DE-FC22-93PC92642

MILLIKEN CLEAN COAL TECHNOLOGY

DEMONSTRATION PROJECT

PROJECT PERFORMANCE
AND ECONOMICS REPORT

FINAL REPORT - VOLUME Il of Il

APRIL 1999

NEW YORK STATE ELECTRIC & GAS CORPORATION




Chapters 5.0 - Appendices

DE-FC22-93PC92642

MILLIKEN CLEAN COAL TECHNOLOGY

DEMONSTRATION PROJECT

PROJECT PERFORMANCE
AND ECONOMICS REPORT

FINAL REPORT - VOLUME Il of ll

APRIL 1999

NEW YORK STATE ELECTRIC & GAS CORPORATION




Table of Contents

Section # Title Page #
introductory Pages
Cover Page
Disclaimer [
Abstract i
Acknowledgements il
Point of Contact v
Table of Contents v
List of Tables X
List of Figures XV
List of Abbreviations XXiii
List of Units XXIX
Glossary of Terms XXX
Executive Summary XXXIV
1.0 INTRODUCTION
1.1 Purpose of the Project Performance and Economics 1.1-1
Report
1.2 Overview of the Project 1.2-1
1.2.1 Background and History of the Project 1.2-1
1.2.2 Project Organization 1.2-1
1.2.3 Project Description 1.2-6
1.2.4 Host Site 1.2-16
125 Project Schedule 1.2-20
1.3 Objectives of the Project 1.3-1
1.4 Significance of the Project 1.4-1
1.5 DOE'’s Role in the Project 1.5-1
2.0 TECHNOLOGY DESCRIPTION
2.1 Description of the Demonstrated Technology 2.1-1
2.1.1 Introduction To Demonstrated Technology 2.1-1
2.1.2 S-H-U Advanced FGD System 2.1-8
2.1.3 Stebbins Tile Absorber Construction 2.1-24
214 ABB Preheater Heat Pipe Air Heater System 2.1-27
215 NALCO Fuel Tech NO,OUT® Selective Non-Catalytic 2.1-30
Reduction
216 Combustion Modifications 2.1-36
21.7 Piant Economic Optimization Advisor 2.1-38
2.2 Description of Demonstration Facilities 2.2-1
221 Introduction 2.2-1
222 The Host Facility 2.21
223 The FGD Plant 2.2-3
224 Heat Pipe Air Preheater 2.2-28

Project Performance and Economics Report
Table of Contents

Page v




Table of Contents

Section # Title Page #

225 NALCO Fuel Tech NO,OUT® Selective Non-Catalytic 2.2-50
Reduction
2.3 Proprietary Information 2.3-1
24 Simplified Process flow Diagrams 2.4-1
2.5 Stream Data 2.5-1
2.6 Process & Instrument Flow Diagrams 2.6-1
3.0 UPDATE OF THE PUBLIC DESIGN REPORT
3.1 Design and Equipment Changes 3.1-1
3.1.1 Introduction to Design and Equipment Changes 3.1-1
3.1.2 FGD System 3.1-1
313 NO,OUT® SNCR 3.1-12
3.14 Heat Pipe Air Heater 3.1-13
3.1.5 Plant Economic Optimization Advisor 3.1-15
3.2 Demonstration Plant Capital Cost Update 3.2-1
3.3 Demonstration Piant Operating Cost Update 3.3-1
3.3.1 Annual Fixed Operating Cost 3.3-2
3.3.2 Variable Operating Costs 3.3-2
3.3.3 By-products 3.34
3.34 Waste Water Treatment 3.3-5
4.0 Demonstration Testing and Evaluation Program
4.1 Introduction to Demonstration Testing & Evaluation 411
Program

4.2 Plant Economic Optimization Advisor 4.2-1
421 Report of PEOA Testing Conducted Jan/Feb 1995 4.2-3
4,22 Report of PEOA Testing Conducted FEB 1998 4.2-20
4.3 Validation of BYU 3D Combustion Code 4.3-1
4.4 Milliken LNCFS Evaluation 4.4-1
4.4.1 Introduction to LNCFS-3 Test Program 4.4-1
442 LNCFS-3 Test Program 4.4-1
4.5 Milliken SNCR Demonstration 4.5-1
451 NO,OUT® Process Description 4.5-1
4.6 Milliken ESP Upgrade Evaluation 4.6-1
4.6.1 introduction To ESP Technology 4.6-1
4.6.2 Sampling Locations 4.6-3
46.3 Experimental 4.6-4
46.4 Unit 2 Operating Conditions 4.6-6
4.6.5 As-fired Coal Analysis 4.6-6
46.6 Flue Gas Flow Distribution 4.6-8
4.6.7 Performance Test Results 4.6-9
46.8 Conclusions 4.6-13

Project Performance and Economics Report
Table of Contents

Page vi




Table of Contents

Section # Title Page #
47 Evaluation of ESPert ESP Model 4.7-1
4.7 .1 Introduction To ESPert ESP Model 4.7-1
472 Summary 4.7-1
4.7.3 Discussion 4.7-1
474 Conclusions 4.7-9
4.8 Milliken S-H-U FGD Process Evaluation 4.8-1
4.8.1 Introduction 4.8-1
4.8.2 Low Sulfur Coal Testing and Evaluation 4.8-5
483 Design Sulfur Coal Testing and Evaluation 4.8-57
484 High Sulfur Coal Testing and Evaluation 4.8-57
4.8.5 FGD System Operability and Reliability Issues 4.8-57
4.9 Milliken Mist Eliminator (Including Wet Stack) Testing 4.9-1
4.9.1 Introduction to Test Program 4.9-1
492 Measurement Methods 4.9-1
493 Sampling Locations 4.9-3
494 Test Procedures 4.9-3
495 Results and Discussion 4.9-4
4.9.6 Conclusions 4.9-7
4.10 Stebbins Tile Test Facility 4.10-1
4.10.1 Description of Test Facility 4.10.1
4.10.2 Interim Operations 4.10-2
4.10.3 Inspection and Demoalition of Stebbins Tile Test 4.10-2

Module

4.1 Milliken Heat Pipe Air Heater Evaluation 4111
4.11.1 Introduction 4.11-1
4.11.2 Heat Pipe Description 4111
4.11.3 Performance Testing 4.11-2
4.11.4 Corrosion Monitoring Program 4.11-12
4.11.5 Operability and Reliability 4.11-13
4.11.6 Heat Pipe Air Heater Performance Benefits 4.,11-33
4.11.7 Conclusions and Recommendations 4.11-38
4.12 Milliken Materials of Construction 4.12-1
4.12.1 Summary of Key Findings 4,121
4122 Low NOx Burners - Boiler Water Wall Tube Wastage 4.12-2
4.12.3 Post Boiler Corrosion Monitoring 4124
4.12.4 FGD Absorbers 4124
4.12.5 Miscellaneous Absorber Equipment 4.12-7
5.0 ENVIRONMENTAL PERFORMANCE

5.1 Introduction to Environmental Performance 5.1-1
5.2 Milliken Environmental Monitoring Program 5.2-1

Project Performance and Economics Report
Table of Contents

Page vi




Table of Contents

Section # Title Page #
5.2.1 Introduction To Environmental Monitoring Program 5.2-1
5.2.2 Air Quality Monitoring 5.2-6
523 Water Quality 5.2-23
524 Solid Waste 5.2-30
525 Noise 5.2-31
5.2.6 Characterization of Any Unregulated Substances 5.2-33
5.3 Chemical Emissions Measurement Program at 5.3-1
Milliken Unit 2

5.3.1 Introduction To Chemical Emissions Measurement 5.3-1
Program

53.2 Target Pollutants 5.3-2

5.3.3 Summary of Major Conclusions of Chemical 5.3-3
Emissions Program

54 Milliken Air Toxics and Emissions Characterization 5.4-1

5.4.1 Introduction 5.4-1

5.42 Summary of Resulits 5.4-2

5.5 Milliken Water Toxics Treatment & Characterization 5.5-1

5.6 Milliken Post Retrofit TRUE Evaluation 5.6-1

5.6.1 Ecological Risk Assessment 5.6-1

5.6.2 Multimedia Human Health and ERA For Potentiat 5.6-14
Wastewater Discharge

5.7 Land and Water Quality Studies 5.7-1

571 Evaiuation of the EPRI FOWL Code As Applied At 5.7-1
Milliken ADF

5.7.2 Evaluation of the EPRI PCTRANS Code As Applied 5.7-3
At Milliken ADF

5.7.3 Evaluation of the EPRI MYGRT Code As Applied At 574
Milliken ADF

5.8 Byproduct Utilization Studies

5.8.1 Impact of Low NOx Burners on Utilization of Fly Ash 5.8-1

5.8.2 Impact of Ammonia on Fly Ash Marketability 5.8-14

5.8.3 Calcium Chloride Market Opportunities 5.8-14

5.8.4 The Gypsum Industry and FGD Gypsum Utilization 5.8-17

59 A Case Study of the Kintigh Station Solid Waste 5.9-1
Disposal Facility

591 Introduction to Kintigh Station Solid Waste Disposal 5.9-1
Study

59.2 Design and Construction of SWDA 594

593 Evaluation of Landfill Performance 5.9-15

594 Conclusions and Future Considerations 5.9-16

Project Performance and Economics Report
Table of Contents

Page viii




Table of Contents

Section # Title ~ Page #
6.0 ECONOMICS
6.1 Economic Parameters 6.1-1
6.2 Estimated Process Capital Costs 6.2-1
6.2.1 Economic Sensitivities 6.2-2
6.2.2 Equipment List 6.2-3
6.3 Projected Operating and Maintenance Costs 6.3-1
6.4 Summary of Performance and Economics 6.4-1
6.5 Effect of Variables on Economics 6.5-1
6.5.1 S-H-U 6.5-1
7.0 COMMERCIALIZATION POTENTIAL AND PLANS
7.1 S-H-U FGD Technology 7.1-1
7.2 Stebbins Absorber 7.241
7.3 Heat Pipe Air Heater System 7.3-1
7.4 Plant Economic Optimization Advisor 7.4-1
7.5 NOxOUT - Non-Selective Catalytic Reduction System 7.5-1
8.0 CONCLUSIONS AND RECOMMENDATIONS
8.1 Plant Economic Optimization Advisor (PEOA) 8.1-1
8.1.1 Major Technical Findings 8.1-1
8.1.2 Commercialization Potential 8.1-2
8.2 Validation of Brigham Young Univ. 3D Combustion Code 8.2-1
8.3 Milliken LNCFS Evaluation 8.3-1
8.4 Milliken SNCR Demonstration 8.4-1
8.5 Milliken ESP Upgrade Evaluation 8.5-1
8.6 Evaluation of ESPert™ ESP Model 8.6-1
8.7 S-H-U Gas Desulfurization Process Evaluation 8.7-1
8.8 Absorber Mist Eliminator Performance 8.8-1
8.9 Stebbins Tile Test Facility 8.9-1
8.10 Heat Pipe Air Heater Evaluation 8.10-1
8.11 Materials of Construction 8.11-1
8.12 Environmental Monitoring 8.12-1
8.13 Air Toxics and Emissions Characterization 8.13-1
8.14 Ecological Risk Assessment (TRUE Evaluation) 8.14-1
8.15 Byproduct Utilization 8.15-1
Bibliography of Other Project Reports
Appendices

Appendix A | Major Equipment List A-1

Appendix B | Major Equipment Costs By Area B-1

Appendix C | Technology Cost Tables C-1

Project Performance and Economics Report
Table of Contents Page ix




List of Tables

Section
No. Table No. Title Page No.
Exec.Sum  Table1  SHU FGD Process Economics xxxviii
Exec. Sum  Table2 Heat Pipe/Air Heater Cost Comparison xli
2.1 2.1-1 Project Energy Balance Estimate 2.1-7
224 2.2-1 Heat Pipe Air Heater Design Summary 2.2-29
224 2.2-2 Heat Pipe Flue Gas and Air Stream TC Arrays 2.2-33
25 2.5-1 Limestone Preparation System Sfream Data 2.5-2
25 2.5-2 S-H-U System Stream Data 2.5-3
2.5 2.5-3 S5-H-U System Stream Data 2.54
2.5 2.5-4 FGD Wastewater Pretreatment System Stream 2.5-5
Data
25 2.5-5 NOxOUT® System Stream Data 2.56
2.5 2.5-6 Heat Pipe Air Heater Stream Data 2.5-7
3.2 3.2-1 Total Demonstration Project Cost Summary 3.2-1
3.2 3.2-2 FGD Systems Capital Cost Summary 3.2-2
3.2 3.2-3 Total Project Capital Cost Summary 3.2-2
3.2 3.2-4 Summary Of Estimated Costs Of Design 3.2-3
Modifications
3.3 3.3-1 FGD Operating Data 1996 — 1997 3.3-1
3.3 3.3-2 FGD System Annual Fixed Operating Cost 3.3-2
3.3 3.3-3 FGD System Annual Variable Operating Costs 3.3-3
1996
3.3 3.34 FGD System Annuat Variable Operating Costs 3.34
1997
4.2 4.2-1 Requirements Traceability Table 4.24
4.2 422 Deviations In PEOA-TP-002 Run Values 42-14
4.4 4.4-1 Pre-Retrofit Unit 2 and Post-Retrofit Unit 1 4.4-2
Description
4.5 4.51 NOxOUT® Process Control Measurements 4.5-5
4.5 -4.5-2 NOxOUT® Test Numbers N-L-1-01 through 45-6
N-L-1-09
4.6. 4.6-1 Precipitator Characteristics - Original Vs. 4.6-2
Maodified
4.6 4.6-2 Plant Operating Parameters 4.6-6
4.6 4.6-3 Analysis of Milliken Boiler Feed Coal Samples 4.6-7
4.6 464 Summary of Daily Coa! Sample Analysis 4.6-9
46 4.6-5 Flue Gas Flow Distribution 4.6-9
4.6 4.6-6 Average Coal Analysis (Bituminous) 4.6-11
4.6 4.6-7 Fly Ash Analysis 4.6-11
4.6 4.6-8 April 1994 Fly Ash Resistivity 4.6-12
4.6 4.6-9 October 1995 Fly Ash Resistivity 4.6-12
4.6 4.6-10  Aprit 1994 ESP TR-Set Primary Side Conditions 4.6-13
Project Performance and Economics Report Page x

List of Tables



List of Tables

Section

No. Table No. Title Page No.

46 4.6-11  October 1995 TR-Set Primary Side Conditions 4.6-13

4.7 4.7-1 Precipitator Characteristics 4.7-2

4.8 4.8-1 S-H-U Process Control Measurements 4.8-2

4.8 48.2-1 Test Conditions and Results 4.8-46

4.8 4.8.2-2  Laboratory Analysis of Gypsum Samples 4.8-55

4.8 4.8.2-3  Reproducibility of Controlied Variables and 4.8-56
Measured Performance For Repeat Tests

4.8 4.8.2-4  Reproducibility of Measured SO2 Removal For 4.8-56
Repeat Tests

4.8 4.8.2-5  Reproducibility For Uncontrolled Variables For 4.8-56
Repeat Tests

49 4.9-1 Summary of Results from Milliken Droplet 4.9-8
Testing, 10/01/96 - 10/09/96

4.10 4.10-1 Stebbins Tile Test Module History 4.10-4

4.11 4111 Sample Port /[Tap Requirements 4.11-6

4.11 4.11-2  Heat Pipe Thermal Performance 4.11-8

4.11 4.11-3  Measured Air Leakages 4.11-10

4.11 4.11-4  Heat Pipe Pressure Drops 4.11-11

4.11 4.11-6  Operations Summary 4.11-14

411 4.11-6  Napthalene Leak Check Measurements 4.11-22

411 4.11-7  Stack Heat Loss for Ljungstrom and Heat Pipe 4.11-36
Air Heaters

4.11 4.11-8  Performance Summary for Units 1 & 2 4.11-37

412 4121 Analyses of Deposits, Gypsum Product, 4,12-12
Limestone Feed, and ESP Ash

5.2 5.2-1 Summary of Monitoring Program Parameters 5.2-14

5.2 5.2-2 Monitoring Equipment for the Milliken Station 5.2-15
Ambient Monitoring Program

5.2 2.2-3 T-Test Results (NO, and O,) 5.2-16

5.2 5.2-4 Coal Pile Runoff and Maintenance Cleaning 5.2-25
Water Effluent

5.2 5.2-5 Process Water Reclamation Facility Effluent 5.2-26

5.2 5.2-6 Sedimentation Pond Effluent 5.2-27

5.2 5.2-7 Solid Waste Management Facility Groundwater 5.2-29
Monitoring

52 52-8 Expected Chemical Compaosition of Calcium 5.2-33
Chloride Salt

5.2 5.2-9 Typical Gypsum Properties 5.2-34

5.2 52-10  Analysis of Various By-Products and Naturally 5.2-35
Occurring Gypsum Major Elements (WT%)

Project Performance and Economics Report Page xi

List of Tables



List of Tables

Section
No. Table No. Title Page No.
5.3 5.3-1 Summary of Parameters Tested In Each Process 5.3-5
Stream, Unit 2
5.3 5.3-2 Target Compound List 5.3-6
54 5.4-1 Summary of Unit Operation and Criteria Pollutant 5.4-7
Emissions, Unit 2 Post Retrofit Test Program
5.4-2 ESP And FGD Removal Efficiencies For 5.4-8
Inorganic Species, Unit 2 Post Retrofit Test
Program
5.4-3 Summary of Detected Organic Species, Unit 2 5.4-9
Post Retrofit Test Program
544 Summary of Mercury Speciation Test Results, 5.4-10
Unit 2 Post Retrofit Test Program
54-5 Comparison of tnorganic Element Flue Gas 5.4-11
Emission Levels Unit 2 Pre- And Post-Retrofit
Test Programs
5.6 5.6-1 Predicted Media Concentrations And Respective 5.6-13
Screening Values '
5.6-2 Chemical Discharge Rates - Annual - Average 5.6-15
5.6-3 Excess Chemical Concentrations in Cayuga Lake 5.6-16
5.6-4 Beryilium Dose By Exposure Route £.6-16
5.6-5 Non-Carcinogenic Hazard Index By Chemical 5.6-17
And Exposure Route
5.6-6 HCI Dose By Exposure Route 5.6-17
5.6-7 Exposure Point Concentrations Used in Food 5.6-19
Web Models Contributions From Wastewater
Discharge
5.6-8 Concentrations and Screening Values For All 5.6-19
. Media Contributions From Wastewater Discharge
5.6-9 Estimate Exposure Parameters For Wildlife 5.6-21
Receptors In Tier 1 Food Web Models
Contributions From Wastewater Discharge
5.6-10  Derivation of Toxicity Reference Values For 5.6-22
Mercury Contributions From Wastewater
Discharge
5.6-11 Hazard Quotients Resulting From Food Web 5.6-23
Models Contributions From Wastewater
Discharge
5.7 5.7-1 Comparison of Predicted And Actual Leachate 57-2
Concentrations of Inorganic Constituents
Project Performance and Economics Report Page xii

List of Tables



List of Tables

Section
No. Table No. Title Page No.
5.8 5.8.1-1  NOx Emissions (Monthly Average) 5.8-5
5.8.1-2  LOI (Monthly Average) 5.8-6
5.8.1-A1 Comparison of Milliken Flyash Properties With 5.8-13

ASTM C618 Specifications

5.9 5.8-1 Summary of Sefected Water Chemical 5.4-5
Constituents at Kintigh SWDA

5.9 5.9-2 Fly Ash and FGD Sludge Analyses Used During 5.9-7
Initial Design Evaluation

5.9 5.9-3 Hydraulic Conductivities and Compressive 5.9-7
Strengths of Stabilized Sludge Test Mixtures
Used During Initial Design Evaluation

59 594 Hydraulic Conductivities and Compressive 5.9-9
Strengths of Stabilized Sludge Produced at
Kintigh Station 1991 - 1996

5.9 5.9-5 Stabilized Sludge Constituent Oxide Analysis 5.9-10

59 5.9-6 Stabilized Sludge Compositional Metals Analysis 5.9-12

5.9 5.9-7 Stabilized Sludge Leachate Analyses for RCRA 5.9-13
Toxic Metals

5.9 5.9-8 Leachate Analyses foi RCRA Toxic Metals 5.9-13

6.1 6.1-1 Economic Parameters 6.1-1

6.2 6.2-1 Total FGD System Capital Requirement, 300 MW 6.2-1
Commercial Plant

6.3 6.3-1 Operating And Maintenance Cost 6.3-1

6.4 6.4-1 Summary of Performance And Economics, 6.4-1
Commercial 300 MW Power Plant

6.5 6.5-1 Sensitivity Analysis, 300 MW Commercial Plant 6.5-1

7.1 7.1-1 Market Assessment Summary: Retrofit Capacity 7.14
Market Penetration for Advanced
S-H-U Technology

7.1 7.1-2 Market Assessment Summary: New Capacity 7.1-4
Market Penetration for Advanced
S-H-U Technology

7.1 7.1-3 S-H-U Process Capital Savings From Reduced 7.1-7
Size Equipment Compared To Competing
Processes

7.1 7.1-4 Limestone Forced Oxidation/Wallboard Capital 7.1-13
Requirements

7.1 7.1-5 Limestone Forced Oxidation/Wallboard O&M 7.1-14

7.1 7.1-6 Limestone Forced Oxidation/Wallboard Levelized 7.1-15
Busbar Costs

7.1 7.1-7 FGD Technology Cost Comparison 7.1-17

Project Performance and Economics Report Page xiii

List of Tables



List of Tables

Section

No. Table No. Title Page No.

