approximately 10 minutes for the salt to 
flow through the Propane Heater. Monitor Acurex channel 
142 and LT-291 for verifing flow through the heater. 

14. Advise the TSS technician to turn off the trace heater 
L6-l and inlet to Hot Tank if TEH-239 salt temperature 
will lieexceeding 750°F. Verify. '~~ 

1)1' 

15. Adjust the Propane Heater for a 1050°F (or desired tem­
perature) salt outlet temperature by accomplishing the 
following after salt flow into hot tank verified (LT-291 
10 minutes later): 

a. Advise the TSS technician to set the Burner Temperature 
control to 1100-1200°F stack temperature. 

b. Use TEH-239 (Acurex channel 142) as the actual salt 
salt outlet temperature indication (1040°F max.). 
Actual temperature approximately 50°F higher than 
channel 142 read-out at high (1000 °F) temperatures; 
approximately 20°F higher at low (700°F) temperatures. 

c. Adjust FCV 241 to TBD% (approximately 40 to 55% for 
750-900 F salt ana35"-40% for 900-1050 salt). If 1050 
salt is desired place stack tempature at 1250 and start 
with FCV 241 at 50% and adjust accordingly. 

d. Monitor Acurex channels 134/136 as hot tank salt 
temperature and EMCON TE-291. 

THE PROPANE HEATER IS NOW ON-LINE AND CHARGING SALT 

7-31 
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TOP #2A LOCAL PROPANE HEATER START UP 

STEP 

This Thennal Storage operating procedure will be utilized 
to locally operate the Propane Heater in conjunction with 
Emcon (Propane Heater) process operation. This procedure 
shall be performed by the TSS technician. 

DESCRIPTION 

1. Place switch on local console to off position and 
temperature control to 200°F. 

2. Check level of the Propane Tank and verify sufficient 
propane for present test - 15% or 900 gallons minimum. 

3. Check/ignite pilot lights of propane evaporators: 

A. If vaporizers are not lit, then remove small square 
cover on south side. Turn knob to pilot. 

B. Open center cover (west side) to get to pilot. Pilot 
is located between metal cylinders at the bottom • 

C. While holding knob on south side in full c.c.w. 
position, light pilot. 

D. Hold in this position for 30 to 60 seconds, then turn 
to on position. Replace covers slowly or flame.may 
go out. 

4. Open all three evaporator outlet hand valves 
(top east side of evaporators) fully. 
Pressure guage at Heater inlet should read 55 to 60 psi. 

5. Check pressure gauge bottom north side of heater. 
The reading should be about 8 oz. 

6. Place Burner switch on local console to preheat. 

7. Turn on power switch - red power and timer light 
should come on. 

8. Timer light will remain on for about 2 min. as system 
is purged prior to introduction of pilot flame gas. 
Timer light wi 11 then go off and about 20 sec·. later 
both timer and pilot light will come on to ignite the 
pilot flame. If IR scanner does not datect a pilot 
flame within 6 sec., the start sequence will be stopped 
and the timer will reset and start over. When the 
pilot flame is achieved, the PILOT LIGHT will come on. 

7-32 
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TOP #2A LOCAL PROPANE HEATER START-UP 

STEP 

9. 

10. 

11. 

DESCRIPTION 

WARNING 

If pilot flame does not light after two tries, 
close valve on vaporizer and troubleshoot system. 

After pilot is lit for about 1 minute switch to main 
flame, set temperature control to 2so&F and allow to 
soak for three minutes minimum. 

Slowly advance temperature control to 700°F - do this 
slowly to avoid screeching of heater. Main flame light 
should stay lit. 

Notify Control Room that the Propane Heater is on 
Main Flame with a 700°F stack outlet temperature 
(awaiting 15 min. heat soak prior to process operation) • 

TROUBLE SHOOTING GUIDE 

Signs of trouble are: 

1. Low or very high reading at pressure gauge. 
2. Stack temperature varies or stays low. 
3. Unit will not start, no pilot. 

All the above can be caused by the vaporizers not being lit. Any 
vaporizer that is out can cause these troubles. 

VERIFICATION 

If the heater is running and frost can be noted on the fuel lines, 
DO NOT TURN HEATER OFF. Relight the vaporizer(s) that are out 
and continue to run at reduced temperature until the frost is gone. 

If you cannot get the vaporizer to light, turn off the hand valve 
and let the heater run until frost has left the lines. Heater will 
run on one vaporizer at reduced output. Try to get at least one lit 
to help remove the liquid propane from the lines. 

If the heater will not light, check to see if the ignition wire on 
bottom of the heater is on the plug • 
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TOP #3 PROPANE HEATER PROCESS SHUT-DOWN 
Test Date 
8/02/84 -----------------------------

This Thennal Storage operating procedure shall be completed by the 
Emcon operator. Periodically advise the ·TSS technician of status. 

STEP DESCRIPTION -

05 1. 

2. 

3. 

4. 

NOTE 

When shutting down the Propane Heater in conjunction 
with the SGS (both in operation), perfonn SOP #5 -
not this procedure. 

Advise the TSS technician to adjust the burner 
temperature Control to 600°F stack temperature 
when the Hot Tank level LT-291 is within 
12 inches of the desired level (or within 7 inches 
of desired level in the Cold Tank). 

f 
Open FCV-241 to 60%. ti( ri:.r-/ 

When 2 inches from desi~ level, or when channel 142 
reads 800°F, deactivate· FCV-201 Cold Sump Level Control. 

Close FCV-201 and FCV-211 (manually lock closed). 

04 5. Turn off the Cold Pump when it cavitates • 
(PT-180 drops below 165 psig, LT-201 approx. 11.5"). 
Record Time. (Ref. steps 7 and 8}. 

05 6. Open FCV-241 to 100% open. 

02 7. Wait 2 minutes to allow salt drainage, 
then unlock and open FCV-151 and FCV 161. 

NOTE 

LT-201 will increase to approximately 58 inches 
during propane heater draining. 

8. Advise the TSS technician to shutdown the Propane Heater 
30 minutes after Cold Pump shutoff (step 5) with TOP #3A. 

05 9. Close FCV-241, FCV-242. 

10. Advise the TSS technician of the following days 
operating requirements for heat trace actuation. 

11. Verify Propane Heater shutdown from TSS technician. 

12. Advise the TSS tech to complete TOP #4 as required • 
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TOP #3A LOCAL PROPANE HEATER SHUT DOWN 

STEP 

This Thermal Storage operating procedure will be utilized 
to locally shut down the Propane Heater after Emcon 
(Propane Heater) process operation. This procedure 
shall be performed by the TSS technician. 

DESCRIPTION 

1. Turn stack temperature control to 600°F when directed 
to do so by Emcon operator. 

2. After cold salt pump has been turned off, allow a 
minimum of 30 minutes to drain. 

3 • 

4. 

NOTE 

If shutdown includes SGS, 
the Cold Pump may be restarted 

to deplete the cold sump. 
Allow full 30 minutes drain time. 

Turn main flame/preheat switch to preheat. 

Turn temperature to 200°F. 

5. Turn power off. 

6. Close the 3 evaporator outlet hand valves 
to avoid the collection of liquid propane in the line. 

7. Adjust the Propane Heater heat tracing as follows: 

a. For Propane Heater use the following day, 
Turn on the Propane Heater outlet line LG-1 
and Hot Tank inlet heat trace. 

b. If Propane Heater is not to be used the 
following day, turn o'frthe Propane Heater 
inlet line heat trace (TEH-223, 224). 

8. Advise the Control Room that the Propane Heater 
is shutdown • 
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TOP #4 TSS POST TEST CHECKLIST 
Test Date 
6/12/84 

This Thermal Storage Operating procedure will be utilized 
to verify TSS integrity following all tests that use the TSS. 
This checklist shall be completed by the TSS technician. 

STEP DESCRIPTION 

1. Complete the SGS post test checklist SOP #4 
(first) if no furthe~ SGS operation planned. 

2. Inspoect the salt system for evidence of leaks 
and insulation damage. This is a general 
inspection for any condition that appears 
abnormal. If a problem is detected, a more 
thorough inspection will be required. 
Particularly inspect: 

3. 

0 

0 

0 

0 

TSS salt piping 
Hot, Cold, and Booster Pumps and Sumps 
Vents 
Valves 

Check for visible evidence of blown fuses, 
burned relays, or burned electrical components 
in the power junction boxes and generally 
throughout the TSS. 

4. Close and Lock these valves, Verify. 

FCV-211 
FCV-231 

Close/Lock 
Close/Lock 

5. If the Olin test loop was used, 
close HV-282 and HV-283. 

6. Turn off the CSP,BP, and HSP local starter 
circuit breakers. 

7. Turn off the CSP bearing cooling air HV-284. 

8. Secure the TSS/SGS back-up pneumatic air 
by closing the supply bottles HV's. 

9. Leave both Air Compressors On. 

10. Leave TSS coolant pump and radiator On. 

11. Advise the Control Room that the TSS post test 
checklist is complete and the TSS is secure • 
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TOP #5 SALT TRANSFER 

A • HOT TANK TO COLD TANK 

I.· Gravity Transfer (700 F maximum) 

1. Verify completion of the following checklists. 
Particularly verify TSS heat trace temp's and valve align. 

0 

0 
COP #1 Control Room pretest checklist 
TOP #1 TSS pretest checklist 

2. Verify FCV-211 and 231 manually closed and locked. 

3. Open HV-281. 

4. Open FCV-201 and 221. 

(Salt flow rate starts to lessen when LT-291 passes 5011
• 

Gravity transfer can take the Hot Tank down to approx. 30 11
.) 

II. c.s. Pumped Transfer to c.T. 
1. Verify RS heat trace temps are OK ( COP #1 Table A). 

2. Start off with Gravity Transfer to ensure proper flow 

3. Close FCV-101/102. (For safety - not really required) 

4. Open FCV-162 and FCV-199 (verify micra's) • 

5. Unlock and place FCV 211-in neutral. 

6. Ensure LT-201 is greater than 50 11 (Open/close FCV-211). 

7. Start the CSP and BP verify PT-180 increases to over 300 psi. 

8. Close FCV-201. 

9. Open FCV-211. 

10. Incrementally open FCV-151 to approximately 40%. 

NOTE 

Maintain Cold Sump level at 25 11 by varying FCV-151 setting. 
(Setting will need to decrease as LT-291 decreases.) 

III. Shutdown . 
11. When reaching desired LT-291 level, perform the next steps 

expeditiously: 
a. Close FCV-151 
b. Turn off the CSP and BP 
c. Close FCV-221 and FCV-201 
d. Close FCV-211 (and manually lock it) • 
e. Close HV-281. 

12. After 2 minutes, Open FCV-151, 101, 102, (and FCV-161 
if elbow is above 480°F) to drain back residual salt. 

13. After 5 minutes, close FCV-151, 161, and 162. 
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TOP #5 SALT TRANSFER 

B. HOT SUMP TO COLD TANK 

I. C.S. Pumped Transfer to C.T. 

1. Valve Configuration per COP #1 Part VI TSS. 

2. Verify transfer line and HV-280 are greater than 450°F 
by local T/C check. 

3. Close FCV 101/102 (for safety not really required.) 

4. Verify FCV-221 and 231 manual closed and lock FCV-231. 

5. Open FCV-162 and FCV-199 (verify micros). 

6. Place FCV-201 in Automatic Control with a set point 
of 50 inches. 

7. Unlock and place FCV-211 in neutral. 

8. Open FCV-211. 

9. Ensure LT-201 is approximately 50 inches and change 
FCV-201 set point to 25 inches. 

10. 

11. 

Start the CSP and BP and verify PT-180 increases to 
over 300 psi • 

In 10% increments open FCV-151 to approximately 40"/4. 

NOTE 
Circulation of saltmust stabilize at a sump 
level (LT-201) of approximately 25 inches. 
Monitor LT-151 and LT-161 levels. 

II. H.S. Pumped Transfer to C.S. 

12. Open HV-280. 

13. Turn on Hot Salt Pump. 

II I. Shutdown 

14. When reaching desired LT-221 level: 

a) Turn off Hot Salt Pump 
b) Close HV-280 

15. When LT-201 stabilizes at approximately 25 inches: 

a) Close FCV-151 
b) Turn off BP and CSP 
c) Close FCV-211 (and manually lock it) 
d) Deactivate and manually close FCV-201 

16. After 2 min., open FCV-151, 101, 102 (and FCV-161 
if elbow is above 480°F) to drain back residual salt. 

17. After 5 min., close FCV-151, 161 and 162. 
7-38 

Test Date 
8/02/84 



7.4

s0P

STEAM GENERATOR OPERATING PROCEDURES

Thls Steam Generation operating procedure wil l be uti l ized
to verify scs integrity prior to all tests that use the sGS.
This cheiklist shall bb completed by the SGS technlcian.
Thls checkllst presumes SGS is in Diurnal Shutdown"

#L SGS PRETEST CHECKLIST

DESCRIPTION

Verify completion of TOP #1 TSS pretest check'l lst.

Inspect the salt systen for evidence of leaks or
damiqe. This is a general inspection for any condition
that-appears abnonnal. If a problem is detected, a
more thorough inspection wil l be required.

"  A l l  SGS sa l t  P iP ingo Valves
o Superheater and EvaPorator

3. Inspect the water/stean system similar' ly:

o Superheater
o Evaporatoro Steam Drum
o Attemperator
" Drai n and B'lowdown Tank

Check for v isual  evidence of  b lown fuses, burned
relays or burned electrical components in thg power
Junct ion box and general ly throughout the SGS.

amperages with a
480V.

?8A
?8A
16A
16A
16A

7.84

6/?5/84

VERIFICATION

1.

2 .

4 .

o SGS piping
o Valves, t raps
O B!'ICP
" F'lange Connestions
" Drain Plugs

5. Intermittantly verifY these
clamp-on Anrmeter. Caution -

A. Circ. Heater EH-1

B. BWCP

EH-2
EH-3
EH-4
EH-5

Each Phase

6. If freezing ambient temperatures have been experienced,
Ver i fy opeiabi l i ty  -  Unthaw the fol lowing:

A. Instrument Transmit ters -  part icular ly LT-311 -
open xmtr piping drain valves for  10-15 sec.
intervals -  work wi th system temp. increases.

B. Steam Traps - T'48L/HV-491 and T-482/HY'487 -
open 1/4 turn and l is ten for f low. External ly
hbat as necessary.  Open ful ly af ter  10 minutes.
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SOP #1 SGS PRETEST CHECKLIST 

STEP DESCRIPTION 

7. SGS water chemistry sampling -

A. Obtain a drum water sample by opening HV-386, 
flushing the sample station lines for 10 minutes, 
then filling a one liter sample bottle. 

B. Analyze and Evaluate the sample per HOP #6. 

C. Conduct a Millipore filter sampling and analysis 
for suspended iron. Results of this must 
be added to the HOP #6 dissolved iron 
detennination for comparison to the 500 ppb limit. 

D. Close HV-386 upon completion of sampling and 
Open the vent HV-384 located adjacent to HV-386 
to drain the sample line, particularly to 
protect against freezing. Close the vent HV-384 
after totally draining the line. 

8. SGS Phosphate injection -

A. As detennined by water chemistry sampling of step 7, 
phosphates can be added to the SGS with the 
chemical feed station on the SGS skid (HV-387/388). 
Injection should be started as early as possible. 

B. The phosphate injection mixture consists of 
175 grams of granular Trisodium Phosphate and 
50 grams of powdery Disodium Phosphate mixed 
with 2 and 1/2 gallons of demineralized water 

9. Align/Verify the valve positions listed below. 
Coordinate with Emcon operator. 

Valve 

FCV-321 
FCV-331 
FCV-381 
FCV-382 
FCV-383 
FCV-384 
FCV-491 

Description 

Main Salt Flow 
Steam Attemperator 
Evap. Salt Drain 
Superhtr. Salt Drain 
Circ. Htr. Bypass 
Circ. Htr. Supply 
Steam Delivery 

7-40 

Position 

Open 
10% Open 

Open 
Open 

Closed 
Open 

Closed 

VERIFICATION 



• 

• 

• 

SOP #1 SGS· PRETEST CHECKLIST· · ·,r~ -

STEP DESCRIPTION 

10. Align/Verify the following valve positions. 

Valve 

HV-370 
HV-371 
HV-372 
HV-373 
HV-375 
HV-381 
HV-382 
HV-383 
HV-384 
HV-385 
HV-386 
HV-387 
HV-388 
HV-389 
HV-390 
HV-481 
HV-485 
HV-486 
HV-487 
HV-488 
HV-491 

Description 

Bridge Feedwater Drain 
Circ. Heater Drain 
BWCP Volute Drain 
BWCP Bearing Cavity 
SGS Air Supply 
Drain 
Blowdown Control 
Blowdown Isolation 
Pump Isolation 
Steam Drum Vent 
Sample Line Isolation 
Chemical Feed Metering 
Chemical Feed Isol. 
Chemical Feed Drain 
Drum N2 Inlet 
Steam Delivery Isol. 
Steam Delivery Drain 
Steam Delivery Drain 
Trap Isolation 
Feedwater Supply Isol. 
Steam Trap Isol. 

Position 

Closed 
Closed 
Closed 
Closed 
Open 

Closed 
Closed 
Closed 

Open/Locked 
Closed 
Closed 

As needed 
As needed 
Closed 
Closed 
Closed 
Closed 
Closed 

Open 
Closed 
Open 

11. After HRFS start-up, coordinate with the Control 
Room to replenish SGS water. Particularly 
operate HV-370 and HV-488 as needed. 
Leave HV-370 closed and HV-488 Open. 

12. Advise the Control Room operator that the SGS 
pretest checklist has been completed. 

NOTE 

After operation is established and consent 
obtained from the Control Room, Blowdown 
the steam drum to reduce high Iron and TDS 
concentrations found by the water chemistry 
analysis. The blowdown period using 
HV-382 and HV-383 shall be as follows: 

Iron (ppm} 

200 
200 to 300 
300 to 500 

TDS (ppm} 

50 
50 to 100 

100 

Blowdown Time 

0 Minute 
1 Minute 
2 Minute 

Blowdown will only help remove dissolved solids 
Periodically drain certain dead legs in the SGS 
using HV-371 and HV-372 to remove suspended solids. 
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SOP #2 SGS START-UP (EMCON) 
Test Date 
8/08/84 

This Steam Generation Operating Procedure shall be performed 
by the Emcon operator. Periodically advise the SGS technician 
of status. This procedure assumes SGS is in Diurnal Shutdown. 

STEP DESCRIPTION 

A. DIURNAL SHUTDOWN TO WARM STANDBY MODE 

1. Verify completion of the following checklists: 

18 2 • 

02 3. 

16 4. 

13 5. 

6. 

7. 

8. 

13 

0 COP #1 Control Room pretest checklist 
0 TOP #1 TSS pretest checklist 
0 SOP #1 SGS pretest checklist 
0 HOP #1 HRFS pretest checklist and local startup 
0 HOP #2 HRFS startup 

CAUTION 

If freezing temperatures have been experienced, 
be aware of possible bad SGS instrument readings. 

Verify D/D temp TE-451 (DTC PY) is above 250°F, then 
position FCV-431 to Manual Open to start 
steam pipe heat-up with D/D steam. 

If R.S. is not operational, check Acurex channels 
121, 129, and 131 are above 480°F and reverify 
FCV-151 and 161 are closed and locked, FCV-162 is open. 

Place/verify MAN.EHAC and EHAC are ON. This places 
the Circulation Heater in Automatic Pressure Control. 
Also, verify MAN.ESH-1 thru MAN.ESH~ are off. 

Verify that SP.DL is set at 0.0" , that MAN.411 is off, 
FCV-411 is in cascade at Net 90, and that drum level 
is being maintained at 0.0 inches+ or - .5 inches. 

Place/verify SDC and MAN.SOC are both OFF. 
(These may have to be on to override Hi steam drum levels) 

Place/verify FCV-321, and 331 are in cascade, at the 
N90 console Groups H & F, (COT/C). (Ready for N90 
control after EMCON deact) 

Verify the following set points: 

SP.EST 
SP.SP 
SP.ST 

850°F 
1100 psi 
950°F 

Evaporator Salt Temperature 
Steam Delivery Pressure 
Steam Delivery Temperature 
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SOP #2 SGS START-UP (EMCON) 

STEP DESCRIPTION VER IF I CA TI ON 

18 9. Verify D/D Feedwater Temperature at TE451 is above 250°F. 
Change DTC-451 and DTC-452 set points to 300°F. 

10. Note the Steam Drum Temperature at TE-383. The 
temperature must be above 500°F to initiate salt 
flow. If the temperature is below 500°F, wait 
for circulation heaters to increase the temperature 
above 500°F prior to proceeding. 

11. Verify cold sump temp. Accurex channel 124 and 125 are 
within 100°F of TE-383 to prevent shocking the superheater. 
If difference is over 100°F, continue to heat SGS to 
within 100°F with circulation heaters. 

12. 

13. 

14. 

15 • 

16. 

17. 

18. 

19. 

20. 

21. 
GR 994 

22. 

23. 

24. 

Reverify salt path temperatures are acceptable 
Ref. COP #1 Table B & C. 

Reset FCV-201 SP to 4511 and stabilize. 

Advise the SGS technician to open HV-481 (ahead of FCV-491) 
and Verify HV-488 is Open. 

Have field technician unlock FCV-211. 

Activate FCV-431 case. control via PT-431 SP 1080 psi. 

Activate FCV-491 automatic control with SP 1000 psi. 

Monitor PT-321 and reduce set point of FCV-491 as required 
to maintain a constant level during auto SGS.CF sequence. 

During auto SGS.CF sequence when LT-311 reaches 611 turn 
on MAN.SOC and SDC. 

Close salt drain valves after verifying Acurex channel 
265 is above 480°F by turning FCV-38182 and MAN.38182 
off. Verify closure. 

NOTE 
The SGS cold flow auto sequence starts here. Monitor 
'Control Room' Notes during auto sequence and perform 
as required. 

Activate SGS.CF 'ON' to start auto sequence. 

Activate the FCV-201 level control with a set point of 
50 inches. Open FCV-211. When level reaches 50 inches, 
change the setpoint to 23 inches. 

