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Introductlon

Thermodynamic Fundamentals — 1 Introduction

Thermodynamic Fundamentals — 2 Heat Balance Diagrams

Thermal Dynamic Program Development Overview

Power Plant Component Evaluation — Introduction Turbines & Condensers
Power Plant Component Evaluation — Feed Water Heaters Pumps & Control
Valves

Power Plant Component Evaluation — Cooling Towers

Power Plant Component Evaluation — Nuclear Component

Power Plant Cycle & Component Evaluation — Cycle Isolation Monitoring
Power Plant Cycle & Component Evaluation — Power Calculation

Thermal Performance Resources & Tools — Introduction

Thermal Performance Resources & Tools — Instrumentation

Thermal Performance Resources & Tools — Measuring & Delivering
Electricity

Thermal Power Testing Overview — Introduction



(15) Thermal Power Testing Overview — Test Procedure Example

(16) Thermal Power Testing Overview — Instrumentation Validation and
Uncertainty

(17) Thermal Power Testing Overview — Cooling Tower Testing

(18) Exercises

(19) Exercise Answers
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Chin Shan Nuclear Power Plant
Thermal Performance Summary

Current Statistics

Report Date 2013/3/120 2013/3/20
Gross Dependable Capacity MWe 662.7 662.4
Gross Generation MWe 651.8 661.2
MW Deviation MWe -10.9 -1.3
Accounted MW Loss MWe -1 ENAME?
Unaccounted MW Loss MWe -9.8 #NAME?
Core Thermal Power % 100.0% 99.9%
Average Condenser Back Pressure mmHg, 50.4 50.3
Circulating Water Inlet Temperature °C 21.4 215

Condensate Temperature
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(1) Introduction
(2) Software Installation
(3) System Use
(4) Data Management
(5) System Tables
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(1) Use of the TP-Plus software
(2) Review of valve construction and design
(3) Drawing Review
(4) Loss Factor Calculation
(5) Distance Correction
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I Valve ID: |[EEEIEEE

| Edt | [ add | [ Delete | [ impont |

| Ac!ivil_v] | Measzures & Methods I | Cloze ]

Description: |Drain off of reheal ¢tep valve before IP turbine

Downstream
Plant Code: |Shand 1 Manufacturer: Actuator Type: 1h‘ID\;' - Temperature
System Code: - Model: Failure Mode: | Open Pipe 1D |85 inche:
PLiD 1[50 TA-PoD Valve Type: ]—;] Insulation Thickness: JU inches Numinal:[aﬂ degF
- imit:|100
Eourdinate:HF Valve Size: [1 Retelts R-Value: 1 Limit: degF
Loss Factor: 10234 Diztance to
Elevabion: |563  feet Cmdensel:]Condemer hd Condenser:|” feet
Upztream Pressure: (4478 Jpela b
Location: |2nd flaor -
.. Upstream Temperature: i'IDD[M degF
Upstream Enthalpy: [1456 926 Bt/lbrn
HNotes: [Use Ctrl-Tab andor Cul-Enter to format. ]

valve and line urlabeled on drawing
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FESSAIE 1 A
(1) Introduction
(2) General



(3) Potential Dangers and Pitfalls

(4) Heat Rate and Power

(5) Condensers

(6) Cooling Towers

(7) Feedwater Heaters

(8) Pumps, Valves, Sources and Sinks
(9) Boilers and Components

(10) Combustion Turbines and HRSG Components
(11) Nuclear Applications

(12) Testing

(13) Special Options Overview

(14) Tips for PEPSE Model Review
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ISR 9 5] 26 |1 10 P[4 |1 %a R TR LA [ Using TSM
for thermal Performance Assessments”f[ 77 0 Z=HEFAEAGEE] ST {Vﬁi/[l* :
(1) Data Preparation and Filtering
(2) Correction Curve Preparation
(3) Correction Curve Practicing (PEPSE Software)
(4) Correction Curve Summary
(5) Methods to predict Condenser Back Pressure
(6) Establishing Baseline Plant Parameters from actual plant data
(7) Evaluating Plant Performance using TSM software
(8) Case Study of Chinshan NPP
(9) Advanced model analysis
(10) Summary of the evaluation
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1. Tube Sheet fouling results in the following changes (Increase or Decrease)
- Circulating water flow through condenser.  Answer: Decrease
- Differential pressure across tubes. Answer: Increase
- Temperature rise tube inlet to tube outlet. Answer: Increase
- Condenser pressure.  Answer: Increase
- Condensate sub-cooling. Answer: Decrease
- Cleanliness factor if you do not measure flow. Answer: Decrease
- Cleanliness factor if you do measure flow. Answer: Remain the Same
- Electric output.  Answer: Could go either way

2. What can cause tube side air binding?  Answer: Failure of air venting system
and tide level changes

3. Shell side tube fouling will cause tube side temperature rise to? (increase or
decrease) Answer: stay the same or slightly increase

4. When does air in-leakage become a thermal performance problem?  Answer:
When it overcomes the air removal capacity

5. When might it be a good idea to turn off a circulator?  Answer: In the winter
when the plant is operating on the flat portion of the correction curve.