7.1 7.1-8 S-H-U Process Capital Savings From Reduced 7.1-19
Size Equipment Compared To Competing
Processes

7.2 7.2-1 Estimated Stebbins Tile FGD Absorber Market 7.2-4
Share

7.2 7.2-2 Competing Absorber Liner Technologies 7.2-5

7.2 7.2-3 FGD Absorber Capital Cost Comparison 7.2-6

7.3 7.3-1 Estimated Market Penetration For Heat Pipe Air 7.3-3
Heater System

7.3 7.3-2 Heat Pipe/Air Heater Cost Comparison ($ x 10°%) 7.3-7

7.3 7.3-3 Heat Pipe/Air Heater Cost Comparison - Total 7.3-8
BHP

7.4 7.4-1 EPRI/ESEERCO Optimizer Comparison 7.4-9
Conference

7.5 7.5-1 Estimated Market Penetration For NOxXOUT® 7.5-3
SNCR System

8.5 8.5-1 Precipitator Characteristics 8.5-2

8.5 8.5-2 April 1994 ESP TR-Set Primary Side Conditions 8.5-4

8.5 8.5-3 October 1995 ESP TR-Set Primary Side 8.5-4
Conditions

Project Performance and Economics Report Page xiv

List of Tables



Section Figure

List of Figures

No. No. Title Page #
Executive 1 Absorber Materials Cost Comparison XXXiX
Summary
Executive 2 Summary of Solid Waste xIvi
Summary
Executive 3 Summary of Byproduct Sates Xlvii
Summary
Execulive 4 Plant Size Sensitivity fili
Summary

1.2 1.2-1 NYSEG Project Organization for 1.24

MCCTD Project
1.2 1.2-2 Project Participant Organization 1.2-5
1.2 1.2-3 Process Block flow diagram for 1.2-11
MCCTD Project

1.2 1.24 State Map of Site Location 1.2-19

1.2 1.2-5 Overall Schedule for MCCTD Project 1.2-21

1.4 1.4-1 Tubular Recuperative Air Heater 1.4-11

1.4 1.4-2 Ljungstrom Regenerative Air Heater 1.4-12

14 1.4-3 Heat Pipe Cross Section 1.4-13

1.4 1.44 Typical Heat Pipe Air Heater 1.4-14

Construction
2.1 2.1-1 Project Profile 2.14
2.1 2.1-2 Process block Flow Diagram for 2.1-5
MCCTD Project
2.1 21-3 Site Plan 2.1-6
2.1 2.1-4 Cocurrent/Countercurrent Absorber 2.1-10
Prevents High pH Zones That Would
Be Prone to Scaling

2.1 215 S-H-U Flow Diagram 2.1-12

21 2.1-6 Limestone Preparation Flow Diagram 2.1-14

2.1 21-7 Byproduct Dewatering flow Diagram 2.1-16

2.1 2.1-8 Blowdown Treatment/Brine 2.1-18

Concentration Flow Diagram

2.1 2.1-9 Brine Concentrator Flow Diagram 2.1-20

2.1 2.1-10 Heat Pipe Cross Section 2.1-28

2.1 2.1-11 Typical Heat Pipe Air Heater 2.1-29

Construction
2.4 2.1-12 NO,OUT® Process 2.1-35
2.2 2.2-1 Construction of Milliken Heat Pipe Air 2.2-30
Heaters

2.2 2.2-2 Heat Pipe Process Flow Streams 2.2-32
Project Performance and Economics Report
List of Figures Page xv



List of Figures

Section Figure

No. No. Title Page #

2.2 2.2-3 Tube Layout and Thermowell 2.2-34
Locations for the Milliken Heat Pipes

2.2 2.2-4 Cold-End Tube Skin and Flue Gas TC 2.2-35
Locations

2.2 2.2-5 Plan View of ECTC Heat Pipe Heat 2.2-37
Exchanger

2.2 2.26 Unit 2 Induced Draft System 2.2-42

2.2 2.2-7 Unit 2 Primary Air System 2,243

2.2 2.2-8 Unit 2 Forced Draft System 2.2-44

2.2 2.2-9 Heat Pipe Equipment Layout - Flue 2.2-45
Gas Section

2.2 2.2-10 Front View (West) of Heat Pipe 2.2-46

2.2 2.2-11 View (North) of Heat Pipe 2.2-47

2.2 2.2-12 Isometric View of Heat Pipe 2.2-48

2.4 2.4-1 Process Block Diagram for MCCTD 2.4-2
Project

24 2.4-2 Limestone Preparation Flow Diagram 24-3

24 2.4-3 S-H-U Flow Diagram 2.4-4

24 244 FGD Wastewater Pretreatment low 2.4-5
Diagram

24 2.4-5 Brine Concentrator System Flow 2.4-6
Diagram

2.4 24-6 NO, OUT® Flow Diagram 2.4-7

2.4 2.4-7 Heat Pipe Air Heater Flow Diagram 2.4-8

2.6 2.6-1 Limestone Handling System P&ID FMC JK6191-3

2.6 2.6-2 Piping and Instrument Diagram, Fuller 135-92-4-
Limestone Grinding System 3617, Sh2

26 2.6-3 Piping and Instrument Diagram, Fuller 135-92-4-
Limestone Grinding System 3617, Sh3

2.6 2.6-4 Piping and Instrument Diagram, Fuller 135-92-4-
Limestone Grinding System 3617, Sh4

2.6 2.6-5 Piping and Instrument Diagram, Fulter 135-92-4-
Limestone Milt Air Clutch 3617, Shd

2.6 2.6-6 Piping and Instrument Diagram, Fuller 135-92-4-
Limestone Mill Gear Spray System 3617, Shé

2.6 2.6-7 Piping and Instrument Diagram, Main Fuller 135-92-4-
Bearing Lubrication 3617, Sh7

2.6 2.6-8 Limestone Addition Process P&ID GE-031021

2.6 2.6-9 Formic Acid / Limestone Siurry GE-031010
Addition P&ID

2.6 2.6-10 Oxidation Air System P&ID GE-03100¢

Project Performance and Economics Report
List of Figures Page xvi



List of Figures

Section Figure
No. No. Title Page #
2.6 2.6-11 Flue Gas System P&ID GE-031015
2.6 2.6-12 Recycle System Unit 1 P&ID GE-031011
2.6 2.6-13 Process Water Unit 1 P&ID GE-031007
2.6 2.6-14 Process Water Unit 2 P&ID GE-(031006
2.6 2.6-15 Process Water System P&ID GE-031005
2.6 2.6-16 Siurry Bleed System P&ID GE-031008
2.6 2.6-17 Primary Dewatering P&ID GE-031004
2.6 2.6-18 Secondary Dewatering P&ID GE-031003
2.6 2.6-19 Centrifuge Feed system P&ID GE-031030
2.6 2.6-20 Gypsum Centrifuges P&ID GE-031031
26 2.6-21 Filtrate System P&ID GE-031001
2.6 2.6-22 Clarified Water P&ID GE-031025
26 2.6-23 Sumps and Drains P&ID GE-031027
2.6 2.6-24 Gypsum System P&ID FMC JK61914
3.3 3.3-1 Summary of By-Product Sales 3.3-5
4.8 4.8.2-1 S-H-U Scrubber Schematic Showing 4.8-20
Header Designations
4.8 4.8.2-2 Summary of SO, Removai Results for 4.8-21
Tests Using at Least Two
Countercurrent Spray Headers
48 4.8.2-3 SO, Removal vs Total /G, Tests 4.8-22
Without Formic Acid
4.8 48.2-4 S0, Removal vs Total L/G, Tests 4.8-23
. Nominally 400 ppm Formic Acid
4.8 4.8.2-5 SO, Removal vs Total L/G, Tests 4.8-24
Nominally 800 ppm Formic Acid
4.8 4.8.2-6 SO, Removal vs Formic Acid 4.8-25
Concentration, Tests Using Four
Cocurrent Headers
4.8 4.8.2-7 SO, Removal vs Formic Acid 4.8-26
Concentration, Tests Using Three
Cocurrent Headers
48 48.2-8 S0, Removal vs Formic Acid 4.8-27
Concentration, Tests Using Two
Cocurrent Headers
438 4.8.2-9 S0, Removal vs Formic Acid 4.8-28
Concentration, Tests Using One
Cocurrent Headers
48 48.2-10 30, Removal vs Number of Cocurrent 4.8-29
Headers Showing the Effect of pH
4.8 4.8.2-11 SO, Removal vs Total L/G Showing 4.8-30
Project Performance and Economics Report
List of Figures Page xvii



List of Figures

Section Figure

No. No. Title Page #
the Effect of Limestone Grind

4.8 4.8.2-12 S0, Removal vs Total |/G Showing 4.8-31
the Effect of Gas Velocity

4.8 4.8.2-13  Scrubber Pressure Drop vs Number of 4.8-32
Countercurrent Headers Operating

4.8 4.8.2-14  Scrubber Pressure Drop vs Nurnber of 4.8-33
Cocurrent Headers Operating

4.8 4.8.2-15  Number of Transfer Units vs 4.8-34
Cocurrent L/G Without Countercurrent
Headers Operating

4.8 4.8.2-16  Number of Transfer Units vs 4.8-35
Countercurrent L/G Without Formic
Acid

4.8 4.8.2-17 Number of Transfer Units vs 4.8-36
Countercurrent L/G With Nominally
400 ppm Formic Acid

4.8 4.8.2-18  Number of Transfer Units vs 4.8-37
Countercurrent L/G With Nominally
800 ppm Formic Acid

4.8 48.2-19 NTU,.. minus NTU, vs Formic Acid 4.8-38
Concentration, Tests Using Four
Cocurrent Headers

4.8 4.8.2-20  NTUm minus NTU, vs Formic Acid 4.8-39
Concentration, Tests Using Three
Cocurrent Headers

4.8 4.8.2-21 NTU,,... minus NTU, vs Formic Acid 4.8-40
Concentration, Tests Using Two
Cocurrent Headers

4.8 4.8.2-22 NTU,,,. minus NTU, vs Formic Acid 4.8-41
Concentraticn, Tests Using One
Cocurrent Header

4.8 4.8.2-23  Parity Plot Showing the Measured vs 4.8-42
Predicted NTU

4.8 4.8.2-24  Number of Transfer Units vs Total 4.8-43
L/G, Showing the Effect of Gas
Velocity

48 4.8.2-25 Effect of Chloride Concentration on 4.8-44
SO, Removal in Repeated Tests

48 4.8.2-26 Chloride and Formic Acid Contents of 4.8-45
Scrubber Slurry Samples

4.8 4.8.5-1 Gross Generation 4.8-69

Project Performance and Economics Report
List of Figures Page xviii



List of Figures

Section Figure

No. No. Title Page #

48 4.8.5-2 Station Service and FGD System 4.8-70
Power

4.8 4.8.5-3 Unit Availability and Capacity Factor 4.8-70

4.8 4854 Unit Thermal Efficiency 4.8-71

4.8 4855 Air Heater Exit Gas Temperature 4.8-71

4.8 4.8.5-6 Unit SO2 Removal Efficiency 4.8-72

4.8 4.8.5-7 FGD System Availability 4.8-72

4.9 4.9-1 Unit 2 ME Out Crassover Test 4.9-9
Concentration vs. Time

49 49-2 Unit 2 ME OQutlet Tests Concentration 4.9-10
vs. Time

49 4.9-3 Unit 1 ME Outlet Tests Concentration 4.9-11
vs. Time

49 494 Unit 2 Stack at L.ow Load 4.9-12
Concentration vs. Time

4.9 4.9-5 Unit 1 ME Infet Low Load Test 4.9-13
Carryup vs. Drop Size and Depth in
Duct

4.9 49-6 Unit 1 ME Inlet at High Load Carryup 4.9-14
Rate vs. Drop Size and Depth

4.9 4.9-7 Unit 1 ME Iniet at Crossover Carryup 4.9-15
Rate vs. Drop Size and Depth

49 4.9-8 Unit 1 ME Qutlet at Low Load 4.9-16
Carryover Rate vs. Drop Size and
Depth

4.9 4.9-9 Unit 1 ME QOutlet at High Load 4.9-17
Carryover Rate vs. Drop Size and
Depth

4.9 4.9-10 Unit 1 ME Out at Crossover Carryover 4.9-18
Rate vs. Drop Size and Depth

4.9 4.9-11 Unit 1 Stack at Low Load Carryover 4.9-19
Rate vs. Drop Size and Depth

49 49-12 Unit 1 Stack at High Load Carryover 4.9-20
Rate vs. Drop Size and Depth

4.9 4.9-13 Unit 1 Stack at Crossover Carryover 4.9-21
Rate vs. Drop Size and Depth

4.9 4.9-14 Unit 2 ME Outlet at Low Load 4.9-22
Carryover Rate vs. Drop Size and
Depth

49 4.9-15 Unit 2 ME Out at High Load Carryover 4.9-23
Rate vs. Drop Size and Depth

Project Performance and Economics Report
List of Figures Page xix



List of Figures

Section Figure
No. No. Title Page #
4.9 4.9-16 Unit 2 ME Out at Crossover Carryover 4.9-24
Rate vs. Drop Size and Depth
4.9 4.9-17 Unit 2 Stack at Low Load Camrryover 4.9-25
Rate vs. Drop Size and Depth
4.9 49-18 Unit 2 Stack at High Load Carryover 4.9-26
Rate vs. Drop Size and Depth
4.9 4.9-19 Unit 2 Stack at Crossover Carryover 4.9-27
Rate vs. Drop Size and Depth
4.9 4.9-20 Unit 1 ME Inlet Tests Cumulative 4.9-28
Percent by Volume
4.9 4.9-21 Unit 1 ME Outlet Tests Cumulative 4.9-29
Percent by Volume
4.9 4,9-22 Unit 1 Stack Tests Cumulative 4.9-30
Percent by Volume
4.9 4.9-23 Unit 2 ME Outlet Tests Cumulative 4.9-31
Percent by Volume
4.9 4.9-24 Unit 2 Stack Tests Cumiulative 4.9-32
Percent by Volume
4.11 4,11-1 Perforated Plate Instaliation In the 4.11-17
Primary Air Fan Discharge Duct
4.11 4.11-2 Perforated Plate Installation In the FD 4.11-18
Fan Discharge Duct
411 4.11-3 Condenser End Baffle Installation 4.11-19
4.11 4114 Modified Fill Nipples On Heat Pipes 4.11-21
With Napthalene Working Fiuid
4.1 4.11-5 Typical Condition of Heat Pipe Tubes 4.11-23
in the Top Three Modules
411 4116 Fouled Area On Inlet Flue Gas Side of 4.11-24
the Bottom Cold End Heat Pipe
Module
411 4.11-7 Bottom View of Cold End Tube Bank 4.11-25
Showing Deposits On the Top Side of
the Tubes
4.11 4.11-8 Bottom Cold End Tube Module After 4.11-25
Cleaning
4.11 4.11-9 Flue Gas Side Pressure Drops and 4.11-26
_ Coal Suifur Levels 1995 - 1998
4.11 4.11-10  Wash Pipes Above Top Heat Pipe 4.11-27
Module
411 4.11-11 General Layout of Infrasonic Cleaner 4.11-29
System
Project Performance and Economics Report
List of Figures Page xx



List of Figures

Section Figure
No. No. Title Page #
4.11 4.11-12  Flue Gas Side Pressure Drops and 4.11-29
Coal Sulfur Levels During First
Operation of Infracne®
4.11 4.11-13  Vibration Damaged Duct Between the 4.11-31
2A Heat Pipe Outlet and the
Precipitator Inlet
4.1 4.11-14  Vibration Caused Wall Cracking in the 4.11-32
2A Heat Pipe At AN Internal
Sootblower LLance Port
411 4,11-15 Repaired Cracks in the 4.11-32
Primary/Secondary Flue Gas Division
Wall of the 2A Heat Pipe
411 4.11-16  Slots Cut Into Gas Diversion Plate 4.11-33
Due to Vibration of Finned Tubes In
2A Heat Pipe
4.11 4.11-17  Fan Power Raquirements for Milliken 4.11-35
Units 1 & 2 -
412 4.12-1 Schematic Showing Approximate 4.12-13
Locations of Solids Deposit In
Absorber
4.12 4.12-2 Schematic of Pump Intake Strainer 4.12-14
5.2 5.2-1 Milliken Station Net Generation, 1995 5.2-3
- 1996
5.2 5.2-2 Milliken Station Availability, 1995 - 5.2-3
1996
5.2 5.2-3 SO, - Maximum Hourly 5.2-17
Concentrations
52 5.24 S50, - 3 Hour Running Peak 5.2-17
5.2 5.2-5 S0, - 24 Hour Running Peak 5.2-18
5.2 5.2-6 S0, - Annual Hourly Average 5.2-18
52 5.2-7 S0, Diurnal Variation Plots 5.2-19
52 5.2-8 NO, - Maximum Hourly 5.2-20
Concentrations
5.2 529 NO, - Annual Hourly Average 5.2-20
5.2 5.2-10 NQ, Diurnal Variation Plots 5.2-21
5.2 5.2-11 O, Diurnal Variation Plots 5.2-22
5.2 5212 Coal Pile Runoff Treatment Effluent 5.2-24
5.2 5.2-13 Summary of Solid Waste 5.2-30
5.2 5.2-14 Summary of By-Product Sales 5.2-31
5.8 5.8.1-1 NOx Emissions - Unit 1, 1992 - 1996 5.8-7
5.8 5.8.1-2 NOx Emissions - Unit 1, 1992 - 1996 5.8-8
Project Performance and Economics Report
List of Figures Page xxi



List of Figures

Section Figure

No. No. Title Page #
5.8 5.8.1-3 Fly Ash LOI - Unit 1, 1992 - 1996 5.8-9
5.8 5.8.14 Fly Ash LO! - Unit 2, 1992 - 1996 5.8-10
6.2 6.2-1 Plant Size Sensitivity (Capital Cost) 6.2-3
6.2 6.2-2 Plant Size Sensitivity (($/kW) 6.2-3
6.5 6.5-1 Capacity Factor Sensitivity 6.5-1
6.5 6.5-2 Plant Life Sensitivity 6.5-2
6.5 6.5-3 Sulfur Content Sensitivity 6.5-2
7.2 7.2-1 Absorber Materials Cost Comparison 71.2-7
8.12 8.12-1 Summary of Solid Waste 8.12-2
8.12 8.12-2 Summary of By-Product Sales 8.12-3

Project Performance and Economics Report

List of Figures Page xxii



LIST OF ABBREVIATIONS/ACRONYMS

AAQS Ambient Air Quality Standard

ACET Average cold end temperature

acfm Actual cubic feet per minute

ACERC Advanced Combustion Engineering Research Center
AER Atmospheric and Environmental Research, Inc.
ANN Artificial neural network

ANSI American National Standards Institute

APi American Petroleum Institute

AQCR Air Quality Control Region

AR Ash resistivity

ASME American society of Mechanical Engineers

ASTM American Society for Testing and Materials

As Arsenic

AVG Average

Ba Barium

BAF Bioaccumulation Factor

BaP Benzo(a)Pyrene

BC Brine concentrator

Be Beryllium

BMF Biomagnification Factor

BPNN Backpropagation neural network

BW Borg Warner, Inc.

CAA Clean Air Act

CAAA Clean Air Act Amendmen(s

Ca* Calcium ion

CaCl; Calcium chloride

CaCoOs Calcium carbonate (limestone)

CAPCIS Corrosion and Protection Centre Industrial Services
Ca0 Quicklime

CaS0y Calcium sulfate

CaS042H,0  Calcium sulfate dihydrate (gypsum)

CCBP Coal combustion by products

CCOFA Concentric overfire air

CCT Clean Coal Technology

Cd Cadmium

CEGB Central Electricity Generation Board oo
CEM Continuous emissions monitor

CEMS Continuous emissions monitor system

CF Cleanliness factor

List of Abbreviations and Acronyms XXiii

Project Performance and Economics Report



CFD Computational fluid dynamic

CFR (US) code of Federal Regulations

CFS Concentric Firing system

Ccr Chiloride ion

CKM Chemical kinetics model

cO Carbon monoxide

CO; Carbon dioxide

COl Contaminant of Interest

CPRW Coal pipe runoff water

Cr*® Hexavalent chromium

CRT Cathode ray tube

bC Direct current

DCS Distributed control system

DOE US Department of Energy

DOS Disc Operating System

DP Differential pressure .

DPU Data Processing Unit

DUCSYS® EPRVI's furnace gas dynamics model for operating transients
Dso Median particle size o

ECN Electrochemical current noise

EERC Energy and Environmental Research Center

EIM Electrical impedance measurement

EMP Environmentai monitoring plan

EPA (US) Environmental Protection Administration

EPN Electrochemical potential noise

EPRI Electric Power Research Institute

ERA Ecological Risk Assessment

ERDA New York State Energy Research and Development Authority
ER-L Effects Range-Low

ESEERCO Empire State Electric Energy Research Corporation
ESP Electrostatic precipitator

ESPSS Electronic Performance Support System

E/U NO,OUT® process enhancer to urea ratio

FD Forced draft

FEGT Furnace exit gas temperature

FGD Flue gas desulfurization

FRP Fiberglass reinforced plastic

GC Gas chromatography

GEP Good engineering practice

List of Abbreviations and Acronyms XXiv

Project Performance and Economics Report



GIw

Georgia Iron Works, Inc.

H* Hydrogen ion

H, Hydrogen

H,O Water

HCI Hydrochloric acid

HCOOH Formic acid

Hg Mercury

HQ Hazard quotient

HSO5 Bisulfite

HSTC High Sulfur Test Center

HTG™ TOPAZ® ‘s Historical Target Generator software
iD Induced Draft (Fan)

D Inside diameter

IDI Infilco Degremont, Inc.

ISCST (EPA's) Industrial Source Complex Dispersion model
K Potassium

k One thousand

LG iquid to gas ratio

LMTD Log mean temperature difference

LNCFS Low NOx Concentric Firing System

LOI Loss on ignition

MACS Miniature Acid Condensation System

MCCTD Milliken Clean Coal Technology Demonstration
MCR Maximum continuous rating

MCW Maintenance Cleaning Waste Water Treatment Facility
ME Mist Eliminator

MeHg Methyi mercury

Mg Magnesium

MIC Model Input Calculations

MOC Model Qutput Calculations

MS-GC Mass spectroscopy-gas chromatography

msl Mean sea level

MWe Megawatt electric

MWnet Megawatt Net

Na Sodium

NAAQS National Ambient Air Quality Standards

NADP National Atmospheric Deposition Program
NERC North American Electric Reliability Council

List of Abbreviations and Acronyms XXV

Project Performance and Economics Report



N HzCONHz Urea

NH; Ammonia

Ni Nickel

NIST National Institute.....

NMHC Non-methane hydrocarbons

NO Nitric oxide

NO. Nitrogen dioxide

NOx Oxides of nitrogen

NOAA National Oceanographic and Atmospherics Administration

NSPS New Source Performance Standards

NTU Number of transfer units

NYSDEC New York State Department of Environmental Conservation

NYSDOT New York State Department of Transportation

NYSEG New York State Electric & Gas Corporation

0; Oxygen

O; Ozone

oD Outside diameter

OEM Original Equipment Manufacturer

OoPM Online Performance Monitor

P Phosphorus

PA Primary air

PAH Polycyclic Aromatic Hydrocarbons

Pb Lead

PC Personal computer

PCC Process Cost Calculations

PDR Pubtlic Design Report

PEOA Plant Economic Optimization Advisor

PFD Process Flow Diagram

pH Negative logarithm of the effective hydrogen ion concentratrion in gram
equivalents per liter

P Process Input

P&ID Piping and Instrumentation Diagram

PISCES Power Plant Integrated System: Chemical Emissions Studies

PLC Programmable logic controller

PM Particulate matter

PMyg Particulate matter less than or equal to 1 0 micrometers

PON Program Opportunity Notice

PRSD Percentage Standard Deviation

PSD Prevention of Significant Deterioration

PTC Power Test Codes (ASME)

PVC Polyvinyl chloride

PWRF Process waste water reclamation facility

List of Abbreviations and Acronyms XXVi

Project Performance and Economics Report



QA

Quality assurance

QC Quality control

RCC Resources Conservation Co.