Start the cold pump; PT-180 greater than 150 PSI before 
continuing • 

Activate the following alarms: 

LT-311 PT-180 
PT-383 

TE-301 TE-384 
TE-383 
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SOP #2 SGS START-UP (EMCON) 

STEP DESCRIPTION 

25. Set SP.341 to 100% to fully open FCV-341 and verify the 
position. This fills the SGS with cold salt in approx. 
12 minutes. 

NOTE (CONTROL ROOM} 

1. Monitor LT-201 to maintain sump level above 17 inches 
Do not cavitate pumps. 

2. If salt temps are low (550°F) turn on Net 90 heater 1 to 
protect against freezing. Heater 1 will turn off upon 
FCV-383/384 switchover. 

NOTE (CONTROL ROOM) 

After opening FCV-341 monitor the SGS temperatures 
on Acurex and EMCON as listed below to verify that 
salt is flowing thru the SGS. Each Acurex chanel 
or EMCON Thermocouple read the same as the Cold Salt 
Temperature in the order listed: 

204 
255 
270 
254 
TE382 (EMCON) 
216 
215 
241 
203 
TE301 (EMCON) 
250 
TE384 (EMCON) 
208 

OF 
TE-382 

OF 
CoLD SALT TEMP 

(ACUREX CH 124/125) 

If these channels do not appear to be consistent with the 
Cold Salt Temperature, a blockage may exist. If so, OPEN 
FCV-301 fully to improve flow temporarily then CLOSE FCV-301 
and monitor FT-321 to determine if the blockage has cleared. 

NOTE (CONTROL ROOM) 
When auto ramp7scomplete and LT-311 is below 711 turn off 
MAN.SOC and SOC. 

26. Once superheater is filled with salt, TE-301 should read cold salt 
temp (approx. 5 minutes after step 24). Open FCV-301 with SP.301 
to 100% and verify position. 

27. When FT-321 flow is greater than 10 Klb/hr., set SP.301 to 0% and 
turn MAN.301 OFF. Verify that FCV-301 closes. 

NOTE 
The SGS.CF cold flow auto sequence stops here. The next 
few steps will be performed manually. 
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SOP #2 SGS START-UP (EMCON) 

STEP DESCRIPTION 

28. Place FCV-301 in Cascade at the Network 90 to control 
Evaporator salt temperature at SP.EST. 

NOTE 
Reactivate FCV-301 at Net Wafter any trip. 

VERIFICATION 

SGS IS NOW IN WARM STANDBY AWAITING INTRODUCTION OF HOT SALT 

B. WARM STANDBY TO THE ON-LINE CONDITION 

1. Verify FCV-221 is closed. 

2. Verify the Hot Sump level (LT-221) is less than 
48 inches. 

13 3. Set MAN.331 to OFF to activate the FCV-331 Steam 
Delivery Temperature Control at SP.ST. Verify 
that FCV-331 closes and is in Case. at Net. 90. 

4. Verify/place FCV-231 in neutral. 

NOTE 
The SGS.ON auto ramp sequence starts here. 

5. Activate SGS.ON 1 0N 1 to start auto ramp sequence • 

6. Set MAN.383 to ON and FCV-383 ON (Open) and verify Micro. 

7. Set MAN.384 to ON and FCV.384 to OFF (Closed) and 
verify micro; verify that all circulation heater 
circuits are off. 

8. Verify the CSP is operating and FCV-341 is open 100% 

9. Activate the FCV-221 Hot Sump Level Control with a 
set point of 40 inches. 

10. Open FCV-231 by turning OPN.231 on, then off. 
Verify open micro. 

11. When Hot Sump level reaches 40 inches, reset FCV-221 set 
point to 20 inches. 

12. Close FCV-231 (CLS.231 ON, then off). 

NOTE {CONTROL ROOM) 
When LT-221 reaches 30~en FCV-231 to allow hot 
salt to enter the hot sump. Operate as required 
to maintain level. 

13. Turn on the Hot Salt Pump • 
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SOP #2 SGS START-UP (EMCON) 

STEP DESCRIPTION 

14. 

NOTE 

During the following activity of increasing salt 
temperature, verify the op·eration of FCV-432 so 
that deaerator pressure is held constant at 
233 psi and all excess energy is being rejected 
by the cooling water circuit. 

CAUTION 

Monitor PT-382. If PT-382 pressure goes above 
85 psig, close FCV-351. 

Open FCV-351 then close FCV-341 in series using the 
following incremental steps to increase superheater 
inlet temperature (TE-382). The Operator shall monitor 
TE-382 to assure that TE-382 does not increase more 
than 100°F in any 6-minute period. 

FCV-351 to 2% for 2 minutes 
to 3% II 

OF 
TE-382 TEMP 

tO 4% .II 

tO 5% II 

to 6% II 

to 7o/o II 

to 8% II 

to 9% II 

to 10% II 

FCV-341 to 80% for 
to 60% 
to 40% 
to 20% 
to 10% 
to 05% 
to 2.5% 
to 1.0% 
to 0% 

OF 
Hot Salt Temp 

(Acurex Ch 126/127) 

; maintains 10% position 

1 minute 
II 

; maintain closed 

15. Close FCV-321 to 50% by setting SP.321, wait 5 sec. 
then set SP.321 to 10%. Wait 5 sec., then set SP.351 
to 50%. Wait 5 sec., then set SP.351 to 100%. 

16. Set the TSS, SGS, and HRFS operational alarms and wait 
30 seconds. 

PT-431 
PT-432 

TE-483 

LT-221 
LT-281 
LT-291 
LT-471 
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SOP #2 SGS START-UP (EMCON) 

STEP DESCRIPTION 

17. Set SP.321 to 20%, wait 20 seconds. 

18. Set SP.321 to 30%, wait 20 seconds. 

19. Set SP.321 to 40%, wait 20 seconds. 

NOTE 

The SGS.ON auto ramp sequence stops here 

20. Verify/Turn off SGS.ON if it was used. 

THE SGS IS NOW ON-LINE IN SALT FLOW CONTROL 
(FCV-321 manually controlling SGS salt flow 

and FCV-431 auto controlling HRFS steam pressure 
via PT-431 SP normally 1080 psi.) 

21. Advise the SGS technician that drum blowdown may 

22. 

23. 

now be performed if required. (As determined by his 
SGS pretest checklist water chemistry analysis.) 

NOTE 

The Turbine/Generator will be brought on line at 
this point in later testing(POP#2). To simulate the Turbine 
loading, complete the transfer from HRFS pressure 
control to SGS pressure control (steps 22 & 23) and 
manually position FCV-431 to change the steam dump 
to the deaerator. 

Set MAN.321 to OFF to activate SGS Steam Press. control. 
(FCV-321 auto controlling steam pressure at SP.SP 1100 psi. 

Deactivate the FCV-431 HRFS Steam Pressure Control and 
manually position valve to establish minimum steam 
flow (approx. 3 Klb/Hr.) and simulate steam loading. 

THE SGS IS NOW ON LINE IN AUTOMATIC BOILER FOLLOWING MODE. 

REFERENCE INFORMATION 

Steam Load FCV-431-% Open FCV-321-% 

30% 3.45Klb/Hr 55% 
60% 7 Klb/Hr 74% 

FW Temp 400°F 100% 9.8Klb/Hr 85% 102% 
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SOP #3 SGS SHUTDOWN (EMCON) 
Test Date 
8/08/84 

This Steam Generation operating procedure shall be performed by the 
Emcon operator. Periodically advise the SGS technician of status. 

STEP DESCRIPTION 

1. When steam demand has dropped to less than 3500 lbs/hr, 
switchover from SGS pressure control to flow control: 

2. 

a) Set SP.321 value to the same value as shown on 
ZT321, or 50%. 

b) Activate the FCV-431 HRFS Steam Pressure Control 
(using PT-431) with a set point of 1080 psig. 
Turn off GSTAT, Reset FCV-432 SP to 233 psi. 

c. Deactivate the SGS Steam Pressure Control by 
turning MAN.321 ON. 

Close FCV-351 to 10% and open FCV-321 to 100% in the 
following steps. Set SP.351 to 50% wait 5 seconds, then 
set SP.351 to 10%. After 5 seconds, set SP.321 to 50%, 
wait 5 seconds then set SP.321 to 100% • 

NOTE 

The SGS.OFF auto ramp may be used to complete step 3. 

3. Open FCV-341 then close FCV-351 in series using the 
following incremental steps to decrease superheater 
inlet temperature (TE-382). The operator shall monitor 
TE-382 to assure that it does not decrease more 
than 100F 0 in any six minute period. Record start time. 

SP.341 to 10% for 1 minute 
II to 20% II II 

II to 30% II II 

II to 40% II II TE-382 
II to 50% 11 11 

II to 60% 11 II 

II to 70% II II 

II to 80% II II 

II to 90% II II 

II to 100% II 
II • maintain open • 
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' SOP #3 SGS SHUTDOWN (EMCON) 

STEP DESCRIPTION 

3. Hot salt ramp down (cont'd). 

04 4. 

5. 

6. 

13 7. 

8. 

SP.351 to 6% for 1 minute 
U II to 4% II 3 II 

U II to2% U II U 

II II to 1.5% U 11 11 

U II to 1% II 11 11 

U H to 0.5% H H II 

11 11 to 0% 11 11 11
; maintain closed 

Verify/Turn off SGS.OFF if it was used. (USED--NOT USED) 

Turn off the Hot Salt Pump. N90 will hold FCV-351 
closed if the Hot Salt Pump is not running. 

Deactivate automatic control and close FCV-221. 
Verify closed. 

Close FCV-231. If sump level (LT-221) shows indication 
of leakage (slow rise), manually lock FCV-231 closed. 

Deactivate the FCV-331 Steam Delivery Temperature Control 
by setting SP.331 to 10% and turning MAN.331 to ON • 

Set FCV-384 to ON (Open) ~nd verify the position on the 
micros. 

9. Set FCV-383 to OFF (Close) and verify the position on 
the micros. 

10. Verify MAN.EHAC ON, EHAC OFF and then back ON (pulse 
signal). TE-383 must be below 500°F. 

THE SGS IS NOW IN WARM STANDBY 

NOTE 

To maintain the Warm Standby condition accomplish 
the f o 11 owing: 

a) Verify salt system temperatures (COP #1 Tables 
A & B) are 480°F minimum. 

b) To maintain water/steam pressure at 1100 psig, 
reduce salt flow thru FCV-341 to lowest com­
patible with stable flow (still maintaining 
PT-383 at 1100 psig). 

VERIFICATION 

Extended Warm Stdby 
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SOP #3 SGS SHUTDOWN (EMCON) • STEP DESCRIPTION VERIFICATION 

13 11. Deactivate the FCV-301 Evaporator Salt Inlet Temperature 
Control by setting SP.301 at 0% and turning MAN.301 ON. 

15 12. Deactivate the following Alarms: 
18 

TE-301 LT-221 PT-383 
TE-383 LT-281 PT-432 
TE-384 LT-291 PT-483 
TE-483 LT-311 

LT-471 

04 13. Turn off the boost pump and cold salt pump. Verify FCV-341 
closed. N-90 will hold FCV-341 and FCV-301 closed if the 
Cold Salt Pump is not running. 

13 14. Place/verify the following setpoints: 
SP.301 0% 
SP.341 0% 
SP.351 0% 

04 15. Deactivate automatic control and close FCV-201. 

• 16. Close FCV-211. If sump level shows indication of leakage 
(slow rise), manually lock FCV-211 closed. 

17. Turn MAN.SOC and SOC ON. This MUST be accomplished 
to allow opening of the Salt Valves for drainage. 

18. Record sump levels and time prior to SGS drainback. 

LT-201 Cold sump , LT-221 Hot sump 
Time 

13 19. Open the Cold Salt and Salt Drain Valves by setting 
the following controls and verify correct valve 
position. 

SP.301 100% 
SP.341 100% 
MAN.38182 On 
FCV-38182 On 

20. Wait 5 minutes from step 18 to allow drainage of salt 
to the Cold Sump prior to proceeding to step 21. 
Cold sump level should increase 6 to 1011 during drainback • 
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SOP #3 SGS SHUTDOWN (EMCON) 

STEP DESCRIPTION 

21. Open the Hot Salt Valve by setting SP.351 to100%. 
Verify the valve postion and expect a hot sump level 
change of approximately 16 inches. 

22. Verify FCV-491 is closed in auto with a SP of 980 psi. 

23. Fill the drum with Feedwater to a level of +15 inches 
by setting SP.411 to 20% and turning Man.411 ON. 
When the level has reached +15 inches, set SP.411 to 0%. 

NOTE 

HRFS is no longer needed to support SGS 
and may be shutdown now if not seperately required. 

13 24. 20 minutes after step 18, set the controls in the 
following postions and verify the correct valve 
position: 

SP.341 0% 
SP.301 0% 
SP.351 0% 
FCV-38182 OFF 

25. Turn SDC and MAN.SOC OFF. 

VERIFICATION 

-----

• NOTE 

• 

If ambient temperature conditions either are or ex­
pected to be less than 32F 0

, assure that water side 
freeze protection circuits are operational and that 

no water/steam transmitter signals (particularly LT-311) 
are frozen prior to leaving the system unattended. If 
there is any indication that LT-311 may not provide a 

valid signal during unattended diurnal shutdown, due to 
freezing or any other reason, the circulation heater 

should be de-energized. 

02 26. If FCV-151, FCV-161, and FCV-162 have not been manually 
locked closed during the SGS salt flow activity, an 
acumulation of salt will leak by and stagnate. Open 
FCV-151, FCV-161, and FCV-162 and allow the salt to 
drain. 

27. Advise the SGS technician to complete the SGS posttest 
checklist (SOP #4) if no further SGS operation is 
planned, and the TSS posttest checklist (TOP #4) 
if no further TSS operation is on-going or planned. 

SGS IS NOW IN DIURNAL SHUTDOWN WITH THE SALT SYSTEM DRAINED. 

NOTE 
This procedure will nO'fcfetail the steps to take the 
SGS from Diurnal Shutdown to the Empty Condition 
because it is not a planned part of the SGS testing. 
Refer to the SGS Manual Section 3.10 (Operating Procedures) 
for these detailed steps. 
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SOP #4 SGS POST TEST CHECKLIST 
Test Date 
6/23/84 

This Steam Generation operating procedure will be utilized 
to verify SGS integrity following all tests that use the SGS. 
It shall be performed by the SGS technician. 

STEP DESCRIPTION VERIFICATION 

CAUTION 

Salt and water/steam temperatures will normally be 
maintained above 500°F. If repairs are required, 
a shut down to the Empty condition may be required. 

1. Close the following isolation valves: 

HV-481 St. Deliv. 
HV-487 T-482 

HV-488 Feedwater 
HV-491 T-481 

2. Inspect the salt system for evidence of leaks and 
insulation damage. This is a general inspection for 
any condition that appears abnormal. If a problem is 
detected, a more thorough inspection will be required. 

3. 

o All SGS salt piping 
o Valves 
o Superheater and Evaporator 

Inspect the water/steam system for evidence of leaks and 
insulation damage. This is a general inspection for any 
condition that appears abnormal. If a problem is detected, 
a more thorough inspection will be required. 

o SGS piping o Superheater 
o Valves, traps o Evaporator 
o BWCP o Steam Drum 
o Flange connections o Attemperator 
o Drain Plugs o Drain & Slowdown Tank 

4. Check for visual evidence of blown fuses, burned 
relays or burned electrical components in the power 
junction box and generally throughout the SGS/TSS. 

5. Verify operation of the SGS skid coolant pump and radiator. 

6. Secure the boiler water sample station (HV-386). 

7. 

8. 

-----

Turn off/verify the chemical feed pump and close HV-387. 

Note any abnormalities encountered during test activities. -----
9. 

10. 

Advise the Control Room that the SGS post test has been 
completed and the SGS is secure • 

Complete the TSS post test checklist (TOP #4) if no 
further TSS operation is planned. 
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SOP #5 SGS and Propane Heater Shutdown 
Test Date 
8/02/84 

This procedure will only be used far shutdown when the SGS and Propane Heater 
are in simultaneous operation. Due to the volume of salt that must be 
drained into the Cold Sump from the Propane Heater, salt will be bottled up 
in the SGS for approximately 20 minutes prior ta drain. Perform steps 16 
through 27 expeditiously. 

STEP DESCRIPTION VERIFICATION 

1. Advise the TSS technician to adjust the 
Propane Heater stack temperature control to 600°F. 
Propane Heater salt outlet temperature 
(Acurex channel 142) will decrease over a period of time. 

13 2. When steam demand has dropped to less than 3500 lbs/hr, 
switchover from SGS pressure control to flow control. 

a} Set SP.321 value to the same value as shown on ZT321. 

b) Activate the FCV 431 HRFS Steam Pressure Control 
(using PT-431) with a set point of 1100 psig. 

c) Deactivate the Steam Pressure Control by turning 
MAN.321 on • 

3. Close FCV 351 to 10% and open FCV 321 to 100% in the 
following steps: Set SP.351 to 50%, wait 5 seconds; 
then set SP.351 to 10%; after 5 seconds, set SP.321 
to 50%; wait 5 seconds, then set SP.321 to 100%. 

4. Open FCV 341; then close FCV 351 in series using the 
following incremental steps to decrease superheater 
inlet temperature (TE382). The operator will monitor 
TE382 to assure that TE382 does not decrease more than 
100°F in any 6-minute period. Record start time. 

SP.341 to 10% for 1 minute 
11 to 20% for 11 11 

" to 301 for 11 
" 

" to 40% for " " 
11 to 50% for 11 

" 
11 to 60% for 1 minute 
11 to 70% for 11 11 

11 to 80% for 11 11 

11 to 90% for 11 11 

11 to 100% for 11 11 
; maintain full open 
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13 

• 14 

13 

• 

SOP #5 SGS AND PROPANE HEATER SHUTDOWN 

STEP DESCRIPTION 

5. 

6. 

7. 

8. 

9 • 

10. 

SP.351 to 6% for l minute 
0 0 to 4% for 3 minutes 
11 11 to 2% for 3 minutes 
11 11 to 1.5% for 3 minutes 
11 11 to 1% for 3 minutes 
11 11 to 0.5% for 3 minutes 
11 11 to 0% for 3 minutes; maintain closed 

Turn off the Hot Salt Pump. N90 will hold FCV351 
closed if the Hot Salt Pump is not running. 

Deactivate hot sump level control and close FCV 221. 
Verify closed. 

Close FCV231. If sump level (LT-221) shows indication 
of leakage (slow rise), manually lock FCV231 closed. 

Deactivate the FCV331 Steam Delivery Temperature 
Control by setting SP.331 to 10% and turning MAN.331 On. 

Set FCV384 to ON (open) and verify the position on 
the micros. 

Set FCV383 to OFF (closed) and verify the position 
on the micros. 

11. Verify MAN.EHAC ON. Turn EHAC off and then back on 
( p u 1 s e s i gn a 1) 

SGS IS NOW IN WARM STANDBY 

NOTE 

To maintain the Warm Standby condition accomplish 
the following: 

a) Verify salt system temperatures (COP #1 Table 
A & B) are 480 F minimum, 

b) To maintain water/steam pressure at 1100 psig, 
reduce salt flow thru FCV341 to lowest compatible 
with stable flow (still maintaining PT-383 
at 1100 psig). 
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SOP #5 SGS AND PROPANE HEATER SHUTDOWN 

STEP DESCRIPTION 

13 12. Deactivate the FCV-301 Evaparator Salt 
inlet temperature control by setting 
SP.301 at 0% and turning MAN.301 on. 

04 13. Deactivate cold sump level control and 
close FCV 201. 

14. Close FCV 211 and manually lock it closed. 

CAUTION 

The salt in the SGS will be bottled up 
until the cold salt valves are opened in 
Step 26. Do not delay in performing the 
following steps: 

15. Turn off the Cold Salt Pump and Boost Pump 
when the PT-180 pump outlet pressure drops 
below 150 psig (LT-201 approx. 11.5 in.) 
N90 interlock will close FCV 301 and FCV 
341 - verify. 

05 16. Start Propane Heater drain by 
Opening FCV 241 to 100% open. Verify position • 

NOTE 

There are two ways to deplete cold 
sump level after propane heater has 
been drained back to the cold sump. 
The best way is thru FCV-151, FCV-199, 
FCV-162 and back to the cold tank. 
The alternate way is to go thru SGS. 
Some if the following steps will have 
two parts; one for depleting the cold 
sump via FCV-151, or one for depleting 
cold sump via SGS. 

17. Place the FCV-151 handwheel in neutral. 
(This step isn't necessary if SGS will be 
used for depleting cold sump) 

18. Continue to monitor LT-201. When it stabilizes 
at 55", close FCV 241 and manually lock it closed. 

04 19. Start the Cold Salt Pump and Boost Pump 
and verify PT-180 increases to greater 
than 170 psig. 

20. Incrementally open FCV 151 to 40% • 
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SOP #5 SGS AND PROPANE HEATER SHUTDOWN 

STEP DESCRIPTION 

13 21. If SGS is used to deplete cold sump, 
Open FCV-301 and FCV-341. 

04 22. Turn off the Cold Salt Pump and Boost Pump 
when LT-201 reaches approx. 25". 

02 23. Close FCV 151, if used. 

24. Turn MAN.SOC and SOC ON. This MUST BE 
accomplished to allow opening ortne""""'S'alt 
Valves for drainage. 

13 25. Open the Salt and Salt Drain Valves by 
setting the following controls. 

26. 

27. 

28. 

Verify correct valve position. 

MAN.301 On/SP.301 100% 
MAN.341 On/SP.341 100% 

NOTE 

MAN.38182 On 
FCV.38182 On 

Monitor LT201 Cold Sump level during 
salt drainage. The level should 
increase by approx 6 inches. 

Open the Hot Salt Valve by setting SP.351 to 
100%. Verify the valve position and expect 
a hot sump level change of approximately 
16 inches. Do not exceed 40" on LT-221. 

Verify FCV491 is closed in auto 
with a SP of 1050 psi. 

Fill the drum with Feedwater to a level of 
+15 inches, set SP.411 to 20% and turning 
MAN.411 ON. When the level has reached 
+15 inches, set SP.411 to 0%. 