6. List at least two alternate parameters to give an indication of condenser pressure.
Answer: Exhaust hood temperature; Condenser hotwell (if there is no
sub-cooling) temperature.

7. What should you watch out for when measuring condenser outlet temperature?
Answer: Stratification if the sensor is near the tube sheet.

8. List at least two major causes of condenser tube leaks. Answer: Vibration;
Impingement from damaged spargers
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Chin Shan Nuclear Plant :
" Station Summary
Thermal Performance MWe Loss Comparison [
Current Statistics Unit 1
Report Date 201319116 2013/9/16
Gross Dependable Capacity MWe 6521 6517
Gross Generation Mwe 641.0 648.7
MW Deviation Mwe -11.2 =31
Accounted MW Loss Mwe -18 -42
Unaccounted MW Loss MwWe 9.3 11
Core Thermal Power % 100.0% 100.0%
Average Condenser Back Pressure mmHg= 66.5 69.0
Circulating Water Inlet Temperature %€ 275 276
Condensate Temperature °%C 448 434
Losses Unit 1 Value Unit 2 Value |Unit 1 Loss Mwe |Unit 2 Loss Mwe
Final Feedwater Heater TTD °C 14 13 01 0.2
Final Feedwater Heater DCA °C 94 41 0.0 0.0
Throttle Steam Pressure kPa 6634 .2 6629.3 0.2 0.2
Condenser Efficiency mmHg. 66.5 69.0 09 26
Condenser Subcooling °c 0.0 0.8 0.0 -0.1
MSR TTD °C 123 20.3 0.1 0.0
Core Thermal Power MWth 1840.2 1839.2 01 -0.3
Miscellaneous Losses MwWe 13 -16
Other Losses (from Manual Input) MwWe 0.0 0.0
Accounted MW Deviations (-Loss +Gains) -1.8
Unaccounted MWe
Contact True North Consulting
TP-Plus ~, %
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[ff# 1 Thermal Performance Training A%
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Course Title: Thermal Performance Training
Date: Sep. 10” - Sep. 13", 2013,

Location: True Morth Consulting
150 Merchant Dr.
Montrose, CO 81401

Teachers: Frank Todd
Course Outline:

This document certifies that Yu-Ching Tsai has completed the True North Consulting, LLC, "harmal
Perfarmance training course. Specifically, Mr. Tsal was trained as follows

Date Training Content

1-Introduction
® Company Background
* Resources (cards, websites, what we do)
e [nstructor Backgrounds
o Student Introduction (vass around sign up)
¢ Class Layout and Overview - Schedule
» Closs Purpose — Why? — Talk about purpose

2-Thermodynamic Fundamentals
o atroduction
Terminology
First Law
Cycles {Camot, Rankine)
Second Lav/
Foundation Tools to Understand the Thermodynomic Process
Assumptions
Mass Conservation
Pressure Equation
Fluio Flow
Energy Cornservation
Properties of steam — Steam Tatles/Mollier Diagram
Equotions specific to component types

Sep. 107 (Tue.)

Q00 AW ~ D500 2N
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Date Training Content

3-Heat Balance Diagrams
o (ntroduction
* Purpose of the Heat Balance
s Thermal Kit Heot Balonce Diagrams Exomples
» Limitations of the Heat Balance Diagrams
s Heat Balance Ciagram Errors
o Description of Heat Balonce Sections

Simple Heat Rate Exercise

4-Thermal Performance Program Development
s Elements of a thermal performance progrom
» Data flow
© Setting up o progrom

5-Power Plant Cycle & Component Evaluation
* Introduction to Component fvaluation
o Operation Losses
* Equipment Losses

6-Power Plant Cycle & Component Evaluation Steam
Turbines
¢ Purpose
e Principle of Operation:
= Components
s Paramecters
o Identifying and Correcting Poor Performance
* QOperation Losses
¢ fFquipment Losses
Steam Turbine Exercises

7-Power Plant Cycle & Component Evaluation Condensers
s Purpose
s Principle of Operntion
s Comnponents
* Parameters
s [dentifying and Correcting Poor Pecformance
e Operation Losses

277
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Date

Tralning Content

* Fquioment Losses

Sep. 11" (Wen.)

Q5::00 AN ~O5:00PM

Condenser Exercise

8-Power Plant Cycle & Component Evaluation- Feedwater

Heaters and Pumps
s Purpose
o Principle of Operation
o Components
* Parameters
» |dentifying and Correcting Poar Performance
* Operation Losses
® Equipment Losses
Feedwater Heater Exercise

Pump Exercise

9-Power Plant Cycle & Component Evaluation Cooling

Towers
* Purpose
o Principle of Operation
s Comoecnents
Parameters
identifying and Correcting Poor Performonce
Operatjon Losses