RIS Rubber-in-shear

R-MCM Regional Mercury Cycling Model

RPS Reinforced Plastic Systems, Inc.

RTD Remote temperature detector..........

RTT Requirements Traceability Table

SCA Specific collection area

SCR Selective catalytic reduction

SDEV Standard Deviation

SF Service factor

SHU Saarberg-Hélter Umwelttechnik GmbH
SMW Solid Waste Management Facility

SNCR Selective non-catalytic reduction

SODAR

SOFA Secondary overfire air

SO, Sulfur dioxide

80, Sulfur tricxide

S04 Sulfate ion

SPDES State Pollutant Discharge Elimination System
STEBBINS The Stebbins Engineering & Manufacturing Company
SWDA Solid waste disposal area

SWMF Solid waste management facility

TC Thermocouple

TCLP Toxic Characteristics Leaching Protocof
TDH Total dynamic head

TDS Total dissolved solids

TEEM Total Environmental & Energy Technology
TEFC Totally enclosed fan cooled

TPO Technical Project Officer

T-R Transformer-rectifier

TRIS Tris (hydroxy methyl) aminomethane
TRUE Total Risk and Uncertainty Evaluation
TRV Toxicity Reference Value

TSP Total suspended particulates

TSS Total suspended solids

UARG Utility Air Regulatory Group

UCS Unconfined Compressive Strength

List of Abbreviations and Acronyms XXvii

Project Performance and Economics Report



uUs United States

VDA Video droplet analyzer
V-l Voltage-current product
WDNR Wisconsin Department of Natural Resources
WDPT Westinghouse Distributed Processing Family of distributed control
systems
WWTP Waste Water Treatment Plant
3-D Three dimensional
List of Abbreviations and Acronyms XXViii

Project Performance and Economics Report



LIST OF UNITS

acfm Actual cubic feet per minute

amp Ampere

bhp Brake horsepower

Btu British thermal unit

Btu/hr British thermal units per hour

Btu/ib British thermal units per pound
Btu/kWh British thermal units per kilowatt hour
cfm Cubic feet per minute

cm Centimeters

cu.ft. cubic feet

dBA Decibels, A-scale

dscf Standard cubic feet (dry)

dscfm Standard cubic feet per minute (dry)
°F Degrees Fahrenheit

ft Feet

ft? Square feet

fpm Feet per minute

fps Feet per second

g Gram

gal Gallon

gat/kacf Gallons per thousand actual cubic feet
gpd Gallons per day

galfhr, gph Gallons per hour

apm Galions pefr minute

gr Grain

hp Horsepower

hr hour

in inches

in Hg inches of mercury

in WC Inches, water column

in WG Inches of water, gauge

kacfm Thousands of actual cubic feet per minute
Kscfm Thousands of standard cubic feet per minute
kV Kilovolt

kW Kilowatt

List of Units XXX

Project Performance and Economics Report



kWh

Kilowatt hour

Ib/hr Pounds per hour

Ib/MM Btu Pounds per million British thermal units
liters/hr Liters per hour

m? square meters

mA Milliampere

MGD Millions gallons per day

mg/l Milligrams per liter

mg/m’ Mitligrams per cubic meter
mills/kWh Mills per kilowatt hour

mib/hr thousand pounds per hour

mm millimeters

MM Btu Million British thermal units
MW Megawatt

MWe Megawatt electric

NTU Number of transfer units

ppm Parts per million

ppmv Parts par millicn, volumetric
psi Pounds per square inch

psia Pounds per square inch, absolute
psig Pounds per square inch, gauge
rpm Revolutions per minute

scfm Standard cubic feet per minute
tph, tons/h tons per hour

wt% Percent by weight

Vv Volts

VAC Volts, alternating current

vDC Voits, direct current

ng/m’ Micrograms per cubic meter
pm Micrometers

List of Units

Project Performance and Economics Report



GLOSSARY OF TERMS

ACERC Advanced Combustion Engineering Research Center

ACET Average cold end temperature

AQCR Air Quality Control Region

AR-196 Stebbins’ chemically resistant mortar used for the absorber module

CAA Clean Air Act
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5.0 ENVIRONMENTAL PERFORMANCE
5.1 INTRODUCTION

This section of the Project Performance and Economics Report discusses the
environmental impacts of the technology demonstrated in the project. The expected
- environmental benefits resulting from commercial implementation of the technologies are
discussed. The project’s Environmental Monitoring Reports are summarized. Each by-
product and waste stream is discussed including yield, composition, preferred method of
disposal, etc. Potential markets for marketable by-products and disposal strategies for
non-salable waste streams are addressed. Potential environmental problems not
discussed elsewhere are addressed in this section.

To implement the Environmentai Performance portion of the Milliken Clean Coal
Technology Demonstration Project, NYSEG identified the following projects:

1.03.69.02 Milliken By-Product Utilization Studies

1.03.69.04 Chemical Emissions Measurement Program at Milliken's Unit #2
1.03.69.07 Milliken Environmental Monitoring Program

1.03.69.13 Innovative Waste Liners

1.03.69.18 Milliken Water Toxics Treatment & Characterization

1.03.69.21 Milliken Post-Retrofit "TRUE" Evaluation

1.03.69.22 Milliken-Air Toxics & Emissions Characterization

1.03.69.23 Land and Water Quality Studies

The scope of each of these projects is summarized below.
MILLIKEN BY-PRODUCT UTILIZATION STUDIES

The principal products covered in these studies included flyash, calcium chloride and
gypsum. Fiyash, which is marketed as concrete additive, can be adversely affected by
the installation of the Low NO, Concentric Firing System (LNCFS) and the Selective Non-
Catalytic Reduction (SNCR) process. Increased carbon and ammonia concentrations can
result in unmarketable ash. One objective of the By-Product Utilization Study was to
anatyze flyash both pre- and post- LNCFS/SNCR installation to determine impacts on the
sale of ash due to changes in ash composition.

Two new by-products were generated as a result of the operation of the flue gas
desulfurization (FGD) system: gypsum and calcium chloride brine. Separate reports for
each by-product include surveys and market assessments of potential usage of these
products in the United States as well as cost assessments and design considerations
associated with operating experience for their handling and conditioning.

MILLIKEN STATION ENVIRONMENTAL MONITORING PROGRAM

An environmental monitoring plan (EMP) was developed in support of NYSEG's
application to the U.S. Department of Energy (DOE) for project funding through the

Introduction to Environmental Evaluation 5.1-1
Project Performance and Economics Report



Clean Coal Technology (CCT) Program. The plan provided a comprehensive description
of monitoring programs that were implemented in response to pemmitting agencies’
requirements (compliance monitoring), and to track the performance of the FGD system
and the other aspects of the project for the purpose of demonstrating the technologies
(supplemental monitoring). Quarterly environmental monitoring reports were developed
in support of NYSEG's requirements to the U.S. Department of Energy (DOE) for project
funding through the Clean Coal Technology (CCT) Program. The environmental
monitoring reports provide a comprehensive description of the environmental monitoring
programs that occurred during each quarter of the demonstration program as a response
to permitting agencies’ requirements (compliance monitoring). The reports also address
other environmental aspects of the project for the purpose of demonstrating these
technologies.

INNOVATIVE WASTE LINERS

NYSEG submitted to EPRI a case study for NYSEG’s Kintigh Station solid waste
disposal liner installation. The results of this study, which was a pan of the demonstration
phase of the project but not an element of the DOE scope of work, are presented for
reference in summary form.

CHEMICAL EMISSIONS MEASUREMENT PROGRAM AT MILLIKEN'S UNIT #2

The intent of this program was to characterize baseline air toxic emissions prior to the
installation of the clean coal demonstration technologies. The program scope mcluded
determining removal efficiencies for key air toxic compounds (Hg, Ni, As, Be, Cd, Cr*®,
BaP, dioxins and furans) and developing a system mass balance for the metals.

MILLIKEN WATER TOXICS TREATMENT & CHARACTERIZATION

The scope of this program included evaluating heavy metals removal in the FGD bleed
stream and determining parameters for controiling mercury removal and total treatment
efficiency. The scope also included determining the uitimate disposal and treatment of
heavy metal sludge and costs for entire treatment.

MILLIKEN POST RETROFIT "TRUE" EVALUATION

The scope of this program included using the EPRI "TRUE" (Total Risk and Uncertainty
Evaluation) model to assess the potential for the CCTD to mitigate transferral of toxic
materials from the plant site to the ambient environment. Possible transferral routes
included in the study were stack emissions and contaminated water discharge streams.
The risk management approach was used to demonstrate the capability of the Miliiken
project to mitigate health and ecological risks in the vicinity of the station. The "TRUE"
model allows a comprehensive evaluation of the movement of hazardous pollutants into
and through many environmental pathways and the manners in which humans and
ecosystems may be exposed to these pollutants.
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MILLIKEN AIR TOXICS & EMISSIONS CHARACTERIZATION

The scope of this program included characterizing baseline air toxic emissions following
the installation of the CCTD. The program scope included determining removal
efficiencies for key air foxic compounds (Hg, Ni, As, Be, Cd, Cr*®, BaP, dioxins and
furans) and developing a system mass bafance for the metals.

LAND AND WATER QUALITY STUDIES

The intent of this program was to analyze and characterize the liquid and solid wastes
generated by Milliken Station after the CCTD had been instalied. The analysis was to
. include physical, chemical and mineralogical composition of the wastes as well as the
leachate they generated.

One or more separate reports were published which presented the findings of each of
these projects. The following sections summarize each of these reports.

Introduction to Environmental Evaluation 51-3
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5.2 MILLIKEN ENVIRONMENTAL MONITORING PROGRAM
5.21 INTRODUCTION

The Milliken Clean Coal Technology Demonstration project added a forced oxidation,
formic acid-enhanced wet limestone FGD system to Milliken Station which was expected
to reduce SO, emissions by at least 90%. The project also consisted of combustion
modifications and selective non-cataiytic reduction (SNCR) technology to reduce NO,
emissions. Goals of the demonstration included up to 98% SO, removal efficiency while
burning high-suifur coal, 30% reductions in NO, emissions through combustion
modifications, additional reductions using SNCR technology, production of marketable
commercial-grade gypsum and calcium chioride by-products to minimize solid waste
disposal, and zero wastewater discharge.

An environmental monitoring plan (EMP) was developed in support of NYSEG's
application to the U.S. Department of Energy (DOE) for project funding through the
Clean Coal Technology (CCT) Program. The plan provided a comprehensive description
of monitoring programs that were implemented in response to permitting agencies’
requirements (compliance monitoring), and to track the performance of the FGD system
and the other aspects of the project for the purpose of demonstrating the technologies
(supplemental monitoring).

Quarterly environmental monitoring reports were developed in support of NYSEG's
requirements to the U.S. Department of Energy (DOE) for project funding through the
Clean Coal Technology (CCT) Program. The environmental monitoring reports provided
a comprehensive description of the environmental monitoring programs that occurred
during each quarter of the demonstration program as a response to permitting agencies’
requirements (compliance monitoring). The reports also addressed other environmental
aspects of the project for the purpose of demonstrating these technologies. The following
discussion recaps the project’s environmental performance throughout the demonstration
period. Complete quarterly reports, which include ali the details of the environmental
monitoring program, are available upon request from DOE.

During the course of the Milliken Station Environmental Monitoring Program, many
changes were taking place. The most significant design modifications occurred on
December 11, 1994 and June 20, 1995, when both generating units at the Milliken
Station were partially and/or totally converted to the new flue gas desulfurization (FGD)
systems. Because of these developments, the most significant periods (i.e., the periods
when data were closely scrutinized) were the period from February 1993 (air monitoring
startup) through December 10, 1994 (Period 1) and the period from June 20, 1995
through December 31, 1996 (Period II). During Period | (Feb. 1993 - Dec. 10, 1994) all
units at the Milliken Station were operating using the earlier non-scrubbed stacks, while
during Period 1l (June 20, 1895-Dec. 31, 1996) all Milliken units were operating using the
new FGD process.
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Once the new LNCFS-3 burners on both boilers at Milliken Station were fully tuned and
operational, NO, emissions were significantly reduced while minimizing the amount of
unburned carbon contained in the flyash. At full boiler load there was good agreement
between measured and predicted NO, emissions and LOIl at various economizer O,
levels and various mill classifier speed settings. At reduced loads (120 & 90 MW),
measured NO, and LOI levels were lower than predicted.

Availability and monthly load for both of Milliken's Units for 1995 and 1996 are listed in
Figure 5.2-1 and 5.2-2 respectively.
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FIGURE 5.2-1
Milliken Station Net Generation
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Milliken Station Availability
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SUMMARY OF PROJECT OPERATING HISTORY

FGD construction was completed in December 1994. Start up testing of various FGD
components continued into mid-January 1995. On January 17, 1995, the Unit 2 FGD
module became fully operational and began scrubbing flue gas. The Unit 1 FGD module
was capable of operating but required a boiler outage to make the final flue gas duct
connections and to install the larger induced draft fans. The Unit 1 outage occurred
during April - June of 1995. Initial start up of the Unit 2 scrubber (January 1995) revealed
a problem with the gypsum dewatering system. The centrifuges which dewater the
gypsum had problems with the loading and peeling cycles. This initially resulted in
shutting down the Unit 2 FGD module for two days (Jan. 18-20) and then curtailing the
production of gypsum for approximately two months. During this period, NYSEG
engineering redesigned the blade and control logic responsible for peeling the gypsum
from the centrifuge drum.

On February 28, 1995, the Unit 2 boiler was down for a screen outage. During the
outage an inspection was made of the FGD system. No major problems were identified.
Visual inspections of the mist eliminators revealed no scale formation or plugging.

On April 18, 1995, the Unit 1 boiler was shut down to connect the flue gas duct to the
FGD module. Work during the outage progressed as expected with the unit returning to
service on June 16, 1995. Initially flue gas from Unit 1 was exhausted through the FGD
by-pass so burner adjustments could be completed. On June 20, 1995, the Unit 1 FGD
module went into service. Milliken Station had full scrubbing capabilities and continued to
operate throughout the remainder of 1995.

The waste water treatment system and brine concentrator initially were not required
since the chloride level in the FGD liquor had not reached 40,000 ppm. Based on the
measured rate of increase in chlorides, the need for the brine concentrator was not
expected to occur until June 1995. The brine concentrator began operating on July 20,
1995. However, the brine concentrator had problems with continuous operation which
necessitated temporary approval from the NYSDEC to discharge the brine feedwater into
the Process Waste Reclamation Facility.

The 1985 annual maintenance outage for Unit 2 had to be moved from early spring to
September to accommodate the need to perform remedial work on the heat pipe air
heater. The rescheduling of the outage affected the test activities on the burners,
precipitator and FGD system. This resulted in the delay of the testing to mid-October
19985.

The low sulfur FGD tests were delayed until October 16, 1995 due to repairs to the heat
pipe air heater (Sept. 15 - Oct.2) and the time needed to allow the FGD system to reach
equilibrium. The low sulfur test protocol for the FGD system met EPRI and DOE test
requirements for a low sulfur fuel. The low sulfur test was completed on November 22,
19895. The following additional tests were performed during the month of October 1995:
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LNCFS-3 burner verification and performance, post-retrofit electrostatic precipitator and
NYSDEC stack certification testing.

During 1995, no problem areas were identified concerning environmental regulations or
permit conditions due to the operation and performance of the equipment being
demonstrated under the CCTD at Milliken Station. One noncompliance was filed with the
New York State Department of Environmental Conservation. This occurred during the
fourth quarter of 1995. The noncompliance occurred on December 12 from outfall 001A
sanitary wastes when the total chlorine limit of 5.0 mg/l was exceeded with a value of 5.5
mg/l.

During the first quarter of 1996, the Unit 2 annual outage occurred between March 15-31.
A damper was installed to bias the flue gas between the primary and secondary air
heaters. The damper was intended to help moderate flow through the heat pipe,
increasing its performance. In addition the heat pipe was cleaned and inspected and an
Infrasonic soot blower was installed on the A heat pipe. The Unit 1 annual outage
occurred between April 12 and May 2. Unit 1 was also was down in early June for a
throttle vaive repair.

Design coal FGD testing began on May 13, 1996. The initial testing began with no formic
acid with a chloride concentration of 30,000 ppm. The testing documented the SHU
performance guarantee of 95% sulfur removal at seven pump operation. High velocity
tests had to be delayed in May due to unseasonably high temperatures which placed
increased demands on plant load. In addition, the design coal FGD testing was delayed
in June due to a drop in sulfur content in the fuel, due to production quality at the mine.
NYSEG worked with CONSOL to identify a substitute coal with a higher sulfur content
and eventually came up with a 50/50 blend of washed and unwashed Blacksville Coal. A
test burn which began on July 2, 1996 resulted in no obvious problems in the operation
of the plant and the sulfur content of the fuel increased to 2.5%. Design coal tests
resumed on August 19, following the PISCES Air Toxics Tests which occurred during the
first two weeks of August 1996.

Again in 1996, no problem areas were identified concerning environmental regulations or
permit conditions due to the operation and performance of the equipment being
demonstrated under the CCTD at Milliken Station.
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5.2.2 AIR QUALITY MONITORING

The following discussion summarizes the operating emissions at the stack and the
findings of the local ambient air monitoring network.

STACK EMISSIONS MONITORING

New continuous emission monitoring systems (CEMS) were installed at Milliken Station,
replacing the existing certified systems on the old brick chimneys. The new CEMS are
located on the FGD and bypass stack flues, approximately 66 feet from the top of the
375 foot stack. Certification test data were presented in two Certification Reports dated
January 1995 and February 1995 for the Milliken Station FGD bypass and Unit #2 stack,
respectively. On June 25-28, 1995 CEMS certification tests were performed on the Unit 1
FGD stack. A report was issued on July 12 certifying the CEM system for Unit 1. CEMS
certification tests were completed in accordance with the methods and procedures
specified in 40 CFR Part 75.

The FGD CEMS for Unit 2 became fully operational and certified by the end of the first
quarter of 1995. Initially, Unit 1 continued to use the CEMS installed on the existing
chimney while Unit 2 emissions were monitored using the by-pass CEMS on the FGD
stack. Once the FGD system became operational on January 17, 1985, Unit 2 was
monitored via the Unit 2 FGD absorber CEMS. At the end of the second quarter of 1895,
FGD CEMS for both units were fully operational. As with Unit 2, Unit 1 at first exhausted
flue gas through the FGD bypass. On June 28, 1995, the flue gas was directed through
the Unit 1 FGD absorber module,

In the third quarter of 1995, both Milliken Station brick chimneys were demolished.
NYSDEC’s Permit to Construct, Special Condition Ill, Testing Requirements required
stack testing within 180 days after initial operation for emissions of SO,, NO,, TSP, CO,
and opacity for each boiler. NYSEG conducted the required emissions testing for both
units on October 17 and 18, 1995.

The permit issued by the NYSDEC to allow construction of the Milliken CCTD project had
a specific condition requiring stack testing for emissions of SO,, NO4, TSP, CO and
opacity for each boiler. All stack testing had to be completed in accordance with
protocols approved by NYSDEC in advance of testing.

Stack testing of Unit 1 stack was conducted on October 17, 1995. The unit was operated
at normal full load while firing a typical pulverized bituminous coal. The FGD was
operating at design operating conditions. The particulate matter (PM) results indicate an
average measured emission concentration of .0079 grains per dry standard cubic foot
(gr/dscf) and .0188 pounds per million British thermal units (lb/mmBTU). The average PM
emission rate of .0188 Ib/mmBTU is well below the NYSDEC permit limit of 0.1
Ib/mmBTU. The average CO concentration was 2.4 ppm and the average emission rate
was 4.15 Ib/hr and .0029 Ib/mmBTU. The average SO, concentration was 110.4 ppm
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and the average emission rate was .3045 Ib/mmBTU. The average concentration of NOy
was 192.7 ppm and the average emission rate was .3823 Ib/mmBTU.

Stack testing of Unit 2 stack was conducted on October 18,1985. The unit was operated
at normal full load while firing a typical puiverized bituminous coal. Burner adjustments
on Unit 2 were made to accommodate simultanecus testing to the electrostatic
precipitator. The FGD system was operating at design operating conditions. The
particulate matter results indicate an average measured emission concentration of .C080
grains per dry standard cubic foot (gr/dscf) and .0170 pounds per million British thermal
units {Ib/mmBTU). The average PM emission rate of .0170 lb/mmBTU is weli below the
NYSDEC permit limit of 0.1 Ibs/mmBTU. The average CO concentration was 2.1 ppm
and the average emission rate was 3.48 Ib/hr and .0023 Ib/mmBTU. The average SO,
concentration was 244.5 ppm and the average emission rate was .6018 Ib/mmBTU. The
average concentration of NO, was 315.6 ppm and the average emission rate was .5586
Ib/mmBTU.

AMBIENT AIR AND METEOROLOGICAL MONITORING

This ambient monitoring program was performed to fulfill both compliance monitoring and
supplemental monitoring objectives. In the permit to construct issued for the Milliken
Station CCTD project, the New York State Department of Environmental Conservation
(NYSDEC) required monitoring of ambient SO,, PM,, and NO,. Additional parameters
(O,, TSP and metals) were included in the monitoring program to further demonstrate
and document the effects of the new technology on the local ambient air quality. The
ambient air quality and meteorological monitoring program are described and the four
years of data collected during the Clean Coal Technology (CCT) Program are analyzed
in the following sections.

Monitoring Network Design/Configuration

During the years 1991 and 1992 NYSEG initiated an ambient air quality and
meteorological monitoring program which subsequently began operations and data
collection during February 1993 (approximately two years prior to the Milliken Station
CCT scrubber retrofit). The air monitoring program continued through December 1996
(approximately 1.5 years after completion of the Milliken Station CCT scrubber retrofit).
The 4-year ambient monitoring program was conducted by NYSEG for the following
primary purposes:

» to demonstrate compliance with ambient air quality standards;

e to comply with the NYSDEC's permit conditions;

e {o provide actual comparisons between ambient levels of SO,, and O, before and
after the scrubber retrofit,

» to demonstrate the scrubber's effectiveness in reducing ambient levels of SO, and
NO,.
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In order {o site the locations for the ambient monitoring program, NYSEG performed a
dispersion modeling analysis in 1991 for three pollutants (SQ,, NO, and NH,) to predict
maximum ambient air impacts associated with the new 375-foot Milliken Station stack.
The analysis employed two models: the U.S. EPA's Industrial Source Complex
dispersion model (ISCST) and the U.S. EPA's COMPLEX-1 dispersion model. The
former was used to predict maximum impacts in terrain below stack top elevation, and
the latter, to predict maximum impacts at elevations greater than plume height. Impacts
in terrain at elevations between stack top and plume height were evaluated by modeling
with both ISCST and COMPLEX-1, and using the more conservative of the resulting two
predictions to represent maximum impacts for those regions.