NOTE 

HRFS is no longer needed to support SGS 
and may be shutdown now if not seperately required • 
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13 
02 
05 

SOP #5 SGS AND PROPANE HEATER SHUTDOWN 

STEP DESCRIPTION 

29. Advise the TSS technician to complete TOP #3A 
Local Propane Heater Shutdown. 

30. Close the following valves as follows: 

SP.341 0% 
SP.301 0% 
SP.351 0% 
FCV.38182 OFF 

FCV 151 
FCV 162 
FCV 241 
FCV 242 

Closed 
Closed 
Closed 
Closed 

31. Lock the following valves closed: 

FCV 301 
FCV 341 
FCV 241 
FCV 242 

32. Turn SOC and MAN.SOC OFF. 

NOTE 

If ambient temperature conditions either are or 
are expected to be less than 32 F, assure that 
water side freeze protection circuits are operational 
and that no water/steam transmitter signals 
(particularly LT-311) are frozen prior to leaving 
the system unattended. If there is any indication 
that LT-311 may not provide a valid signal during 
unattended dirnal shutdown, due to freezing or any 
other reason, the circ. heater should be deenergized. 

02 33. If FCV-151, FCV-161, & FCV-162 have not been manually 
locked closed during the SGS salt flow activity, 
an accumulation of salt will leak by and stagnate. 
Open FCV-151, 161, & 162 to allow the salt to drain. 

34. Advise the TSS/SGS technicians to complete the 
SGS and TSS posttest checklists (SOP #4 & TOP #4) 
if no further TSS/SGS operation planned. 

SGS IS NOW IN DIURNAL SHUTDOWN WITH THE SALT SYSTEM DRAINED 

NOTE 

This procedure will not detail the steps 
to take the SGS from Diurnal Shutdown to 
the Empty Codition because it is not a 
planned part of the SGS testing. Refer 
to the SGS Manual Section 3.10 (Operating 
Procedures) for these detailed steps. 
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7.5 ELECTRIC POWER GENERATION OPERATING PROCEDURES 

POP #1 EPGS PRETEST CHECKLIST 
lest Date 
6/19/84 

This electric Power generation operating procedure will be utilized 
to verify EPGS integrity prior to all tests that use the EPGS. 
This checklist shall be completed by the EPGS technician. 

STEP DESCRIPTION VERIFICATION 

NOTE 1. Be advised that these valve positions are 
verified correct in HRFS check-lists: 

HV-501 Main Steam Isolation (Open) 
HV-577A & B FWP Cooling Water (As Req'd) 
FCV-471 Condensate Return (Closed from EMCON) 

NOTE 2. Inspect for evidence of water and oil leaks 
or other abnormalities as you complete 
this checklist. (Verify none found in Setp 34). 

A. Condenser Platform - 60 1 Level 

1. These valves remain closed. 
Check only if you suspect they have been opened. 

a. HV-593 
b. HV-594 
c. HV-597 
d. HV-598 

Condenser inlet waterbox vent 
Condenser inlet waterbox drain 
Condenser blind waterbox drain 
Condenser blind waterbox vent 

2. Verify these valves are open: 

a. HV-584 
b. HV-581 

Hotwell outlet/CNP suction 
CNP discharge 

c. HV-582 
d. HV-583 
e. HV-586 

CNP discharge orifice recirculation 
Condenser vacuum exhaust isolation 
Turbine steam seal exhaust isolation 

3. Record hotwell level from sight glass LI-581, 
leave isolation HV-595 & 596 open. 

B. 60 1 Level 

4. Verify these valves are open: 

a. HV-578 
b. HV-588A 
c. HV-5888 

AEP seperator tank make-up 
AEP cooler cooling water supply 
AEP cooler cooling water return 

5. Verify AEP separator tank level is between 4 & 611 

at sight glass LI-583 (auto LV-581 M-U) 

6. Verify CNP and AEP local disconnect switches are 
closed • 
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POP #1 EPGS PRETEST CHECKLIST 

STEP DESCRIPTION 

c. Control Area - 80' Level 

7. Verify EPGS UPS has 2 Green lights on. 

8. Turn on exciter cabinets vent fans with switch 
on side of VRP. Verify vent fan op~ration at 
VRP, rectifier cabinet, resistor cabinet, and 
at isolation transformer enclosure (L4 Bkr. 12). 

9. Verify generator breaker is racked in, charged, 
and open. 

10. Verify electrical power is (always) on: 

VERIFICATION 

a. TCP - Timer display on (L4 bkr 9) 
b. GCP - Generator Breaker green light on {L4 bkr 15) 
c. Generator heater - Local starter on/TCP sw in Auto 
d. Oil heater - Local starter on/TCP sw in Auto 

11. Close TCP sw.'s for FCV-501, 511, 512, 541, & 551 -----
12 • 

13. 

Determine where the EPGS will be operated from -
'local' at T-G or 'remote' at Emcon Console. 
Reposition mode select switch, if required, in 
the next step. 

Determine if CTP is operating for HRFS/FWP 
{TCP red light) 

Local Remote 

a. CTP off - Position TCP mode select switch 
in the control mode determined in Step 12. 

----,C'""l~P.----:c,ofl!"lf..---
b. CTP on - Verify TCP mode select sitch is 

positioned in agreement with Step 12. 
Correct switch position, if necessary, only 
with Emcon operator permission {to avoid 
FWP trip). 

14. Turn on all local starters except Exciter disc., 
8 total, and verify 5 TCP indicating lights on. 

15. Verify compressed air is available and controls 
functional by stroking FCV-521 from aper. mode 
cont'l location. Verify local air venting or 
valve motion and Emcon ZT-521 operation. Close 
FCV-521 and confirm after function check. 

16. Assure turbine oil temperature is above 60°F. 
Conduct POP #lA Part A - Turbine oil temp. ck., 
if necessary, to determine oil temperature 
and/or warm oil. 
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POP #1 EPGS PRETEST CHECKLIST 

STEP DESCRIPTION VERIFICATION 

o. T-G Platfonn - 80 1 Level 

17. Verify HV-592 steam line drain valve is closed. 

18. Verify these valves are open: 

a. HV-575 Steam line trap 
b. HV-576 Steam seal (1/4 turn open) 
c. HV-587 Generator cooling water supply 
d. HV-521 Lube oil cooler oil diverting 

(open to cool.) 
e. HV-574 Throttle Valve trap 

19. Verify OST mechanism is reset. 

20. Verify Throttle Valve is reset closed by inspection -
noun-threaded rod showing on cylinder screw. 

21. 

22. 

23. 

24. 

25. 

Verify FCV-501 is closed by inspection. 

Verify EOP local disconnect switch is closed. 

Verify turbine oil reservoir level is 2 1/ 211
, 

+ 1/211
, above normal operating level mark at 

dipstick LI-582; or if EOP is on for oil heating, 
verify dipstick LI-582 normal operating level is 
maintained. 

Verify exciter bearing oil reservoir is full by 
removing wing-nut reservoir plug & inspecting. 

Verify duplex oil strainers are operational. 
Alternate strainer selection weekly. 

E. Tank Area - 80 1 Level 

26. Verify CTP local disconnect switch is closed. 

27. These valves remain closed. 
Check only if you suspect they have been opened. 

a. HV-580 
b. HV-590 
c. HV-591 
d. HV-599 

CNST drain 
CTDT make-up 
CTDT drain 
CNST make-up isolation 

28. Open these valves: 

a. HV-579 
b. HV-585 
c. HV-589 

Hotwell make-up 
Hotwell dump 
CTP suction 
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POP #1 EPGS PRETEST CHECKLIST 

STEP DESCRIPTION VERIFICATION 

29. Verify CTDT is full by overflow when M-U water is 
added thru HV-590; or if CTP is on for HRFS/FWP, 
verify CTDT maintains normal operating level of 18" 
between 16 and 2011 at sight glass LI-585. 

30. Assure hotwell water quality is acceptable. 
Conduct (HRFS) water chemistry analysis as nec­
essary to insure iron is less than 500 ppb. 
Record, if measured. Drain and refill hotwell 
if required to correct, Ref. POP #lA Parts B & c. -pp--,6-.--rr_o_n_ 

31. Verify hotwell and CNST levels are correct. 
Conduct POP #lA Parts B & C, Hotwell and CNST 
level adjustment, if necessary, to correct. 

a. Hotwell level 1211 (betw. 9 & 1411
) at condenser 

sight glass LI-581, initially recorded in 
Step 3. 

b. CNST level between 12 & 3011 at tank sight 
glass LI-584 • 

c. Verify agreement between TCP meter LT-511 
and LI-581 sight glass hotwell level. 

F. CMUP Room - 80' Level 

32. Verify FCV-471 is closed by inspection. 

33. Open HV-406 condensate return to HRFS. 

34. Verify no water or oil leaks or other 
abnormalities found. 

35. Advise control room that EPGS 
Pre-test checklist has been completed. 
(Turbine oil temperature & hotwell are okay). 

"EPGS PRE-TEST CHECKLIST COMPLETE" 

7-61 



• 

• 

• 

POP #lA EPGS FLUID ADJUSTMENTS 

STEP DESCRIPTION 

A. Turbine Oil Temperature Check, as Required. 
Reference EPGS Pretest Checklist Step 16. 

1. Complete pretest checklist (Steps 10,14) 

2. Verify Turbine oil reservoir level is 2 1/2" + 1/211 

above normal operating level mark at dipstick LI-582 

3. Verify EOP local disconnect switch is on. 

4. Conduct the following operations from the control 
location selected at the TCP mode select switch (TCPMS). 

5. Start EOP. 

6. Verify PT-501 oil pressure increases above 6 psi. 

7. Wait 1 minute, then check TT-521 oil temperature. 
If desired, confirm locally at TI-586. 

8. Check is complete if TT-521 oil temperature is 
above 70°F. Turn off EOP. 

9. If TT-521 oil temperature is below 70°F, leave on 
EOP and oil heater until temperature increases 
above 70°F, then turn off EOP. 

NOTE 

Pre-test checks may be continued 
during oil heating. 

10. Note in remote Emcon control, the oil heater auto 
control may be overridden and the heater forced on, 
if desired, by enabling 1 0H.ON 1

• 

11. Disable OH.ON and return heater control to auto 
after oil is warm. 
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POP #lA EPGS FLUID ADJUSTMENT 

STEP DESCRIPTION 

B. Hotwell Level Adjust, as Required 

1. Complete pretest checklist (Steps 1 - 30) 

2. Transfer record of hotwell level here from POP #1 
EPGS Pretest checklist Step 3. 

3. 

4. 

5. 

Verify remote Emcon EN.HLC auto hotwell level 
control is off. 

Make up Hotwell if less than 911 

a. Attempt to determine cause of level loss (leaky 
pipes, improperly opened valves, shutdown}. 
Correct as required. 

b. From TCP control location selected, open make-up 
FCV-512. 

c. Fill till hotwell level sight glass LI-581 is 1211
• 

d. If CNST did not have enough water to complete fill, 
close FCV-512, conduct CNST make-up (POP #lA Part C), 
then resume fill • 

e. Close FCV-512. 

Dump Hotwell if above 1411
• 

a. Attempt to determine cause of level increase 
(improperly opened valves}. Correct as required. 

b. Start CNP. 
c. Open FCV-511. 
d. Dump till hotwell level sight glass LT-581 is 1211 

e. Close FCV-511. 
f. Stop CNP. 

6. Alternate dump if above 1411 or to correct water quality 
(wastes condensate}. Open CNP inlet strainer S-581 HV 
till LI-581 is 1211

, or if draining, Zero". 

7. Verify agreement between LT-511 TCP meter and LI-581 
sight glass hotwell level. Record level as left. 
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POP #lA EPGS FLUID ADJUSTMENT 

STEP DESCRIPTION 

C. CNST Level Adjustment, as Required 

1. Verify CNST level is between 12 and 3011 at sight 
glass LI-584. 

2. Dump if above 3011 by draining through HV-580 into 
floor drain. The preferred dump is into the hotwell 
(POP #lA Part B, Step 4), but it is assumed here 
that the hotwell level is already properly adjusted. 

3. Fill if lower than 1211
• 

NOTE 

This fill procedure will deplete the CMUP 
stand pipe. If CMUP is operating, do not 
allow this to happen by reducing the stand 
pipe air overpressure, either by relief 
valve manual blow-off or regulator adjustment. 

a. Verify HRFS/Cycle Fill Pump is on • 
b. Open CNST M-U FCV-541 with TCP switch. 
c. Open M-U HV-599. 
d. When filled, close HV-599 and FCV-541. 
e. Readjust CMUP stand pipe level. 

NOTE 

Hydrazine can be added to the CNST as 
determined from a Water Quality Analysis 
by filling a beaker at the HRFS Hydrazine 
Feed Tank drain and pouring it into the 
CNST LS-541 flange opening • 

7-64 

VERIFICATION 
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POP #2A LOCAL EPGS START-UP 

STEP DESCRIPTION 

. A. EPGS PUMP S/U 

1. Verify: 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

0 

0 

0 

Synch sw. handle has been procured as required. 
POP #1 EPGS Pretest Checklist is complete. 
EPGS control ts fn local (Do not disrupt CNP oper.). 

Start CTP, if not already on. Verify on. 

Start CTF if ambient temp. is above freezing. Verify. 

Confirm LT-511 hotwell level is 12P (or between 9 & 1411
). 

Open FCV-551 for CNP recirculation. 

Start CNP. Verify on, LT-511 hotwell level wil 1 drop 111
• 

Note EPS will lock this out upon prior SGS BCP shutdown. 
Advise the Emcon operator to reset EPS 3 and 2 to clear. 

Start AEP. Verify on, PT-502 condenser pressure should 
decrease to less than 15• Hg. 

Confirm oil cooling FCV-521 closed (Emcon ZT-521). 

Place EOP select. sw. in auto. Start EOP. Verify on. 
PT-501 oil bearing pressure should increase above 8 psi. 

Wait 1 minute, then verify TT-521 oil temperature 
is above 60°F. 

Reset Emerg. trip ETR (FCV-561) and verify PT-531 
lt,drau11c oil pressure ts above 50 psig. 

'EPGS PUMPS ON' 

Test Date 
10/04/84 

VERIFICATION 

-----
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POP #2A LOCAL EPGS START-UP 

STEP DESCRIPTION 

B. T-G SET-UP 

1. Verify from Emcon operator that condenser 
cooling water temp. TE-486 is below 100°F. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Verify SGS steam production from Emcon operator. 

a. PT-431 Steam pressure above 1000 psi 
b. TE-483 Steam temperature above 600°F and rising 

Verify from Emcon operator that SGS is in 
manual salt flow control (5 klb/hr min. steam flow) 
and FCV-431 is controlling steam pressure. 

Advise the Emcon operator to transfer primary D/D 
level control from CMUP to CNP by activating FCV-471 
with a SP of 15" and resetting the SP of FY-472 to 14". 

'&;~ CNP recirc. FCV-551. 

Verify EPGS turbine start-up read;ness 

a. (sight windows) FI-501 & 502 brg. oil flow 
b. TT-521 oil temperature above 60°F 
c. PT-501 brg. oil press above 8 psfg 
d.. PT-502 condenser vacuum below 15" Hg. 
e. L T-511 hotwel 1 level at 1211 (betw 9 & 1411

} 

f. PT-531 hydraulic oil press above 50 psig 

Drain steam pipe condensate by opening HV-592A & B 
until dry steam emerges. Reclose. Open Traps. 

Verify TT-583 turb. steam temp. is above 550°F. 

Open FCV-501 to allow steam up to throttle valve. 

Verify PT-581 turb. steam press. increases above 850 PSI. 

Record time of day and waft 2 min. to warm pipe 
before starting turbine. 

12. Establish LT-511 12N hotwe11 lvl. control betw. 9 & 1411 

13. 

1. Continuously monitor LT-511 hotwell lvl. 

2. Dump 1 f L T-511 above 1411 by opening 
FCV-511 until level drops to 1211

• 

3. Make-up ff LT-511 below 911 by oFening 
FCV-512 until level rises to 11. 

Establish FCV-521 120°F cool. oil temp. cont'l. 

1. Continuously monitor TT-521 oil temp. 

2. Adjust FCV-521 position to maintain 
TT-521 ofl temp. at 120°F (betw. 110-130°) 

2 7-0 &, 

VERIFICATION 

-----

Time 

{Continuous) 

(Continuous) 
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POP #2A LOCAL EPGS START UP 

STEP DESCRIPTION 

WARNING 

Clear non-involved personnel 
away from the T-G for safety. 

CAUTION 

Trip Turbine ff operation abnormal with ET - Emerg. Trip 

NOTES 

VERIFICATION 

1. Maintain coordination between T-G and Steam operations. 

2. Verify proper turbine operation as follows: 

a. Field monitor 

1. Turbine rolling 
2. No abnormal rubbing or noise (rod ck) 
3. No unusually excessive vibration (5 G Trip) 
4. FI-501 & 502 bearing oil flowing (sight windows) 

b. Instruments 

1. ST-582 generator speed below 1250 rpm 
2. AZT-581 turbine vibration not abnormal 

(Emcon YIB.OVR override available) 
3. TT-501, 502 1 507 (also TE-503, 505, 506 

at Emcon). Bearing oil temp. 1 s equalize 
within 20° of each other, within 50° 
of TT-521 1 and betw. 60 - 170°F limits. 

4. PT-502 cond'r vacuum below 15" Hg. 
5. PT-582 steam seal press. above PSI. 
6. TT-583 steam temperature above 700°F 
7. PT-581 steam pressure above 850 PSI 

c. Controls 

1. LT-511 hotwell level between 9 & 14° 
2. TT-521 cooling ofl temp. between 60 & l30°F. 
3. EOP controlling hydraulic oil press. at 120 psi. 

(On at lo pressures, Off when shaft pump operating). 

3. Verify ET/OST Turbine trips as follows: 

a. PT-531 hydraulic oil press drops to 1 01 PSI 
b. ST-582 generator speed decreasing 
c. Turbine physically slowing down 
d. FCV-501 closed (ZSL-501 on) 

4. Conduct the following 3 test trips to verify 
their functional operation & preheat the Turbine. 
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LOCAL EPGS START-UP 

STEP DESCRIPTION 

C. T-G START-UP 

1. Start the 1st Turbine roll to half speed, after 2 minute 
pipe wanning, by opening throttle valve to 251 with motor. 
Continue opening throttle valve manually untill roll starts, 
then close slightly to roll-out very slowly and smoothly. 
Progressively and very slowly increase speed to 600 RPM. 
Verify proper Turbine operation (Note 2). 

2. Conduct test trip 1 - Lo speed MOST (Man. Overspeed Trip): 

a. Hit OST trip button on turbine 
b. Verify turbine tripped (Note 3) 
c. Reset OST mechanism 
d. Reset throttle valve closed TYM.CLS, ZT-581 O'-' open 
e. Reset EPS2.RST 
f. Verify trip reset by PT-531 hydraulic oil pressure 

above 50 psi 

3. Restart Turbine a 2nd time to half speed, if trip functioned 
properly and before turbine stops, by reopening FCV-501 and 
throttle valve until generator again slowly reaches 600 RPM. 
Reverify proper Turbine operation (Note 2). 

4 Conduct test trip 2 - Lo speed ET (Emerg. Trip): 

a. Actuate ET Emerg. Trip 
b. Verify Turbine tripped (Note 3) 
c. Reset ETR FCV-561 (ET off) 
d. Reset throttle valve closed TVM.CLS, ZT-581 oi open 
e. Reset EPS2.RST 
e. Verify trip reset by PT-531 hydraulic oil pressure 

above 50 psi 

5. Restart Turbine a Jrd time to full speed, if trip functioned 
properly and before turbine stops, by reopening FCV-501 and 
throttle valve until generator slowly reaches 1200 RPM. 
Locally guarantee ST-582 gen. speed does not exceed 
1200 rpm and that govern. control holds it at 1200 rpm. 
Reverify proper turb. operation (Note 2). Do not prolong 
full speed operation unless TT-521 above 100°F 

6. Conduct test trip 3 - Full speed trip. 
On alternate day start-ups, repeat either the MOST, 
the ET, or the EPS T-G trip (Control Room PB). 

VERIFICATION 

7. Restart Turbine a 4th time to full speed 
MOST ET PB 

by reopening FCV-501 and throttle valve 100%. 
Locally guarantee ST-582 gen. speed holds at 1200 rpm. 

4 
'}-&8 
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POP #2A LOCAL EPGS START-UP 

STEP DESCRIPTION 

8. Reverify proper turbine operation (Note 2). 

. 9. 

10. 

Continue manually controlling LT-511 and FCV-521. 
Confirm CTF fs on and EOP 1s off. 

CAUTION 

Do not continue full speed oper. unless TT-521 
oil temperature quickly increases above ll0°F 
(within 5 minutes) 

Locally turn on Exciter Disc. Sw. to start 
Generator voltage build-up. 

Verify generator no-load operation: 

a. 460V at GCP meter or Emcon ET-581 
b. 'O'A at GCP meter or Emcon IT-581 
c. Generator air temperature below 120°F 

(Emcon TE-508) 
d. Emcon gen. stator temp.'s equalize within 

5°F below 180°F. (Emcon TT-510 thru 515) 

CAUTION 

Synchronize the generator ASAP after achieving 
turbine full speed and generator voltage to 
minimize high turbine exhaust temperatures. 
TI-581 or TE-581 should be kept below 150°F. 

NOTE 

During the turbine heat soak, SGS salt flow 
can be reduced to the minimum required to 
maintain 1100 psi steam (controlled by HRFS 
FCY-431) to conserve hot salt. 

VERIFICATION 
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POP #2A LOCAL EPGS START-UP 

STEP DESCRIPTION 

D. GENERATOR SYNCHRONIZING/ LOCAL OR EMCON 

1. Verify that T-G operation is established and then continue 
to complete this synch. procedure ASAP. A control 
transfer from local to Emcon may be done at this -point. 

2. 

NOTE 

Synchronizing control location coincides wfth 
turbine control location (i.e., Local - GCP or 
Remote - RGP) as detennfned by TCPMS. 

Advise the steam operator to prepare for Gen. Sync. by 
increasing SGS salt flow to 10 klbs/hr, (FCV-321 fn flow 
control), and insuring that HRFS FCV-431 is in steam press. 
control. Verify that he has done so before proceeding. 

3. Verify gen. speed above 1150 rpm and adjust to rated speed 
of 1200 rpm and freq. of 60 HZ with the governor control sw. 

4. Adjust the generator sync voltage using the voltage control 
switch until the running volts equals incoming volts at 
approximately 120 v. + 2 V. 

5. 

6. 