L]
L]
L]
s Equipment Losses

10-Power Plant Cycle & Component Evaluation-4 Nuclear

Power Plant Component Evaluation
e Reactors

Purpose

Principle of Operation

Components

Parameters

tdentifying and Correcting Pocr Performence
Operatlon Losses

Equipment Losses

Moisture Sepurator/Reheater

377
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Date

Training Content

& pPurpose

* Principle of Operation

o Components

® Porometers

e [dentifying and Correcting Poor Performance
s Operation Losses

s Equipment losses

MSR Exerclses

11-Power Plant Cycle & Component Evaluation Cycle

Isolation Monitoring

» High Energy Valve Leakage Leads To:
s Reduced Piant Efficiency

o Porentlal Valve Damage

o Selection Criteria (handout)

* Performed Monthly

o Calculations to determine impact

Sep. 12 (Thu,)

QE::00 AM ~ 0500 PM

Cycle Isolation Exercises
12-Power Plant Cycle & Component Evaluation: Power

Calculation

e Thermal Power Evaluation

¢ Preventing Overpowers & ldentifying power calculation errors
Power Calculation Exercises

13-Thermal Performance Resources & Tools-1 Software and

Documentation

Intraduction ta Thermai Performance Resources & Tools
Off-Line Computer Modeling

Simulation of Plant Problems

Evaluate Based on Plant Data

Run with Mode!

Compore

Show — Limits of Models, Data Reconciliation

On-Line Computer Modeling

Thermal Perforrance References

4/7
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Date

Tralning Content

14-Thermal Performance Resources & Tools-2
Instrumentation

instrumentation

Temperature

Types of Instruments

railure Modes

Troubleshaoting

Usage

Calibrotion

Pressure

Tyoes of Instruments

Failure Modes

Trouble shooting

{Usaae

Calibretion

Flow

Flow Theory Discussion

ypes of Instruments & Methods

Faifure Modes

Trouble shooting

Usage

Calibrotion

Quality of Steam

Types of Instruments & Methods

Failure Modes

Trouble shooting

Usage

Callbration

® & & & & & & & & 6 & @ 5 © & © » o

15-Thermal Performance Resources & Tools-3 Power

System and Electric Power Metering
e Power System
Generators
lsc-Phase
Switchyard
Measurement of Electricoi Power
Basic Efectrical Concepts Necessory to Understond Power Factor
Resistance

5(7
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Date

Training Content

e & © & o »

Inductance

Capacitance

impendence

Power Triangle and Power Factor
How o Megawatt Meter viorks
Uncertainties of Power Measuremznt
Failure Maodes of Metering

Electric Aspect Exercises

16-Thermal Performance Resources & Tools-4 Uncertainty

and Data Validation

instrumentation Dota Validation & Analysis
Sensitivity/uncertainty analysis

Locatlon of sensors (show examples)

Data Validation

Uncertainty Exercise

Sep, 13" (Fri))

0F::00 AM ~ D500 2\

17-Thermal Plant Testing Overview-1: Testing

e & o & & & & 2 0 & & =

18-Thermal Plant Testing Overview-2: Steam Turbine

Introduction to Thermal Plant Testing

Why Do Performance Testing?

What Stould Be Tested? When?

Types of Thermal Plant Testing

Tools for the Test

ASME Performance Test Codes

PTC - 1&2 General Instructions; Definitions and Volues
The Turbine Testing Codes PTC-6

PTC 19 Scrics —Instrumentation and Uncertainty
Test Organization

Dato Requiremeants

Developing a Test Flan

Accounting

Written Test Procedures

Test Notebook

Testing Procedure

Test Procedure Development

6/7
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Date Training Content
* Intreduction
® Scope
® References
e Test Preparaticns and Logistics

Cycle Isolation and Leakage

Test Conduct

Test Instrumentation

Data Recording

Calculation

Acceptance of Test Results and Test Report
Evaluation of Test Data

Test Repeatability

Exercise — Assuring Repeatability

19-Thermal Plant Testing Overview: Exercise
s Exercise — Calculote Turbine Test Results

20-Thermal Plant Testing Overview: Cooling Tower Testing
Caooling Tower Testing: Applicable Codes

* Cooling Tower Testing Introduction

Testing Requirerents

Consistency of Test Conditions

s Durotion of Test

® Frequency of Test Data
e TestSet Up
°
®
L]

Performance Method of Testing
Performance Method Procedure
Cooling Tower Test Exumple Colculation
Using Performance Method

Cooling Tower Test Exercise

Sk od WEEES. ( 0/

o X
Qe 2003 1AL AR 00501

Frank Todd, TNC Thermal Performance Marnager

Yoo chvy T K AHH
J

Yu-Ching Tsai, INER
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Course Title: Thermal Performance Assessment Training
Date: Sep. 16" - Sep. 17", Sep. 20" - Qct. 4"

Location: True North Consulting
150 Merchant Dr.
Montrose, CO 81401

Teachers: Fra1k Todd, Greg Alder, Christopher Seip
Course Outine:

This documert certifies that Yu-Ching Tsai has completed the True North Consulting, LLC, Thermal
Performance Assessment training course. Saecifically, Mr. Tsai was trained in