NYSEG’s modeling analysis identified three major impact areas, as follows:

o West of Lake Road, roughly 1800 meters northeast of the plant - the area of the
highest 3-hour average impact;

¢ In the vicinity of McQuiggin Corners, approximately 3200 meters north of the plant;
this general area included predicted impacts for 3-hour, 24-hour and annual
averaging periods,

* Southeast of Milliken Station, an area bounded by Route 34B, Lansing Station Road,
Ltudlow Road and Algerine Road (approximately 3600 meters southeast of the plant);
this area included the maximum for the 24-hour and annual averaging periods.

The final network design consisted of three ambient air quality/meteorological sites, plus
a central meteorological site consisting of a 100-meter meteorological tower and an
acoustic SODAR.

The central meteorological site contained a 100-meter tower monitoring three levels of
wind speed and wind direction, three levels of vertical wind speed, three levels of
temperature difference, ambient temperature, solar radiation and net radiation. Wind
turbulence data were derived from the horizontal wind direction (sigma theta) and vertical
wind speed (sigma W) by an on-site Odessa DSM 3260 data logger. Associated with the
tower was a Remtech acoustic SODAR monitoring wind speed, wind direction, and
turbulence in eight atmospheric layers. The air quality monitoring sites each contained
monitors for SO,, NO,, TSP, PM,, and 10-meter wind speed, wind direction and
temperature. One of these sites (North site) also monitored O,. Tables 5.2-1 and 5.2-2
list the measurements and instrumentation for each site and parameter. Configuration,
siting, operation, data processing and quality assurance/quality control practices conform
to EPA provisions.

‘"The ambient monitoring program was accepted and approved by the NYSDEC. Per
NYSDEC's requirements all data collected (air quality and tower meteorological data)
were telemetered to DEC's central computer on a daily basis. The air monitoring network
was audited on a quarteriy basis by representatives of the NYSDEC and ENSR.
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Tables listing SO,, NO,, CO, and flue gas flow by hour for each day of the quarter are
presented in each of the published quarterly environmental monitoring reports. All data
are available upon request from NYSEG.

Data Summary/Analysis

The highest hourly average SO, concentration measured during the 4-year period at the
North Site was 250 ppb, with a peak 3-hour running average of 206 ppb (41% of AAQS)
and a peak 24-hour running average of 61 ppb (44% of AAQS). The hourly SO, average
for the 4-year period was 6 ppb (annual AAQS 30 ppb). The highest hourly average NG,
and NO, concentrations for the North Site were 43 ppb and 83 ppb respectively, with a 4-
year average of 5 ppb for NO, and 7 ppb for NO, (annual AAQS for NO, is 50 ppb). The
highest hourly average ozone concentration measured at the North Site during the period
was 101 ppb (84% of AAQS), with a maximum annual average (1994) of 33 ppb. The
highest 24-hour PM,, concentration during this 4-year period was 64.2 ug/m® (43% of
AAQS). The highest 24-hour TSP concentration was 50.5 pg/m® (34% of the secondary
AAQS).

The highest hourly average SO, concentration measured during this period at the East
Site was 210 ppb, with a peak 3-hour running average of 144 ppb (29% of AAQS) and a
peak 24-hour running average of 43 ppb (31% of AAQS). The hourly SO, average for the
4-year period was 6 ppb (annual AAQS 30 ppb). The highest hourly average NO, and
NOy concentrations for the East Site were 51 ppb and 279 ppb respectively, with a 4-
year average of 5 ppb for NO, and 7 ppb for NO, (annual AAQS for NO, is 50 ppb). The
highest 24-hour PM,, concentration during this 4-year period was 62.2 pg/m® (41% of
AAQS). The highest 24-hour TSP concentration was 52.2 ug/m’® (35% of the secondary
AAQS).

The highest hourly average SO, concentration measured during this period at the South
Site was 260 ppb with a peak 3-hour running average of 218 ppb (44% of AAQS) and a
peak 24-hour running average of 70 ppb (50% of AAQS). The hourly SO, average for the
4-year period was 7 ppb {annual AAQS 30 ppb). The highest NO, and NO, hourly
concentrations were 59 ppb and 257 ppb respectively, with a 4-year average of 6 ppb for
NO, and 7 ppb for NO, (annual AAQS for NO, is 50 ppb). The highest 24-hour PM,,
concentration during this 4-year period was 50.4 ng/m® (34% of AAQS). The highest 24-
hour TSP concentration during the period was 51.9 pg/m?®(35% of the secondary AAQS).

The predominant wind directions during the 4-year period (1993-1996) from the central
tower were from the NW-NNW and SE-SSE. The predominant winds at all three levels of
the central meteorological tower follow very closely the valley orientation surrounding
NYSEG's Milliken Station. Annual wind roses for the years 1993-1996 show consistent
wind patterns each year very similar to the overall 4-year wind patterns.

During the course of the 4-year air monitoring program, many changes were taking place
within NYSEG's Milliken Station. The most significant design modifications occurred on
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December 11, 1994 and June 20, 1995, when both generating units at the Milliken
Station were partially and/or totally converted to the new FGD systems. Because of
these developments, the most significant periods (i.e., the periods when data were
closely scrutinized) were the period from February 1993 (air monitoring startup) through
December 10, 1994 (Period 1) and the period from June 20, 1995 through December 31,
1996 (Period Hl). During Period | (Feb. 1993 - Dec. 10, 1994) all units at the Milliken
Station were operating using the earlier non-scrubbed stacks, while during Period I
(June 20, 1995-Dec. 31, 1996) all Milliken units were operating using the new FGD
process. The period from Dec. 11, 1994 through June 19, 1995 was a period of transition
and frequent configuration change at the station.

During these periods of redesign at the Milliken Station quite noticeable changes were
also taking place in the ambient levels of the various pollutants being measured
throughout the NYSEG air monitoring network. These changes are described below.

Sulfur Dioxide (80_2)

Analyzing the four years of SO, data collection, figures 5.2-3 and 5.2-4 present the
maximum hourly SQ, concentration and 3-hour running peak concentrations respectively
for each of the three air quality monitoring sites for the calendar years 1993 through
1896. In general, a significant downward trend is observed between the maximum
concentrations in 1993 and 1994 versus those of 1995 and in particular 1996. Figure
5.2-5 and Figure 5.2-6 present the 24-hour running peak and annual hourly average SO,
concentrations respectively for each site for the calendar years 1993 through 1996.
Once again, a significant reduction in average SO, levels is observed between calendar
years 1993 and 1994 versus 1995 and 1996.

Looking at SO, levels during the two critical periods defined previously (Period | from
February 1993-Dec. 10, 1994 and Period Il from June 20, 1995-Dec. 31, 1996) which
focus on the pre-and post-FGD scrubbing periods, one again sees significant SO,
changes (reductions). Figure 5.2-7 illustrates diurnal SO, concentration curves for each
hour of the day for the three air quality monitoring sites. The upper plot illustrates the
diurnal SO, curve for the period Feb. 1993 through Dec. 10, 1994, while the lower plot
presents the SO, distributions for the period June 20, 1995 through Dec. 31, 1996.
These two plots clearly show a significant reduction in ambient SO, levels at the three
NYSEG air monitoring sites when comparing the pre- and post-scrubbing periods. In
general, measurements showed the SO, levels to be lower by an average of 40-50%
from Period { to Period Il.

Nitrogen Dioxide (NO_Z) & Ozone 10_3)

Analyzing the four years of NO, data collection, figure 5.2-8 presents the maximum NO,
1-hour concentrations for each of the three sites for the calendar years 1993 through
1996. In general, a subtle downward trend can be observed during 1986 versus the
previous three years. Figure 5.2-9 also presents the annual average NO, concentrations
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for each site for each of the calendar measurement years 1993 through 1996. No
obvious annual average changes are evident from year to year for each of the three
sites.

Comparing the NO, levels during the two critical periods (pre- and post-scrubbing) some
reductions in NO, levels are discernible. Figure 5.2-10 presents the diumal NO,
concentration curves for each hour of the day for the three sites. The upper plot presents
the diurnal NO, levels for the period Feb. 1993 through Dec. 10, 1994, while the lower
plot presents the NO, distributions for the period June 20, 1985 through Dec. 31, 1996.
A comparison of these NO, diurnal concentration curves reveals modest reductions in
ambient NQ, levels at two of the sites (North and South) and little, if any, change at the
third site (East) between the pre- and post-scrubbing periods.

Comparing the O, concentration levels between the two critical periods (pre- and post-
scrubbing) a slight reduction in the ambient O, levels can be identified. Figure 5.2-8
presents the diurnal O, concentration curves for each hour of the day for the North site.
The upper plot presents the diurnai O, levels for the period Feb. 1993 through Dec. 10,
1994, while the lower plot presents the O, distributions for the period June 20, 1995
through Dec. 31, 1998. A comparison of these O, diurnal concentration curves reveals
slight reductions in ambient O, levels between the pre-and post-scrubbing periods.

As previously shown, the changes in ambient levels of SO, between the pre- and post-
scrubbing periods were significant (approximately 40-50% reductions). The changes in
NO, and O, ambient levels, although also apparently being reduced, were not as
significant. In order to determine whether the changes in NO, and O, ambient levels were
statistically significant, a series of T-tests were performed on each database to help
determine the significance of each parameter change for each site. The T-test used is
defined in the Code of Federal Regulations (CFR) Part 60, Appendix C,
amended/modified for use in this ambient data application. Table 5.2-3 presents the
results of the T-tests performed on the three NO, monitoring sites and the one O, site for
the two critical periods (pre- and post-scrubbing).

The results of the NO, statistical T-tests indicate that with 99.95% confidence, the
changes (reductions) in NO, concentrations at the North and South sites between
Periods | and 1} are considered significant. However, the changes (reductions) in NO,
concentrations at the East site for the same periods are considered insignificant. The T-
test results for the North and South sites in each case indicate the calculated T-value to
be greater than the T-value as determined by the degrees of freedom of the comparative
tests. By definition (40 CFR, Appendix C, Part 60), if T is greater than T, then the
difference in the average values of each data set is considered to be significant. With
respect to the East site NO, data comparison, the calculated T-value was found to be
less than the various confidence level T' values, indicating an insignificant change in the
ambient NO, levels.
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Similarly, the same statistical tests were conducted on the ozone (Q,) data collected at
the North Site during the same periods. The results of the O, statistical T-test are also
presented in table 5.2-3. The results of the T-test indicate that with 95% confidence the
changes (reductions) in ambient levels of O, from Period | (Feb. 1993-Dec. 10, 1994) to
Period Il (June 20, 1895-Dec. 31, 1996) are considered significant. The T-test results
show the calculated T-value to be less than the 99.95% confidence T'-value. However,
the calculated T-value was found to be greater than the 95% confidence T'-value. These
results indicate that with a 95% confidence level a significant change in ambient levels of
0O, had occurred.

In summary, based upon the statistical T-tests conducted, the changes (reductions) in
ambient levels of NO, between the pre- and post-scrubbing periods are considered
significant for the North and South sites, but insignificant for the East site. The changes
(reductions) in ambient levels of O, between the pre- and post-scrubbing periods are also
considered to be significant.

Total Suspended Particulates (TSP) & inhalable Particuiate (PM,q)

Similar data comparisons were made of the total suspended particulate (TSP) and
inhalable particulate (PM,,) data for the periods of sampling (i.e., PM,,: Feb. 1993-Dec.
1996 and TSP: Dec. 1994-Dec. 1986). No conclusive changes in the ambient levels
could be detected for either parameter.

SUMMARY / CONCLUSIONS

As part of NYSEG's Milliken Station Clean Coal Technology Demonstration project, a
flue gas desulfurization system was added as well as modifications to the combustion
system and electrostatic precipitator. These modifications have resulted in a net
reduction in emissions from Milliken.

The burners were replaced with Low NO, Concentric Firing System Level 3 (LNCFS-3)
burners to reduce NO, emissions while maintaining high combustion efficiency and
acceptable fly ash loss on ignition (LOI). The achievable annual NO, emissions,
estimated using long-term measurements, were .61 lbs/mmBtu for baseline operations
and .39 Ibs/mmBtu for post retrofit operations. This equates to a 36% reduction in NO,
emissions.

The electrostatic precipitators (ESP) on the two 160 MWe boilers were upgraded to
accommodate the wet flue gas desulfurization system. Upgrades of the ESP on each unit
consisted of replacement of the internals and retirement of part of the original ESP.
Performance tests conducted on the original and modified ESPs documented the
improved performance of the retrofit. The modified ESP with less than one-half of the
collection plate area has better removal efficiency than the original unit. The voltage-
current product data indicate that the power requirement is 25% less than that of the
original ESP.
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The flue gas desulfurization system became fully operationatl in June 1995. The average
removal efficiency for the system is approximately 88%. This includes testing periods in
which operating conditions were varied to determine effects on removal efficiencies. The
FGD system has essentiaily operated during all periods of boiler operation except startup
and shutdown.

The ambient levels of SO,, NO,, O,, TSP and PM,, at all sites were found to be below
ambient air quality standards throughout the entire 4-year ambient monitoring program.
Analyzing the ambient air quality data coliected in the surrounding area for the two years
prior to NYSEG’s Miliiken Station FGD retrofit and the year and a half after the retrofit,
significant changes to the ambient air quality were identified. The ambient SO, levels
showed a reduction by an average of 40-50% over the course of the 4-year air
monitoring study. The ambient NO, levels also were reduced by an average of 10-15% at
the North and South sites, while very little change was observed in the NO, levels at the
East site over the same period of air monitoring. Ambient ozone levels appeared to be
reduced slightly over the period of monitoring, while no discernible changes were
observed in the TSP and PM,, ambient levels.

Milliken Environmental Monitoring Program 5.2-13
Project Performance and Economics Report



TABLE 5.2-1. SUMMARY OF MONITORING PROGRAM PARAMETERS
NYSEG MILLIKEN STATION AMBIENT MONITORING PROGRAM

Location Monitored Parameters Elevation
(AGL)

North Site* (Nut Ridge Road)| Sulfur Dioxide (SO,) 5 meters

East Site (Lake Ridge Road) | Nitrogen Oxides {NO, NO,, NO,) 5 meters

South Site (Algerine Road) | Total Suspended (TSP) and Fine 5 meters
Particulates (PM,;)

Trace Metals™* 5 meters

Wind Speed 10 meters

Wind Direction 10 meters

Sigma Theta 10 meters

Temperature 10 meters

North Site also monitored ozone (O,) at 5 meters.
** Trace Metals: arsenic, cadmium, chromium (total) and nickel sampled periodically
throughout the 4-year monitoring period.

Location’

Monitored Parameters

Elevation (AGL)

Central Meteorological
Site

Wind Speed

0, 50, 100 meters

Wind Direction

10, 50, 100 meters

Vertical Wind Speed

10, 50, 100 meters

Sigma Theta 10, 50, 100 meters
| Sigma W 10, 50, 100 meters
Temperature 2 meters

Temperature Difference

2-10 meters
10-50 meters
10-100 meters

Solar Radiation ground
Net Radiation g_;round
Solar Site Wind Speed 50,100,150,200,250,
300,350,400 meters
Wind Direction
Sigma Theta
Vertical Wind Speeds
Sigma W
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TABLE 5.2-2
MONITORING EQUIPMENT FOR THE MILLIKEN STATION AMBIENT MONITORING

PROGRAM
Parameter/Function Instrument
Sulfur Dioxide (SO,) TECO 43
Nitrogen Oxides (NO,) TECO 14B/E
TECO 42
Ozone (0,) TECO 49
Particulate (TSP/PM,;) GMW/Model 1200 Inlet
Wind Speed Climatronics (F-460)
wind Direction Climatronics (F-460)
Vertical Wind Speed R.M. Young/Climatronics
(101284)
Temperature/Delta Temp. | Climatronics

Sigma Theta Odessa DSM 3260
Sigma W Odessa DSM 3260
Solar Radiation Eppley (848)

Net Radiation REBS (Q6)

Data Collectors (4) Odessa DSM 3260
Telemetry Hayes 300 Smartmodem

Calibration Tracking (2)

Monitor Labs 8500
Calibrator with timer and valve ray

Strip Chart Recorders

Esterline Angus MS412C and
EA601C

Multipoint Calibrations and
bi-weekly Precision and
Level 1 Checks

ENSR Portable Gas Dilution
Calibration

System

TECO 49 Ozone Transfer
Standard

Milliken Environmental Monitoring Program
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TABLE 5.2-3

NEW YORK STATE ELECTRIC & GAS T-TEST RESULTS ( NO, AND 0O,)

Site Period Average T Values*
(Parameter) Concentrations
(ppb)
North (NO,) 6/20/95- 5.246 16.14
12/31/96
2//93-12/10/94 6.159
South (NO,) 6/20/95- 5631 16.91
12/31/96
2/1/93-12/10/94 6.542
East (NO,) 6/20/95- 5.697 0.018
12/31/96
2//93-12/10/94 5.698
North (O,) 6/20/95- 32.370 2.726
12/31/96
2/1/93-12/10/94 32.831
Confidence Levels (n = oo).*
T' (.9995) = 3.291
T' (.95) = 1.645
T (.60) = 0.253
* If T is greater than T', the change is significant,
Milliken Environmental Monitoring Program 5.2-16
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FIGURE 5.2-3
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FIGURE 5.2-5
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FIGURE 5.2-7
DIURNAL VARIATION (SO,) PLOTS
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FIGURE 5.2-8
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FIGURE 5.2-10
DIURNAL VARIATION (NO,) PLOTS
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FIGURE 5.2-11
DIURNAL VARIATION (O3) PLOTS
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5.2.3 WATER QUALITY

This section summarizes the operation of the various waste water treatment and
sampling programs at Milliken Station. The station operates a Coal Pile Runoff and
Maintenance Cleaning Waste Water Treatment Facility which discharges into the
Process Waste Reclamation Facility (PWRF). The PWRF treated water is either reused
as process water in the FGD system or is discharged via the circulating water discharge
to Cayuga Lake. The FGD system has its own waste water treatment system which
treats the brine concentrator feed water for solids and heavy metals. The treated brine
feedwater is then concentrated in the brine concentrator which produces a 35% calcium
chloride brine and a distillate.

WASTE WATER TREATMENT

Major station elements that generate wastewater include cooling water systems, boiler
biowdown, demineralizer backwashes, sump pump discharges and sanitary sewage.
The majority of wastewater from Milliken (214 MGD) is non-contact cooling water,
discharged to Cayuga Lake in accordance with NYSEG’s existing State Pollution
Discharge Elimination System Permit (SPDES #0001333). The remainder of the
wastewater stream (2.27 MGD) is composed of regeneration wastes, boiler blowdown,
sanitary wastes, area washes, yard and roof drainage, and drainage from the coai
storage pile and ash landfill. Sanitary waste is discharged through a separate system
which includes a septic tank, sand filter and chlorinator.

All facility wastewater discharges, including the effluent from the coal pile runoff and
maintenance cleaning wastewater treatment system receives final treatment via the
PWRF system which uses API separators and gravity sand filtration prior to discharge.
Solids from the coal pile basin, facility lift station, APl separator and waste water
treatment are neutralized, clarified and dewatered. Chemical cleaning of the boilers is
performed on a six-year cycle. During these times, chemical cleaning wastewater is
transported off-site for treatment prior to disposal by a licensed vendor.

Coal-pile runoff and maintenance cleaning wastewater are treated and discharged to
PWRF system in accordance with NYSEG’s SPDES permit (#0001333). All discharges
were in compliance and were listed by week in each quarterly report in tables similar to
Table 5.2-4. Process water from plant drains, yard and roof drains and accessory
equipment cooling is collected and treated in the Process Water Reclamation Facility
(PWRF) and discharged to Cayuga Lake in accordance with NYSEG's SPDES permit
(#0001333). PWRF discharges were in compliance with the discharge permit and with
data summarized by week in each quarterly report in tables similar to tabie 5.2-5.

Leachate and surface water runoff from Milliken landfill are currently collected in a 3.8
million gallon sedimentation basin designed to hold runoff from a 10-year, 24-hour storm
event. After sedimentation, water is discharged to Cayuga Lake in accordance with the
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landfilf's SPDES permit (#0108553). When required to meet permit limits, the basin
effluent can be routed to a bottom ash filter at the basin discharge for additional solids
removal. The discharge water quality complied with all discharge permit notations and is
summarized in each gquarterly report in tables similar to table 5.2-6.

During 1995, the coal pile runoff and maintenance cleaning wastewater treatment facility
had eight discharges. Each of the discharges complied with the notations of the SPDES
Permit. Performance of the coal pile treatment system is relatively consistent for most of
the metals. Iron and aluminum have the largest variances (and are illustrated in figure
5.2-12) which is due in part to the varying concentrations of these metals in air heater
washes and coal pile runoff. The batch treatment of these wastes is also a factor in the
iron and aluminum variability.

FIGURE 5.2-12
al Pile Runoff Treatment Effiuent
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TABLE 5.2-6 (TYPICAL)
MILLIKEN ASH DISPOSAL FACILITY
SEDIMENTATION POND EFFLUENT

SAMPLE COLLECTION DATE: 8/30-31/95

et =

Flow 135,184
Aluminum, total 0.18
Arsenic, total 0.11
Cadmium, recoverable <0.005
Iron, total 0,011
Manganese, total <0.010
Mercury, total <0.0002
Nickel, recoverable <(0.020
Qil and Grease <5.0
Total Suspended Solids <4.0
Zinc, recoverable <0.010
pH 8.6

* Annual sampling requirement - not sampled during this collection

STORMWATER RUNOFF

The U.S. EPA has issued storm water management regulations (40 CFR 122-124) which
establish National Pollutant Discharge Elimination System (NPDES) permit application
requirements for storm water discharges associated with industrial activity. These
regulations are enforced by the NYSDEC through the SPDES permitting process. The
NYSDEC has issued, through the Division of Water Technical and Operations Guidance
Series, the Storm Water Management Guidelines for New Development. This document
provides procedures for development to ensure that runoff during and after construction
is not substantially altered from pre-development conditions. Since the MCCTD project
disturbed greater than five acres of land, NYSEG applied for a Storm Water SPDES
Permit.

A construction plan was submitted to the NYSDEC which specified erosion control
measures to be used during construction. The objective of the plan included:

e segregation of rainfall runoff flowing over disturbed areas from runoff flowing over
areas not disturbed by construction activities,

e collection of runoff from disturbed areas in a controlled manner,

 management of runoff and rainfall that collects in excavation sites,
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e minimization of sediment loading of runoff from disturbed areas and water pumped
from excavations; to ensure that effluent from those areas conforms with New York
State Guidelines for Urban Erosion and Sediment Control.