Install the sync sw handle and place the sync sw in the ON 
position. Verify sync LT's and synchroscope operation. 

Adjust the generator speed with the governor control switch 
until the pointer on the synchroscope slowly rotates in a 
clockwise (fast) direct. 

CAUTION 

The generator must be in sync prior to 
closing the generator circuit breaker. 

7. When the pointer is just before 12 o'clock wfth the sync 
lights out, close the generator circuit breaker. 

8. Verify the generator C/B closes by red light on. 

9. Partially load the generator to about 25 KW by raising the 
turb. gov. setting wfth the governor control switch. 

10. Adjust the power factor between 1 and .8 lag with the 
voltage control switch ( 5 - 10 KVARS at VT-581). 

11. 

12. 

Turn off the sync switch, record time and heat soak the 
Turbine for 15 minutes at this load. A control transfer 
from local to Emcon may be done at this point. 

Start conducting T-G hourly checks. 

CAUTION 

On-line generator breaker trips automatically 
fnitfate a turbine trfp by FCV-501 closure. 

6 7-?o 

VERIFICATION 

Local Emcon 

-----

Time 
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POP #2 EPGS OPERATION 
Test Date 
10/04/84 

STEP DESCRIPTION VERIFICATION 

A. LOCAL START-UP COORDINATION 

B. 

Complete these items at the request of the local EPGS operator. 

1. Momentarily enable EPS3.RST and EPS2.RST if required. 

2. Verify Condenser C.W. temperature TE-486 is below 100°F. 

3. Transfer primary 0/0 level control from CMUP to CNP 
by activating FCV-471 with a SP of 15" and resetting 
the SP of FY-472 to 14". 

4. Verify PT-431 above 1000 psi and TE-483 above 600°F. 

5. Place/confirm SGS in manual salt flow control (5 klb/hr 
min. steam flow) with FCV-431 activated and MAN.321 on. 

EPGS CONTROL TRANSFER CHECKLIST 

Complete this checklist before transferring EPGS control from Local to Emcon 
(TCPMS 'OFF' to 'ON') after T-G operation is locally established (POP #2A). 
PCK may be used to auto align these, turning itself off when complete. 

1. 

2. 

3. 

4. 

5. 

Turn on FCV-501. 

Enable the auto. hotwe11 level control EN.HLC. 

Verify that lube oil cooling FCV-521 is in auto S.P. 120°F. 

Turn on the following enable and control signals: 

(19) (20) (21) 

CTP CTF CNP 
CTP.EN CTF.EN CNP.EN 

AEP 
AEP.EN 
EOP 
EOP .EN 

Enable EPGS operational alanns PAL 

NOTE 

Control transfer may be completed before or after 
synchronizing. Follow POP #2A guidelines to synch. 

6. Coordinate transfer with EPGS technician, accomplished by 
him switching TCP key switch from local to remote. 

1 7-?.J 
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POP 12 EPGS OPERATION 

STEP DESCRIPTION 

C. STEAM CONTROL TRANSFER 

1. Transfer SGS steam control from manual salt flow to 
boiler following mode. 

2. 

a. Assure steam flow FT-311 is 5 klb/hr or more. with 
FCV-321 in manual (SGS in manual flow control, 
FCV-431 is controlling steam line pressure). 

b. Load turbine generator to 50-100 KW, 10-20 KVARS. 

c. Verify FCY-321 is cascaded at Net 90 in preparation 
for it to assume control. 

d. Turn off MAN.321. This puts FCV-321 in auto, 
controlling steam pressure at 1100 psi. (SGS in 
boiler following mode). Note FCV-431 is also 
in auto SP 1080 psi at this time. 

e. Once FCV-321 has stabilized, (ZT-321 doesn't 
fluctuate too much), immediately continue on. 
(Otherwise deactivate FCV-431 & manually control.) 

Prepare for Gen. Loading by completing the following to 
actuate GSTAT (Gen. status). GSTAT is only used when 
the T-G is on-line. Its function is to shift FCV-431 
case. control from steam line pressure PT-431 to 
D/D press. PT-432. D/D overpress. is limited by FCV-432. 

a. Verify PT-432 is in auto SP 225 psi. 
When PT-432 goes above 225 psi, turn on GSTAT. 

b. Continue to monitor FCV-321, FCV-431, FCV-432 to 
ensure GSTAT is functioning properly. 

D. GENERATOR LOADING 

1. 

CAUTION 

Coord. gen. load changes with the steam 
system and do not increase gen load faster 
than 75 kw/min. SGS load following cannot 
exceed a steam flow ramp rate of 10%/min. 

Determine & adjust generator load to required 1oarl 
conditions using the gov. and volt. control switches. 

CAUTION 
Do not exceed rated load conditions of 

750 KW at 0.8 P.F. lag (between 0.8 & 1.0 lag) 

2. Monitor the attached list of T-G operating parameters. 
Verify the local T-G hourly checklist is being completed. 

'ELECTRIC POWER PRODUCTION" 

2 7-7L/ 

VERIFICATION 



- POP #2 EPGS OPERATION 

Monitor these parameters intermittantly during T-G operation from Emcon: 

GROUP PARAMETER DESCRIPTION VALUE PARTICULARLY 

23 JT-581 KW generation 0 - 750 KW Watch for creep 
VT-581 KVAR generation 10 - 20 KVAR Adjust with load 

- 22 TT-501 Brg. ofl temps 110 - 160 °F Establish stability 
TT-502 
TE-503 
TE-505 
TE-506 
TT-507 

23 TT-510 Gen. stator temps 150 - 200 °F Establish stability 
TT-511 
TT-512 
TT-513 
TT-514 
TT-515 

- 22 PT-581 Steam pressure above 750 psi Trip parameter 
TT-583 Steam temp. above 750 °F Trip parameter 

call -up TT-509 Gen. air temp below 110 °F Trip parameter 

22 PT-502 Condenser vacuum below 15 "Hg. Affects KW generation 

22 LT-511 Hotwell level 9 - 14 II Controls check 
21 FCV-521 Oil temp. control 120 °F Controls check 

call-up TE-581 Turb. exh. temp 130 -150 °F Minimize overtemp. 

-
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POP #3 EPGS SHUTDOWN 

STEP DESCRIPTION 

A. T-G Manual Emerg. trip 

1. 

NOTE 

Initiate emerg shutdown only if necessary, 
but d~ not hesitate tf emerg. conditions exist. 
Advise 111 operators of actions ASAP. 
If possible, try to reduce generator load 
before trip with governor control switch. 

Open generator breaker with breaker CS 
or Actuate ET 

Test Date 
8/14/84 

VERIFICATION 

or Actuate EPS T-G trip button from control room. 
TIJ'perate all 3 for safety) c.s. ET. EPSTGT 

2. 

3. 

CAUTION 

Stay clear of T-G/generator breaker for safety. 
Expect HRFS I SGS safety relief valves to open. 
SGS salt flow will stop and HRFS will attempt 
to desuperheat steam. 

Verify trip; turbine speed decreasing, gen. breaker open. 

When safe and orderly, proceed with manual shutdown 
Step 6. 

B. T-G Normal Shutdown 

1. Establish comunications with Emcon operator to coordinate 
generator load shedding with steam reduction operations. 

2. Reduce generator load by lowering governor contol switch 
and voltage control switch. Do not reduce load faster 
than 75 kw/min. (Do not exceed 
an SGS steam flow reduction rate of lOi/min.) 

NOTE 

Opening the gen. bkr CS automatically 
initiates a turb. trip by FCV-501 closure. 

3. Shutdown the T-G by opening the generator breaker with the 
breaker control switch as generator load ts reduced to zero 
with the governor control switch. 

4. Verify generator breaker open by green light on. 

-,~ 
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POP #3 EPGS SHUTDOWN· 

STEP DESCRIPTION 

5. Verify turbine trip by FCV-501 closure (Emcon ZSL501 
on), turbine steam press PT-581 decrease to zero and 
generator speed ST-582 decreasfng. Manually close 
FCV-501 control switches also • .. 

7~ Verify T-G speed ST-582 decreases to zero. 

8. 

18 9. 

10. 

Verify throttle valve reset closed by ZT-581 OS open. 

Emcon operator deactivate FCV-471 and change 
FY-472 SP to 1s• 

Record ttme of day to allow 20 min. turbine/condensor 
vapor extraction before AEP shutdown (Step 16). 
As·req'd, continue with shutdown up to that step. 

11. Emcon operator turn off GSTAT and deactivate alarms 
(PAL off). A control transfer may be done at this point. 

'T•G SHUTDOWN' 
C. EPGS Shutdown 

21 12. Turn off EOP. 

13. Close cooling oil temp control FCV-521 

22 14. 

15. 

21 16. 

a. TCP local control mode - Use FCV-521 dial. 

b. TCP remote control mode• Emcon operator 
place FCV-521 in manual close. 

If operating remotely, Verify LT-511 hotwell level is 
between 9& 14", then disable EN.HLC. 

If operating locally, adjust LT-511 hotwell level to 12", 
then close TCP switches for FCV-501, 511, 512 1 541, & 551. 

Turn off CNP. 

17. Insure 20 mfn. have elapsed after T-G shutdown (Step 10) 
before proceeding. 

18. Turn off AEP. 

20 19. 

19 20. 

21. 

Turn off CTF. 

Turn off CTP, unless still required for HRFS/FWP. 

Complete the EPGS post test check-list. 

'EPGS SHUTDOWN' -7-11 

VERIFICATION 

Time 

-----

As reg'd 
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POP 14 EPGS POST-TEST CHECKLIST 
Test bate 
6/19/84 

This electric Power generation operating procedure will be utilized 
to verify EPGS f ntegrity following all tests that use the EPGS. 
This checklist shall be completed by the EPGS technician. 

STEP DESCRIPTION 

1. If used, remove the GCP synchronizing switch handle 
and return ft to the MSEE key box. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Turn off local starters. Do~ turn off CTP ff being 
used for HRFS/FWP. 

a. CTF 
b. CTP 
c. AEP 
d. EOP 
e. CNP 
f. Exciter Disconnect 
g. Throttle Valve Disconnect 

Verify ofl heater and generator heater local starters are 
on, TCP switches are in auto, and Emcon 1 OH.ON 1 fs off. 

Turn off Exciter cabinet vent fans. 

Verify EPGS UPS has 2 green lights on. 

Record, then Reset any trip functions. 

Verify throttle valve fs reset closed by inspection. 
No unthreaded rod showing on cylinder screw. 

Verify FCV-501 is closed by inspection. 

Close these valves: 

a. HV-579 
b. HV-585 
c. HV-406 

Hotwell make-up 
Hotwe 1 1 dump 
Condensate to HRFS 

Tanks at 80' Level 
Tank at 80' Level 
CMUP room at 80 1 

Drain hotwell through CNP S-581 HY ff extended shutdown 
planned (longer than 1 week). 

Verify no evidence of leaks or other abnonnalitfes found. 

Notify control room that the EPGS post-test has been 
completed. 

'EPGS SECURED• 

VERIFICATION 
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Section 8 
EMCON Graphics and Groups 

• Th1s sect1on conta1ns reproduct1ons of the EMCON graph1c d1splays and the 
pre-def1ned groups 1n the 22 11ne format. This .mater1al is arranged as 
follows: 

• 

• 

Graph1c 
Number 

990 
991 
992 
993 
994 

· 995 
996 

Group 
Number 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
26 
27 

Graph1c Displays 

Graph1c Name 

Rece1ver Panel Warm-up Temperatures 
MSEE Overall 
Rece1ver Subsystem 
Thermal Storage Subsystem 
Steam Generator Subsystem 
Heat Reject1on and Feedwater Subsystem 
Electr1c Power Generat1on Subsystem 

Pre-def1ned Groups 

Group Name 

RS controls w1th dra1n and purge valves 
RS and TSS controls 
RS and TSS 1nstrumentat1on 
TSS pump house 
TSS storage tanks for propane heater operat1ons 
RS back tube temp 
RS header temp 
RS dra1n m1cros 
RS purge m1cros 
RS pass temp 
Cr1t1cal 1nstrument read1ngs 
RS f111 and dra1n sequence 
SGS operat1on 
SGS operat1ons 
SGS 1nstrumentat1on 
SGS heater control 
SGS valve m1cros 
HRFS controls 
HRFS pump controls 
HRFS cool1ng fan controls 
Turb1ne operat1ons 
Turb1ne operat1ons 
Generator operat1ons 
EPS tr1ps 
EPS tr1ps 

8-1 

8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 

8-9 
8-10 
8-11 
8-12 
8-13 
8-14 
8-15 
8-16 
8-17 
8-18 
8-19 
8-20 
8-21 
8-22 
8-23 
8-24 
8-25 
8-26 
8-27 
8-28 
8-29 
8-30 
8-31 
8-32 
8-33 
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• 
~31 
02 FC\a'l0c 
03 FT101 
04 FD101 
.C' R, ...... 
~j._1 ..•. H 

- 06 SP.SALT 
07 PT180 
~38 PT181 
09 TE101 
10 TE102 
11 FCV180T89 

Cf 12 FCV190 
~ 13 FCV191 

14 FCV192 
15 FC\.'193 
16 FC\.'194 
17 FC\1195 
18 FC\.'196 
1q FCt,•1· q; 

..,• ,, •'' 
·=1~1 FCt,• 1 qg I....... ,, .•\;;l 

21 LT151 
22 LT161 

COP~·• 

• 
, •• CT XXX RCVR SALT FLOld CONTRL H 100.0 
.0KLB XXt~ RCVR SALT FLOW H 100.0 L 
.0KLB XXX FLOW DEMAND H. 100.0 L 
. 0KLB OFF RCVR CONTRL ALGORM H 100.0 L 

750,F XXX RCVR SALT TEMP SETPT H 1060. L 
0.PSI XXX RCVR BOOST PUMP DSCHGE H 400. L 
0.PSI XXX RCVR INLET PRESS H 125. L 

· 632.F XX.~ RCVR INLET HEADER H 650. L 
531,F XXX RCVR OUTLET HEADER H 1060. L 

0.0FF RCVR DRAIN VAL~ES 
0.OFF PURGE VALVE PANELS 01.02 
0.0FF PURGE VALVE PANELS 03.04 
0.0FF PURGE VALVE PANELS 05.06 
0.0FF PURGE VALVE PANELS 07.08 
0.0FF PURGE VALVE PANELS 09.10 
0.OFF PURGE VALVE PANELS 11.12 
0.0FF PURGE VALVE PANELS 13.14 
0.0FF PURGE VALVE PANELS 15.16 
0.0FF PURGE VALVE PANELS 17.18 
.0IN XXX RCVR COLD SURGE TANK H 90.0 L 

1.0IH XXX RCVR HOT SURGE TAHK H 70.0 L 
GROLIP 01 

• 
,0 PC 

20.0 PCM 1 
.0 PCM 1 
.0 PCM 1 

700, PC~11 
275. PC~1 3 

10. PC~11 
500. PC~11 
500. PC~11 

PC~11 
PC~11 
PCM 1 
PCM 1 
PC~11 
PC~11 
PC~11 
PCM 1 
PCM 1 
PCM 1 

10.0 PCM 1 
15.0 PCM 3 

27-JUL-84 15=41=54 
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~32 FCV101 98.4PCT XXX RCVR. SALT FLOW CONTRL H 100,0 L .0 PC 
03 FC\.'102 98.6PCT XXX RCVR SALT FLOW COHTRL H 100.0 L -,0 PC~11 
~34 FC11l 151 1 PiT ,,,A,A.,' ~1j•\1IK1 

, .,• 1"11
11

11
11

1 '• •' I '• iflLD c·11~fE T At·~V H .,•.. '•'· .J '• 100.0 L .0 PCM 1 
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~17 Ff''111·:,~11 · 
mi m1 IL.111 
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I... .,.I , 1"11"11"1 I •-1 • .. 1 COLD SUMP LE\,'EL H 6€1 I €1 L 15. i3 PCM 3 

,jr-, FCV 1 qq 
l::J1;1 I ) a••' 0.0FF RCVR DRAIH FILL . ISOLAT PCM 3 
(19 FC\.'171 0.0FF RCVR CTANK AIR SUPPL 1·' PCM 1 
i0 ZSH199 1.0N XXX RCVR DRAIN FILL ISOLAT . PCM 3 

: 11 ZSL199 0.0FF XXX RCVR DRAIN FILL ISOLAT .. PCM 3 
! 12 OPN.211 0.0FF TSS COLO SUMP. ISOLAT PC~1 3 
p 17 CLS ~11 0.0FF TSS COLO SUMP ISOLAT PCM 3 i ,.,.1 ' ~ 'C. 
. 1 .• ,c-H·~11 0.0FF XXX TSS COLD SUMP ISOLAT PC~1 3 _i. "'1' 1-'-' "-

1::i ZSL21i l ... Ii , II !I t ...... , ... !·•,"it ri '~LJM!:l T1:!"~f i:) T ~•,-.M 7 1 . Lll' ,:\,•\i, i -)IJ t.•t.'L.Lt ._1 'l'h • ._ • ._.$.I I C ',), I . . " 

1h OR.OPN 0.OFF RCVR CAVITY DOOR OPEN PC~l 1 
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18 ZSHDR 0.0FF XXX RCVR CAVITY DOOR OPEN PCM 1 
19 ZSLDR 1.0H XXX RCVR CAVITY DOOR CLOSED PC~11 
20 LT281 124.9IN TSS COLO TANK -LEVEL H 134.0 L 15. 0 PC~1 3 
21 LT291 .9IN LOA TSS HOT TANK LEVEL H 190.0 L 10.0 PC~1 3 
,av•, ps~e1 1.ON TSS SGS AIR SUPPL,·' PCM 3 c.c. -.iC.~ 
cop,-· GROUP 02 
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~31 
02 LT16, • 1 .\ n nnt1 1,,_, • • .. • l'W • V'lll"l ... la I I H 11, I I .. ,.. • w - ••• 
03 LT201 ~q 81N t., .a;i TSS COLD SUMP LEVEL H 60.0 L 15.0 PC~1 3 
04 LT221 39.SIN XXX TSS HOT SLIMP LEVEL H 41.0 L 15.0 PC~1 3 
i1, LT~81 "'.... &;l;J 50.21N XX.~ TSS COLD TANK LEVEL H 134.0 L 15,0 PCM 3 
~36 LT291. 108.21N XXX TSS HOT TANK LEVEL H 190,0 L. 10.0 PC~1 3 
~17 PT180 0.PSI XXX RCVR BOOST PUMP DSCHGE H 400. L ~'5. PCM 3 
f18 PT181 0.PSI XXX RCVR INLET PRESS H 125. L 10. PCM 1 
~J9 PT182 0.PSI XXX RCVR COLD SURGE TANK H 180. L 10, PCM 1 
H3 FT101 .0KLB XXX RCVR SALT FLOW H 100.0 L 20.:0 PC~11 
11 TE101 598.F XXX RCVR INLET HEADER H 650. L 500. PCM 1 

~ 12 TE102 526.F X~'X RCVR OUTLET HEADER H 1060. L 500. PC~11 
13 TE180 94.F XXX BOOST PUMP BEARNG TEMP H 190. L -99. PC~1 3 
14 TE181 178.F XXX BOOST PUMP SUMP VENT H 350. L -99. PCM 3 
15 TE182 563.F XXX RCVR COLD SURGE TANK H 750. L ·500. PC~11 
16 TE183 488.F XXX RCVR HOT SURGE TANK H 1070. L 500. PC~11 
17 TE184 274.F XXX RCVR HOT SURGE VENT H 400. L -99. PC~11 
18 TE211 175.F XXX TSS COLO SUMP VENT H 400, L -99. PCM 3 
19 TE231 96.F XXX TSS HOT SLIMP. VENT H 400, L -99. PC~1 3 
2i3 TE281 584.F XXX TSS CTANK RAKE LOWER H 750. L 500. PCM 3 
21 TE283 568 F XXX TSS CTANK RAKE UPPER H 750, L 500. PC~1 3 'Ill~- 1'1'1' '111\ii 

I 

I 
COP~·• GROUP 03 I 

l ·=•7- II IL -·=•4 1 i:i: 4-,: 4i:i 
L:.. ·- - ·-· ·- •• ·-



• • • 
~~ ffl1"'"flr5}ill,:~l;.;li:.;l.,::~l(i: f.§:S·~-rc,LD SLIPlP ISOLAT 

PCPl ..S 

03 CLS.211 0.0FF TSS COLD SUMP ISOLAT PC~1 3 
~34 ZSH211 0.0FF XXX TSS COLD SUMP ISOLAT PC~1 3 
0, 7SL211 1.0N XXX TSS COLD SUMP ISOLAT PCM 3 • '• lia'-1 

~1F Ff"' 1··•··• 1 ,1~ q It~ 1 . .u..u..• T.-. .-. HOT SUMP LE1•lEL H 100·. 0 L .0 PCM 3 ' I "C.C. . ,., .... , .... ' l·u·\t·, ,:1,:1 
• - -• 1 

07 OPN.231 0.0FF TSS HOT Sll~1P ISOLAT PC~1 3 
A1=1 CLS ~11 0.0FF TSS HOT SLIMP ISOLAT PC~1 3 m 1.1 I \,I I i;,',,,I 

~1q iSH~lt 0.0FF XXX TSS HOT SUMP ISOLAT PC~1 3 .. -· ... \ii I;. \,I 

1t1 2SL231 1.0N XXX TSS HOT Sll~1P I SOLAT ·· PCM 3 
CX) 11 PT180 0.PSI XXX RCVR BOOST PUMP DSCHGE H 400. L 2i5. PCM 3 
-~ 1·=1 CSP 0.0FF TSS COLD SALT Pll~1P PC~1 3 N f.. ''al 

13 CSP.EN 0.0FF TSS CSP ENABLE PC~1 3 
14 BP 0.0FF RCVR BOOST PUMP PCM 3 
15 BP.EH 0.0FF RCVR BP ENABLE PC~1 3 
1 ·· "SHCSP 0. OFF Xx'X TSS COLD SALT PUMP PC~1 3 t, '\ii '\,I 

17 ZSHBP 0.0FF XXX RCVR SALT BOOST PUMP PCM 3 
18 HSP 0.0FF TSS HOT SALT PUMP PC~1 3 
19 HSP.EN 0.0FF TSS HSP ENABLE PCM 3 
2~1 ZSHHSP 0.0FF XXX TSS HOT SALT Pll~1P PC~1 3 
21 TE180 94.F XXX BOOST PUMP BEARNG TEMP H 190. L -99. PCM 3 

. •"'l'"'I TE~86 156.F XXX TSS COLD PUMP BEARNG H 190. L · -99. PCM 3 c.c. ,~ 
COP~·• GROLIP 04 

27-JUL-84 15=50=03 



• • • 
01 
rr-1 Fc~•-:14 •:t ~c. . 'C. a: 8.0FF TSS PRPANE HEATER ISOLAT PCPl J 
A~ Ff'•1111201 ...... ..• 1 • 

•·u~ q I H 1 • .u..u..1 T""•r• C. I a't 1'1 1'1 11111111 
•'••' 111111 ...... COLD SUMP LE'•lEL H 60. t1 L 15.0 PCM 3 A4 Ff•lut•:i•:i 1 ,q 1•1 It~ i • .u..u..i T""·""· HOT SUMP LE'•lEL H 100. t1 L .0 PCM 3 ISi I 111 111 111 - ID 

• •' I t;;;,I.., ,.1.,., • 1..,1 I II II I ,.,,1,..,1 

f15 PT180 0.PSI XXX RCVR BOOST PUMP DSCHGE H 400. L 2i5. PC~1 3 
06 OPN.21-1 0.OFF TSS COLD SUMP ISOLAT · PC~1 3 
~37 CLS.211 . 0.0FF TSS COLD SUMP ISOLAT PC~1 3 
08 LT201 29.91H TSS COLD SUMP LEVEL H 60.0 L 15.0 PCM 3 
~39 LT221 39.9IH XXX TSS HOT SUMP LEVEL H 41.0 L 15.0 PCM 3 
1f1 LT281 50.2IH XXX TSS COLD TANK LEVEL H 134.0 L 15.0 PCM 3 

· 11 TE281 585.F XXX TSS CTANK RAKE LOWER H 750. L see PCM., -..: i. •i'i \,.I 
• (X) I ., TE~. ~ 570.F XXX TSS CTANK RAKE MIDDLE H 150. L 500. PCM 3 :t; 1~ c.~i: ,· t' \,I .. 