1. TSM Software Training (by Christopher Seip,
Date Training Content

1. Introduction
2. Software Installation
® instailotion of TP-Steam Softwore
e nstallation of TP-Plus Stortup Software
® installotion of TP-Plus TSM Plant Specific Systera Madel Files
®  Applicotion
Sep. 16" (Mor.) 3. System Use
D00 AR - 05:00 P24 ® TP-Plus Main Menu Screer
® Main TSM Menu and Navigoticn
® MW and Heat Rete Accounting Reports
® Componeat Reports
® Power Predictor
® Printing
® Tailored Reporting

4. Data Management

Sep. 17" (Tue.) s Dota input

- Datainput File

= input Kow Dota

AL Point Cross Reference Worksheet
= Data Preparation

(R0 A~ 05210 PR
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Date Training Content

- Grapiing
= Dozumentation
e System Menus
- Utility Menu
= Mornwal input
- Change Log
- Event Log
- Trend Summary WMenu

5. System Tables

2. PEPSE Software Training (by Christopher Seip)

Date Training Content

1. Introduction
= Company Bockground
resources (cards, website, whot we do)
instructor Buckarounds
Student Introductions (pass around sign up)
Closs Layour and Overview — Schedule
® (loss Purpose — Why? — Talk About Purpose
2. General
s t's Bzen Months, How Do | Get Back Into Using PEPSE?
\What are Cases ond Sets?
Documenting Mode/ Changes.
Con Just Use g Sub Modei?
Using Stream reatures Effactively.
Practical Use of Controls.
Understanding Modeiing of Leakages.
Whot is @ Bock-up Demand Spiitter?
How Do | Perforr a Sensitivity Analysis?
Generator odeling Basics.
Modeling and Calcuiating Power and Heot Rate Impacts for Plant Changes.
How Can ! Use EXCEL, M and PEPSE Tagether?
How to Know What Is Ir; on Inherited Model
Unique PEPSE Applications.
® Bring Your Froblem ond We Wil Show You How ta Solve it!
3. Potential Dangers and Pitfalls
= Dangers of Infrequent Use.

Seg. 20" (Fri.)

0E:: 30 AM ~ 0550 PM

2/6
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Date

Training Content

Being Careful with the “Quick Studies™!

Chonging und Forgeliing Churiyes! Hordwiring Data (setting pressures,
temperatures, etc.)

"ve laherited Ten FEPSE Modeis. Which Ore Do | Use?

!s PEPSE o Black Box?

Overcoming Fears of Making Mode! Changes.

Common Madel User Errors and Thair impacts.

Sap. 23" (Mon.)

@E:;00 AM - 0550 PM

4. Heat Rate and Power

Defining o Plant Heat Rate Calculation V/ith and Without Operations.
ow Daes PEPSE Account for Auxiliary Power?

CTP Calculations ond Using Special Dption 4 (nucleor only).

rfow Do ! Create and Undate Power and Heat Rate Carrection Curves?
row Do | Correct My Plant’s Thermal Kit?

5. Condensers

Sertting Up ond Using an HEI Condenser Mode!,
Building Cordenser Curves.

Paraliels and Series Modeling.

Useful Condenser Model Tutorials.

How to Analyze a Condenser Change Out or Retubing.

6. Cooling Towers

.

Setting Up a Mode! fer the Performance of Cooling 1owers,
Testing of Cooiing Towers Using PEPSE.
Useful Cooling Tower Mooel Tutoricls.

Sep. 24" (Tue.)

0500 81~ 05:30 PM

7. Feedwater Heaters

Toking Heater(s) Out of Service.

Modeling Heater Bypass (portiol up to full tube side byooss),
How Dc | 3plit Out a Heater Troin?

Modeling Alternate Drains.

Simpiified Design Mode Heaters — It's Eosy!

Using Tuning Factors,

Useful Feedwoter Heoter Madel Tutorials.

How o Evaiuate Heater Modificaticns or Replacement

8. Pumps, Valves, Sources and Sinks

°
-
-
e
-

How Do [ “Ciose the Looo” On a Cycle Model?

Iodeling Purmo and Driver Efficiencies.

Modeling Sliding Pressure.

useful Control Volve Tutoriols.

Plant Test Dato.

Idodeling to Detect ond Quantify Excessive Spill Strip Leakage.

3/6
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Date Training Content

o Understonding and Modeling Fxhaust Loss Curves.
= Useful Steam Turbine Modei Tutorials.
9. Boilers and Components (break out session)
* Setting Up Boiler Efficiency vithcut Building o Boller Model.
® Common ord Easy Boiler Studies.
e Setting Up and Using o Basic Boiler Model.
» Design Mooe: Radiant and Convective Stages.
o Alr Heater Modeling = It's Easy!
e Acid Dew Point Impocts.
s Modzling Auxilicry Boiler Cquipment.
10, Combustion Turbines and HRSG Components (break out session)
¢ How Do | Use Correction Curves?
* Water Wash Modeling.
o Using HRSG Pinch and Approach.
e Common and Sasy CCGT Studies,

11. Nuclear Applications (break out session)
*  Modsling M5SPs (scavenging stear, TD, etc).
¢ Steom Generotor Modeling.
* Am | Using the Right Moaisture Rermoval Curves?
e Useful Nuclear Applications Tutorials,

Sep. 25" (Wen.) 12. Testing
= Verifying Test Dato.
0B::00 441 * 05,00 FM e Analyzing Piant Test Dota.