During 1995 all permanent stormwater control systems were installed and functional.
The stormwater control systems were designed to ensure that the limestone storage
sedimentation basin receives all run off from the limestone stock pile. The water collected
in the limestone sedimentation basin is then pumped to the FGD system where it is used
as make up water. Stormwater from the FGD project was monitored in accordance with
the SPDES Permit (#0001333).

The FGD sedimentation basin which was installed during construction continues to be
used during operation. Runoff from the FGD area is conveyed to this sedimentation
basin. The water discharges through a stand pipe where it discharges to Cayuga Lake.

GROUNDWATER MONITORING

NYSEG maintains seven groundwater monitoring wells upgradient of the ash disposal
facility, ten wells downgradient of the facility, and five wells within the boundaries of the
ash disposal facility for the purpose of monitoring groundwater quality in accordance with
the provisions of the Solid Waste Management Facility (SMW) operating permit and
Millken SPDES permits. The NYSDEC has modified the landfill's permits to allow
disposal of FGD system wastewater treatment sludge and unmarketable by-products.
Fluoride was added to the existing monitoring program for baseline monitoring. Table
5.2-7 lists the groundwater monitoring parameters.

Groundwater monitoring continued throughout the demonstration as specified in the
SPDES and 360 Permits for the Solid Waste Disposal Area. Groundwater monitoring
data are presented in detail in each of the quarterly environmental monitoring reports,
which are available upon request from NYSEG.

Milliken Ash is divided into two sections; a closed unit which operated until 1984 and an
active post-1984 section. The pre-1984 section was constructed using native soils
existing at the site as a liner while the active section utilizes a modified composite system
liner system with leachate collection.

The wells monitoring the groundwater downgradient of the operational, post-1984 section
of the landfill indicate no groundwater contamination problems occurring due to the
operation of that section of the landfill. Suifate concentrations are at background levels
and apparently no leachate is migrating from the active sections of the facility. This is an
important factor since off-spec. FGD byproducts and waste water treatment sludges are
landfilled in this area.
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TABLE 5.2-7
SOLID WASTE MANAGEMENT FACILITY

GROUNDWATER MONITORING
arar s - ni requencyt:
aluminum total & dissolved mg/| quarterly
alkalinity mg/t quarterly
arsenic total & dissolved mg/l quarterly
cadmium totai & dissolved mg/| quarterly
iron total & dissolved mg/| quarterly
hardness mgft quarterly
mercury total & dissolved mg/l quarterly
magnesium total & dissolved mg/| quarterly
manganese total & dissolved mg/l quarterly
lead total & dissolved mg/l quarterly
pH mg/| quarterly
selenium total & dissolved mgAi quarterly
suifate mght quarterly
dis. solids total mg/l quarterly
turbidity mg/| quarterly
zinc total & dissolved mg/] quarterly
fluoride mgll quarteriy

Sulfate appears to be the best parameter to monitor the impact of an ash landfill on
ground water quality. It occurs at relatively high concentration in the leachate and is not
prone to reactions involving ion exchange or significantly retarded by a sod matrix. The
total dissolved solids and metal data with the possible exception of selenium, do not
provide any clear trends and most of the exceedances of these parameters reflect the
irregular distribution of these constituents in the native sod and ground water at Miliiken
Ash Site.

The sulfate data clearly indicate that leachate from the soil-lined, pre-1984 section
continues to impact the water quality immediately down gradient of that section.
However, wells further down gradient from the wunlined section have suifate
concentrations that are at or below background levels for the site. The plume appears to
be in steady-state or is receding as a result of remedial measures completed at Milliken
Ash in recent years. The terrain conductivity survey data from 1993 which was submitted
to NYSDEC in 1994, confiirmed that the plume is at steady-state or is receding.
Preliminary results of the survey conducted in 1995 indicate a continued improvement in
ground water quality down gradient of the older, closed section of the landfill. Wells will
continue to be monitored at the site for any changes in ground water quality
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5.2.4 SOLID WASTE

Milliken Station operates a solid waste disposal area east of the plant which
encompasses approximately 41 acres. The disposal area began operation in 1978 and
accepted primarily combustion byproducts from Milliken Station which included fly ash,
bottom ash and pyrite rejects. In addition the facility received sludges and sediments
from maintenance cleaning wastes from Milliken Station.

Extensions to the landfil were made in 1978, 1979, 1982, 1984, 1986 and 1990.
Currentiy only the 1986 and 1990 extensions are active. The active portion of the landfill
utilizes a modified composite liner consisting of a low permeability soil liner, a leak
detection system, a synthetic liner, and a leachate collection system. The closed
portions of the waste disposal area utilized a low permeability soil liner design meeting
the effective regulatory requirements with leachate collection and a low permeability cap
covered by top soil as a final cover.

The 1984, 1986 and 1990 extensions are hydrauiically and operationally separate from
the previous extensions to the waste disposal area.

Solid waste generation during 1995 - 1996 is depicted on figure 5.2-13. Fly ash disposal
is initially high due to the tuning of the LNCFS-3 burners. Fly ash disposal dropped off
during the course of the year as optimization of the burners was finalized. During the
second quarter of 1995 gypsum disposal was due to the problems experienced with the
centrifuges. However, during the fourth quarter the jump in gypsum disposal was
primarily market driven as NYSEG negotiated a final purchase agreement with a wall
board manufacturer. Sludge disposal increased as a result of starting up the FGD brine
feed water treatment and both FGD modules becoming operational.

FIGURE 5.2-13
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The sales of fly ash reflected the tuning of the new burners system in which much of the
ash exceeded the maximum percentage (4%) of unburned carbon. As the operating
experience increased with the burner system, so did the salability of flyash. The gypsum
sales followed increased production due to the start-up of the Unit 1 FGD module in June
1995 and the development of contractual commitments for the gypsum. Since 100% of
the bottom ash is sold as anti-skid material in the winter months, sales of bottom ash are
directly related to production at the Station. Bottom ash is stored on site until the winter
season when it is sold to local municipalities. The bottom ash and some gypsum were
stockpiled at the solid waste disposal area while the fly ash was immediately sold to be
used in concrete mixes. Sales of these combustion by-products have helped to prolong
the life of the solid waste disposal facility as well as generating a revenue stream for the
company.

Marketing activity during 1995 - 1996 is depicted on figure 5.2-14.
FIGURE 5.2-14
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5.25 NOISE

The permit issued by the NYSDEC to aliow construction of the Milliken CCTD project
had three conditions specific to noise attenuation which inciuded the following terms:

» No increase in residual (Lgo) noise levels greater than 3 A-weighted decibels is
permitted at the foliowing receptor noise monitoring stations:

e near the closest residence on Milliken Station Road extension, located
approximately 1,000 feet south of the main facility building. This residence is
situated between the Conrail railroad tracks and the east shore of Cayuga Lake.

e near the closest residence north of Milliken at the end of Cuddeback Road,
approximately 7,000 feet northwest of the facility.
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« near the ciosest residence east of Milliiken, 34 Milliken Station Road,
approximately 5,400 feet east northeast of the facility.

s adjacent to the closest residence on the west shore of Cayuga Lake located
directly across from Milliken, approximately 9,000 feet west southwest of the
facility.

» at the intersection of Lake and Cuddeback Roads at the end of Algerine Road
« at the intersection of Algerine and Ludlow Roads.

» The permittee will make every reasonable effort to assure that no sounds of tonal
character (e.g. hums, whines, squeals, or whistles) are clearly perceptibie at annoying
magnitudes at the seven receptor locations from any plant modifications that are the
subject of this permit.

o Achievement of the plant design goals with respect to noise must be verified by
means of a post madification noise performance test. The test will consist of
measurements, per the DEIS section 3.5.5 existing ambient survey at the seven
sensitive receptor locations. The verification measurements must be performed while
the plant is operating at full output. The results of these tests must be sent to the
NYSDEC.

Noise measurements were taken during the periods of July 20-23, 1992 and August 28-
30, 1995 for baseline and project operational conditions, respectively. Measurement
results for both of these periods showed that only at one location was the noise from
Milliken readily discernible during both daytime and nighttime periods. At the other six
receptor locations, noise was generally either not perceptible or barely perceptible. None
of the seven receptor locations had noise that could be considered "of a tonal character
...clearly perceptible at annoying magnitudes.” An analysis of the changes in residual
(Lgp) noise levels at the seven monitoring stations indicates that the project operational
noise did not exceed the allowable 3 dBA increase value. However, the project
operational measurement program (August 28-30, 1995) was conducted during a period
of significantly greater insect noise (i.e. crickets, cicadas & locusts) than existed during
the baseline (July 20-23, 1992) measurements. This non-Milliken source noise was
corrected for determining ultimate residual noise levels.

The project operational measurements and observations showed that any increase in
residual noise levels due to the Milliken CCTD project occurred only at one monitoring
location, where the increase was 1 dBA. No instances of annoying tonal noise were
identified. The CCTD project has met the environmental noise criteria of the special
permit conditions. Details of the noise measurement program can be found in the report
entitted "Ambient Noise Monitoring for the Milliken Station Clean Coal Technology
Demonstration Project” available from NYSEG upon request.
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526 CHARACTERIZATION OF ANY UNREGULATED SUBSTANCES
LIQUIDS

The only new liquid substance generated as a result of this project is the calcium chloride
brine. A request for determination of beneficial use was granted by the NYSDEC for
direct application of the brine as a road de-icer and dust suppressant. The concentrated
brine results from the FGD blowdown which is treated for solids, heavy metals and then
concentrated in an evaporator. Table 5.2-8 provides the anticipated chemical
constituents of the calcium chloride salt. Since the brine concentrator has had
operational difficulties, the actual characteristics of the calcium chloride brine have not
been determined.

TABLE 5.2-8
EXPECTED CHEMICAL COMPOSITION OF CALCIUM CHLORIDE SALT

Calcium Chioride (CaCl2) 57
Magnesium Chloride (MgCl2) 28
Sodium Chloride (NaCl) 8

Other alkali chlorides
Inerts 5

SOLIDS

NYSEG has been involved in an extensive testing and research program to evaluate
FGD produced gypsum and its market potential. NYSEG conducted forced oxidation
FGD testing at the Electric Power Research Institute (EPRI) High Sulfur Test Center
(HSTC) located at NYSEG's Kintigh Station. ORTECH International, recognized in the
wallboard industry as a reputable testing firm conducted a literature survey and
preliminary market analysis as well as analyzing gypsum produced at the HSTC. Results
of ORTECH?'s literature survey and NYSEG's inspection of European FGD systems have
shown that gypsum has the highest market potential as a salable by-product as a raw
material for the production of wallboard and cement. This information was used to
generate an EPRI Report, "The Gypsum Industry and Flue Gas Desulfurization (FGD)
Gypsum Utilization: A Utility Guide" which was published in February 1994 (EPRI Report
TR-103652).

Gypsum properties will be similar to gypsum samples generated in 1891 at the HSTC.
Those samples were produced from tests simulating forced oxidation of the Kintigh
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Station FGD system. Physical characteristics of the gypsum produced at Kintigh are
listed in Table 5.2-9.

Chemical characteristics of various synthetically produced gypsum by-products and
natural gypsum are listed in Table 5.2-10. Market evaluations of gypsum have indicated
a high purity of CaSO,. The gypsum also meets wall board specification requirements
which include chlorides, carbonate and moisture.

TABLE 5.2-9
TYPICAL GYPSUM PROPERTIES*

2

pH 8.0-82
MOISTURE CONTENT

(G MOISTURE/100 G DRY SOLID) 74-85
PERMEABILITY COEFFICIENT

(CM/SEC) 0.000080 - 0.00010
UNCONFINED COMPRESSIVE

STRENGTH (PSI) 11
GYPSUM (%) 95.5 - 97.4
CACO, (5) 1.0-3.8
*BASED ON RESULTS FROM KINTIGH STATION SIMULATIONS.

GASEOUS

No unregulated gaseous materials will be produced as a result of the Milliken Clean Coal
Technology Demonstration Project.
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TABLE 5.2-10

ANALYSIS OF VARIOUS BY-PRODUCTS AND NATURALLY OCCURRING GYPSUM
MAJOR ELMENTS (WT%)

~MAJOR ELEMENTS

CaO 30-32.6 32.05 34.17 32.48 33.93 31.45 32.05
SO, 42 -46.5 45.53 43.64 42 .41 43.69 43.78 43.60
| MgO 0.01-0.06 9.06 0.07 0.05 0.28 0.22 1.12
SIO - 0.01 0.03 - - 0.04 0.36
ALO, 0.1-0.50 0.05 0.13 0.02 0.05 0.55 0.22
Fe,O, | 0.01-0.13 0.07 0.09 0.06 0.15 0.24 0.07
SIO, 0.17 - 0.65 1.35 0.75 0.58 <0.485 2.41 0.66
MnO - <0.01 0.01 - - 0.03 <0.01
PO, - <0.01 <0.01 <0.017 <0.019 0.01 <0.01
K,0 0.02-0.12 <0.01 0.03 <0.035 <0.039 0.10 0.05
F - 0.02 1.49 - - <0.01 <0.01
TRACE ELEMENTS
Ag - - - <1.00 <4.0 - -
As <1 <5.0 <5.0 <1.00 1.41 1.4 1.0
Ba - - - 1.72 1.48 - -
Cd <0.2 <1.0 <1.0 <1.00 0.10 <0.2 <0.02
Cr - 3.0 10.0 1.88 3.76 5.0 <5.0
Cu - 3.0 3.0 1.40 417 3.0 6.0
Hg 05-1.1 <1.0 <1.0 - - <0.2 <0.2
Mn - - - 2.52 12.2 - -
Pb 3-6 <1.0 <1.0 <1.00 0.26 2.0 2.0
Se - <5.0 <5.0 9.46 2.05 <0.2 <0.2
Zn 7-13 2.0 2.0 <1.0 16.3 6.0 4.0
F 30 - 950 475 321 678 - <20.0 105.0
Ref. 1 2 2 3 4 2 2
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have indicated a high purity of CaS0,4. The gypsum alsc meets wall board specification
requirements which include chlorides, carbonate and moisture.

TABLE 5. 2-9
TYPICAL GYPSUM PROPERTIES*

PROPERTY EXPECTED VALUE
pH . 8.0-8.2
MOISTURE CONTENT
(G MOISTURE/100 G DRY SOLID) 7.4-85
PERMEABILITY COEFFICIENT
(CM/SEC) 0.000080 - 0.00010
UNCONFINED COMPRESSIVE
STRENGTH (PS1) 11
GYPSUM (%) . 95.5 - 97.4
CACO; (5) 1.0-3.8
* BASED ON RESULTS FROM KINTIGH STATION SIMULATIONS.
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5.2-10
ANALYSIS OF VARIOUS BY-PRODUCTS AND NATURALLY OCCURRING GYPSUM
MAJOR ELMENTS (WT%)

SYNTHETIC NATURALLY
GYPSUM OCCURING
EUROPEAN us. PILOT
BY- 1 2 UTILITY PLANT 1 2
PRODUCT : BY- BY-
GYPSYM ' . PRODUCT | PRODUCT
MAJOR ELEMENTS
CaO 30 - 32.6 32.05 34.17 32.48 33.93 31.45 32.05
SO; 42 - 46.5 45.53 43.64 42.41 43.69 43.78 43.60
MgO 0.01 - 0.06 9.06 0.07 0.05 0.28 0.22 1.12
SI0 - 0.01 0.03 - - 0.04 0.36
AlL,O3 0.1-0.50 0.05 0.13 0.02 0.05 0.55 0.22
Fe,Osz | 0.01-0.13 0.07 0.09 0.06 0.15 0.24 0.07
SIO, 0.17 - 0.65 1.35 0.75 0.58 <0.485 2.41 0.66
MnO - <0.01 0.01 - - 0.03 <0.01
P,0s - <0.01 <0.01 <0.017 <0.019 0.01 <0.01
K20 0.02 -0.12 <0.01 0.03 <0.035 <(.039 0.10 0.05
F - 0.02 1.49 - - <0.01 <0.01
TRACE ELEMENTS
Ag - - - <1.00 <4.0 - -
As <1 <5.0 <5.0 <1.00 1.41 1.4 1.0
Ba - - - 1.72 1.48 - -
Cd <0.2 <1.0 <1.0 <1.00 0.10 <0.2 <(0.02
Cr - 3.0 10.0 1.88 3.76 5.0 <5.0
Cu - 3.0 3.0 1.40 4.17 3.0 6.0
Mg 05-1.1 <1.0 <1.0 - - <0.2 <0.2
Mn - - - 2.52 12.2 - -
Pb 3-6 <1.0 <1.0 <1.00 0.26 2.0 2.0
Se - <5.0 <5.0 9.46 2.05 <0.2 <Q.2
Zn 7-13 2.0 2.0 <1.0 16.3 6.0 4.0
F 30 - 850 475 321 678 - <20.0 105.0
Ref. 1 2 2 3 4 2 2
GASEOUS

No unregulated gaseous materials will be produced as a result of the Milliken Clean Coal
Technology Demonstration Project.
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5.3 CHEMICAL EMISSIONS MEASUREMENT PROGRAM AT MILLIKEN'S UNIT #2

5.3.1 INTRODUCTION

NYSEG initiated a study to establish a baseline characterization of the chemical
emissions from Milliken Station's Unit 2 retrofit of the SO, and NO, control systems. The
NYSEG Milliken Station has two identical 160 MW generating units and associated
poliution abatement equipment. An ESP controis the particulate emissions from the
boiler. No acid gas or NO, controls were in operation during the test program. Unit 2 was
evaluated while it burned a 2% sulfur bituminous coal.

NYSEG retained Camot, of Tustin, CA, to conduct the comprehensive measurement
program to characterize selected trace substances potentially emitted from Unit 2. Carnot
was the prime contractor for the chemical emission field test program. Roy F. Weston,
Inc. (Weston), a subcontractor, performed the flue gas emission measurements at the
stack location in addition to providing the site specific test protocol and assisting in solids
sampling. EPRI and CONSOL, Inc. Research and Development (CONSOL) served as
technical consultants. Copies of the full report of the chemical emissions study are
available upon request from DOE. The report is entitled “Program Results for a
Comprehensive Assessment of Chemical Emissions From New York State Electric and
Gas Corporation’s Milliken Station Unit 2, Lansing New York”, and was prepared by
Carnot in February 1995. This document discusses in detail the test program's major
results and conclusions, and presents specific information on the Unit's operating
conditions, sampling locations and program test schedule. It describes the sampling,
analytical and data handling/reporting procedures and methods used, and presents the
detailed results of the solid and liquid process stream and flue gas emission sampling.
The report provides analytical techniques, trace and major element mass balances,
defines quality assurance/quality control (QA/QC) information; and provides detaited
descriptions of the test methods used for flue gas samples. The report's appendices
include data sheets, calculations, and laboratory reports.

All sampling and analyses were conducted according to EPRI's established protocol for
the PISCES test program. Results generated by the field study are considered to meet
"compliance” quality standards.

The objectives of the NYSEG Milliken Station Chemical Emissions Characterization
Program were:

« Characterize stack emissions of selected trace elements, target anions, and volatile
and semi-volatile organics at normal full ioad operating conditions,

« Simultaneously measure criteria and non-criteria pollutant levels entering and exiting
the power plant's electrostatic precipitator (ESP) to evaluate its effectiveness at
removing various trace substances,

Chemical Emissions Measurement Program
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Calculate a boiler/ESP material balance for selected inorganic constituents by
examining their distribution levels across various input/output process streams,

Perform mercury and chromium speciation tests at the ESP inlet and stack exhaust
locations to provide additional data on selected trace substances and the ESP's
effectiveness at removing them,

Evaluate the metals wastewater treatment plant's performance at removing selected
trace substances from the coal pile run-off by examining their levels in the plant's inlet
and outlet effluent,

Provide data on trace substance levels in the power plant's solid waste and
wastewater discharges namely, ash, mill rejects, metals treatment plant sludge and
the Process Wastewater Reclamation Facility (PWRF) outlet,

Provide a baseline data set for Milliken Unit 2 that will be integrated into EPRI's
chemical emissions database.

To achieve these objectives, a field measurement program on Milliken Unit 2 was
conducted from May 4th to May 13th, 1994,

5.3.2 TARGET POLLUTANTS

Representative samples from the following process streams were collected and
analyzed:

Boiler/ESP Process Streams (triplicate samples)

coal feed

coal mill rejects
bottom ash slurry
ESP flyash

ESP inlet flue gas
stack flue gas

Wastewater Process Streams (duplicate samples)

»

coal pile runoff (metals treatment plant inlet)
metals treatment plant outlet

process wastewater reclamation facility outlet

metals treatment plant sludge (single samples)

Chemical Emissions Measurement Program
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Table 5.3-1 lists generic classes of substances measured on each unit process stream
sampled during the Milliken chemical emissions field test. Table 5.3-2 presents the
particular pollutants included in each class. These substances were selected for
inclusion based on input from NYSEG, DOE and EPRI. The compounds include most of
the 189 compounds listed as hazardous air pollutants under Title ill of the 1990 CAAA.

5.3.3 SUMMARY OF MAJOR CONCLUSIONS OF CHEMICAL EMISSIONS

PROGRAM

The major conclusions drawn from the test results of chemical emissions program, are:

The ESP was 98.9% effective at removing solid particulate matter from the flue gas
stream. Stack particulate emissions averaged 0.060 Ib/MMBtu. The ESP was also
effective at removing solid-phase trace elements from the flue gas stream with an
average removal efficiency of 98.7%.

Stack emissions of arsenic, cadmium, lead, mercury and selenium were 10, 0.34, 5.4,
8.1 and 30 Ib/10" Btu - respectively.

Hexavalent chromium levels accounted for 5.6% of total ESP inlet chromium
measured or 50 1b/10" Btu. Hexavalent chromium was not detected in the stack
exhaust stream indicating that Unit 2's Cr®* existed primarily in the solid-phase and
was well-controlled by the ESP with a removal efficiency of 99.9%.

Mercury speciation results for the stack showed 86% of total mercury existing as
Hg(ll) and 14% existing as Hg(0). Insignificant levels of methyl Hg were found at the
stack. The alternate mercury method is still being evaluated for its effectiveness in
measuring mercury species; therefore, its results should be reviewed from a research
perspective.

From comparisons with solid stream sample results, Unit 2's actual stack mercury
emissions level is likely bounded by the alternate mercury result of 5.1 Ib/10"?Btu and
the EPA Method 29 value of 8.1 Ib/10" Btu. A significant amount of uncertainty is
associated with both sets of flue gas measurements due to their poor reproducibility;
whereas, solid stream measurements of mercury are considered accurate.

As expected, the ESP was ineffective at removing anions from the flue gas. Chloride
(69,200 Ib/10" Btu), fluoride (4,260 Ib/10'2 Btu) and sulfate (4.09 x 10° Ib/10'? Btu)
were measured at the stack.

With the exception of phenanthrene, fluoranthene and 2-methylnaphthalene all other
PAHs were measured at or below the detection limit or field blank value.