I 11 TE~8l 568 F XXX TSS CTANK RAKE UPPER H 150. L 500. PC~1 3 ... 1 a;.~ \,j .. t;l • ,· ,· \,I .. 

1li LT~Ql 10a 01N ~-~·~· r~s HOT TA~J( LEVEL H 190.0 L---10.0 PCM 3 .L I .;;,., ~ ... 111111 ..... 

15 TE291 ,~~ F XXX TSS HTANK RAKE LOWER H 1010. L 500. PC~1 3 l &;.I;;;.• •• ,• •• ._._ 

1~ TE~Q~ 10~ F XXX TSS HTANK RAKE MIDDLE H 1010. L 500. PCM 3 .1 &;..•I;;;. l I;;;,, 1'1'1' ._ .. 

1? TE2Ql 698.F XXX TSS HTANK RAKE UPPER H 1010. L 500. PCM 3 •' •' \,j 

1•:• if'l41 94.2PCT XXX TSS PRPAHE HEATER FLOW H 100.0 L .0 PCM 3 . 1.1 '- &;. 
11~ 7SH·~4 ~ 0 . OFF ~:~:~: TSS PRPANE HEATER ISOLAT PCM 3 ... •' .... .;;. s;;;, 

··ir1 "SL ~4 -~ 1.0H XXX TSS PRPANE HEATER ISOLAT PCM 3 .. ' •' a: a: 1.... .. .... 

··· 1 "SH~ 11 0 . OFF XX.~ TSS COLD SUMP ISOLAT PCM 3 C. '".. C. 
•·i•·1 "SL~ 11 1.0N XXX TSS COLD SUMP ISOLAT PCM 3 c.c. '".. a: 

COP~-• GROLIP 05 
27-JUL-84 15=56=17 



• • • 
01 
02 TE132 98.F XXX RCVR PANEL BACn w1 1 •n 11 · r 1w1 • WW'Wt 

€13 TE133 105.F XXX RCVR PANEL BACK UPPER H 815. L 500. PCM l 
04 TE134 92.F XXX RCVR PANEL BACK UPPER H 915. L 500. PCM 1 
f15 TE135 135.F XXX RCVR PANEL BACK UPPER H 980. L 500. PCM 1 
€16 TE136 · 228.F XXX RCVR PANEL BACK UPPER H 1045. L 500. PCM 1 
~37 TE13i 100.F XXX RCVR PANEL BACK MIDDLE H 680. L 500. PCM l 
(18 TE138 133.F XXX RCVR PANEL BACK MIDDLE H i35. L 500. PCM 1 
09 TE139 94.F XXX RCVR PANEL BACK MIDDLE H 825. L 500. PCM 1 
10 TE140 91.F XXX RCVR PANEL BACK MIDDLE H 905. ·L 500. PCM 1 

. f 11 TE141 128.F XXX RCVR PANEL BACK MIDDLE H 990. L 500. PCM 1 
~ 12 TE142 153.F XXX RCVR PANEL BACK MIDDLE H 1045. L 500. PCM 1 

13 TE143 161.F XXX RCVR PANEL BACK LOWER H 660. L 500. PCM 1 
14 TE144 158.F' XXX RCVR PANEL BACK LOWER H i25. L 500. PCM 1 
15 TE145 176. F XXX RCVR PANEL BACK LOWER H . 830. L 500. PCM 1 
16 TE146 110.F XXX RCVR PANEL BACK LOWER H 895. L 500. PCM 1 
17 TE147 133.F XXX RCVR PANEL BACK LOWER H 985. L 500. PCM 1 
18 TE148 269.F XXX RCVR PANEL BACK LOl~ER H 1035. L 500. PCM 1 
1·~ RMAVT . 270. F X~u~ RC\JR PANEL MAX TEMP H 1080. L 500. PCM 1 '-•' \ II 

2~] RMINT 92.F XXt~ RCVR PANEL MIN TEMP H 1080. L 500. PCM 1 

l ' COP~' rROUP 0~4 1~.~,q:~7 
u II IL I I • I • ·- -· - • 27-._ - -,:, ·-



• • . • 
01 
02 l&;..L~w 'T / W I r t\t\{ I ...... I l'I I •--- I ....... ,_ 11 u .... 11 aw,- V. - 'WWWe 

03 TE185 311.F XXX RCVR PASS02 OUTLET TEMP H 665. L 500. PCM 1 · 
04 TE186 598.F XXX RCVR PASS03 OUTLET T8'1P H 690. L 500. PC~11 
05 TE187 237.F XXt~ RCVR PASS04 OUTLET TEMP H 720. L 500. PCM 1 
06 TE188 · 177.F XXX RCVR PASS05 OUTLET TEMP H 750. L 500. PCM 1 . 
07 TE189 406.F XXX RCVR PASS06 OUTLET TEMP H 780. L 500. PCM 1 
08 TE190 642.F XXX RCVR PASS07 OUTLET TEMP H 810. L 500. PCM 1 
~39 TE191 337.F XXX RCVR PASS08 OUTLET TEMP H 835. L 500. PCM 1 
10 TE192 615.F XX.~ RCVR PASS09 OUTLET TEMP H 865. L 500:· PC~11 

Cf> 11 TE193 361.F XXX RCVR PASS12 OUTLET TEMP H 950. L 500. PCM 1 
~ 12 TE194 6,2.F XXX RCVR PASS13 OUTLET TEMP H 975. L 500. PC~11 

13 TE195 443.F XXX RCVR PASS14 OUTLET TEMP H 990. L 500. PCM 1 
14 TE196 655.F XX.~ RCVR PASS15 OUTLET TEMP H 1010. L 500. PC~11 
15 TE197 343.F XXX RCVR PASS16 OUTLET TEMP H 1030. L 500. PCM 1 
16 TE198 566.F XXX RCVR PASS17 OUTLET TEMP H 1050. L 500. PC~11 

COP~·• GROLIP 07 
27-JUL-84 16=00:34 



• 
01 w.1• 

I ~·=· 7SH18 I ID L.. la\il {;l 

'717 'SH 1 e·:-i:.. .... '-\ii t;J I;. 

I 04 2SH183 
, ~, 7SH184 

.. '• (a\,il t;J 

06 ZSH185· 
~? 7SH18' .. •' (a\il 'la._, 
171

1

' 'SH1°1 t. ,.,1 C.\il Ol 

~q iSH188 .. •' la\il ~ {;l 

10 2SH189 
11 ZSL180 

Cf 1··· .,s~1s1 ~ C. ~~L e;;i 

1, 'SL18~ ._, C.\il ~ I;. 

14 2SL183 
15 ZSL184 
16 ZSL185 
17 ZSL186 
1 C• '~L1~i ... , .. , ...... \l,· 

1~ ZSL188 
•:~f~! ,c-, i 00 
b ~ .,.-..·!. .i, i,_1,.i 

COPY 

0, 
0. OFF XX.~ RCVR 
0.0FF XXX RCVR 
0. OFF XX.~ RC\.'R 
0.0FF XXX RCVR 
0.0FF XXX RCVR 
0.0FF XXX RCVR 
0.0FF XXX RCVR 
0. OFF Xx'X RCVR 
1. ON X~'X RCVR 
1.0N XXX RCVR 
1. ON X.~X RCVR 
1. ON XX.~ RC\a'R 
1.0N XXX RC\IR 
1.0N XXX RCVR 
1.0N XXX RCVR 
1. OM X1;X RCVR 
1.0N XXX RCVR 
i 1'"ll t UUl.l r .. •.t tl"'. 

• • l,.ii l 1"u'111 i\l..1 'U\ 

• 
.2 0 

DRAIN N0.3 OPEN 
DRAIN N0.4 OPEN 
DRAIN N0.5 OPEN 
DRAIN N0.6 OPEN 
DRAIN N0.7 OPEN 
DRAIN N0.8 OPEN 
DRAIN N0.9 OPEN 
DRAIN N0.10 OPEN 
DRAIN N0.1 CLOSED 
DRAIN No.2· CLOSED 
DRAIN N0.3 CLOSED 
DRAIN N0.4 CLOSED 
DRAIN N0.5 CLOSED 
DRAIN N0.6 CLOSED 
DRAIN N0.7 CLOSED 
DRAIN N0.8 CLOSED 
DRAIN N0.9 CLOSED 
,-,?'\.,\ 'ltl l t ,.-... • • •• • .,,,,.. .. 

L.if\h 11, fiLI • l ~ L,LLl~tLi 

GROUP 08 

• 
C 

PC~11 
PCM 1 
PC~11 
PC~11 
PCM 1 
PCM 1 
PC~11 

·· PC~11 
PC~11 
PC~11 
PCM 1 
PCM 1 
PC~11 
PCM 1 
PCM 1 
PCM 1 
PC~11 
PCM 1 



i 
I 
I 

l 
I 

• 
01 ?SH1Q2 ... lia\.i •' 

I ~14 7SH1Q3 
• lia\.i •' 

05 ZSH194 . ·· IIJ~H1 q5 i·1r. tS · 
... "' lia\.i •' .. ., IIJ~H1 Q·· ~j,.,• LS .,b 
f1•:, 7SH1Q, .. , ... , '--.: •' l 

i39 ZSH198 
H1 iSL1Q0 

"' lia\.i •' 

OJ 11 2SL191 
~ 1 ·:, 'SL1 q~ 
" I... '-\,I •' a;_ 

11 'SL1Ql '• '--.: .}\,,I 

14 ZSL194 
15 2SL195 
1 ·· IIJSL1 q,• ti C::.. .,b 
11 7SL1Q, l '-\al .•l 
1t, .,SL1Q8 

,:, L\,,I •' a;;i 

! I l . COP\" 

• 
OPEN PC 

0.0FF XXX RCVR PURGE N0.3 OPEN PC~11 
0.0FF XX.~ RCVR PURGE N0,4 OPEN PCM 1 
0.0FF XX.~ RCVR PURGE H0.5 OPEN PC~11 
0.0FF XXX RCVR PURGE N0,6 OPEN PC~11 
0.0FF XXX RCVR PURGE N0.7 OPEN PCM 1 
0.0FF XXX RCVR PURGE N0,8 OPEN PC~11 
0.0FF Xx'X RCVR PURGE N0.9 OPEN PC~11 
I.ON XXX RCVR PURGE H0.1 CLOSED ·· PCM 1 
1.0N Xx'X RCVR PURGE N0.2 CLOSED PC~11 
1.0N Xx'X RCVR PURGE N0.3 CLOSED PC~11 
1.0N XXX RCVR PURGE N0.4 CLOSED PC~11 
1.0N XXX RCVR PURGE N0.5 CLOSED PC~11 
1.0H XX.~ RCVR PURGE H0.6 CLOSED PCM 1 
1.0N XXX RCVR PURGE NO., CLOSED PC~11 
1.0N XXX RCVR PURGE N0.8 CLOSED PC~11 
1.0N XXX RCVR PURGE H0.9 CLOSED PC~11 

GROLIP 09 I 



i31 
i7r=· .. La 

• 
t13 TE104 
04 TE105 ·- - ""El 1, .. t!~I I . ~t• 
f16 TE107 · 
07 TE108 
08 TE109 
~39 TE110 
U3 TE111 
{ J TC'11 ":t 

f .;. .;. , .......... 

~ 12 TE113 
I""' ...... , 14 
!j lt:.i. 
14 TE115 
15 TE116 
16 TE117 
17 TE118 
18 TE119 
19 TE120 
20 TE102 

COP,·' 

• 
203.F 
208.F ., .... ,.. F c:c.o. 
235.F 
255.F 
233.F 

. 176. F 
231.F 
::•114 J:" 
""• I • l 

251.F 
1.-,a F o,. I 

246.F 
200.F 
191.F 
261.F 
282.F 
242.F 
515.F 

r 

nl 
XXX RC\IR 
xi~ RCVR 
\.IV\,1 RCUR 
i\f\t"\ '\' 

Xt~X RCVR 
XXX RCVR 
XXX RCVR 
Xx~ RC\IR 
XXX RCVR 
\~~!~~ ~r\lR ' ..... - . 

X~'X RCVR 
u~.•~.• RCUR 
tV\f\ V 

XXt~ RCVR 
XXX RCVR 
XXX RCVR 
XXX RCVR 
XXX RCVR 
XXX RCVR 
\,l\.ll.• RCUR 
1')1'\t"\ ' \1 

• 
·''SS "-'-'t 

PASS02 OUTLET TEMP H 
PASS03 OUTLET TEMP H 
PASS04 OUTLET TEMP H 
PASS05 OUTLET TEMP H 
PASS06 OUTLET TEMP H 
PASS07 OUTLET TEMP H 
PASS08 OUTLET TEMP H 
PASS09 OUTLET TEMP H 
p~~ss10 OUTLET TEMP H 
PASS11 OUTLET TB~P H 
PASS12 OUTLET TEMP H 
PASS13 OUTLET TEMP H 
PASS14 OUTLET TEMP H 
PASS15 OUTLET TEMP H 
PASS16 OUTLET TEMP H 
PASS17 OUTLET TEMP H 
PASS18 OUTLET TEMP H 
OUTLET HEADER H 

I 

665. L 
690. L 
720. L 
750. L · 
780. L 
810. L 
835. L 

. 865. L 
890. L 
920. L 
950. L 
975. L 
990. L 

1010. L 
1030. L 
1050. L 
1070. L 
1060, L 

• 
I 

500. PD11 
500. PCM 1 
500. PC~11 
500. PC:M 1 
500. PCM 1 
500. PCM 1 
500. PCM 1 
500·. PCM 1 
500. PCM 1 
-· Ill i-.. •.~J I 

jot} . ~-1_.,1 i 
500l PCM 1 
500. PCftl 1 
500. PCM 1 
500. PCM 1 
500. PCM 1 
500. PCM 1 
500. PCM 1 
500. PC~11 

GROUP 10 
·:,-:,_ II IL-•=•4 1i==:: vt4: i=.·:, 
L...· ·-- ·-· - - ·-~ 



• • • 
t11 
~32 PS281 1.0N TSS SGS AIR SUPPLY PCPl J 
03 ZSHDR 0.0FF XXX RCVR CAVITY DOOR OPEN PC~11 
~34 ZSLDR 1.0N XXX RCVR CAVITY DOOR CLOSED PC~11 
ffi TE~86 •'• J;;;,t;;J 158.F XXX TSS COLD PUMP BEARNG H 190. L -99. PC~1 3 

, 06 TE180 . 95.F XXX BOOST PUMP BEARHG TEMP H 190. L -99. PC~1 3 
07 TE101 517.F XXX RCVR INLET HEADER H 650. L 500. PCM 1 
08 TE102 513.F XXX RCVR OUTLET HEADER H 1060. L 500. PC~11 
09 RMAXT 249.F XXX RCVR PANEL MAX TEMP H 1080. L 500. PCM 1 
10 RMINT 89.F XXX RCVR PANEL MIN TEMP H 1080. L 500·: PCM 1 

~ 11 TE140 90.F XXX RCVR PANEL BACK MIDDLE H 905. L 500. PCM 1 
~ 12 PT181 0.PSI XXX RCVR INLET PRESS H 125. L 10. PCM 1 

13 TE211 205.F XXX TSS COLD SUMP VENT H 400. L -99. PC~1 3 
14 TE181 147.F Xx.'\( BOOST PUMP SUMP VENT H 350. L -99. PCM 3 
15 TE184 263.F XX.~ RCVR HOT SURGE VENT H 400. L . -99 . PC~1 1 ·:1 

16 ZSHBP 0.0FF XXX RCVR SALT BOOST PUMP PC~1 3 
17 ZSHCSP 0.0FF XXX TSS COLO SALT PUMP PC~1 3 
1·=· 'SHCLP '·' '"~ ' 0.0FF XXX TSS COOLNT PUMP PCM 3 
19 L\.'181 1.0N XXX 24VDC CONTRL POWER SUPPLY PCM 1 
·=·~1 L V''81 · i L.. f;t;;J l.ON XXX 24VOC CONTRL POWER SUPPLY PC~1 3 
21 FT101 .0KLB XXX RCVR SALT FLOW H 100.0 L 20.0 PCM 1 
22 TE161 417.F XXX TSS DWNCMR OUTLET TEMP H 1070. L 500. PCM 3 cop,.• GROUP 11 

i .-,-, II IL ,-,4 1 .- i,-. ..... -
~ ; 

C/-~- -o· b=~ ✓ :~b 



f. 

• 
01 ' § 
c1•:1 ··S •7s· l L. '-._ '-'\ii, 

03 ZSHBP 
04 PT180 
• C' F •·111 C' 1 ~j._1 I_, 'i' •• 1 

f16 FCY162-
07 FCV161 
08 FC\.'199 
09 DRCLSD 
10 PLICLSD 

er 11 PT182 
~ 12 LT151 

13 PT181 
14 FT101 
15 FCV171 
16 RS.DRAIN 
17 RS.FILL 
18 RSJ1AN 
19 SP.SALT 

COP\·' 

0.OFF XXX TSS · 
0.0FF XXX RCVR 
0.PSI XXX RCVR 

j"'1P·1··r • .. .n. • .n..• t:•1··, ,r, 
1 i::. ,.• 1"11"11"'1 rr.. •' ... rr.. 

.0IN XXX RCVR 

.0IN XXX RCVR 
0.OFF RCVR 
1.0N XXX RS 
1.0N XXX RS 
0.PSI XXX RCVR 
.0IN XXX RCVR 
0.PSI XXX RCVR 
.0KLB XXX RCVR 
0.0FF RCVR 
0.0FF XXX RCVR 
0. OFF Xx'X RCVR 
0.0FF XXX RCVR 

750.F XXX RCVR 

• • 
11:i:11 

SAL l PllPlP PCPl J 
SALT BOOST PUMP PCM 3 
BOOST. PUMP DSCHGE H 400. L 275. PCM 3 
COLD SIJF.:GE TANK H H30 . 0 L . 0 PCM 1 
Dl~NCMR COLD TANK H i0.0 L 15.0 PCM 3 
DWHCMR HOT TANK H i0.0 L 15.0 PCM 3 
DRAIN FILL ISOLAT ·pcM 3 
DRAIN VAL~~S CLOSED PCM 1 
PURGE VALVES CLOSED ·· PC~1 1 
COLD SURGE TANK H 180. L 10. PCM 1 
COLD SURGE TANK H 90.0 L 10.0 PCM 1 
INLET PRESS H 125. L 10. PCM 1 
SALT FLOW H -100.0 L 20.0 PCM 1 
CTANK AIR SLIPPLV PCM 1 
DRAIN ~ :c~;o~PC~1 3 
FILL · ·,., ~ \c.-J l cP{\, PCM l 

~'> l L, l 4; ~JI¥' •l'I tJ 

LINDER MANUAL CONTRL ~~#~~/~a- PC~1 3 · 
SALT TEMP SETPT H 1060. L 700. PCM 1 

~ROUP 1?4 1
c:A9:01 

u II IL '-' . · ..., - ---, -, I -i:::...--._ - -



l· 

• 
01 
0·:, s mL. \,11 I 

"'""I "P "P tt~. s Is 
04 SP ST .. \,j 1\,1 

05 MAN.301 ., .. i-.p ""~1 ~ti S .J0 
~? M,•\ll 1'~ 1 .. ,, l'IMl1 • ._ a;. 
171.:• SP ,-lt i:.. I.I \,j I ._lt;_ 

09 MAN.331 
1- "P """' 1 ~j s . .j~ 

0) 11 MAH.341 
6 12 SP .341 

13 MAN.351 
14 SP.351 
15 ~1AN.411 
16 SP.411 
1? M,•\ll l818~ ,, l'IMll. w~ ~a; 

18 FC\.'38182 
1q M,•\N l8l •' l'IM I \I ~ \,j 

2f1 FC\.'383 
21 MAN.384 
22 FC\.'384 

COP\·' 

• 
.0IN XXX SGS DRUM LEVEL SETPT H 4.0 

1100.PSI XXX SGS STEAM PRESS SETPT H 1130. L 
950.F XXX SGS STEAM TEMP SETPT H 980. L 

0.0FF REQEST MANUAL CONTRL FC\1301 
· .0PCT XXX SGS FCV301 MANUAL SETPT H 100.0 L 

0.0FF REQEST MANUAL CONTRL FCV321 
99.iPCT XXX SGS FCV321 MANUAL SETPT H 100.0 L 

0.0FF REQEST MANUAL CONTRL FC\1331 
9.9PCT XX.~ SGS FCV331 MANUAL SETPT H 100.0 L 
0.0FF REQEST MANUAL CONTRL FCV341 
.0PCT XXX SGS FCV341 MANUAL SETPT H 100.0 L 
0.0FF REQEST MANUAL CONTRL FCV351 
.0PCT X):..'\{ SGS FCV351 MANUAL SETPT H 100.0 L 
0.0FF REQEST MANUAL CONTRL FCV411 
.0PCT XXX SGS FC\.'411 MANUAL SETPT H 100,0 L 
0.0FF SGS EVAP SUPHTR DRAIN 
0. OFF · SGS EVAP SLIPHTR DRAIN 
0.0FF SGS ELECT HEATER BYPASS 
0.0FF SGS ELECT HEATER BYPASS 
0.0FF SGS ELECT HEATER STRTUP 
0.0FF SGS ELECT HEATER STRTUP 

• 
-'t,0 PCPl ·-5 

1070. PC~1 3 
920, PCM 3 

PC~1 3 
.0 PCM 3 

PCM 3 
.0 PC~1 3 

PC~1 3 
·:0 PCM 3 

PCM 3 
,0 PC~1 3 -

PCM 3 
.0 PC~1 3 

PC~1 3 
,0 PCM 3 

PC~1 3 
PC~1 3 
PCM 3 

· PC~1 3 
PC~1 3 
PCM 3 

GROUP 1~4 1h:10=25 .-,-,_ II IL-,:, -c.., ·- -
I I 

I 

I 



01 
~32 

• 
f13 PT383 
€14 FT411 
05 FT311 
... ·· FT"'~1 / l1t1 J8 · 

, 07 TE332 
08 TE33~ 
i39 PT321-
10 PT386 

Cf 11 TE386 
~ 12 TE388 

13 21411 
14 ZT331 
1C' 'SH184 ... 1 '9\il -Jt;J 

1... .,s"L104 
C• L,._ ~'Or 

17 FCV40 
1 ,:1 F1·•1 .. ,4·:• 1 

1.1 ,.• I I... 