o Shouwld | Use Special Option 62
e How to evaluate turbine modifications cr replozement.
13. Spetcial Options Overview

Tips for PEPSE Model Review

3, Using TSM for Thermal Performance Assessments
3-A. Construction of Load Carrection Curves (by Christopher Seip)

Date Training Content

T
Sep. 267 (Thu.) | 3, pata preparation and Filtering
26::00 AM ~ 05.00 P e (Ising Chinshan NPP Unit 1 data for practicing

4/6
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2. Correction Curve Preparation
» (ntroducticn
¢ Curve generction software
3. Correction Curve Practicing (PEPSE Software)
¢ FWH TTD vs. Gross Power
* FWH DCA vs. Gross Power
s Condenser Backpressure vs. Gross Power
e Condenser Subcooling vs. Gross Power
4, Correction Curve practicing (PEPSE Software)
e Throttie Steam Pressure vs. Gross Power
h ® VISR TTO vs. Gross Power
Sap: 2141 o Power Factor vs. Gross Power
D:;00 AM ™ 0500 PM e Generatar H? Pressure vs. Gross Power
= Other Correction Curves
5. Correction Curve Summary
6. Methods to predict Condenser Back Pressure
S2p. 30" (Mon.) . !ntroductlgn
e Use I Empirical data of Chinshan MPP Unit 1 for Curve Fitting
FeanamTnsORA | 7, Establishing Baseline Plant Parameters from actual plant data

e Use 100% OLTP BOP

3-B. Thermal Performance Assessments (by Christopher Seip)

Date

Training Content

Oct. 1" (Tue.)

0B::00 AL~ 03:00 2N

Evaluating Plant Perfarmance using TSM software
o import the filtered opzaroting dato
e Point Cress Reference Warksheet for Chinshan NPP Unit 1
o import alf correction curve
o Preliminary result overview

5/6
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3-C. ldentifying Possible Performance Problems (by Christopher Seip, Greg Alder, Frank

Todd}
Date Training Content
Oct, 2" (Wen.| |9. Case Study of Chinshan NPP

2:00 AM~ 05:00 PIA

o Plotted plant porometers versus time
o [fvaluated percent changes in Unit 1 for pre and post outage of 2013.

Oct. 3" (Thu.)

08::00 AN ~05:00 PM

10. Advanced model analysis
o True North mode! review.
s Comoarison between True North model ond INER model.

Oct, 4" (Fi.i

0B::00 AM = 0550 P

11, summary of the evaluation
o Prefiminary evoluation result of percent changes in Unit 1 for pre and
post outoge of 2013.

o Overview cf the TSM training course.

o Delivery of beta TSM and Troining Materials.

ok DA IhE

C45300 1gmesEsFacs “sed ]
o (v-ln ¥ Tood, .p" #HarhJorustng, ,
el Za -'
IS PR EIN)

Frank Todd, TNC Thermal Perfcrmance Mar'ager

Greg Alde

Dglilly si7ed by Gug Ly

DN e Ak, emTrbss Norch
cunvulilrg, cu,
#nalegranrennzorselingiom ceUs
Dane 20° 31003 15:1944.0800"

Greg Aider, TNC Senior Engineer

luistophn P

Begp o R, 7S 5

Christopher Seip, TNC !r. Fngineer

h- iy 7w k4%

Yu-Ching Tsai, INER

/
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Course Title: CIV Software Training
Date: Sep. 18" - Sep. 19", 2013.

Location: True No-th COHSUltlng
150 Merchant Dr.
Montrose, CO 81401

Teachers: Richard Duggan
Course Out ine:

This document certi‘ies that Yu-Ching Tsai has completed the True North Consulting, LLC, TP-Plus Cycle
Isolation Monitoring Training course. Specifically, Mr. Tsai was trained in

=  Operation of CIM softwara (by Richard Duggecn)

Date Training Content

1. Jse of the TP-Plus software
. Valve Infarmation
. Walkdown Entry
Szp. 18" (wen.) )
¢ Report Generation
CE::00 AM ~ 0500 ?M
2. Review of valve carstruction and design
s Types of valves

° Leak Paths

* CIM Evaluation of Kuosheng NPP (by Richard Duggan)

Date Training Content

| 3. Drawing Review

Sep. 19" (Thu.)
. Identification of valves of interest
| OE::DJ AN~ D503 ¥M

. Review of systems cf interest
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4. L_oss Factor Calculation
® PEPSE modeling
s Leak Rates

5. Distance Correction

. NDemanstration of relationship of distance to flow rates

Jghalysqnez bybiack Todd
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Frank Todd, TNC Thermal Performance Marager

. Richard C Daggan
20134003 17:21:35 -04'C0'

Richord Duggan, TNC Senior Engineer
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[[%%4-1 Thermodynamics Fundamentals ﬁ’[ A TFIVe

Review

e \What are two ways to increase the efficiency of the Carnot cycle? Raise
Thot or decrease Tcold

e How does the MS pressure affect Rankine cycle efficiency? Why?
Increase; because it raises Thot.
e How does MS quality affect Rankine cycle efficiency?
Increase quality increases efficiency
e How does the condenser pressure affect Rankine cycle efficiency? Why?
Lower pressure increases efficiency- lower tcold (unless you're choked)
e \We do not want to change this without doing work: Entropy
e Enthalpy? or
e Entropy?
e \Why do feedwater heaters help the cycle if they steal steam from the cycle?
e Because they add reversibility to the cycle or yes
e Because they make the cycle more stable

Thermal Performance Training
Thermodynamic Fundamentals -1 Introduction
Slide 34

True North Consulting LLC. Page 1 -48

[fJ&#%4-2 Introduction Turbines & Condensers ﬁ’[ Allpéi-Turbine ‘ﬁ[ﬁ;’?