No dioxin or furan isomer was measured at levels significantly higher than the
detection limit or field blank value.

Chemical Emissions Measurement Program
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+ Stack measurements of benzene at 2.2 ppb, toluene at 1.8 ppb and formaldehyde at
3.0 ppb are similar to those measured during other PISCES field investigations of
coal, oil, and naturat gas power-plants.

s A total ash mass balance was 98%. Ash distribution across the boiler/ESP output
streams showed 0.2% exiting in the mill rejects, 13.6% leaving in the bottom ash,
85% exiting in the flyash and 1.2% being emitted from the stack.

* In general, trace and major element material balances were in the 70-130% range.
Trace element (excluding mercury and selenium) partitioning across the output
streams showed 0.2% in the mill rejects, 8.7% in the bottom ash, 89.9% in the flyash
and 1.2% in the stack flue gas stream. Major element partitioning found 0.2% in the
mill rejects, 13.1% in the bottom ash, 86.3% in the flyash and 0.6% in the stack flue
gas.

» For the trace elements mercury and selenium were found primarily in the stack
exhaust.

Chemical Emissions Measurement Program
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TABLE 5.3-2
TARGET COMPOUND LIST
NYSEG MILLIKEN UNIT 2

Antimon Arsenic N Barium

Beryllium Cadmium Chromium (by two methods)?
Cobalt ' Copper Lead
Manganese Mercury (by two methods)’ Molybdenum
Nickel Phosphorus Selenium
Vanadium '
Aluminum Calcium lron
Magnesium Potassium Silicon
Sodium Sulfurt
Chleride
Acenaphthene Acenaphthylene Anthracene
Benz{a)anthracene Benzo(a}pyrene Benzo(b)fluroanthene
Benzo(g,h,i)perylene Benzo{k)fluoranthene Chrysene
Dibenzo {a,h)anthracene Fluoranthene Fluorene
Indeno(1,2,3-cd)pyrene Naphthalene Phenanthrens
Pyrene 2-Methylnaphthalene 3-Methylcholanthrene

Total for tetra-through octa-chlorinated homologues
All 2 3.7 8 substituted isomers

" NITROGEN COMPOUNDS

Notes:

n Totat Hg was analyzed from the EPA Method 29 multi-metals sample train and elemental
(Hg(0}), ionic (Hg(il)), and methyl Hg in addition to total were determined from the Frontier
Geosciences train.

{2) Total chromium was determined from the EPA Method 29 train and both hexavalent (Cr®*)
and total Cr were abtained from the EPA recirculation train.

(3) The test program scope was expanded to include a material batance for major ash
elements to assess data quality.

GY] Includes only ash-bound sulfur compounds that remain inert and do not vaporize during
combustion.

(5) Elemental precursors of anions measured in some process streams.

Chemical Emissions Measurement Program
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5.4 MILLIKEN AIR TOXICS & EMISSIONS CHARACTERIZATION

The Milliken Air Toxics & Emissions Characterization program conducted baseline air
toxic emissions characterization following the installation of the CCTD. Removal
efficiencies were determined for key air toxic compounds (Hg, Ni, As, Be, Cd, Cr*® , BaP,
dioxins and furans). A system mass balance was developed for the metals. The findings
of this program are documented in the report entitled “Program Results from a
‘Comprehensive Assessment of Chemical Emissions from New York State Electric & Gas
Corporation’s Milliken Station Unit 2" authored by Camot , dated July 1997. What follows
is a summary of this report. The full report can be obtained from DOE.

5.4.1 INTRODUCTION

As part of the Department of Energy's (DOE) Clean Coal Technology Demonstration
(CCTD) Program, New York State Electric & Gas (NYSEG) Corporation has installed and
is operating a high-efficiency flue gas desulfurization (FGD) system for SO, emissions
control, low-NOx bumers for NOx emissions control, and electrostatic precipitator (ESP)
and coal mill upgrades for particulate emissions control. This installation was completed
to demonstrate innovative emissions control technology. This demonstration program
was conducted at NYSEG's Milliken Station, Units 1 & 2, in the Town of Lansing, New
York. The primary objective of this CCTD project was to show that a retrofit of energy-
efficient SO,, NOx and particulate control systems can be made without a significant
impact on overall plant efficiency.

The FGD uses a forced oxidation, formic acid-enhanced wet limestone system to reduce
SO, emission by 90-98%. Commercial-grade gypsum and calcium chloride salt are
marketable by-products of the FGD's zero wastewater discharge process. Up to 40%
NOyx reduction is achieved using the low-NOx bumers, and the ESP and coal mill
upgrades reduced ESP outlet particulate levels by a factor of ten.

To satisfy DOE's CCTD program requirements, NYSEG, through a competitive bidding
process, selected Camot to conduct a comprehensive measurement program to
characterize the emissions of selected trace substances from Milliken Station's Unit 2,
"both pre- and post-retrofit of SO,, NOx and particulate control systems. Prior to the
pollution control system upgrades, Camot performed a "baseline" comprehensive trace
substance measurement program on Unit 2 in 1994. This report presents the results of
the post-retrofit test program performed in August 1996 and compares them to baseline
data.

To continue researching the viability and applicability of certain wet chemical techniques
for collecting and subsequently detecting and quantifying species of mercury in coal-fired
utility boiler flue gas streams, Camot, under an extended contract with NYSEG with the
cooperation and support of DOE, and the Energy & Environmental Research Center
(EERC) at the University of North Dakota, under a separate contract with EPRI,
performed a utility-scale field evaluation of two promising techniques, the Ontario-Hydro
and TRIS Buffer, for mercury speciation. Since EPA Method 29 and Frontier
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Geosciences’ solid sorbent scrubber technique were already part of the post-retrofit test
program scope, by expanding the program 1o include the Ontario-Hydro and TRIS Buffer
methods, EPR!, DOE and NYSEG were afforded the opportunity to compare all four
mercury measurement techniques under full-scale conditions. Although EPA Method 29
and Frontier Geoscience have been used extensively to measure mercury on fuil-scale
test programs, Ontario-Hydro and TRIS Buffer sampling methods have not been
included. Prior evaluations under bench- and pilot-scale conditions comparing these four
methods have shown them to be in general agreement on total mercury.

EERC also operated a mercury instrumental analyzer at the FGD outlet/stack location. It
should be noted that this test program did not attempt to evaluate all mercury speciation
methods currently in development. This report also presents the results of these mercury
speciation tests.

5.4.2 SUMMARY OF RESULTS

A summary of key post-retrofit test program results are provided in the following tables:

Table 5.4-1: Summary of Unit Operation and Criteria Pollutant Emissions

Table 5.4-2: ESP and FGD Removal Efficiencies for Inorganic Species

Table 5.4-3: Summary of Detected Organic Species

Table 5.4-4: Summary of Mercury Speciation Test Results

Table 5.4-5: Comparison of Inorganic Element Flue Gas Emission Levels, Pre-
and Post-Retrofit Test Programs

The following major conclusions were drawn from the results of this test program:

FLUE GAS TEST RESULTS

e The ESP was effective at removing trace elements found primarily in the solid phase
from the flue gas stream with an average removal efficiency of 99.7%. Major ash
elements were effectively removed by the ESP at an average efficiency of 99.9%.
The FGD removed trace elements at an average removal efficiency of 36.0%, and
major elements at an average efficiency of 62.6%. The ESP removal efficiency for
mercury was 16.7% and the FGD removal efficiency was 59.8%. Thus, overall
removals by the ESP and scrubber combined were 99.81% for trace elements found
primarily in the solid phase, 99.96% for major ash elements and 66.5% for mercury.

¢ With the exception of selenium, ESP inlet trace and major element results are in good
agreement with coal input levels. From comparisons with coal input and flyash levels,
selenium results for the ESP inlet and ESP outlet are severely biased low. Severe
negative matrix interferences from the high levels of sulfur found in the ESP inlet and
ESP outlet samples hindered their analyses for selenium. It is now believed that
sulfur interferences are the main source for the low biases associated with the
selenium analytical results for Milliken Unit 2. Given the low levels of sulfur contained
in the stack EPA Method 29 samples and the lack of matrix interferences
encouniered during analysis, the stack selenium results are considered valid.
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« Reported hexavalent chromium results show that the ESP and FGD combined to
remove hexavalent chromium from the flue gas stream at an efficiency of 26%. This
efficiency is likely understated since the hexavalent chromium level at the stack was
4.2 times higher than the total chromium value measured by the EPA Method 29
sample train.

o The ESP removal efficiency for filterable particulate was 99.88%. ESP and coal mill
upgrades for the post-retrofit test program reduced ESP outlet particulate
concentrations by almost a factor of ten when compared to pre-retrofit levels. Retrofit
stack particulate emissions averaged 0.007 gr/dscf or 0.014 Ib/1 0° Btu.

¢ Chloride, fluoride, and sulfur were found predominantly in the gaseous phase. The
FGD was effective at removing chloride, fluoride and sulfur from the flue gas with
average removal efficiencies of 99.4%, 98.7% and 93.1%, respectively. Mass balance
results confirm particulate and anion flue gas concentration levels.

e For PAH emissions, only naphthalene, 2-methylnaphthalene, phenanthrene, and
fluoranthene were measured at the stack at levels two times higher than the analytical
detection limit or notably above field blank values. No dioxin or furan isomers were
detected at levels greater than twice the field blank.

e Benzene concentrations measured at the ESP outlet averaged 2.3 ppb compared to
1.1 ppb at the stack. This difference across the FGD is not considered significant.
Average toluene concentrations measured at the ESP outlet of 23 ppb were
significantly higher than that of 7.2 ppb measured at the stack. It is not clear whether
this difference is due to actual FGD removal or if it is just an artifact of measurement
uncertainty.

e Stack formaldehyde emissions averaged 9.2 ppb which was 10 times higher than
ESP outlet concentrations measured at 0.9 ppb. A possible source for the additional
formaidehyde is the formic acid, which can have formaldehyde as an impurity, used
by the FGD process. On the other hand, stack formaldehyde sample and field blank
levels were similar.

+» ESP outlet SO3; concentrations were 5.8 ppm compared to 4.9 ppm at the stack.

« Particle size distribution at the ESP outlet averaged 76% less than 10 microns, 56%
less than 2.5 microns, and 36% less than 1 micron.

BOILER/ESP AND FGD MASS BALANCE RESULTS

« In general, material balances were excellent for the post-retrofit test program. With
the exception of selenium, all trace element and anion precursor (i.e. chlorine,
fluorine, and sulfur) balances fell within the acceptable range of 70-130%, with most
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balances between 80-115%. All major element balances fell within the acceptable
range of 80-120% range, with most between 90-110%.

Excellent FGD balances can be seen for trace and major elements (including anson
precursors) existing in the ESP outlet/FGD inlet flue gas at levels above 1 Ib/10'Btu.
For trace elements above this level in which an FGD balance could be reported,

"~ namely arsenic and mercury, balances ranged from 92-107%; for the major elements

(excluding phosphorus and sodium), balances were consistently between 93-112%;
and for the anion precursors, FGD closures fell within 97-102%.

WASTEWATER TREATMENT PLANT TEST RESULTS

WWTP removal efficiencies of around 75% or greater were seen for most target
inorganic elements detected in the WWTP inlet stream. The treatment plant exhibited
low removals for barium (12%), vanadium (46%), phosphorus (52%) and fluoride
(46%). Negative or very low removals were seen for many of the water soluble
elements (i.e. Ca, Mg, K, Na, Cl, S, N) suggesting that another input stream to the
WWTP was a significant source of these elements, such as chemical treatment
additives (e.g. lime and ferric chloride).

MERCURY SPECIATION TEST RESULTS

For the FGD outlet/stack location, excellent agreement between the Frontier
Geoscience, Ontario-Hydro and TRIS Buffer measurements can be seen for Hg(0)
and Hg(ll). Hg(0) results ranged from 2.45-2. 94 pg/Nm?® (excluding Method 2) and
Hg(!l) results ranged from 0.15-0.35 pg/Nm® (excluding Method 29). Good to
excellent agreement exists between Frontier, Ontario-Hydro, TRIS and EPA Method
29 for total mercury with results ranging from 2.66-3.29 pg/Nm?.

For the ESP outlet/FGD iniet, excellent agreement between Frontier, Ontano»Hydro
and TRIS can be seen for Hg(0) with levels ranging from 2.28-2.70 pg/Nm°.

For the ESP outiet/FGD inlet, Ontario-Hydro and TRIS Buifer values are in good
agreement for Hg(ll}; and Ontario-Hydro, TRIS and EPA Method 29 are in excellent
agreement for total mercury.

In comparison with the Ontario-Hydro and TRIS Buffer results, the EPA Method 29
mercury speciation values obtained from this test program exhibit a high bias for
Hg(l), and a low bias for Hg(0}.

There is excellent agreement between the average FGD outlet/stack Hg(0) result as
measured by the Semtech mercury analyzer with the other valid measurements at
that location.

FGD removal efficiencies were between 95-97% for Hg(ll) (excluding EPA Method
29) and 58-65% for total mercury.
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» Boiler/ESP mass balance results using Frontier Geoscience, Ontario-Hydro, TRIS
Buffer, and EPA Method 29 total mercury values yielded 103%, 83%, 78%, and 85%
agreement, respectively, between process streams.

¢ Total mercury FGD mass balance results for Frontier Geoscience, Ontario-Hydro,
TRIS Buffer, and EPA Method 28 were 79%, 90%, 99%, and 93%, respectively.

COMPARISON BETWEEN PRE- AND POST-RETROFIT TEST PROGRAMS

» The most notable difference between the baseline and post-retrofit test programs is
that baseline testing was conducted while firing a 100% pre-cleaned coal, while a
50/50 mix between raw and pre-cleaned coal was bumed during the post-retrofit
program.

e The second most notable difference is that the upgrades to the ESP and coal milis
improved particulate removal efficiency from 98.95% to 99.88%, reducing ESP outlet
particulate concentrations by a factor of ten.

e A 45.4% NOy reduction can be seen between the two test programs with baseline
stack emissions falling from 452 ppm @ 3% O, to 247 ppm @ 3% Os.

» Notable differences in fuei composition and unit operation between the test programs
include an increase in fuel sulfur from 1.9% (baseiine) to 2.3% (post-retrofit), an
increase in fuel ash from 7.1% to 9.6%, and a higher boiler O, during baseline testing
of 3.8% verses 3.1% for the post-retrofit program.

e For the ESP inlet, notable differences between concentration levels of target
elements are consistent with those seen for the coal and flyash. It should be noted
that ESP inlet and ESP outlet flue gas selenium levels for both test programs
severely biased iow as a result of severe matrix interferences from sulfur. It should
aiso be noted that pre-retrofit ESP outlet mercury level is biased high.

+ Baseline ESP outlet particulate concentrations were reduced by 88% following the
ESP and coal mill upgrades. This reduction in ESP outlet particulate levels directly
corresponds to substantially reduced concentrations of trace and major elements
exiting the ESP. Baseline ESP outlet trace element concentrations were reduced by
89% (excluding vapor phase elements of mercury, selenium, and anion precursors, in
addition to molybdenum), and major element concentrations were reduced by 81%,
for an overall reduction in trace and major elements of 86%.

» The large discrepancy between baseline and post-retrofit hexavalent chromium
concentrations measured at the ESP inlet suggests that either one or both of the test
programs’ reported results are in error. Comparisons between mercury species flue
gas results were not presented on table 5.4-5 due to concems regarding baseline
mercury speciation data validity.
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o The apparent increase in ESP outlet molybdenum concentrations for the post retrofit
program is not representative of any actual changes in flue gas concentration; rather
it is an artifact of blank corrections since molybdenum was found at blank levels for
both programs.

s The FGD in combination with the upgraded ESP reduced trace and major element
emissions slightly further with an overali reduction in baseline levels of 87% for the
same group of elements (with the addition of magnesium). The FGD/ESP
substantially reduced baseline mercury levels by 71% and baseline chloride, fluoride,
and sulfur levels by an average of 96%.

e Post-retrofit FGD outlet/stack emissions of magnesium were 53% higher than
baseline emissions. This is most likely due to magnesium found within fugitive
limestone particles exiting the FGD.

« For the volatile organic elements, the post-retrofit FGD and ESP upgrades combined
to reduce baseline benzene emissions by 52%. However, post-retrofit FGD
outlet/stack emissions of toluene and formaldehyde were 2-3 times higher than
baseline emissions.
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TABLE 5.4-1
SUMMARY OF UNIT OPERATION AND CRITERIA POLLUTANT EMISSIONS
NYSEG MILLIKEN UNIT 2 POST-RETROFIT TEST PROGRAM

AUGUST 1996
Unit Type CE, tangentially-fired
FuelType Eastern Bituminous Coal
Fuel Sulfur Level 2.2-2.4%
Air Pollution Low-NO, Bumers,
Control Devices ESP & FGD
Test Period Inorganic Elements Organic_ﬁements
Measurement Period Measurement Period
Test Dates August 7-9, 1996 August 12-13, 1996
Unit Load, MWna 149 148
Coal Flow Rate, kib/hr 118.7 120.7
Boiler O; % 3.3% 2.8%
FGD Inlet Opacity, % 5.8 . 6.0
S0g, dry ppm @ 3% Q2
FGD Inlet 1805 1677
FGD Outiet 142 93
FGD Removal Efficiency 92.1% 94 4%
803, dryppm @ 3% O
FGD Iniet 6.8 NP
FGD Qutlet 5.7 NP
FGD Removal Efficiency 15.3% .
NOx, dry ppm @ 3% Oz (FGD Outiet) 227 267
NOx, ib/10°Btu (FGD Outlet) 0.304 0.357
Particulate Matter, ib/10°Btu
ESP inlet 6.35 NP
ESP Outlet/FGD Inlet 0.007 NP
ESP Removal Efficiency 99.88% -
FGD Qutlet 0.014 NP

NP: Measurement not performed during this test period
Note: Unit operating data and criteria pollutant emissions results are from Unit 2 operation logs except for
S0, and Particulate Matter which are from Camot's measurements.
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TABLE 5.4-2
ESP AND FGD REMOVAL EFFICIENCIES FOR INORGANIC SPECIES
NYSEG MILLIKEN UNIT 2 POST-RETROFIT TEST PROGRAM

AUGUST 1996
Species inorganic Flue Gas Emissions, 1b/10"Bty ESP Removal FGD Removal
ESP INLET ESP OUTLET  STACK Efficiency Efficiency
Trace Elements -
Antimony 23 0.19 ND< 0.08 99.17% > 57.3%
Assenic 489 1.7 0. 99.65% 47.3%
Barium 4,869 2.1 1.2 99.96% 41.3%
Beryllium 52 0.03 0.02 99.94% 3r.4%
Cadmium as ND< 0.04 0.05 > 88.77% -
Chromium 649 0.20 0.15 90.97% 25.0%
Hexavalert Chromium  0.85 NP 0.63 - 25.9%
Cobatt 183 0.2 0.12 99.94%, -
Copper 475 0.90 0.69 99.81% 241%
Lead- 309 0.56 063 99.82% -
Manganese 1373 0.61 1.9 99.96% -
Mercury 6.89 5.74 2.31 16.75% 59.7%
Mclybdenum 97 0.39 0.35 ) 99.60% 9.4%
Nicked 528 015 033 99.97% -
Seleniym " 2 35 21 NV NV
Vanadium 1,129 11 0.69 99.90% 39.1%
Anion Precursors
Chiorine
Solid Fraction 2,362 ND< 3.1 ND<33 > 99.87% -
Gaseous Fraction 62,828 65,157 396 - 99.4%
Total 65,190 65,159 208 0.05% 99.4%
Fluarine
Solid Fraction 969 69.4 53 92 84% 92.3%
Gaseous Fraction 5,592 6,423 80 - 98.8%
Total 8,561 6,402 85 1.05% 88.7%
Sulfur
Solid Fraction 28,372 1,326 2,082 96.03% -
Gaseous Fraction 1.84E+06 1.72E+06 1.17E+05 6.52% 93.2%
Total 1.87E+06 1.73E+06 1.19E405 7.88% 93.1%
rticulate, Ib/1 6.35 0.007 0.014 99.88% -
Msior Elements  Ib/10°By /10" By /108ty
Aluminum 0.675 155 61 99.98% 60.6%
Caleium 0.228 196 259 99.01% -
Iron 0.821 85 27 99.99% 68.6%
Magnesium 0.037 15 104 99.96% -
Phosphorus 0.017 66 15 99.62% 76.5%
Polassium 0.092 28 ND<38 89.97% -
Sodium 0.038 108 141 99.72% -
Titanium 0.035 11 83 99.97% 44.7%

ND<: parameter not detected

NP: measurement not performed

NV: not valid

Note: (1) From comparisons with coal feed and flyash levels, selenium results for the ESP inlet and outlet are severely biased low;
subsequently ESP and FGD removal efficiencies are not valid for selenium.
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TABLE 5.4-3
SUMMARY OF DETECTED ORGANIC SPECIES
NYSEG MILLIKEN UNIT 2 POST-RETROFIT TEST PROGRAM

AUGUST 1996

Trace QOrganic Measurements, Ib/10"“Btu
Parameter ESP Inlet ESP Qutlet Stack
Polycyclic Aromatic Hydrocarbons:
Naphthalene 7.2 9.4 10
2-Methylnaphthalene 0.028 0.027 0.23
Acenaphthylene ND< 0.002 0.003 ND< 0.006
Acenaphthene 0.015 ND< 0.057 ND< 0.009
Phenanthrene 0.003 ND< 0.022 0.10
Anthracene 6.020 0.014 ND< 0.003
PCDD/PCDF Isomers
2378-TCDD ND< 1.5E-06 1.8E-06 1.7E-06
12378 PeCDD 1.4E-06 1.2E-06 ND< 1.3E-06
123478 HxCDD 3.7E-06 3.4E-06 3.2E-06
1234678 HpCDD 2.1E-06 8.6E-07 ND< 2.1E-06
OCDD 9.0E-06 3.4E-06 6.5E-06
2378 TCDF ND< 1.9E-06 ND< 7.5E-07 2.2E-06
12378 PeCDF B8.5E-07 ND< 7.3E-07 ND«< 5.8E-07
23478 PeCDF ND< 1.0E-06 ND< 8.6E-07 1.0E-06
123789 HxCDF 2.9E-086 ND< 4.7E-06 3.1E-06
OCDF 1.9E-06 ND< 1.1E-06 2.4E-06
Volatile Organic Compounds:
Benzene NP ' 6.7 34
Toluene NP 56 19
Formaldehyde NP 0.83 8.8

ND<: species not detected
NP: measurement not performed

Note: (1) No PCED or PCDF isomers were detected at levels greater than
twice the field blank.
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TABLE 5.4-4
SUMMARY OF MERCURY SPECIATION TEST RESULTS
NYSEG MILLIKEN UNIT 2 POST-RETROFIT TEST PROGRAM

AUGUST 1996
Mercury Species Test Method Emission Results, po/Nm® ESP Removal FGD Removal
ESPINLET ESPOUTLET/  FGDOUTLET/ Efficiency ™ Efficiency 1
FGD INLET STACK
Ha(0} - Elemental
EPA Method 29 0.80 1.49 2.40 - -
Frontier Geoscience 212 2.66 2.94 -- --
Ontario-Hydro - 228 245 - -
TRIS Buffer - 2.70 27 - -
Semtech Hg 2000 Analyzelm’ - NV 2.61 - --
Hexlll) - Oxidized
EPA Method 28 7.43 6.23 0.62 18% 20%
Frontier Geoscience 6.93 6.82 0.35 5% 95%
Ontario-Hydro - 524 0.21 - 96%
TRIS Buffer - 446 0.15 - 97%
Ha (total) - Ha Solids
EPA Method 29 0.86 ND<0.009 0.006 99.5% -
Frontier Geoscience ™  0.06 0.07 0.003 - -
Ontario-Hydro - 0.0003 0.0009 - -
TRIS Buffer - 0.002 0.004 - -
JOTAL Hg ¢ .
EPA Method 29 9.09 7.72 3.02 17% 60%
Frontier Geoscience 9.11 9.56 3.29 - 65%
Ontario-Hydro - 752 266 - 64%
TRIS Buffer - 7.16 267 - 59%

NV — results not valid. Semtech analyzer measurements performed at this location were deemed invalid due to the use of an
improper sample conditioning system and detrimental ambient conditions (i.e. high temperature and dust level).