19 FC\1431 
2€1 FC\.'43( 
21 FCV491 
22 LT471 

cop~,• 

• 
62:PSI XXX SGS STEAM DRUM PRESS .H 
.00KLB XXX HRFS FEED WATER FLOW H 
.01KLB XXX SGS MAIN STEAM FLOW H 
0.LB XXX SGS ATTEMP STEAtt1 FLOW H 

102.F XXX SGS TURBIN THROTL TEMP H 
302.F XXX SGS SPRHTR STEAM OUTLET H 
63.PSI XXX SGS STEAM DLIVRV PRESS H 
0.PSI XXX SGS FEED WATER PRESS H 

97.F XXX HRS FEED WATER TEMP H 
304.F XXX SGS EVAPTR WATER TEMP H 

.0PCT XXX HRS FCV411 VALVE POS H 

.0PCT XXX SGS FCV331 VALVE POS H 
1.0N XXX SGS ELECT HEATER STRTUP 
0.0FF XXX SGS ELECT HEATER STRTUP 
1° F•CI YYV H°FC Frll,1H'T0 P1llt~P1 P10ECC H 

1•1 
I •-

1 1,1,1
11
1 Fa. '•' L rr.. • 11 rr.. • .... 1 

140.F XXX HRFS FDWATR TEMP CONTRL H 
,0PCT XXX HRFS STEAM COHTRL H 
1.PSI XXX DEATOR OPRTNG PRESS CONTRL H 

63.PSI XXX SGS STEAM DLIVRV PRESS H 
14.7IH XXX HRFS OEATOR LEVEL CONTRL H 

• 
1250. L 
16.00 L 
12.60 L 
2500. L 
990. L· 

1200. L -) 
1150. -L 
1500. L 
575. L 

1100. L 
100.0 L 
100.0 L 

1C'... L .J~~:1. 
2500. L 
100.0 L 
400. L 

1150. L 
30.0 L 

•:'.;ROUP ! •l 

• 
a I c, 

950. PCM 3 
.00 PCM 3 

3.20 PCM 3 
0. PC~1 3 

910. PCM 3 
91B~ PCM 3 
950. PCM 2 

0. PC~1 3 
500:· PCM 3 
500. PCM 3 

.0 PC~1 3 

.0 PC~1 3 
PCM 3· 
PCM 3 

~71 Pf~,, ·:, 
a I .,rt I. 

-QQ p•1··~11 ,•, 
-· •• ' .,11 ,:: 

.0 PCM 2 
0. PC~1 2 

950. PCM 2 
10.0 PCM 2 

27-JUL-84 16=11=54 



~ 

• 
01 ,•,•· de:. ............. 
03 TE301 
04 TE384 
05 PT384' 
~h FT18~-
- -· 'al~~ 

07 FT321 
,· i"'i .,T"'01 tJ•:• t. Jo 
~1q ?Tl"1 ••' .. 'al~ 

10 ZT341 
00 11 ZT351 
~ 1 ·=

1 F1··1 1·=1
·=· 1 w L. •. •.•1-1.. 

1' F1"'•I 1•:11711 'I ,IIIL.~ • • • 

14 PT180 
15 LT281 
16 LT2.q1 
17 PT383 
1::: FT311 
19 FT411 
2~3 LT311 
·:.1 TE'8, L. .Jt;;il .-.. -, re·~s, c:.c. C.t;;i ._, 

COP,·' 

I I I II II I '1.1\;ls 
5·~ 1 F l.ll,I\.• sG·s 
'al C. • •''•''u') \I 'al 

511.F XXX SGS 
3.PSI XXX SGS 

3.13KLB XXX SGS 
4.5KLB XXX SGS 

62.6PCT XXX SGS 
100.0PCT XXX SGS 

.0PCT XXX SGS 

.0PCT XXX SGS 
,1·, 1·1 It~ 1, •• 11 •.• " .. 1 Ti"'•,·· 

I ., .., I ti II 1'1 ·,·, 
........ 111111 ..... 

•·11·1 i"', It~ • . .u..u..1 r1·•,·· m., ., I I I I ID ID 

I.,.-· , •' 1"11
11

11111 •.,.1 ,.,,.I 

0.PSI XXX RCVR 
49.91H XXX TSS 

108.SIN XXX TSS 
58.PSI XXX SGS 
.01KLB XXX SGS 
.00KLB XXX HRFS 

-14.2IN XXX SGS 
103.F XXX HOT 
154.F XXX TSS 

• 
• 

EVAPTR SALT INLET H 880. L 
EVAPTR SALT OUTLET H 640. L 
EVAPTR SALT OUTLET H 200. L 
COLD BYPASS FLOW H 16.00 L­
TOTAL SALT FLOW H 100.0 L 
FCV301 VALVE POS H 100.0 L 
FCV321 VALVE POS H 100.0 L 
FCV341 VALVE POS H 100.0 L 
FCV351 VALVE POS H 100.0 L 
HOT SUMP LE\11EL H 100. 0 L 
COLD SUMP LEVEL H 60.0 L 
BOOST PUMP OSCHGE H 400. L 
COLD TANK LEVEL H 134,0 L 
HOT TANK LEVEL H 190,0 L 
STEAM DRUM PRESS H 1250. L 
MAIN STEAft1. FLOW H 12.60 L 
FEED WATER FLOW H 16.00 L 
STEAM DRUM WATER H 4.0 L 
SALT PUMP BEARNG H 190, L 
COLD PUMP BEARNG H 190. L 

GROUP 15 

• 
• I C 

500. PCM 3 
500. PC~1 3 

0. PC~1 3 
.00 PC~1 3 
.0 PC~1 3 
.0 PC~l 3 
.0 PCM 3 
·:0 PC~1 3 
.0 PCM 3 
.0 PCM 3 

15. ~3 PCM 3 
275. PCM 3 
15.0 PC~1 3 . 
10.0 PC~1 3 
950. PCM 3 
3.20.PCM 3 

.00 PCM 3 
-4.0 PCM 3 
-99. PC~1 3 
-99. PCM 3 

.-,., II IL .-,4 1 ·- · 1 .... · 1 ... c✓-~- -o· b· ~· ~ 



• 
01 1.,1 

~l=• ESH-;.. .L. .. ~ ... ESH~ 0,;, .. J 
04 ESH4 
t15 ESHS 

· 06 ~1AN. ESHl 
07 MAH.ESH2 
~f1 M,•\ll ESH1 
... 1:i l'IMll, ._ ._ 

09 MAH.ESH4 
10 ~1AN. ESHS 

0) 11 EH1.0H 
~ 12 EH2.0N 

13 EH3.0N 
14 EH4.0H 
15 EH5.0H 
16 MAN. Bl~CP 
17 Bl~CP 
1 ,:, 's~HBCP 

IJ '-'- 1 

1q MAU 181 -· 111 11 , \ii lJ \ii 

20 MAH.384 
21 FC\.'383 
22 FC\.'384 

COP~' 

0.OFF SGS 
0.0FF SGS 
0,0FF SGS 
0.OFF SGS 
0.0FF SGS 
0.OFF SGS 
0.0FF SGS 
0.0FF SGS 
0.OFF SGS 
0. OFF x'XX sGs 
0,0FF XXX SGS 
0.0FF XXX SGS 
0. OFF XX.~ SGS 
0.0FF XXX SGS 
0.0FF SGS 
0.0FF SGS 
1. OH XX.~ SGS 
0.0FF SGS 
0.OFF SGS 
0.0FF SGS 
0.0FF SGS 

• 
CT HEATER NO.t I 

· ELECT HEATER NO, 3 't f\1 a.1t.~'d 5 ~lS-f- k_ 

ELECT HEATER NO.4 ( W-~ bv1 ~~ 
ELECT HEATER N0.5 J 
ELECT HEATER NO.1 --~~~~, ~fr~ -1:, 
ELECT HEATER NO. 2 ~~ s ta~ fvp ~ 
ELECT HEATER NO.3 
ELECT HEATER NO.4 
ELECT HEATER NO. 5 .. 
ELECT HEATER H0.1, 
ELECT HEATER NO.2 r biL'cN, ~(IJ 

• t{I k_., ~ /...,ol,U I 
(/ . ' - I., II < AAL-- l:n 

ELECT HEATER NO. 4 ( L;Lv 
ELECT HEATER H0.5; 'it 
WATER CIRC PUMP 
WATER CIRC PUMP 
BOILER CIRC PLIMP 
ELECT HEATER BYPASS 
ELECT HEATER STRTUP 
ELECT HEATER BYPASS 
ELECT HEATER STRTUP 

GROUP 16 

• 
GPl J 

PC~1 3 
· PCM 3 

PC~1 3 
PCM 3 
Pc,1 3 
PC~1 3 
PCM 3 
PC~1 3 
PC~1 3 
PC~1 3 
PC~1 3 
PC~1 3 
PC~1 3 
PC~1 3 
PC~1 3 
PC~1 3 
PC~1 3 
PCM 3 
PC~1 3 
PCM 3 



• • • 
01 w.1• 

02 ZSL381 0.OFF XXX SGS EVAP DRAIN PCPl J 
0' ?SHl8~ 
• ·-· .... -.t;it;. 1.0N XXX SGS SUPER HEATER DRAIN PC~1 3 
04 ZSL382 0.0FF XXX SGS SUPER HEATER DRAIN PCM 3 
0r: 'SHl81 ••• 1 '--- ',,l~\,j 0.0FF XXX SGS ELECT HEATER B~'PASS PC~1 3 
. .. "'""'L"' ~"' ~1t1 ,s J8J 1.0N XXX SGS ELECT HEATER B~'PASS PC~1 3 
07 ZSH384 1.0N XXX SGS ELECT HEATER STRTUP PCM 3 
f1•=· 'SL 184 .1.1 '9'.i ._,;i 0.0FF XXX SGS ELECT HEATER STRTUP PC~1 3 
~1q ?SL4Q1 -,,,• _._ •' 1.0N X~'X HRFS STEAM SHUT OFF PC~1 3 
10 ZT301 6~ ipcr XXX SGS t;.,l , 1'1'1' \ii \.I FCV301 VALVE POS H 100.0 L ·:0 PCM 3 
11 2T321 100.0PCT XXX SGS FCV321 VALVE POS H 100.0 L .0 PC~1 3 

~ '·:= 'T141 . 0PCT xx.~ SGS FCV341 VAtVE POS H 100.0 L .0 PC~1 3 N !1.. " ',,I U1 

13 ZT351 .0PCT XXX SGS FCV351 VALVE POS H 100.0 L .0 PCM 3 

COP~·• GROLlP 1~4 1F.: 16: 12 .-,-,_ II IL-,:, -C:..·· ·- -



~ I 

• 
01 
•• ~, 
03 DTC452 
(14 Fl)l4f11 
,":ie TE4"1 1'~1 •• 1 La 
~i::; ~f':1,.i'a.::11 
07 PT431 
~~18 FC\.'431 
0q FCl114l~ ••' ., 'I.Ir;;;. 

10 FC\.'483 
% 11 FC\.'484 
,CJ' 12 PT 401 

13 PT432 
14 PT482 
15 PT483 
16 PT481 
17 TE481 
·18 TE483 
19 TE482 
2f1 FT482 
21 FT481 
•:i•:i F1"'•l '411 
I I 'II ,, 
bolmo Ill I I 

1"1iP\-' 

• •• 
'•" 1· 1 1' 1 1 1 I ,. ,. I i 

. .. . . . Ht.'f C' I H" 11 1 H" 1 I 'I l I u 1.11] 11 . 1 ' ' 
1:•:i?:11:•:1 1-.. ,.1 • ,, ,, •• • ,, / •• 1r:1 , - ,Jr: ti , •. C. 

1 qi-, F I II II I Hr:1F1•• DIE•'• r1·,1:i HE,•, TELi ,•,L·1t·1Tt1L H '"'IC'i~1 L 'ii'i1rd P11··M ·:i 
•' ,:1 ' 1:•:11:•:11:•:, r,, ·=· H • r,. H rr.. -· ·1 r,. / ,.I( I - '•'' (I , •• ,,, L. 

18.PSI XXX HRFS FOWATR PUMP PRESS H 1500. L 0. PCM 2 
140.F XXX HRFS FDWATR TEMP CONTRL H 600. L 400. PCM 2 
1 dC1 i: l:i\:11,.~1 ur:ir1:• i=r!,.!.:•":"!''t"., rrMr, !··~·iLJ-rr:1 '! ·:,:--~;r: i ... '.~'.~ ""·1·"'·:i: : 

. , , , . . , .. •11 11 •, . , • • If .. I L.. • • r ., ' , 
,. • -:.. : 1 

, ,-.: i.: - •• • • 1 ,:=,, ~, 111 • &AiA i N tn m = , • a & m bm 

8.PSI x~rx HRFS HIGH PRESS STEAM H 1200. L 900. PCM 2 
,0PCT XXX HRFS STEAM CONTRL H 100,0 L .0 PCM 2 
1. PSI XXX DEATOR OPRTHG PRESS · COHTRL H 400, L 0. PC~1 2 
0 . OFF HRFS DEATOR VENT NO, 1 .. PC~l 2 
0.0FF HRFS DEATOR VEHT ·N0.2 PCM 2 

18.PSI XXX HRFS FDWATR PUMP PRESS H 1400. L 900. PCM 2 
1.PSI XXX HRFS DEATOR PRESS CONTRL H 250. L 200. PCM 2 
4.PSI XXX HRFS SPRAY WATER PRESS H 300. L 200. PCM 2 
0.PSI XXX HRFS FOl~ATR PRESS · H 1230. L 1180. PCM 2 

16.PSI XXX HRFS FDWATR PUMP SUPPLY H 400. L 110. PCM 2 
197. F XXX HRFS DEATOR STEAM TEMP H 400. L --300 :- PCM 2 
105. F XXX HRFS HIGH PRESS STEAM H .:-~ 990. L 850. PCM 2 
196, F XXX HRFS SPRA\·' MATER TEMP H ---44~--- t---~306. PC~1 2 

1.KLB XXX HRFS SPRAY WATER FLOW H 160, L 0, PCM 2 
0.KLB XXX HRFS FEED SPRAY WATER H 160. L 0. PCM 2 

14.61N XXX HRFS DEATOR LEVEL CONTRL H 30.0 L 10.0 PCM 2 •. I 

GROUP 18 
·:,-,_ II II -•:!,:i i {:. : 1 !~ : 4Cj 



• 
(11 ,, ... 
(lb 
1:p1 sup t. .... , -.: L\I 

04 Slf\EN 
05 Cl~P 

i f16 Cl~P . EH 
07 C~1P 
~38 CMP .EH 
09 CFP 
H3 CFP .EH 
11 CTP 

~ 12 CTP .EN 
13 ZSHFWP 
14 ZSHSWP 
15 ZSHCWP 
1r ,~HCMP J. i1 t.~ •l'I 

i7 ZSHCFP 
1 !:i iCH•"TP ,I. ·~· .. .._, ._, 

1 '~ LT4'1 
! '-· •' 

20 TE582 

L,Lir'i' 

• 
0.OFF HRFS 
0.0FF HRFS SPRAY WATER PUMP 
0.0FF HRFS SWP ENABLE 
0.0FF HRFS COOLHG WATER PUMP 
0,0FF HRFS CWP ENABLE 
0.0FF HRFS COHO MAKEUP PLIMP 
0.0FF HRFS CMP ENABLE 
1.0N HRFS CYCLE FILL PUMP 
1.0N HRFS CFP ENABLE 
0.0FF EPGS COOLNG TOWER PUMP 
1.0N EPGS CTP ENABLE 
0.0FF XXX HRFS FEED WATER PUMP 
0.0FF X~'X HRFS SPRAY WATER PUMP 
0.0FF XXX HRFS COOLNG WATER PUMP 
0.0FF XXX HRFS COND MAKEUP PUMP 
~, OFF ::{:~:~ t1RrS CYCLE FILL PUMP 
0.0FF XXX EPGS COOLNG TOWER PUMP 

14 k I u ~·~·~· u~i:~ nr: a rno Lt\,1~L , .. 1,lJTPI "' a'-' Ii I H II I 111\I ._, •'I.I II C..-1\ I. I._ ._,._,II 1\1. It 

15,F XXX EPGS COOLNG TOWER OSCHGE H 
,a i' L 
\,,'\,,' I (.! 

100. L 

GROUP 19 

• 
CPl c: 

PC~1 2 
PCM 2 
PC~1 2 
PCM 2 
PCM 2 
PC~1 2 
PC~1 2 

·· PC~1 2 
PC~1 2 

· PC~1 2 
PCM 2 
PC~1 2 
PCM 2 
PC~1 2 
Pf'hi :, ..... -
PC~1 2 

1 a P p1--bi , 
.II \a' I " C.•t 

1

l I. 

40. PC~1 2 



i • 

. I 

I 
I 

I 

i 

I 
; ex> 

I 

~ 

N 
.~ 

t11 
02 CFi: 
03 CF3 
04 CF4 
.C' ~FS ~j .. .1 C ~ 
171·· •--F·· ~ .. t, ._. b 
07 CF1 .EH 
,71,:, •--F'l EN I!.,_, ... a; • 
.• ~F"'!I EN ~j~ C .5. 
10 CF4.EN 
11 CFS.EN 
12 CF6.EN 
13 TE484 
14 TE486 
15 FT482 
16 LT471 
17 TE451 
18 TE482 
19 CTF 
20 CTF.EN 
21 ZSHCTF 

,-.,"',!",I I 
l,Llt ·1 

1Wtl 111'\ls 

0.OFF HRFS 
0.OFF HRFS 
0.OFF HRFS 
0.OFF HRFS 
0.OFF HRFS 
0.OFF HRFS 
0.OFF HRFS 
0.OFF HRFS 
0.OFF HRFS 
0.OFF HRFS 

76.F XXX HRFS 
79.F XXX HRFS 

1.KLB XXX HRFS 
14.61N XXX HRFS 
198.F XXX HRFS 
196.F XXX HRFS 

0.OFF EPGS 
0.OFF EPGS 
0.OFF COS EPGS 

• 
COOLNG TOWER FANS 
COOLNG TOWER FANS 
COOLNG TOWER FANS 
COOLNG TOWER FANS 
COOLNG TOWER FANS 
CF1 ENABLE 
CF2 ENABLE 
CF3 ENABLE 
CF4 ENABLE 
CFS ENABLE 
CF6 ENABLE 
COOLNG WATER TEMP H 
COOLNG TOWER OUTLET H 
SPRAY WATER FLOW H 
DEATOR LEVEL CONTRL H 
DEATOR HEATER CONTRL H 
SPRAY WATER TEMP H 
COOLNG TOWER FANS 
CTF ENABLE 
COOLNG TOWER FANS 

130. L 
110. L 
160. L 
30.0 L 
400. L 
445. L 

• 
CPl i: 

PC~1 2 
PCM 2 
PCM 2 
PC~1 2 
PC~1 2 
PC~1 2 
PC~1 2 

·· PC~1 2 
PC~1 2 
PC~1 2 

-300, PC~1 2 
32. PCM 2 
0. PC~1 2 

10.0 PC~1 2 
300. PCM 2 

~300,. PC~1 2 
PCM 2 
PC~1 2 
PC~1 2 

GROUP 20 
.-,-, 11 ,. .-. ~"' i .:..-: • ·=· =' . ,~1,::: 
L-.• ._ .. _ . ..._ ·-· • - - -- .... 