Steam Turbine Review - Answers

e How do the following affect throttle flow (increase or decrease)?
Deposits — decrease

Erosion — increase

Foreign object or obstruction - decrease

Internal Leakage - increase

e How do the following affect section efficiency (increase or
decrease)?

e Deposits - decrease

Erosion - decrease

Foreign object or obstruction - decrease
Internal Leakage - decrease

Thermal Performance Training
Power Plant Component Evaluation 1 — Slide 48
Introduction Turbines and Condensers
True North Consulting LLC. Page 1-162




[ff##+4-3 Introduction Turbines & Condensers %f’[ éﬁ[ﬂ'@—Condenser ﬁ[ﬁj} I

Condenser Review Answers

e Tube Sheet fouling results in the following changes (Increase or
Decrease)

Circulating water flow through condenser-Decrease

Differential pressure across tubes- Increase

Temperature rise tube inlet to tube outlet.- Increase

Condenser pressure- Increase

Condensate sub-cooling - Decrease

Cleanliness factor if you do not measure flow -Decrease

Cleanliness factor if you do measure flow — Remain the Same

e Electric output — Could go either way

e What can cause tube side air binding ? Failure of air venting system

and tide level changes

e Shell side tube fouling will cause tube side temperature rise to?
(increase or decrease) — stay the same or slightly increase

Thermal Performance Training
Power Plant Component Evaluation 1 — Slide 68
Introduction Turbines and Condensers
True North Consulting LLC. Page 1-182

[f[J&#%4-4 Introduction Turbines & Condensers ﬁ’[ Allp"éi-Condenser ‘ﬁ[ﬁy’]‘ I

Condenser Review

e When does air in-leakage become a thermal performance problem.
— When it overcomes the air removal capacity

e When might it be a good idea to turn off a circulator? — In the winter
when the plant is operating on the flat portion of the correction
curve.

e List at least two alternate parameters to give an indication of
condenser pressure — Exhaust hood temperature; Condenser hot-
well (if there is no sub-cooling) temperature.

e What should you watch out for when measuring condenser outlet
temperature? — Stratification if the sensor is near the tube sheet.

e List at least two major causes of condenser tube leaks —Vibration;
Impingement from damaged spargers

Thermal Performance Training
Power Plant Component Evaluation 1 - Slide 69
Introduction Turbines and Condensers
True North Consulting LLC. Page 1 -183
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Feedwater Heater Review- Answers

e How do the following affect heater parameters?
e Heater level increase- TTD Increase; DCA Decrease
e Heater level decrease-TTD Decrease; DCA Increase (heater damage)
e Divider plate leakage-TTD Increase
e Isolation of running vents — Slow TTD Increase
e Tube leak in heater- Small leak none; Large leak-TTD Increase ;DCA Decrease
e Tube leak in downstream heater — Level control valve increase; Level Increase
e Damage to extraction line expansion bellows — Heater Pressure Decrease
e Failure of Normal level control valve — Level Increase
e Failure of High level control valve —Level Decrease, damage to drain cooler.

Heater emergency drains to the condenser - Decrease
2 DEG F increase final feed temperature - Increase
Decrease top (highest pressure) feed water heater level - Increase

e \What general effect do the following have on turbine cycle performance?
[ )
L]
[
e Decrease heater drain flow with an increase in condensate flow - Decrease

Thermal Performance Training
Power Plant Component Evaluation - 2
Feedwater Heaters, Pumps and Control Valves Slide 29

True North Consulting LLC. Page 1-213

[[}&#<4-6 Cooling Tower ﬁ’[ AT V-

Cooling Tower Review

e What are the parameters measured for cooling tower performance?
Wetbulb; dry bulb; hot water temperature; cold water temperature;
wind speed; circulating water flow; fan horse power.

e What affect will an increase in humidity have on Natural Draft
cooling tower air flow parameters? Increase flow

e What are the two means of heat transfer in a cooling tower?
Sensible heat transfer (temperature difference) and latent heat
transfer (evaporation)

e Why does uneven spray flow affect a natural draft cooling tower?
Lower flow resistance in one area of tower such that more air flow
passes through areas of low heat transfer.

e Why is it important to maintain Biocide treatment of cooling tower?
To prevent clogging of fill.

e What is the tradeoff between high performance fill and high flow fill?
High performance fill can result in fill clogging.