Notes:

(1) Removal efficiencies calculated using emission units of tb/10'?Btu to account for any differences in fiue gas dilution between
locations.

(2) The Semtech Hg 2000 analyzer only measures elemental mercury.

{3) The Frontier Geoscience method is not designed to representatively quantify the mercury solids fraction. These values
represent mercury vapor that adsorbed on the flyash collected on the quariz wool plug during sampling.

(4} Total Hg is the sum of Hg{0), Hoill), and Hg solids.

Milliken Air Toxics & Emissions Characterization 5.4-10
Project Performance and Economics Report



TABLE 5.4-5
COMPARISON OF INORGANIC ELEMENT FLUE GAS EMISSION LEVELS
PRE-~ AND POST-RETROFIT TEST PROGRAMS
NYSEG MILLIKEN UNIT 2

Target ESP INLET" ESP QUTLET™ FGD OUTLET/STACK™
Parameter Pre- Post- Relative Pre- Post- Post- Post-
Retrofit Retrofit  Percent Betrofit Retrofit  Percent Retrofit Percent
Concentrations Ritt. Concentrations  Reduction Concen. _ Reduction®™
Particulate_Matter.1b/10"*Btu
B.75 6.35 10% 0.060 0.007 88% 0.014 T7%
Trace Elements Ib/10°Btu
Antimony 30 23 26% ND<0.51 0.19 - ND<0.08 -
Arsenic 475 489 3% 10 173 83% 091 81%
Barium 3,051 4,869 46% 8.4 21 75% 1.2 85%
Beryllium 72.3 82 32% 0.76 0.03 96% 0.02 7%
Cadmium 7.8 3.5 76% 0.34 ND<0.04 B7% 0.05 84%
Chromium 894 689 26% 6.2 0.20 97% 0.15 98%
Hexavaient :

Chromium 8.6 0.85 164% ND<0.07 NP - 0.63 -
Cobalt 198 183 8% 2.2 0.12 95% 0.12 94%
Copper 357 475 28% 4.2 0.90 79% 069 84%
Lead 276 309 11% 5.4 0.56 90% 0.63 88%
Manganese 928 1,373 39% B 0.61 92% 1.9 76%
Mercury 6.4 6.89 7% 8.1 574 29% 2.3 71%
Molybdenum 78 97 22% 0.17 0.38 -128% 0.35 -108%
Nickel 592 528 1% 5.3 0.15 97% 0.33 94%
Selenium 58 26 76% 30 3as 7% 21 30%
Vanadium 1447 1,129 25% 12 1.4 91% 0.69 94%

Anion Precursors, 1b/10'*Btuy
Chiloring 64,476 65,190 1% 69,222 65,158 6% ags 99%
Fluorine 4,536 6,561 37% 4,259 6,492 -52% 85 98%
Sulfur 1.31E+06 1.87E+06 35% 1.36E+061.73E+06 -27% 1.19E+05 91%

Major Elements  1b/10°Ba 1108t /10’ Bw
Aluminum 0.624 0.675 8% 4,459 155 97% 61 99%
Calcium 0.097 0.228 80% 467 196 58% 259 45%
Iron 0817  0.821 28% 2,634 85 97% 27 99%
Magnesium  0.024 0.037 45% 68 15 8% 104 -55%
Phosphorus 0.011 0.017 46% 155 66 58% 15 90%
Potassium 0.06%  0.092 29% 452 28 94% ND<38 91%
Sodium 0.021 0.038 60% 364 108 70% 141 61%
Titaniurmn 0.034 0035 3% 208 11 94% 6.3 7%

Notes:

(1} ESP INLET = flue gas concentrations at the boiler exit or inlet to the ESP.

{2) ESP QUTLET = flue gas concentrations at the outlet of the ESP; for the pre-retrofit test program the ESP Qutlet and Stack are

syn sample locations.

(3} FGD OUTLET/STACK = FGD outet flue gas emissions; only applicable to the post-retrofit test program.

(4) Percent Reduction of flue gas emissions due to the ESP upgrades = (Pre-Retrofit ESP Qutlet Level - Post-Retrofit ESP Outlet

level) / Pre-Retrofit ESP Outlet Lavel

{5) Percent Reduction of flue gas emissions due to the combined effect of the ESP upgrades and FGD = (Pre-Retrofit ESP

Outlet Levei - Post-Retrofit Stack Level) / Pre-Retrofit ESP Qutlet Level
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5.5 MILLIKEN WATER TOXICS TREATMENT & CHARACTERIZATION

The scope of the Milliken Water Toxics Treatment & Characterization Program included
evaluating heavy metals removal in the FGD bleed stream and determining parameters
for controlling mercury removal and total treatment efficiency. The scope also included
determining the ultimate disposal and treatment of heavy metal sludge and costs for
entire treatment.

At the time of publication of this Project Performance and Economics Report the results
of the Miliken Water Toxics Treatment & Characterization Program had not been
published. When the results of this program become available they will be the subject of
a Topical Repont.
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5.6 MILLIKEN POST-RETROFIT TRUE EVALUATION

The Milliken Post-Retrofit TRUE Evaluation used the EPRI TRUE (Total Risk and
Uncertainty Evaluation) model to assess the potential for the CCTD to mitigate transferal
of toxic materials from the plant site to the ambient environment. Possible transferal
routes included in the study were stack emissions and contaminated water discharge
streams. The risk management approach was used to demonstrate the capability of the
Milliken project to mitigate health and ecological risks in the vicinity of the station. The
TRUE model allows a comprehensive evaluation of the movement of hazardous
pollutants into and through many environmental pathways and the manners in which
humans and ecosystems may be exposed to these poliutants. The findings of this
program are documented in the following reports

¢ “Ecological Risk Assessment for the NYSEG Milliken Station” authored by
Atmospheric and Environmental Research, Inc. (AER) , dated February 1998. This
report covers risks due to stack emissions.

o “Multimedia Human Health and Ecological Risk Assessment for the Potential
Wastewater Discharge of the NYSEG Milliken Station” authored by Atmospheric and
Environmental Research, inc. (AER) , dated February 1998. This report covers risks
due to wastewater discharge.

What follows are summaries of these reports. The full reports can be obtained from DOE.
5.6.1 ECOLOGICAL RISK ASSESSMENT (ERA)

The installation of the flue gas desulfurization (FGD) system at Milliken Station to control
sulfur dioxide (SO,) emissions provided a unique opportunity to study the benefits that
the FGD system affords to ecological receptors in the general area around the station.
This was accomplished by performing an ecological risk assessment (ERA). An ERA is a
process which evaluates the likelihood that adverse ecological effects are occurring or
may occur as a result of exposure of ecological receptors to one or more environmental
stressors. An environmental stressor is a physical, chemical, or biological factor which
can induce an adverse ecological response. For the Miliken ERA, the stressor of
potential concern was mercury released to the atmosphere as a result of fuel combustion
at Milliken Station. The ERA characterized the potential risk posed by emissions from the
Milliken Station before and after implementation of the (FGD) system. The ecological
habitats and resources at or in the vicinity of the Milliken Station were characterized.
These include wetlands and local water bodies, terrestrial uplands, threatened and
endangered species, and important ecological features within a 50 km radius of the
facility.

The AER report includes a discussion of the problem formulation and general
methodology for completing the ERA; a description of the ecological habitat in a 50 km
radius around the power plant and an assessment of potential ecological receptors,
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including rare, threatened and endangered species which may exist in the study area; an
analysis of risk in the study area, including exposure assessment and ecological effects;
a description of the models used and their results; an assessment of mercury as a
contaminant of concern with a discussion of the uncertainties associated with the
assessment, and AER’s conclusions resulting from the NYSEG Milliken Station ERA
investigations.

The results of the Milliken Station ERA for the pre-retrofit conditions indicated no
potential ecological concern due to pre-retrofit mercury emissions from the Milliken
Station for any of the aquatic or terrestrial ecological receptors. The analysis indicated
. that the predominant source of risk to all of the receptors is through the surface water
exposure pathway, either through direct ingestion or through consumption of aquatic
organisms with bioaccumulated mercury. All of the modeled media concentrations were
well below screening values and the results of the food web modeling produced no
Hazard Quotients (HQ's) which exceeded 1.0. For the aquatic receptors, the highest risk
was due to methylmercury in the sediment, but the HQ (0.0033) was two orders of
magnitude below a level of concern, For the wildlife receptors, the greatest risk was
indicated for the top trophic predators in the aquatic pathway (i.e., mink (HQ = 0.15); bald
eagle (HQ = 0.26)), but again below the level of concern. These results indicate that the
pre-retrofit conditions do not lead to mercury emissions that have adverse impacts on the
local environment.

The post-retrofit risk characterization indicated that there were no exceedances of
ecotoxicological benchmarks or HQ > 1.0 for either total mercury or methylmercury for
any of the ecological receptor communities or representative species due to current
emissions from the Milliken Station facility. The highest HQ's observed were for bald
eagle (HQ = 0.0015) and mink (HQ = 0.0043); both of which are below potential concemn.
Overall, these results indicate negligible ecological risk associated with the future
mercury smokestack emissions. Potential future ecological risks are approximately one
order of magnitude iess than those estimated for the pre-retrofit scenario.

RISK ANALYSIS

Risk analysis assesses the potential exposure of mercury to ecological receptors of
concern and describes the potential adverse effects associated with exposure.

Exposure Assessment

Two models were used to estimate media mercury concentration in the relevant
environmental media (i.e. soils, water, sediment). The Total Risk of the Utility Emissions
(TRUE) model, developed by AER, ENSR, and Gecdesy for EPRI, was used to provide
the mercury concentration in the surface soil layer, the atmospheric concentrations of
mercury, and the atmospheric deposition fluxes of mercury to watersheds. The soil
concentrations of mercury were used directly as an input for the ERA calculations. The
atmospheric concentrations and deposition fluxes were used as an input to the Regional
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Mercury Cycling Model (R-MCM). R-MCM is a steady-state mechanistic model
developed by TetraTech for EPRI and the Wisconsin Department of Natural Resources
(WDNR). R-MCM is used to consider the most important factors affecting fish mercury
concentrations in lakes and the nature of variation in concentrations between lakes.

The exposure point concentrations of mercury were predicted from TRUE (soil
concentrations) and R-MCM (water and sediment concentrations). These models provide
mercury concentrations in several forms and locations. The concentrations predicted
from R-MCM for total mercury and unfiltered or total methylmercury in the epilimnion
compartment were used to model mercury exposure in surface water. Similar to the
surface water, total mercury and methylmercury deposited in the sediments were
predicted by R-MCM. It was assumed in the ERA that all of the sediment mercury is bio-
available. This is conservative as some portion is likely to be associated with the
sediment matrix. Soil and plant exposure concentrations were estimated using results
from the TRUE model. The form of mercury deposited in soils is typically Hg(l!), but this
was treated as total mercury. In addition, the fraction of soil mercury translocated to
plants and biotransformed into methyl mercury is not known. Accordingly, mercury
uptake by plants was total mercury.

Food web models were used to evaluate the potential exposure of ecological receptors
to mercury in various media. Food web models are typically used to evaluate risk to
bioaccumulative chemicals such as mercury.

Exposure assumptions {e.g., body weights, food and water ingestion rates, relative
consumption of food items, foraging range, exposure duration, etc.) for the selected
wildlife receptor species are, in general, obtained from the U.S. EPA Wildlife Exposure
Factors Handbook (EPA, 1993).

Wildlife species were assumed to be exposed to mercury in surface water, sediment, and
surface soil by incidental ingestion of these media. In addition, wildlife were assumed to
be exposed through the food chain tissue ingestion exposure pathway and through
ingestion of vegetation which had bioaccumulated mercury from soil. To estimate this
exposure, a Total Daily Dose was estimated for each species. The Total Daily Dose
calcuiation considered the following factors: estimated concentration of mercury in food
items that the species would consume, estimated amounts of surface water, sediment,
and surface soil that it would ingest, the relative amount of different food items in its diet,
body weight, exposure duration, and food ingestion rates.

Prey items for wildlife species evaluated in the food web exposure models included
invertebrates, plants, small mammals, and small birds. Tissue concentrations of mercury
in invertebrate prey items were estimated using Bioaccumulation Factors (BAF’s). BAF’s
in invertebrate prey items were defined as the ratio of mercury concentration in tissue to
the mercury concentration in surface soil. Tissue concentrations of avian and mammal
receptors were estimated using biomagnification factors (BMF’s) as per the Great Lakes
Water Quality Initiative Criteria Documents for the Protection of Wildlife (USEPA, 1995).
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Biomagnification factors take into account several trophic levels, and were conservatively
estimated in this project. In addition, the R-MCM provided prey fish and predator fish
BAF’s which were used for estimation of prey and predator fish mercury concentratons.

Resulting potential daily doses of mercury {mg/kg-day) for the representative vertebrate
species were compared to respective toxicity reference values (TRV's). TRV's are
protective benchmark values for vertebrate wildiife species and were derived in
accordance with U.S. EPA guidance (Sample, et.al., 1996). Experimentally derived
toxicity values were adjusted for body weight and used as the toxicological benchmark
for wildlife species.

Ecological Effects Evaluation

Mercury was selected as the contaminant of interest (COI) in the Milliken Station ERA.
Mercury is an element that occurs naturally in the environment in several forms. Total
mercury and the methylmercury (MeHg) fraction were evaluated in the Milliken Station
ERA. Methylmercury is of particular concemn in aguatic systems due to its tendancy to
bicaccumulate in the aquatic system food chain. Organic mercury is also generally more
toxic to vertebrate wildlife than inorganic mercury. Potential exposure to mercury was
evaluated in surface soil, sediment, and surface water.

RISK CHARACTERIZATION

Risk characterization provides a quantitative evaluation of the potential for adverse
ecological impacts due to compounds of interest {COl) in an area of concern. The COl in
the Milliken Station ERA is mercury and the area of concern is Cayuga Lake and a 10 km
radius around the power plant. The results of the risk characterization were used to
indicate what effect installation of the Milliken scrubbers had on the potential ecological
risk posed to receptors within the study area. To evaluate the potential ecological risk
posed by mercury emitted by Milliken, media concentrations were compared to
ecological benchmark toxicity values.

Ecological Benchmark Toxicity Values and Calculation of Potential Risk

The potential risks associated with aquatic organism exposures to mercury in surface
water and sediment were evaluated by comparing the modeled mercury concentrations
in surface water and sediment to available toxicity benchmark values. Benchmark toxicity
values were available for surface water for both methyl mercury and total mercury. The
surface water benchmark values are protective of aquatic life including, but not limited to,
aquatic invertebrate and fish species.

Concentrations of mercury in sediment were compared to benchmark screening values
defined by NYSDEC. The value was originally derived as an ER-L (Effects Range - Low)
value as published by NOAA. Although the value was derived for use in marine
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sediments, it was used since it is the most conservative value, and it is the value used by
NYSDEC. The ER-L was used for screening for total mercury.

The potential risks associated with plant and invertebrate exposures to mercury in
surface soil in the study area were estimated through the use of literature-derived toxicity
benchmark values. For plants, the benchmark value was obtained form the Oak Ridge
National Laboratories publication entitled “Toxicological Benchmarks for Screening
Potential Contaminants of Concern for Effects on Terrestrial Plants”. For invertebrates,
benchmark values were obtained from the Oak Ridge National Laboratories publication
entitled “Toxicological Benchmarks for Screening Potentiat Contaminants of Concern for
Effects on Litter Invertebrates and Geterotrophic Process”. The values obtained are for
total mercury.

Toxicity Reference Values (TRV’s) were determined from literature for methylmercury
and total mercury for each mammalian and avian species. TRV's relate the dose of a
chemical or compound from oral exposure with an adverse effect. The literature values
were body-weight normalized using scaling factors recommended for use by the Oak
Ridge National Laboratories.

The modeled mercury concentrations in all media resulting from the incremental
atmospheric mercury contribution from Milliken Station were compared to benchmark
toxicity values to estimate ecological risk. The ecological risks in the study area for
aquatic organisms (fish and macroinvertebrates) were assessed using the hazard
quotient (HQ) approach (U.S. EPA, 1988). An HQ was calculated by dividing the
maximum exposure point concentration of mercury by the corresponding toxicity
benchmark concentration:

Hazard Quotient (unitless) = Exposure Point Concentration /
Toxicity Benchmark Concentration

For vertebrate receptors (mink, bald eagle, shrew, vole, and hawk), the HQ was
calculated by comparing the estimated daily dose (mg/kg-day) of mercury to vertebrate
toxicity reference values (TRVs). When the HQ was less than 1.0 (i.e., the exposure
point concentration was less than the toxicity benchmark concentration or the estimated
daily dose was less than. the toxicity reference value), the mercury exposure was
assumed to fall below the range considered to be associated with adverse effects for
growth, reproduction, or survival of individual organisms, and no population leve! risks
were assumed to be present. For HQ values greater than 1, further evaluation of
potential risk is warranted.

This hazard ranking scheme evaluates the potential for adverse effects to occur in
individual organisms. It does not evaluate potential population-wide effects. It is
important to note that, in many circumstances, lethal or sub-lethal effects may occur to
individual organisms with little population or community-level impact.
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Pre-Retrofit Ecological Risk

To evaluate the effectiveness of the scrubber installation, it is first necessary to establish
the potential ecological risk due to the baseline pre-retrofit facility emissions. Potential
risks to ecological receptors were evaluated in the pre-retrofit scenario for the following
media:

» Cayuga Lake surface water

+ Littoral (near-shore} sediment
* Surface soils

The exposure point concentrations used in surface water and sediment evaluation were
obtained from the R-MCM simulation results. Concentrations were estimated in R-MCM
for the lake as a whole; there was no distinguishing between areas of greater or lesser
deposition. For surface soil evaluation, the exposure point concentrations used were the
maximum mercury concentrations obtained in the TRUE simulations. The area defined
as the southeast sector within 10 km of the facility had the highest estimated mercury
concentrations. The use of these soil concentrations to represent ecological risk is,
therefore, conservative.

Table 5.6-1 presents the results of comparison of modeled concentrations of mercury in
the above media to benchmark values. These concentrations of mercury are the
estimated increment of mercury deposited in the environment as a direct result of the
operation of the Milliken Station facility before the instaliation of scrubbers.

Aaquatic and Wetland Receptors

Potential risks to aguatic and wetland receptors due to pre-retrofit emissions from the
Milliken Station were evaluated for Cayuga Lake suiface waters and sediment. These
media represent true aquatic habitat. Mercury concentrations were modeled using R-
MCM.

o Surface Water. Predicted surface water concentrations were compared to the
NYSDEC ambient water quality criteria. For purposes of this assessment, both total
mercury and unfitered or total (i.e.,, dissolved) methylmercury predicted
concentrations in Cayuga Lake were well below their respective NYSDEC Tier |l
benchmark screening values. Resulting HQs were well below 1.0 for both total
methylmercury and total mercury (HQ's = 1.67E-03 and 4.31 E-05, respectively).

¢+ Sediment. Benchmark values for methylmercury and total mercury were obtained
from NYSDEC (1993) and were compared to modeled concentrations of mercury in
sediment. Methylmercury concentrations in near-shore sediment were estimated to
be below the sensitivity level of R-MCM (i.e. < 0.001 mg/kg,,). Consistent with U.S.
EPA Risk Assessment methodology, a value of one-half the reporting limit was used.
Estimated concentrations of methylmercury and total mercury in sediment were less
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than their respective benchmark values. Resulting HQ's were less than 1.0 (HQ's =
3.33E-03 and 6.67E-03, respectively).

Terrestrial Receptors

Potential ecological risk to terrestrial receptors was estimated based on the exposure
point concentration derived from TRUE (soil, plant) and R-MCM (surface water,
sediments). Only total mercury (deposited as mercury (Il)) was assumed to be present in
surface soil as a result of deposition. This is an appropriate assumption for terrestrial
upland soil where bacterial methylation would be expected to be minimal. The maximum
modeled concentration was used as the exposure point concentration (Seigneur et al.,
1997). The area southeast and within 10 km of the facility had the highest surface soil
mercury concentration. This value was compared to benchmark values for terrestrial
invertebrates and terrestrial plants.

The estimated concentration of total mercury in surface soil was less than invertebrate
and plant benchmark values. Resulting HQ's were less than 1.0 {HQ's = 3.30E-11 and
1.10E-11, respectively).

Vertebrate Receptors

The potential for adverse effect for vertebrate receptors was calculated using screening
level food web models. Species-specific HQ's were calculated by dividing the estimated
mercury dose (normalized to body weight) by toxicity reference values determined from
the literature. The potential daily doses of methylmercury and total mercury were less
than the respective toxicity reference values for the meadow vole (the representative
primarily herbivorous mammalian receptor), the short-tailed shrew (the representative
primarily insectivorous mammalian receptor), the red-tailed hawk (the representative
avian raptor receptor), the bald eagle (the representative species for evaluating potential
risks posed to higher trophic level avian species from sediment, surface soil, and surface
water exposure), and the mink (the representative higher trophic level mammalian
receptor).