' 



• • • 
01 
ll:• fr'111141l .I... •' I •' 11. 9 IN ;:,:;;:-:;;:,:; HF.:FS DEATOF.'. LE 11lEL Cl]t·ff r.!L H 30)3 L 10. 0 Pcr11 2 
t13 FC\.'521 i7.F XXX EPGS OIL COOLER T91P H 500. L 0. PC~1 2 
l34 OH.ON 0.0FF EPGS OIL HEATER PC~1 2 
05 EOP 1.0H EPGS ELECT OIL PLIMP PC~1 2 
~36 EOP .EH 1.0H EPGS EOP ENABLE PCM 2 
Ai iSHEOP -•' ..... 0.0FF XXX EPGS ELECT OIL PUMP PC~1 2 
08 PT501 0.PSI X)e.."( EPGS OIL SUPPLY PRESS H 40. L 10. PCM 2 
09 PT531 0.PSI XXX EPGS HYDRO OIL PRESS H 100. L 55. PC~1 2 
10 TT521 77.F XXX EPGS OIL COOLER TEMP H 140. L 10~. PCM 2 

00 11 TE582 /5.F XXX EPGS COOLHG TOW~ OSCHGE H 100. L 40. PC~1 2 
~ 12 AEP 1.0N EPGS AIR XHAIST PUMP PC~1 2 

13 AEP.EH 1.0N EPGS AEP ENABLE PC~1 2 
14 ZSHAEP 0.0FF X~'X EPGS AIR XHALIST PUMP PC~1 2 
15 PT502 23.91H XXX EPGS CONDSR PRESS H 15.0 L .0 PCM 2 
16 CNP 1.0N EPGS COND PUMP PC~1 2 
17 CNP.EN 1.0N EPGS CNP ENABLE PC~1 2 
1·=· 'SHCNP 0.0FF XXX EPGS COND PUMP ON PC~1 2 1..,1 '-\ii , 
19 PT583 0.PSI XXX HRFS COND PUMP OUTPUT H 300. L 240. PCM 2 
20 FCV551 0.0FF EPGS COND RECIRC PC~1 2 
21 LT511 18.41N XXX EPGS HOT MELL LEVEL H 16.0 L · 8.0 PCM 2 
22 EPS2.RST 0.0FF EPS RESET FROM PCM2 PC~1 2 
cop,·· GROUP 21 

6-AUG-84 07=25=43 



• • • 
- - --- -- - ------------- - -- -- - - - ---- ---- ------·----~-

01 
02 ETR '0,OFF EPGS EMER TRIP RESET PC~l , 
03 PT58l 0.PSI XXt~ EPGS TURBIN STEAM PRESS H 1500. L 800. PC~1 2 
04 TT583 92. F - Xh'X EPGS TURBIN STEAM H 990. L 800. PC~1 2 
05 ST582 0.RPM XXX EPGS GEN SPEED H- 12i0. L 0. PC~1 2 
06 FCV501 0.0FF EPGS TURBIN STOP PC~1 2 

l • ., "~H5B1 0.0FF XXX EPGS TURBIN STOP VALVE PC~1 2 ~1,... t.S .. 0 
08 2SL501 1.0N XXX EPGS TURBIN STOP VALVE PC~1 2 
09 TV~1.0PN 0.0FF EPGS THROTL VALVE MOTOR PC~1 2 
10 TV~1.CLS · 0.0FF EPGS THROTL VALVE MOTOR ·· PC~1 2 

'f 11 ZT581 .0PCT Xx'X EPGS THROTL VALVE POS H 100.0 L .0 PC~t 2 
c.., 

2.PSI XXX EPGS STEAM SEAL PRESS H 4. L 0. PC~1 2 0 12 PT582 
13 PT502 23.91H XXX EPGS CONDSR PRESS H 15.0 L .0 PCM 2 
14 LT511 13.9IH XX.~ EPGS HOT l~ELL LEVEL H 16.0 L 8.0 PC~1 2 
15 PT501 0.PSI XXX EPGS OIL SUPPLY PRESS H 40. L 10. PCM 2 
16 PT53l 1.PSI XXX EPGS HYDRO OIL PRESS H 100. L 55. PCM 2 
17 TT501 78.F XXX EPGS TURBIN OUTBD BEARNG H 170. L 110. PCM 2 
18 TT502 i8.F XXX EPGS TURBIN INBD BEARNG H 170. L 110. PC~1 2 
19 TE503 ii.F XXX EPGS TURBIN OUTBD GEAR H 170. L 110. PC~1 2 
20 TE505 78.F XXX EPGS GEN OUTBD GEAR H 170. L 110. PCM 2 
21 TE506 78.F XXX EPGS GEN INBD GEAR H 170. L 110. PCM 2 
·: .. :, A 7T 581 .1PCT XXX EPGS TURBIN VIBRAT 0 ... 5G H 100.0 L .0 PC~1 2 L.L. '- \,lt.;l 

cop,.• GROUP 22 
. i 



• 
01 
02 ET581 . ., P\T5M ~1.~, S ~8c 
04 ST581 
05 IT581 
06 PFT581 
07 \.'T581 
~38 TT507 
~39 TE508 
10 TT510 
11 TT511 

! 12 TT512 
~ 13 TT513 

14 TT514 
15 TT515 

' 
COP\·' 

i 

• • 
0.VAC XXX EPGS VOLTS I I l'W'WI · .. l'WVI 

0.RPM XXX EPGS GEN SPEED H 12,0. L 0. PC~1 2 
.0PCT XXX EPGS FREQ 55 .. 65 HERTZ H 60.0 L 40.0 PCM 2 
0.AMP XXX EPGS CLIRRNT H 1200. L 0. PC~1 2 

1.00LAG XXX EPGS POWER FACTOR H 1.00 L .85 .PC~1 2 
0.VAR X~'X EPGS VARS 0:.960 k,IARS H 960. L 0. PC~1 2 

79.F XXX EPGS GEN OUTBD BEARNG H 170. L 110. PCM 2 
78.F XXX EPGS GEN AIR TEMP H 100. L -300. PCM 2 
96.F XXX EPGS STATOR WINDNG 1 H 260. L 0. PC~1 2 
93.F XXX EPGS STATOR WINDNG 2 H 260. L 0. PC~1 2 
90.F XX.~ EPGS STATOR WINDNG 3 H 260. L 0. PC~1 2 . 
92.F XXX EPGS STATOR WINDNG 4 H ~··0 L cb· .· 0. PC~1 2 
94.F XX.~ EPGS STATOR WINDNG 5 H · 260. L 0. PCM 2 
93.F XXX EPGS STATOR WINDNG 6 H 260. L . 0. PC~1 2 

GROLIP 23 
.-,-. II IL ,-,4 1c · .-,c:- • 7 1 
C✓ -~- -o o•CJ•~ 



• 
01 
0·:, EPS'J RS • L.. \ii &; • \ii 

03 EPS3.RST 
04 TR181 
• I:' TR1 r.-. 

. I ~,,_I 8-.1 
i ~36 TR184 · 
: 0? TR185 
, e::: TR182 

09 TR186 
10 TR281 

~ 11 TR282 
12 TR381 
1, TR18'l 

·-· -.;_l~&;. 

14 TR383 
15 TR582 
16 TR583 

. 17 TR584 
18 TR585 
19 TR586 
·=·~1 TR581 
L... -.i~l 

21 TR588 

cop,·· 

• 
0.0FF EPS RESET FROM PCM, 
0.0FF EPS RESET FROM PCM3 
0.0FF XXX RCVR SALT HIGH TEMP 
0.0FF XXX RCVR INLET PRESS LOW 
0.0FF XXX RCVR TUBE HIGH TEMP 
0.OFF XXX RCVR HTAHK HIGH LEVEL 
0.0FF XXX BOOST PUMP LOW PRESS 
0.0FF XXX BOOST PUMP SUMP LEVEL 
0.0FF XXX HOT SUMP HIGH LEVEL 
0.0FF XXX COLO SUMP HIGH LEVEL 
0.0FF XXX SGS ORUM LEVEL LO.LO 
0.0FF Xx'X SGS WATER RECIRC PUMP 
0.0FF XXX SGS ORUM LEVEL HI.HI 
0.0FF COS EPGS MANUAL TRBGEH TRIP 
0.0FF XXX EPGS OIL PRESS LOW 
0.0FF XXX EPGS GEH BEARHG TEMP 
0.0FF XXX EPGS GEN AIR TEMP 
0.0FF XXX EPGS GEN BRKR TRIP 
0.0FF Xx'X EPGS VIBRAT HIGH 
0.0FF XXX EPGS STEAM ENERGY LOW 

• 
• t;. 

PC~1 3 
PC~11 
PCM 1 . 
PCM 1 
PCM 1 
PCM 3 
PC~1 3 

.. PC~l 3 

GROUP 26 
-:,-,_ II IL-•=·4 1 ~ · ·:,-, · ·: .. :, '•-~ .•· ·- - ,_, . . .. '· . .. . '-· • .. • 

PCM 3 
PC~1 3 
PCM 3 
PCM 3 
PC~1 2 
PC~1 2 
PCM 2 
PC~1 2 
PCM 2 
PC~1 2 
PCM 2 



• • • 
~31 
02 TR182 0,0FF XX.~ BOOST PUMP LOW PRESS PCPl ..i-

03 TR183 0.0FF XXX RCVR INLET PRESS LOW PC~11 
€14 TR184 0,0FF XXX RCVR TUBE HIGH T8'1P PC~11 
05 TR185 0,0FF XXX RCVR HTANK HIGH LEVEL PC~11 
€16 TR186- 0.0FF XXX BOOST PUMP SUMP LEVEL PCM 3 
07 L\.'181 1.0N XXX 24VDC CONTRL POWER SUPPLY PC~11 
~38 TR281 0.0FF XXX HOT SUMP HIGH LEVEL PC~1 3 
09 TR282 0.0FF Xx'X COLD SUMP HIGH LEVEL PCM 3 
1t1 LV281 1.0H XX.~ 24VDC COHTRL POWER SUPPLY ·· PC~1 3 
11 TR381 0.0FF XXX SGS DRUM LEVEL LO.LO PC~1 3 

°' 1 ··, TR18~ 0.0FF XXX SGS ltJATER RECIRC PUMP PC~1 3 ~ C. .. ~c. 
w 13 H90.PS 1.0K Xx'X NETWRK 90 POl~ER SUPPL\·' PCM 3 

14 N90.ALM 0. ALM XXt~ NETl~RK 90 ALARM PCM 3 
15 LV481 1.0N XXX 24VDC COHTRL POWER SUPPLY PC~1 2 
16 VIB.OVR 1.0N EPGS VIBRAT OVRIDE PC~1 2 
17 TR583 0.0FF X~'X EPGS OIL PRESS LOl~ PCM 2 
18 TR584 0.0FF XXX EPGS GEN BEARHG T8'1P PCM 2· 
19 TR585 0.0FF XXX EPGS GEN AIR TEMP PC~1 2 
2~3 TR586 0.0FF XXX EPGS GEN BRKR TRIP PCM 2 
21 TR58i 0.0FF XXX EPGS VIBRAT HIGH PCM 2 
22 TR588 0.0FF XXX EPGS STEAM ENERGY LOW PC~1 2 
cop,-· GROLIP 2:, 

·:,-,_ II IL -•=•4 1 € : ·: .. :, : 4-::i ~, ~- u ~ ~u J 

' i 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

This Console operating procedure will be utilized to verify 
process control integrity prior to all tests. It is 
unnecessary to verify control integrity of subsystems 
not used (not applicable). This checklist shall be completed 
by the control room process console operator. 

Test Description 

TEST DATE 
10/04/84 

Start Time 

Responsible operating personnel Primary Backup 

Test Conductor (MDAC) Stan Saloff 

Helfostat Operator Arleen Vance 

Console Operator Evans/Piel son 

Operation/Safety Engineer John Holmes 

Subsystem Technicians 

RS Jerome Griego 

TSS Matt Matthews 

SGS Matt Matthews 

HRFS Jay Holton 

EPGS Jal Holton 

1 
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COP #1 CONTROL ROOM PRETEST.CHECKLIST 

III. 
I 

Safety Checklf st , 
Complete this checklist for all operations. 

1. Site occupant• 

A. Verify that all test personnel have been briefed on the 
scheduled test ~escription, objectives, individual 
responsibilities, and expected response to emergencies 

B. Communications established to all manned control points 

c. Safety equipment in place: 
I 
i 

1. OSHA protective gloves 

2. Fire retardant coveralls 

3. Hard hats/Face shields 

4. Approved fire extinguishers 

2. Solar only 

A. "Test In Progress" lights on fn the tower 

B. Non-Test personnel informed and 1n secure location 

C. Diesel-Generator on and frequency OK 

D. Field monitor on call after solar start-up 

E. Communications established 

F. Tower top barricade up 

G. Gates closed and posted with red lights or signs 

H. Field clear and ready for start-up 

3. Control Room locked 

4. Beam up command shall be given only after above 
checklist is completed by 0/S Engineer 

2 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

STEP DESCRIPTION 

1 Notice 

Four items that impact system start-up siyn1ficantly 
and should be verified and/or corrected f rst are: 

! 

a. Emcon operation 
b. Acurex temperatures 
c. D/D level and temp. 
d • Steam drum level and temp. 

IV. MASTER CONTROL SUBSYSTEM 

A. EMCON D/2 HOST START UP CHECKLIST 
Complete this checklist for all operations. 

1. Equipment powered up: 

a} Host cabinet 
b) Operator Console 1 
c} Operator Console 2 
d} (2) LA-120 Terminals 
e} VT-100 Terminal 
f} Tri-log printer 

2. Disk Packs (2) installed in drives, dfsk 
drives running with "READY" lamp 1ft. 

3. EMCON system booted and 11 START-UP 11 command 
file executed: 

a} Correct date and tfme 
b} Disk unit DLI mounted 
c} CCM, PCMs loaded (optional) 
d} EMCON host programs running 

1. SPNCOL 5. CONSL2 
2. POWER 6. CONSL1 
3. ALRMMX 7. SYSMON 
4. ALARMS 8. TRACKR 

4. MSSND program executing when data logging 
display is required on the Auxiliary Data 
Logging/Display System. 

5. Unlock Console to allow activation of 
operational alarms and Receiver Control Algorithm. 

6. Enable general alarms by turning GAL on. 

3 

VERIFICATION 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

STEP DESCRIPTION VERIFICATION 

B. ACUREX START-UP CHECKLIST 
Complete this checklist for all operations using salt. 

1. Equipment powered up: 

a) Host chassis - Autodate Ten/50 
b) Electrohome monitor 
c) GT-100 Terminal 
d) Texas Instruments 820 RO Tennfna1 

2. Tape Cassette loaded fn host drive • 
! 

3. Recent (within 60 minutes) logout of 
temperatures available on Tl printer. Last Print Time 

i 
4. Set scan rate to every 60 mf nutes. 

C. AUXILIARY DA~A LOGGING/DISPLAY SYSTEM 
Data acquimfon checklist completion optional as required. 

1. Equipment powered up: 

a) H-P 1000 Cabinet 
b) H-P 2645 Terminal 
c) H-P 2621 Terminal 
d) Tektronix 4014 Terminal 
e) Tektronix 463 hard-copy unit 
f) (6) Display CRTs 
g) Versatec Video Copier 
h) Versatec Printer 
i) H-P 7925 Disc Drive 

2. Dis~ pack installed in drive, dfsc drfve 
running with 11 READY" lamp Ht. 

3. System booted: 

a} Correct date and time 
b) Transfer file IMSRP executed 

4. MSPAS program executing when data logging/ 
display is required and MSSN2 has been 
started on the EMCON host. 

5. Following support programs available for execut: 

a) MSRTP 
b) MSPSU 
c) MSDSD 
d) MSSLl through MSSL6 
e) MSCDT 

6. Label file used: ----
7. Data file used: 

4 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

02 

07 

01 

04 

STEP DESCRIPTION 

D. NETWORK 90 SETUP CHECKLIST 
Complete this checklist tor operation with SGS. 

1. Verify equipment powered up and operational. 

a ) Ba i1 ey PCU 
b) Operator Interface Drive Unit 

*c) Keyboard Console 
*d) Printer 

*These components may be turned off when not fn use. 

V. RS - RECEIVER SUBSYSTEM 
Complete this checklist for operation with Receiver. 

1. Verify acceptable limits on winds (less ~han 
30 MPH), solar insolatfon (above 600 W/m) and 
cloud condition (partly cloudy or clear). 

2. Verify TV cameras are o~ and operational. 

3. Verify the Control Room SCRAM and EPS power 
supplies behind Weather Monitor Panel are On 
and set at 24VDC. 

4. Open the Receiver cavity door upon the request 
of the RS technician for the RS pretest check. 
Reclose or leave open as required. (DR.OPN/CLS). 

5. Verify Emcon RS header temperatures 
are above 480°F. (TE-188 inoperable). 

6. Verify the Acurex RS trace heaters are 
operating and the temperatures are above 
480°F (Table A). NOTE EXCEPTIONS. 
If required, heat tracing control can be taken 
over locally at the module control room. 

7 • Align/verify the following valve alignment; 

VERIFICATION 

confirm valve temps are acceptable before moving. 
(to avoid bellows damage) Coordinate with Receiver 
technician. RCK 'ON' may be used to auto align 
these, turning itself off when complete. 

Valve Descri~tion Position 
/ Salt flow control Man/Open/N FCV-101 ,,, 

FCV-102; / Salt flow control Man/Open/N 
FCV-180-189 < Drain va 1 ves On/Open/N (ZSH180-189 On) 
FCV-190~198' Purge valves On/Open/N (ZSH190-198 On} 
CSP.EN./ Enable CSP control On 
BP.EN Enable BP control ON 

5 

Time 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

03 

02 

04 

05 

13 

lPr 

STEP ; DESCRIPTION VERIFICATION 

VI. TSS - THERMAL STORAGE SUBSYSTEM 
Complete this checklist for a11 operations using salt. 
1. Verify that the Acurex TSS trace heaters 

are operating and the temperatures are 
above 480°t (Table 8). NOTE EXCEPTIONS. 
If req'd, heat tracing control can be controlled 
locally at salt storage control building. 

2. If operating Propane Heater without SGS, 
verify that these Acurex SGS inlet trace 
heaters are above 480°F (Ref. Table C): 

Channel 
204 
205 
206 

' 

Channel 
255 
256 
257 
258 

Local T~- Verific. 
FC~41 

Hot Tank inlet line 

3. Verify salt levels in storage tanks and 
sumps are commensurate with test requirements ,/ 

0 

LT-201 Cold Sump 2.2= 'J fn. ( 60- max) **I ~&lt2_ °F (Acurex Chan 124,125) 

L T-281 Cold Tank '49, 't in. (40• mfn)*@ SXD °F (Acurex Chan 110-112) 

LT-221 Hot Sump 1s· s in. (4311 max)**@ z) ~~ ,,, __ ) °F (Acurex Chan 126,127) 

Time 

LT-291 Hot Tank :!.J .. } in. @ '<(.;', °F (Acurex Chan 134-136) 
*Minimum level req'd to maintain cold s'ump level during fill operations 
**Maximum levels automatically close FCV-211 and 231 thru Emcon and 
lockout may overridden by turning OVR3 on. Maximum levels require 
vent checks; advise technician. 

4. Align/verify the following valves for operation 
with RS, with SGS, & without Propane Heater. 
Confirm valve temps are accept. before moving. 
Coordinate with thermal storage technician. 
TCK 'ON" may be used to auto align these, turning 
itself off when complete. 

I Valve Description Position ·t .tJ• '.(......(·,_, /11
'( (

1 
... 

*FCV-151 .✓ CST Leve 1 Control 
FCV-161/ HST Level Control(Hot) 
FCV-162 HST Level Control(Cold) 
FCV-199 Bypass valve 
FCV-201 Cold Sump Level Control 
FCV-211 Cold Sump Isol. (OPN/CLS.211) 
FCV-221 Hot Sump Level Control 
FCV-231 Hot Sump Isol. (OPN/CLS.231) 
FCV-241 / Propane Heater Inlet 
FCV-242 .· Propane Heater Isolation 
FCV-301 Bypass Salt Flow 
FCV-341 Cold Salt Isol. 
FCV-351 Hot Salt Isol. 
CSP.EN Enable CSP Control 

*Bad signal (blue) can indicate EPS closure. 
regain control. 

6 

r Man/Closed/ff~-', lt ,, 
Man/Cl osed/N 1-,·, , .. · ·· 1 

Man/C-1 osed/N < ,_.., ,\ 
Off /Open /N 

,,.,, , 

(ZSH199 on) 

(ZSL211 on} 

(ZSL231 on) 

Auto/Cl osed/N SP 2311 

Closed/Locked 
Auto/Cl osed/N SP 20" 

Closed/Locked 
Man/Closed/Locked 
Off /Closed/ L~ed 11-} ( ZSL242 on) 

On 

Closed/N (MAN on, SP Auto o· 
Closed/ N ( MAN on I SP Au to o· 
Closed/N (MAN on, SP Auto 0' 

Clear trips and reset EPSI & EPS3 to 



• 

• 

COP #1 CONTROL ROOM PRETEST CHECKLIST 

02 

1)5" 

13 

04 

STEP 

5. 

DESCRIPTION 

For operati~h Propane Heater instead 
of Receiver O for SGS alon~ Modify the 
valve alignment of step~ as follows: 

Valve 

FCV-151 
FCV-161 
FCV-162 
FCV-242 

Position 

Locked 
Locked 
Man/Open/N 
Nuetral 

6. For operation without SGS, Modify the valve 
alignment of step 4 as follows: 

Valve 

FCV-301 
FCV-341 

Position 

Locked 
Locked 

7. Verify pump bearing temp's are less than 190°F 
{TE 180, 286, & 387 on EMCON) and alarms on. 

VII. SGS - STEAM GENERATION SUBSYSTEM 
Complete this checklist for operation with SGS. 

1. Verify that the Acurex SGS trace heaters 
are operating and the temperatures are 
above 480°F (Table C). NOTE EXCEPTIONS. 
If required, heat tracing control can be 
taken over locally at the salt storage 
control building Acurex cabinet back. 

2. Align/verify the following valve positions. 
Confirm valve temps are accept. before moving. 
Coordinate with thermal storage techn1c1an. 
All SGS control valve MAN signals should be On. 
(Emcon commands not applicable from Net 90) 
SCK 'ON' may be used to auto align these, 
turning itself off when complete. 

Emcon Command 

MAN.321 On/ SP-321 Auto 10m 
MAN.331 On/ SP-331 Auto 1m 

13 MAN.38182 On/FCV-38182 On 
*MAN.384 On/ FCV-384 On 
*MAN.383 On/ FCV-383 Off 

1l4 HSP.EN 

Valve Description 

Main Salt Flow 
Steam Attemp. 
Salt Drain 
Ci re Htr Supply 
Ci re Htr Bypass 
Enable HSP Control 

VERIFICATION 

V 

i ,., 
/ 

Position 

Open 
lOt Open 

Open 
Open 

Closed 
On 

.·J' ? l _i )1..:, 

Time 

*Open FCV-384 before closing FCV-383 to avoid SGS Pump and Heater Shut-off 

7 
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COP :fll CONTROL ROOM PRETEST CHECKLIST 

STEP DESCRIPTION VERIFICATION 

Complete the following s.teps after completing HRFS startup. 
(Presuming SGS fs fn Diurnal Shutdown). 