Thermal Performance Training
Power Plant Component Evaluation - 3
Cooling Towers ~ Slide 44
True North Consulting LLC. Page 1 - 272
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Cooling Tower Review

e What is the impact (increase or decrease) on cooling
tower outlet water temperature (cold water temp)
resulting from following:

e Increasing the approach at a constant Wet Bulb - increase

e Increasing the wet bulb temperature at a constant approach -
increase

e Decrease in range at constant Q — could go either way
depending on the tower design

e Decreasing the fan power (mechanical draft) — increase due to
less air flow

e What causes the cooling tower plume to be visible? -
atmospheric temperature is at or near saturation.

Thermal Performance Training
Power Plant Component Evaluation — 3
Cooling Towers  Slide 45
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Nuclear Components Review Answers

e A decrease in Moisture Separator Drain Flow at a constant steam flow is
indicative of what problem? Failure of Chevrons or Moisture Removal
equipment; Blockage of flow distribution plate; blockage of drain channel.

e |f Steam Generator Pressure is decreasing what is happening to the
turbine cycle? Control Valves are opening; Temperature into cycle is
decreasing; MWe loss is dependant on starting valve position.

e MSR Second Stage Drain Flow is increasing at a constant power and TTD
is increasing; what could cause this to happen? First Stage Re-heater
Tube Leak; Moisture Separation Failure

e What happens if Scavenging (or excess) steam flow is decreased or
isolated? Condensation in tubes causing chug flow and increased re-
heater TTD. Could result in damage to reheater tubes.

e What affect does the Moisture separator efficiency have on first stage
pressure and why? Increased MSR First Stage TTD=> Increased Second
Stage Heating Steam Flow => Reduced First Stage Pressure

e What happens when quenching flow is lost to the second stage re-heater
drains? Flashing in re-heater drain line; control valve vapor lock; High
Level Dump open on re-heater drain tank; lost generation; damage to re-
heater drain line.

Thermal Performance Training
Power Plant Component Evaluation — 4 Nuclear Components
Slide 56
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Review

*What are the two most common methods used to determine cycle isolation
leakage? Temperature and Acoustic

«List at least 4 types of valves that should be included in a cycle isolation
program. FWH dump vlaves, turbine drain valves, turbine bypass valves,
steam line drain valves, feedwater vents, reheater dump valves.

*Where should the downstream temperature be measured for the Grashoff
or the ASME figure 14 Method? At least 10 L/D downstream of the valve.

*Why is upstream temperature an unreliable method to quantify leakage?
Because a very small leakage will result in a high temperature.

«List two situations where it would be difficult to determine leakage based on
down stream temperature, how should these situations be handled? Valve is
close to sink; many valve drain into a header; use temperature limits, use
acoustics as a back up.

*Why is it important to have a flat black surface if using an infrared
temperature meter? Because emissivity is different based on the reflectivity
of the surface.
Thermal Performance Training
Power Plant Cycle & Component Evaluation-7
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Power Calculation Review

e At 1000 psia an increase in steam pressure causes enthalpy to increase or
decrease? Decrease

e Which parameter has the most influence on reactor power? Feed Flow

e Which turbine parameter is the most consistent with reactor power? First Stage
Pressure

e If the final feedwater heater bypass valve fails open what happens to reactor power?
Reactor Power Increases

e What is the difference between a PWR and BWR when it comes to controlling reactor
power? PWR-Turbine Drives Reactor BWR- Reactor Drives Turbine

e Describe one method to detect an over power condition. First Stage Pressure Higher
than design value

e Ina PWR why is primary differential temperature often a poor indicator of reactor
power? Unknown mass flow; Temperature Stratification; Sensitivity to Error.

e If using first stage pressure as an alternate indication of reactor power what other
parameters could have an influence on it other than reactor power? Second stage
reheater flow; turbine bypass flow; Final Feed Temperature.

e List at least five alternate indications of reactor power.

First stage pressure; Steam flow; First extraction pressure; Final feed
Temperature; Primary differential temperature; Thermal performance
indicator; Heatrate; Megawatts electric, HP exhaust pressure; Condensate
flow; Drain flow + condensate flow; Drain flow; Feed pump suction or
discharge flow ;Feed pump steam flow; Feed pump amps;2nd stage reheat
flow; First stage reheat flow; Condensate pump amps

Thermal Performance Training
Power Plant Cycle and Component Evaluation-8
Power Calculation  Slide 54
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Review Answers

e What are the benefits of on-line modeling? Find lost power; Reduction in heat rate;
Resolve cycle isolation problems; Monitoring of plant degradation and performance;
Optimization of plant processes; Assist in preventing overpower

e What are the limitations of off-line modeling?

o Calculations are dependant on input quality
e Validation of plant data is critical
Results are only as good as the user input
Model development
Data quality
Engineering units
Location of sensors in relation to plant components
User assumptions
Realistic inputs

e \Why is data validation important for on-line modeling? Garbage in = garbage out

e Where can information regarding relative instrument and component locations be
found? PID

e \Where can information regarding expected plant parameter values be found? Heat
Balance or Thermal Kit.

e List at least four pieces of information that can be found in a thermal kit. Heat
Balance; Correction Curves; Moisture Removal Curves; Exhaust loss Curves.

e Where can information regarding actual pipe lengths be found? Isometrics

Thermal Performance Resources & Tools-1

Performance Software and Documentation
Slide 35
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Instrumentation Review

e \What happens to an RTD if it looses power? Fails off scale low.

e \What happens to a thermocouple if the leads are shorted together?
Measures temperature where leads are shorted.

e \When measuring temperature what affect does thermal stratification have
on tkl)we reading? Cause error either high or low depending on location of
probe.

e List at least 4 pressure measurement failure modes. Line leakage (low
pressure); Loss of water leg (inaccurate water leg); Instrument bias; Drifting
due to temperature; Bypass valve leakage (DP instruments), Low pressure
cross connected tubing; Low pressure loop seal or incorrect slope;
Turbulence affects on pressure tap; Improper placement (near significant
disturbance areas)

e Define Wet-Bulb Temperature. Temperature at which water will evaporate.

e \What do close coupled out of plane bends introduce to the flow velocity
profile? Swirl.

e \What two types of ultrasonic flow measurement devices are available?
Explain the basic differences between these devices. Cross-correlation and
time of flight.

e \What are the two major sources of tracer testing error? Hideout and
improper mixing.

Thermal Performance Resources & Tools -2
Instrumentation
Slide 75
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Thermal Performance Resources & Tools Measuring Electricity
Review

e \What are the three components of Impedance? Resistance, Inductance, &
Capacitance

e Which impedance component causes voltage to lag current? Capacitance
e Which impedance component causes current to lag voltage? Inductance
e \Which impedance component causes voltage and current to be “in phase”?

Resistance
e The resistance - reactance- impedance diagram is expanded to address real,
reactive, and apparent power in a diagram known asthe ............... ....coooel. ?

Power Triangle

e Power factor represents the ratio of which two components of the Power Triangle?
Real Power (MW) to Total Apparent Power(MVA)

e How are power triangle components affected bbgenerator operation during
synchronized and un-synchronized operation? Unsynched-more steam = more
speed, less steam = lower speed. More excitation =greater terminal voltage at
?Aenerator output, Less excitation = lower voltage at generator terminals. Synched -

ore steam = greater KW output, Less steam = lower kw output to grid. More
excitation = increased Var output to grid, lower excitation = less output var to grid or
possibly intake of vars to machine.

e How are real and reactive power components measured? Watt & Var Meters ( New
meters are integrated to measure both)

e What are the g?ical components in a “metering loop”? Instrument

transformers(CT/PT), wiring, metering device (Watt/Var), possibly transducers, panel
meters, etc.
Thermal Performance Resources & Tools -3
Measuring & Delivering Electricity
Slide 55
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Power System Review

e What are the major components of a Power System? Generator,
Exciter, Isophase bus Duct, Generator Circuit Breaker, Main Station
Transformers, Switchyard, Grid

e What are the three requirements for connection to a Power System
Grid? Same Voltage Magnitude, Same Frequency, Same Phase
Relationship

e What limits the operational range of a generator? Cooling --
typically(Rotor-Hydrogen, Stator-Water)

e Which component of power is affected by the prime mover (steam)?

e What is the purpose of the excitation system? Terminal voltage —
unsynched, Vars in or out in a synched condition

e What is the P&ID equivalent electrical drawing? Single Line Diagram

e State two sources of losses between a Station’s gross and net
output metering? Transformer Losses, House Loads

Thermal Performance Resources & Tools -3
Measuring & Delivering Electricity
Slide 57
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Data Validation Review - Answers

What are the two types of error we deal with when calculating
instrument uncertainty? Systematic and Random

How is random uncertainty calculated? With average and standard
deviation

Why do we have to be concerned with instrument location?
Proximity to heat, vibration, etc.

Instrument drift is what kind of error? Both Systematic and Random
What can be done to improve (reduce) random error? Increase
sample size Add redundant instrument

What is the purpose of the plant walk down when developing an
uncertainty analysis for a power plant? To determine instrument
location

Where would we find an acceptable method for power plant testing
uncertainty? ASME PTCs

Thermal Plant Testing Overview -3
Instrumentation Validation and Uncertainty
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Review Answers

What are the benefits of on-line modeling? Find lost power; Reduction in heat rate;
Resolve cycle isolation problems; Monitoring of plant degradation and performance;
Optimization of plant processes; Assist in preventing overpower

What are the limitations of off-line modeling?

e Calculations are dependant on input quality
e Validation of plant data is critical
Results are only as good as the user input
Model development
Data quality
Engineering units
Location of sensors in relation to plant components
User assumptions
Realistic inputs

Why is data validation important for on-line modeling? Garbage in = garbage out

Where can information regarding relative instrument and component locations be
found? PID

Where can information regarding expected plant parameter values be found? Heat
Balance or Thermal Kit.

List at least four pieces of information that can be found in a thermal kit. Heat
Balance; Correction Curves; Moisture Removal Curves; Exhaust loss Curves.

Where can information regarding actual pipe lengths be found? Isometrics

Thermal Performance Resources & Tools-1

Performance Software and Documentation
Slide 35
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