3. If SGS F.W. inlet pipe temp. (Acurex Channel 132) 
is below 200°F 1 increase bridge pfpe feedwater temperature: 

a) Verify D/D TE-451 fs above 250°F 

b) Advise the SGS technician to open the 
bridge feedwater drain HV-370, then open 
FCV-411 to 2oi {Emcon MAN.411 on/SP Auto 201) 

c) Verify Acurex channel 132 increases above 
200°F (Approx 5 min after opening FCY-411) 

d. Reclose HV-370 and FCV-411 

4. Verify drum level LT-311 fs at 0.0 inches. 
If drum level is below 0.0 inches; open HV-488, 
then open FCV-411 to 20% and fill to a.on. Close 
FCV-411 and HV-488 to avoid FW leakage into drum. 

5. Verify that the boiler water circulation pump 
(BWCP) ~ running (ZSHBCP). If ft is not running: 

a) Review overnight data to determine 
reason and correct. 

b) Start BWCP 

c) Start circulation heater (pulse EHAC.ON) 

6. If freezing ambient temperatures have been 
experienced, resolve any suspicious instr. 
transmitter readings with the SGS technician. 
Be skeptical of all readings until proven. 

8 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

STEP DESCRIPTION 

VIII. HRFS - HEAT REJECTION AND FEEDWATER SUBSYSTEM 
Complete this checklist for all water system operatf ons. 

1. Set/Verify the following contrpl devfces 
fn the listed posftfons: HCK 'ON' may be used 
to auto align these, turning itself off when complete. 

Identifier Connnand Descri~tf on 
call GSIAf D/D Pressnable Off (PT-431 control) 

EN.DTC451 D/D Heater 1 Enable Off up 

18 

21 

20 

19 

EN.DTC452 D/D Heater 2 Enable Off 
DTC-451 D/D Heater 1 Auto SP 390 or 400°F 
DTC-452 D/D Heater 2 Auto SP 390 or 400°F 
FCV-401 FWP Press Recirc Auto SP 1250 psi 
FCV-411 Feedwater Delivery MAN.411 On/SP-411 AUTO Di 
FCV-421 FWH Steam Supply Man 
FCV-431 D/D Steam Inlet Auto/Case to PT-431 

PT-431 Steam Line Press Auto SP 1080 psf 
PT-432 D/D Press Auto SP 225 psf 

FCV-432 SWHX Divert Auto SP 233 psf 
FCV-471 T-G Condensate Return Auto SP 0% 
FY-472 CMUP Stroke Positioner Auto SP Di 

FCV-491 SGS Steam Delivery Auto SP 900 psi 
ZSL-501 Main Steam Stop micro On 

TCPMS EPGS Control Mode Off (local) 

CFl.EN 
Coo(ing Fin! Enalle 

On 
CF2.EN On 
CF3.EN On 
CF4.EN On 
CFS.EN On 
CF6.EN On 

CFP.EN Cycle Fill Pump Er• On 
CMP.EN ·Cond. Make-up Pump On 
CWP.EN Cooling Water Pump On 
SWP.EN Spray Water Pump On 
FWP.EN Feed Water Pump On 

IX. EPGS ELECTRIC POWER GENERATION SUBSYSTEM 
Complete this checklist for all turbine-generator operations. 

1. Verify RGP Gen Breaker green (open) light is on. 

2. Verify that the Sync switch handle has been procured 
from the MSEE key box if synch is to be completed or 
observed from the control room • 

9 

VERIFICATION 

Posftfon 
N/A 
N/A 
N/A 

Not Enabled 
Not Enabled 

Closed 
Closed 
Closed 
Closed 

N/A 
N/A 

Open to Bypass 
Closed 
Closed 
Closed 
Closed 

N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

N/A 
N/A' 
N/A 
N/A 
N/A 



ACUREx ACOREX 
TIC DESCRIPTION CHANNEL T/C DESCRIPTION CHANNEL - TEH-190 Purge Valve #1 000 TEH-157 Receiver Outlet-Heater R 027 

TEH-191 Purge Va 1 ve #2 001 TEH-158 Receiver Outlet-Heater R 028 

TEH-192 Purge Valve #3 002 TEH-153 Hot Surge Tank Inlet-Heater N 029 

TEH-193 Purge Va 1 ve #4 003 TEH-159 Hot Surge Tank Outlet-Heater N 030 
',, 

! 

TEH-194 Purge Valve #5 004 TEH-152 Cold Surge Tank Inlet-Heater O 031 
I 
I 

TEH-195 Purge Va 1 ve #6 005 TEH-156 Cold Surge Tank-Heater O 032 - TEH-196 Purge Valve #7 006 TEH-150 Receiver Inlet-Heater P 033 

TEH-197 Purge Va 1 ve #8 007 TEH-151 Receiver Inlet-Heater P 034 

TEH-198 Purge Valve #9 008 TEH-162 FCV-101-Heater Q 035 

· TEH-180 Drain Valve #1 009 TEH-163 FCV-102-Heater Q 036 

TEH-181 Drain Valve #2 010 TEH-154 Drain Line-Heater T 037 

TEH-182 Drain Valve #3 011 TEH-155 Drain Line-Heater T 038 

TEH-183 Drain Valve #4 012 TEH-166 Hot Surge-Heater U 039 

TEH-184 Drain Valve #5 013 TEH-167 Hot Surge-Heater U 040 

TEH-185 Drain Valve #6 014 TEH-164 Cold Surge-Heaster V 041 

TEH-186 Drain Valve #7 015 (Bad) TEH-165 Cold Surge-Heater V 042 

TEH-187 Drain Valve #8 016 TEH-131 Riser-Heater H 300 

TEH-188 Drain Valve #9 017 TEH-133 Riser-Heater I 301 

TEH-189 Drain Valve #10 018 TEH-134 Riser-Heater I 302 

TEH-160 Purge Line-Heater S 019 TEH-135 Rf ser-Heater J 303 

TEH-161 Purge Line-Heater S 020 TEH-136 Riser-Heater J 304 

TEH-176 Drain Line 021 TEH-130 Downcomer-Heater K 305 

TEH-177 Drain Line 022 TEH-132 Downcomer-Heater L 306 

TEH-172 Outlet of Pass #1 023 TEH-137 Downcomer-Heater M 307 
(Header) 

TEH-173 Pass #10 024 TEH-138 Downcomer-Heater M 308 

TEH-174 Pass #11 025 TEH-139 Downcomer-Heater L (Skip) 309 

TEH-175 Pass #18 026 

TABLE A RS HEAT TRACE INSTRUMENTATION 

10 



• T/C DESCRIPTION 

TEH-218 Hot Tank Outlet 

• TEH-216 FCV-211. Line X 

TEH-219 Hot Sump Outlet 

TEH-222 Hot Sump 

•H-225 Cold Sump Outlet 

TEH-230 Cold Tank Inlet 

TEH~201 Boost Sump Drain - Heater D 

TEH-202 Cold Pump Outlet - Heater C 

TEH-265 Cold Sump Outlet 

TEH-229 Cold Sump Inlet 

TEH-233 Cold Tank #1, CT-1 thru 7 

•H-234 Cold Tank #2. CT--1 thru 7 

TEH-235 Cold Tank #3, CT-1 thru 7 

TEH-231 FCV-201 

TEH-232 Cold Tank Outlet 

TEH-205 Boost Suump - Heater W 

TEH-206 Boost Sump - Herater W 

TEH-203 Boost Pump Bypass - Heater E 

-H-204 Boost Pump Outlet - Heater B 

~-·----..-~-·- --,,,,..-- .= --- "".-,---- ..r~- . :::-.:.......--~ -, -,. 

ACUREX 
CHANNEL T/C DESCRIPTION 

(B)lOO 

(8)101 

(8)102 

(B)103 

104 

105 

106 

107 

108 

109 

*110 

*111 

*112 

TEH-207 Boost Pump Outlet - Heater A 

TEH-208 Boost Pump Outlet - Heater A 

TEH-227 Cold Sump 

TEH-228 Cold Sump 

TEH-220 Hot Sump 

TEH-221 Hot Sump 

TEH-211 Rfser - Storage End - Heater H 

TEH-241 FCV-151, Heater H 

TEH-212 Downcomer - Storage - Heater K 

TEH-240 FCV-161, Heaters A-Y. K 

TEH-213 Hot Tank #1 

TEH-214 Hot Tank #2 

TEH-215 Hot Tank #3 

ACOR£ 
CHAtJN 

122 : 

123 

*124 

*125 

(B)*12f 

(8)*127 , 
\ 

128 l 
! 

(A)l29 'i 
130 .· 

131 

*134 

*135 

*136 

113 TEH-217 Cold/Hot Tank Bypass-Heater AA (A,8)137 

114 TEH-223 Propane Heater 

115 TEH-224 Propane Heater 

(A)138 

(A)139 

116 TEH-236 Cold/Hot Tank Bypass, Heate~ AA (A,B)14C 

117 TEH-238 FCV-242 

118 TEH-239 Propane Heater Outlet 

141 

(A)142 

TEH-209 Cold Tank Inlet - Heater F (8)119 

TEH-210 Cold Tank Bypass - Heater G 120 * Record for TSS Step 2, stored sa1t temp's 

TEH-237 FCV-162, Heater F (B)l21 (A) Normally not operating during system operation j 
(B) Not required for Propane Heater operation 

• TABLE B TSS HEAT TRACE INSTRUMENTATION 

11 
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T/C 

TEH-305, 306 

TEH-307, 308 

I 
I 

DESCRIPTION 

Hot Salt Inlet Lines 

Salt Piping Between SH and EV 

TEH-309 thru 311 Cold Salt Inlet Lines 

TEH-312 thru 314 EV Salt Outlet 

TEH-315 thru 317 salt Drain Lines 

TEH-318, 319 

TEH-320, 321 

TEH-322. 323 

6005 thru 6009 

6011 thru 6016 

6020 thru 6025 

6026 thru 6029 

6030, 6031 

6032, 6033 

6034, 6035 

6036, 6037 

6038, 6039 

6040 thru 6042 

6043 

6044 thru 6053 

SH and EV Outlet Overpressure 

Superheater 

Evaporator 

Misc. Salt Lines (info.) 

Superheater (info.) 

FCV-351 Body, Bonnet 

Evaporator (info.) 

Hot Salt Inlet (info.) 

FCV-341 Body. Bonnet 

FCV-301 Body, Bonnet 

FCV-321 Body, Bonnet 

FCV-381 Rody, Bonnet 

FCV-382 Body, Bonnet 

Salt Drain Lines (info.) 

SH Drain (info.) 

Misc. Lines (info.) 

ACUREX 
CHANNEL 

200, 201 

202, 203 

204 thru 206 

207 thru 209 

210 thru 212 

**213, 214 

215, 216 

217, 218 

230 thru 234 

##1236 thru 241 

242,/243 

##245 thru 250 

251 thru 254 

255,/256 

257, 258 

259, 260 

261, 262 

263, 264 

##265 thru 267 

**268 

269 thru 278 

**These will normally be below salt freezing temperature 
(no problem). 

##These may be below 480°F - But they should be above 
400°F prior to salt flow. 

TABLE C SGS HEAT TRACE INSTRUMENTATION 

12 

233 {Skip) 
234 (0.R.) 

275 (Skip) 
277 (O.R.) 
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COP #2 CONTROL ROOM POST-TEST CHECKLIST 

This Console operating procedure will be utilized 
to secure the process controls following all tests. 
This checklist shall be completed by the Control 
Room process console operator. 

STEP DESCRIPTION 

I. HELIOSTAT SUBSYSTEM 

1. Verify system returned to a safe condftfon; 
(Helioststs, salt, steam, water) 

Test Date 
9/22/84 

VERIFICATION 

------------ - ~-6\~,,_-, -

II. RS RECEIVER SUBSYSTEM 

01 

1. Verify the following valve alignment: 

FCV-101 
FCV-102 
FCV-180 thru 189 
FCV-190 thru 198 

Man/Open 
Man/Open 
Off/Closed 
Off/Closed 

(ZSL's on) 
{ZSL's on) 

08 
09 

02 2. Verify the receiver cavity door is fully 
closed (ZSLDR on). 

3. Verify RS secured from technician - post 
test checklist completed (ROP #4). 

III. TSS THERMAL STORAGE SUBSYSTEM 

02 

03 

1. Verify the following valve alignment in MAN: 

FCV-151 Open 04 FCV-211 Closed/Locked\/ 
FCV-161 Open 04 FCV-221 Closed 
FCV-162 Open 04 FCV-231 Closed/Locked v 
FCV-199 Open 05 FCV-241 Closed 
FCV-201 Closed 05 FCV-242 Closed 

~CSP.pi Off, BP.:N. Off, HSP.EN Off 

2. Record the following salt levels & temp's: 

LT-201 Cold sump fn. @ °F (Acurex Chan 124,125) ---- ----
LT -281 Cold tank fn. @ °F (Acurex Chan 110-112) 

LT-221 Hot sump in. @ °F (Acurex Chan 126,127) 

LT-291 Hot tank in. @ °F {Acurex Chan 134-136) ---- ----
3. Verify TSS secured from technician - post 

test checklist completed (TOP #4). 

1 
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COP #2 CONTROL ROOM POST-TEST CHECKLIST 

' • STEP DESCRIPTION VERIFICATION 

I IV. SGS STEAM GENERATION SUBSYSTEM 

1. Verify the following valve alignment: ! 
I 

*FCV-301 Closed MAN.384 On 

' 
*FCV-321 Open FCV.384 On (open) 

13 *FCV-331 1m Open MAN.38182 On I 
I 

*FCV-341 Closed FCV.38182 Off (closed) I *FCV-351 Closed I 

I 
*Emcon commands - MAN signals on with SP 1. 
in Auto to the positions noted. l 

2. Verify SGS secured from technician - post 
I 
I 
! test checklist completed (SOP 14). ' I I 
t v. HRFS HEAT REJECTION AND FEEDWATER SUBSYSTEM I 

l 
1. Verify the following device alignment: F 

l 
I 
' 

EN. DTC451 . Off 
I 

EN.DTC452 Off 
GSTAT Off 

FCV-431 Closed Case - 18 FCV-432 Open Auto SP 233 
FCV-471 Closed Auto SP 0% 

FY-472 Closed Auto SP <n 
FCV-411 Closed MAN.411 On/SP.411 Auto Di 
FCV-491 Closed Auto Closed 
FCV-501 Closed Off/ZSL-501 On 

T9 Pump EN Signals Off 
20 

2. Verify HRFS secured from technician - post 
test checklist completed (HOP 14). 

VI. EPGS ELECTRIC POWER GENERATION SUBSYSTEM 

- 21 1. Verify TCRMS is off. 

2. If used, reset bkr control switch to green flag, 
remove the RGP Sync switch handle and return it 
to the MSEE key box. Set Run Volt and Speed 
controls down. 

3. Verify EPGS secured from technician - post 
test checklist completed (POP #4). 

VII. MCS MASTER CONTROL SUBSYSTEM 

1. Disable general alanns by turning GAL off. 

2. Safe the Emcon and Net. 90 control consoles I 
to eliminate any inadvertant control inputs. l (Lock-up) 

2 
;~ 

w ~ 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

This Console operating procedure will be utilized to verify 
process control integrity prtor to all tests. It 1s 
unnecessary to verify control integrity of subsystems 
not used (not applicable). This checklist shall be completed 
by the control room process console operator. 

Test Description 

TEST DATE 
10/04/84 

Start Time 

Responsible operating personnel Primary Backup 

Test Conductor (MDAC) 

Helfostat Operator 

Console Operator 

Operation/Safety Engineer 

Subsystem Technicians 

RS 

TSS 

SGS 

HRFS 

EPGS 

1 
1-t 

Stan Saloff 

Arleen Vance 

Evans/Helson 

John Holmes 

Jerome Griego 

Matt Matthews 

Matt Matthews 

Jay Holton 

Jay Holton 
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COP #1 CONTROL ROOM PRETEST CHECKLIST 

STEP DESCRIPTION 

VIII. HRFS - HEAT REJECTION AND FEEDWATER SUBSYSTEM 
Complete this checklist for all water system operations. 

1. Set/Verify the following control devices 
in the listed posftfons: HCK 1 0N 1 may be used 
to auto align these, turning itself off when complete. 

Identifier Cormnand Descrf~tfon 
call GSIAT D/D Pressnahle Off (Pi-431 control) 

EN.DTC451 0/D Heater 1 Enable Off up 

18 

21 

20 

19 

EN.DTC452 D/0 Heater 2 Enable Off 
DTC-451 D/0 Heater 1 Auto SP 390 or 400°F 
DTC-452 D/D Heater 2 Auto SP 390 or 400°F 
FCY-401 FWP Press Recfrc Auto SP 1250 psi 
FCV-411 Feedwater Delivery MAN.411 On/SP-411 AUTO 0% 
FCV-421 FWH Steam Supply Man 
FCV-431 D/D Steam Inlet Auto/Case to PT-431 

PT-431 Steam.Line Press Auto SP 1080 psi 
PT-432 D/D Press Auto SP 225 psi 

FCV-432 SWHX Divert Auto SP 233 psi 
FCV-471 T-G Condensate Return Auto SP 0% 

FY-472 CMUP Stroke Posftioner Auto SP 0% 
FCV-491 SGS Steam Delivery Auto SP 900 psi 
ZSL-501 Main Steam Stop micro On 

TCPMS EPGS Control Mode Off (local) 

CFl.EN 
Coo(lng Fin! Enaile 

On 
CF2.EN On 
CF3.EN On 
CF4.EN On 
CFS.EN On 
CF6.EN On 

CFP.EN Cycle Fil 1 Pump 

Er• 
On 

CMP.EN Cond. Make-up Pump On 
CWP.EN Cooling Water Pump On 
SWP.EN Spray Water Pump On 
FWP.EN Feed Water Pump On 

IX. EPGS ELECTRIC POWER GENERATION SUBSYSTEM 
Complete this checklist for all turbine-generator operations. 

1. Verify RGP Gen Breaker green (open) light is on. 

2. Verify that the Sync switch handle has been procured 
from the MSEE key box if synch is to be completed or 
observed from the control room. 

VERIFICATION 

Position 
NIA 
N/A 
N/A 

Not Enabled 
Not Enabled 

Closed 
Closed 
Closed 
Closed 

N/A 
N/A 

Open to Bypass 
Closed 
Closed 
Closed 
Closed 

N/A 

N/A 
NIA 
N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
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Step 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Fe tlhi- +&,~ s 5<-~.u~'-LL­

u,I~ ~ 'J4 'tC :5kp :::il10 

6J-- {<OP ~ 2-

RECEIVER AUTO FILL SEQUENCE CHECKLIST 

Description 

Cold Salt Pump ON 

Boost Pump ON 

Boost Pump Discharge Pressure 
PT-180 to 310 P.SI 

FCV-151 OPEN 50Cl 

TE-161 Responds to Salt 

Salt in Cold Surge Tank 

TE-101 Responds to Salt 
FT-101 Starts Indicating Flow 

Salt in Hot Surge Tank {when 
cold surge tank level LT-151 
reaches 40-50 inches). 

FCV-199 CLOSED (when hot surge 
tank level LT-161 reaches 1011 

Drain Valves CLOSED (when hot 
surge tank level LT-161 reaches 5611 

Purge Valves Sequentially Close 
(EMCON Group 09} 

Hot Surge Tank Level LT-161 Decrease 
to 20" With FCV-162 Controlling 

Cold Sump Level Controlling at 20" 

FCV-101/102 Controlling Receiver Salt 
Flow at 30 Klb/hr 

FCV-151 lOOCl OPEN Increasing Cold 
Surge Tank Level LT-151 to 80-8511 

Return to Step 26 of Receiver Startup 
Procedure ROP #2 

Verification 

✓ 

✓ 
✓ 

J 
✓ 
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Procedure 

3. Conf1rm rece1ver techn1c1an 1s complet1ng rece1ver 
pretest checkl1st (ROP #1) 

4. Conf1rm thermal storage techn1c1an 1s complet1ng . 
TSS pretest checkl1st (TOP #1) ...// 

5. Complete control room pretest checkl1st 
( COP ,18) Sect1 ons I - YI 

::J:tj_ 

6. Fill rece1ver, establish serpentine flow, 
and trans1t1on to extended warm standby 
mode (ROP #2 Sections l - 35-) 

~ll 

7. Increase salt flow to 45 KLB/hr, stab111ze 
and confirm level controls of hot and cold 
surge tanks and cold sump.~ LtDic cd fc...!Hd .. 

8. Increase salt flow to 60 KLB/hr, restabilize 
and reconfirm level controls.v.:.';, ~" n -1) 

9. Increase salt flow to 85 KLB/hr, mon1tor cold 
sump level and compare to low alarm level. 
Reduce flow 1f necessary and restabil1ze at 
a flow rate wh1ch allows the sump level to be 
ma1nta1ned. Determine the maximum steady state 
flow rate as limited by the sump supply 11ne. 

FT-101 

LT-281 

Max steady state flow 
Cold storage tank level 

10. Reduce flow demand to 30 KLB/hr 

11. Shut down receiver (ROP#3) 

5-13 
Doc. l 843U 

Completed 
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5.2 OPERATIONAL EXERCISES 

5 .2 .1 Receiver Cold Flow 
Description 

o Fill receiver 
o Circulate the cold salt through the receiver and back to the cold 

storage tank 
o Drain receiver 

Objectives 
o Introduce the operator to receiver start-up and shutdown operations 
o Familiarize the operator with the receiver loop equipment and controls 

Initial System Conditions 
o RS2 - Receiver drained with trace heat on 
o TSS2- Hot and cold salt tanks wa,m and ready for operation 
o SGS not applicable 
o EPGS not applicable 

Procedure 
1. Advise data system operator to load system 

data package. 

2. Adv1se data system operator to display the 
following on the data display screens: 

Doc. 1843U 

LT-281 
FT-101 
TE-101 
TE-102 

LT-151 

LT-161 

Cold storage tank level 
Receiver salt flow rate 
Receiver inlet salt temp 
Receiver outlet salt temp 
Cold salt surge tank level 
Hot salt surge tank level 

5-12 

Completed 

✓ 
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