Post-Retrofit Ecological Risk

Potential risks to ecological receptors were evaluated in the post-retrofit scenario for the
following media:

e Cayuga Lake surface water

¢ Littoral (near-shore) sediment

o Surface soils

As before, the exposure point concentrations used in surface water and sediment

evaluation were obtained from the results of modeling using R-MCM using atmospheric
impacts predicted after instaliation of scrubbers. All other factors were kept identical to
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the pre-retrofit simulations. Table 5.6-1 presents the results of comparison of modeled
concentrations of mercury in the above media to benchmark values. These
concentrations of mercury are the estimated increment of mercury deposited in the
environment as a direct result of the atmospheric deposition of mercury due to the
operation of Milliken Station after the installation of stack scrubbers.

Aquatic and Wetland Receptors

Potential risks to aquatic and wetland receptors due to post-retrofit emissions from the
Milliken Station were evaluated for Cayuga Lake surface waters and sediment. These
media represent true aquatic habitat. Mercury concentrations were modeled using R-
MCM.

e Surface Water. Comparison of predicted surface water concentrations to the
NYSDEC ambient water quality criteria was again used. Methylmercury
concentrations in epilimnion surface water were estimated to be below the sensitivity
level of the R-MCM. Consistent with U.S. EPA Risk Assessment methodology, a
value of one-half the reporting limit was used. Both total mercury and unfiltered or
total (i.e., dissolved) methylmercury predicted concentrations in Cayuuga Lake were
well below their respective NYSDEC Tier Il benchmark screening values. Resulting
HQ's were well below 1.0 for both total methylmercury and total mercury (HQ's =
1.67E-04 and 3.85E-06, respectively).

» Sediment. Benchmark values for methylmercury and total mercury were obtained
from NYSDEC (1993) and were compared to modeled concentrations of mercury in
sediment. Methylmercury and total mercury concentrations in near-shore sediment
were estimated to be below the sensitivity level of R-MCM (i.e. < 0.001 mg/kg,..).
Consistent with U.S. EPA Risk Assessment methodology, a value of one-half the
reporting limit was used. Estimated concentrations of methylmercury and total
mercury in sediment were less than their respective benchmark values. Resulting
HQ's were less than 1.0 (HQ's = 3.33E-03 and 3.33E-03, respectively).

Terrestrial Receptors

Potential ecological risk to terrestrial receptors was estimated based on the exposure
point concentration derived from TRUE ({(soil, plant} and R-MCM (surface water,
sediments) and assuming installation of the scrubbers. All other assumptions were
identical to those used for the pre-retrofit analysis. Values were compared to benchmark
values for terrestrial invertebrates and terrestrial plants.

The estimated concentration of total mercury in surface soil was less than invertebrate
and plant benchmark values. Resulting HQ's were less than 1.0 (HQ's = 3.53E-12 and
1.18E-12, respectively). ‘
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Vertebrate Receptors

The potential for adverse effect for vertebrate receptors was calculated using screening
level food web models. Species-specific HQ's were calculated by dividing the estimated
mercury dose (normalized to body weight) by toxicity reference values determined from
the literature. The potential daily doses of methylmercury and total mercury were less
than the respective toxicity reference values for the meadow vole (the representative
primarily herbivorous mammalian receptor), the short-tailed shrew (the representative
primarily insectivorous mammalian receptor), the red-tailed hawk (the representative
avian raptor receptor), the bald eagle (the representative species for evaluating potential
risks posed to higher trophic level avian species from sediment, surface soil, and surface
water exposure), and the mink (the representative higher trophic level mammalian
receptor).

Summary of Risk Characterization

The pre-retrofit risk characterization indicated that there were no exceedances of
ecotoxicological benchmarks (table 5.6-1) or HQ > 1 for either total mercury or
methylmercury for any of the ecological receptor communities or representative species
due to pre-retrofit emissions from the Milliken Station facility. The highest HQ's observed
were for bald eagle (HQ = 0.03) and mink (HQ = 0.07); both of which are below potential
concern. Overall, these results indicate negligible ecological risk associated with the pre-
retrofit mercury smokestack emissions.

The post-retrofit risk characterization indicated that there were no exceedances of
ecotoxicological benchmarks (table 5.6-1) or HQ > 1 for either total mercury or
methylmercury for any of the ecological receptor communities or representative species
due to current emissions from the Milliken Station facility. The highest HQ's observed
were for bald eagle (HQ = 0.0015) and mink (HQ = 0.0043); both of which are below
potential concern. Overall, these results indicate negligible ecological risk associated with
the future mercury smokestack emissions. Potential future ecological risks are
approximately one order of magnitude less than those estimated for the pre-retrofit
scenario.

RISK ASSESSMENT
Potential Ecological Risks Associated With Milliken Station

The results of the both the pre-retrofit and post-retrofit risk characterizations indicate that
there is no potential ecological concern due to pre-retrofit or post-retrofit mercury
emissions from Milliken Station. All of the modeled media concentrations are well below
screening values and the results of the food web modeling produce no HQ’s which
exceed 1.0. The relative importance of each of the exposure pathways was analyzed.
This analysis indicates that the predominant source of risk to all of the receptors is
through the surface water exposure pathway, either through direct ingestion or through
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consumption of aquatic organisms with bioaccumulated mercury. The results of the food
web modeling for both pre-retrofit and post-retrofit conditions indicates no potential
ecological concerns for any of the 5 terrestrial and aquatic receptors.

Uncertainties In Ecological Risk Assessment

Risk assessment evaluates the resuits of the risk characterization and provides an
interpretation of the magnitude of potential ecological risk and its significance. Risk
assessment provides a context for information that may be used in risk decision-making.
In this particular ERA, risk assessment evaluates the relative effectiveness in the
scrubber installation in reducing potential ecological risk.

A number of assumptions that can lead to uncertainty are made in the assessment of the
potential for adverse ecological impacts. Some of the sources of uncertainty in the
ecological risk assessment are common to assessments of both the aquatic community
and vertebrate receptors, while some are specific to each. The assumptions made in the
ecological risk assessment were chosen to be conservative and protective. The overall
effects of combining several of these conservative assumptions is to overestimate the
potential for adverse ecological effects. A qualitative discussion of the major sources of
uncertainty associated with the ecological risk assessment is presented below.

General Sources of Uncertainty

The aquatic risk assessment relied on chronic toxicity values to analyze the potential for
ecological risk. Chronic toxicity values were used as benchmarks because it was
assumed that aquatic life (water column and benthic species) would experience
continuous, chronic exposure. Exposure in the aquatic environment is also likely to be
continuous for benthic invertebrate species in the littoral sediments directly adjacent to
the Milliken Station facility. However, fish species are generally transitory and are more
likely to move within the lake, both vertically and horizontally. However, it was assumed
that the fish were chronically exposed to epilimnetic mercury concentrations. Thus, the
assumption of chronic exposure to epilimnion water may be realistic for the littoral
sediment species, but will likely overpredict exposure for free-ranging surface water
species.

The mammalian and avian receptors were assumed to spend their entire lives exposed
to the modeled concentrations of mercury. This assumption overestimates exposure
because it does not address movement of the representative species in and out of the
area. For example, it was conservatively assumed that the bald eagles will consume
virtually one hundred percent of their daily diet by feeding on aguatic organisms in
Cayuga Lake for each breeding season of their lives. Although eagles move freely within
the Finger Lakes Basin, the assessment assumed that the eagle would inhabit a nest
near Milliken Station and would not feed outside of this area.
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Similar conservative exposure assumptions were also made that would be likely to
overestimate risk to mink such as the assumption of a complete fish diet. It is unlikely,
because of winter ice cover, that the mink will be able to obtain its entire diet from fish
from Cayuga Lake during the winter months.

A source of uncertainty in the application of the toxicity quotient method is the source of
the toxicity data used in deriving the benchmark concentrations. The lowest data points
among the available toxicity data were conservatively selected as the benchmark
concentrations. The lowest data point observed in the laboratory, however, may not be
representative of the actual toxicity that might occur in the environment. In establishing
water quality criteria, for example, the U.S. EPA follows extensive guidelines in which
toxicity data are screened so that questionable values are rejected, and geometric
means are calculated to represent species mean, acute, and chronic values. Conversely,
using the lowest reported toxicity data point as a benchmark concentration, as was done
in this assessment, may be a very conservative approach, especially when there is a
wide range in reported toxicity values for the relevant species. Differential species
sensitivity to the compounds may result in these benchmarks underestimating or, more
likely, overestimating potentiat acute and chronic toxicity for many aquatic organisms.

The dose-response values used for the vertebrate receptors were extrapolated from data
on similar species because little direct dose-response information was available for the
vole, shrew, or hawk. The extrapolation from laboratory species involved conservative
assumptions; thus, it is likely that the dose-response values chosen will result in
overestimates of the potential for adverse effects.

Another source of uncertainty exists in the prediction of the bioavailability of mercury
from measured concentrations in the different media. For example, if the compound is
bound to sediment or soil, it may not be bioavailable to the receptor; and the total
concentration measured in the sediment or soil may be an overestimate of the amount of
compound to which the receptor is actually exposed. Certain physical and compound
characteristics of the aquatic ecosystem will affect the bioavailability and methylation
rates of mercury. Some of these factors will vary depending on the season of the year.
Temperature, pH, sorption to particles, dissolved oxygen, dissolved organic carbon
content, and certain water quality parameters (e.g., calcium, sulfide) are some of the
parameters that will affect the bioavailability and methylation of mercury. By choosing the
lowest toxicity benchmark, it is likely that potential risks will be significantly
overestimated.

Extrapolation of the potential for community, population, or ecosystem impacts from the
examination of potential effects on individual animals of one or more representative
species is a major source of uncertainty for both the aquatic and terrestrial analyses. The
underlying assumption is that potential effects on one animal of a representative species
are consistent with the effects on similar species and representative of the potential for
effects on the particular ecosystem being investigated. Vole, shrew, mink, red-tailed
hawk, and baid eagle were chosen to represent the potential for effects on mammals and
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avians in the terrestrial ecosystem. The seiection of each of these representative species
as indicators of the ecosystem is cne source of uncertainty in the risk assessment.

For the vertebrate receptors, the selection of these receptors overestimates potential
ecosystem effects. The receptors were chosen based on their potentially higher
exposures, resulting from trophic pathway (mink, hawk, eagle) or limited home range
(vole, shrew). Thus, it is assumed that if these representative species are minimally
affected, the potential for ecosystem-level effects are also unlikely. The effect of these
assumptions is to overestimate the potential for adverse ecological effects to other
species.

Specific Sources of Uncertainty

In addition to the general source of uncertainty discussed above, other site-specific
uncertainties were noted. Specific uncertainties associated with the Milliken Station ERA
include the following:

+ In general, the assumptions included in the screening level model are conservative
assumptions. For instance, the bald eagle model assumed that approximately 98% of
the eagle’s diet consisted of Cayuga Lake fish. However, according to EPA (1993b) ,
terrestrial mammals and avians typically make up approximately 20% of the eagle's
diet. A similar assumption of maximal fish diet was made for the mink.

e Both TRUE and R-MCM are steady-state models which assume that environmental
conditions are constant, when these factors are highly dynamic and incorporate daily,
seasonal, and inter-annual variation.

e The use of TRUE and R-MCM to predict media mercury concentrations has
considerable but unquantified uncertainty due to the large number of parameters and
variables used in these models. Many of these input variables are estimated and
assumed for Cayuga Lake and region. The effect of this uncertainty for the relative
conservatism of the food web models is unknown. On the other hand, previous work
with R-MCM has indicated excellent agreement between predicted predatory fish
mercury tissue burden (0.276 pg MeHg/g wet wt) and those actually observed in lake
trout (0.26 pg MeHg/g wet wt) captured in Cayuga Lake (Simonin, pers. comm).

» Terrestrial food web models were based on the use of maximum deposition rates in
the southeast radian within 10 km. Since this is the maximum soil concentration, it
provides a conservative estimate of potential ecological risk to terrestrial receptors.

SUMMARY AND CONCLUSIONS

The results of the Milliken Station ERA for the pre-retrofit conditions indicate no potential
ecological concern for any of the aquatic or terrestrial ecological receptors. For the
aquatic receptors the highest risk was due to methylmercury in the sediment, but the HQ
(0.0033) was two orders of magnitude below a level of concern. For the wildlife receptors
the greatest risk was indicated for the top trophic predators in the aquatic pathway (i.e.,
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mink (HQ = 0.07); baid eagle (HQ = 0.026)), but again below the level of concern. These
results indicate that the pre-retrofit conditions do not lead to mercury emissions that have
adverse impacts on the local environment.

The results of the Milliken Station ERA for the post-retrofit conditions also indicate no
potential ecological concern for any of the aquatic or terrestrial ecological receptors. For
the aquatic receptors the highest risk was due to methylmercury in the sediment, but the
HQ (0.0033) was two orders of magnitude below a level of concern. For the wildlife
receptors the greatest risk was indicated for the top trophic predators in the aquatic
pathway (i.e., mink (HQ = 0.0043); bald eagle (HQ = 0.0015)), but again below the level
of concern. These results indicate that the pre-retrofit conditions do not lead to mercury
emissions that have adverse impacts on the local environment. Potential future
ecological risks are approximately one order of magnitude less than those estimated for
the pre-retrofit scenario.

TABLE 5.6-1
PREDICTED MEDIA CONCENTRATIONS AND RESPECTIVE SCREENING VALUES
MILLIKEN STATION ERA
Scenario Mercury Medium Concentration | Benchmark Hazard Exceed
Form {ppm) value Quotient Benchmark?
(ppm)
Surface 5.00E-09 3.00E-06 1.67E-03 No
Water
Methy! Sediment 5.00E-04 1.50E-01 3.33E-03 No
Mercury
Pre- Retrofit Soil NE NC
Surface 5.60E-08 1.30E-03 431 E-05 No
Water
Total Sediment 1.00E-03 1.50E-01 6.67E-03 No
Mercury
Soil 3.30E-12 3.00E-01(p} 1.10E-11 No
1.00E-01 (i) 3.30E-11 -
Surface 5.00E-10 3.00E-06 1.67E-04 No
Water
Methyl Sediment 5.00E-04 1.50E-01 3.33E-03 No
Mercury
Post- Retrofit Soil - NC -
Surface 5.00E-09 1.30E-03 3..85E-06 No
Water
Total Sediment 5.00E-04 1.50E-01 3.33E-03 No
Mercury
Soil 3.53E-13 3.00E-01(p) 1.18E-12 No
Notes:
NE = Not Estimated in models
NC = Not Calculated
{p) - Screening benchmark for plants.
(i) - Screening benchmark for invertebrates.
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56.2 MULTIMEDIA HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENT
FOR THE POTENTIAL WASTEWATER DISCHARGE OF THE NYSEG
MILLIKEN STATION

INTRODUCTION

This study presents an assessment of the potential risks to human health and wildlife
that could be associated with the discharge of wastewater from the fiue gas
desulfurization (FGD) system of NYSEG's Milliken Station into Cayuga Lake. The Total
Risk of Utility Emissions (TRUE) model was used to calculate the potential human health
risks and the environmental concentrations of mercury. The potential risks to wildlife due
to mercury exposure were then calculated using a food web model.

FACILITY DESCRIPTION

The NYSEG Milliken power station is located alongside Cayuga Lake in Lansing, New
York. It is approximately 55 kilometers southwest of Syracuse, in the Finger Lakes
Region of New York State. In 1995, a flue gas desulfurization (FGD) system was
installed to contro! sulfur dioxide (SO,) emissions. The purpose of this study is to quantify
the potential human health risks that would be associated with the discharge of the FGD
wastewater into Cayuga Lake.

The FGD wastewater product was sampled for 27 chemicals (Janati, 1997). Polycyclic
aromatic hydrocarbons (PAHS) and dioxins/furans were not sampled in the wastewater.
Ten of the chemicals were not detected. Of the remaining 17 chemicals, 11 chemicals
were included in the human health risk assessment (i.e., 7 chemicals were considered
non-hazardous to human health; see Seigneur et al., 1998 for a discussion of the
selection of chemicals to be included in the health risk assessment). Table 5.6-2
presents the potential discharge rates of these chemicals into Cayuga Lake. The largest
discharge rate is that of hydrochloric acid (HCI). This discharge rate is consistent with the
high concentration of HCI in the flue gas and the high solubility of HCl which transfers
HCI from the flue gas to the FGD wastewater. Since the two units of the Milliken Station
are identical, the discharge rates presented by Janati (1997) for Unit 2 were doubled. A
correction by a factor of 0.88 was further made to account for the annual capacity of the
power plant. Only one chemical (beryllium) that is carcinogenic through ingestion was
detected in the wastewater. Chromium (VI) and some chemical forms of nicket are
considered carcinogenic only through inhalation. Since these chemicals are non-volatile
and are being discharged in a water body, their carcinogenic effects were not relevant to
this health risk assessment.
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TABLE 5.6-2 CHEMICAL DISCHARGE RATES
(ANNUAL - AVERAGE RATE FOR BOTH MILLIKEN STATION UNITS)

Chemical Discharge Rate
(mgls)
Beryllium 9.31x10*
Cadmium 5.32xI0*
Chromium 8.54x10°®
Lead 2.89x10°
Manganese 2.22x10*
Nickel 5.32x102
Barium 8.87x10
Sulfate 8.43x 10*?
Fluoride 8.87x10"
HCI 2.27x 10*

RESULTS OF THE HUMAN HEALTH RISK ASSESSMENT
Chemical Concentrations in Cayuga L.ake

The concentrations of the chemicals discharged with the wastewater were calculated for
Cayuga Lake using the surface water model of TRUE. The simulation assumes that the
chemicals are well mixed within the lake. Table 5.6-3 presents these chemical
concentrations for the 11 chemicals that were detected in the wastewater discharge and
included in the risk assessment. These concentrations are proportional to the discharge
rates, and consequently, the largest concentration in the lake is that of HC1 (0.8 mg/1).

Carcinogenic Health Effects

As mentioned earlier, berylium was the only chemical that was detected in the
wastewater and which is carcinogenic through ingestion. The maximum excess cancer
risk due to the wastewater discharge of beryllium is 5.5 x 10° (0.0055 per million). For
comparison, the State of California requires public notification when the estimated
carcinogenic risk exceeds 10 per million. Table 5.6-4 presents a breakdown of the
calculated beryllium human dose by exposure route. About three-quarters of the
beryllium dose is ingested with drinking water and about one quarter through fish
consumption. Ingestion of water while swimming in the lake is a negligible exposure
route.

Non-Carcinogenic Health Effects

Table 5.6-5 presents a breakdown of the hazard index by chemical and exposure route
(i.e., ingestion or dermal absorption). The hazard index (HI) is a measure of the potential
noncarcinogenic health effects. If it is less than one, no adverse non-carcinogenic health
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effects are anticipated. The total hazard index is 0.0024, i.e., significantly less than the
threshold value of 1. Consequently, no adverse non-carcinogenic health effects are
anticipated as a result of wastewater discharge to Cayuga Lake.

Hydrochloric acid (HCI) contributes 95% of the total non-carcinogenic health risk. Only
0.5% of the total risk is due to dermal absorption; 99.5% is due to ingestion.

Table 5.6-6 presents a breakdown of the calculated HCI human dose by exposure route.
Ingestion of drinking water is the major exposure route for HCI.

TABLE 5.6-3
EXCESS CHEMICAL CONCENTRATIONS IN CAYUGA LAKE
Chemical Concentration
(mgl1)
HCI 7.96x10"
Sulfate 2.96x102
Barium 3.11x10°
Fluoride 3.11x10°
Nickel 1.87x10°
Manganese 7.79x 107
Chromium (V1) 3.00x107
Lead 1.01x107
Beryllium 3.27x10%
Cadmium 1.87x10°®
TABLE 5.6-4

BERYLLIUM DOSE (MG/KG-DAY) BY EXPOSURE ROUTE

Exposure Route Dose Contribution
(%)
Drinking Water 9.33x10"° 73.7
Swimming in 1.16x 102 0.1
Water
Fish Consumption 3.31x10™ 26.2
Total 1.27x10° 100.0
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TABLE 5.6-5

NON-CARCINOGENIC HAZARD INDEX BY CHEMICAL AND EXPOSURE ROUTE

(LISTED IN ORDER FROM LARGEST HI TO SMALLEST HI)

Chemical Ingestion Dermal Absorption Total

HI % HI %
HCI 2.28x10° 99.7 6.31x10° 0.3 2.28x10°
Sulfate 8.62x10° 99.7 2.34x107 0.3 8.64x10°
Barium 1.43x10° 99.8 3.52x10%° 0.2 1.43x10°
Lead 1.29x10° 99.9 1.87x10°® 0.1 1.29x10°
Manganese 7.53x107 146 4 41x10° 85.4 5.16x10°
Nickel 5.01x10° 99.9 7.40x10° 0.1 5.02x10°
Cadmium 2.68x10° 99.9 2.96x10° 0.1 2.68x10°®
Chromium (VI) | 2.23x10° 99.8 4.75x10° 0.2 2.23x10°®
Beryllium 2.53x107 99.8 5.18x10™ 0.2 2.54x107
Fluoride 9.07x10° 99.7 2.47x10°" 0.3 9.09x10*
Total 2.40x10° 99.5 1.10x10°® 0.5 2.41x10°

_ TABLE 5.6-6
HC1 DOSE (MG/KG-DAY) BY EXPOSURE ROUTE
Exposure Route Dose Contribution
(%)
Drinking Water 1.29x10* 99.88
Swimming in 1.61x10° 0.12
Water :
Total 1.29x10* 100.00

RESULTS OF THE ECOLOGICAL RISK ASSESSMENT FOR WASTEWATER
DISCHARGES OF MERCURY

Introduction

This ecological risk assessment was conducted to evaluate potential risks to ecological
receptors exposed to mercury through wastewater discharges from the flue gas
desulfurization (FGD) system at Milliken Station into Cayuga Lake. Mercury was selected
for this ecological assessment because it has been identified as a chemical of concern
for ecological impacts in the Clean Air Act Amendments of 1980. Mercury loading to the
lake in the wastewater discharge was estimated to be 1920 ng HG(Il) per day. This
estimate corresponds to half the detection limit of mercury concentration in the effluent,
since mercury was not detected in the wastewater (Janati, 1997). The media of interest
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for this discharge source are Cayuga Lake surface water and sediment. Bioaccumulation
of mercury in the food chain is the primary exposure pathway of concern; however, direct
exposure to and ingestion of surface water and sediment have also been evaluated as
exposure pathways. Mercury exposures evaluated here are incremental, and therefore,
represent discrete exposures beyond those for atmospheric mercury emissions due to
stack releases evaluated in the Miliken Station ecological risk assessment (ERA)
(Mitchell et al., 1998), hereafter referred to as the ERA report.

The ecological risk assessment approach and methods are comparable to those used in
the ecological risk assessment of the stack emissions. More detailed discussion of these
methods and specific risk assessment tools are provided in the Milliken Station ERA
report. Two ecological risk assessment approaches are utilized as follows:

+ Predicted mercury concentrations in sediment and surface water are compared with
ecological effects-based screening values; and

» A food web exposure model was run to evaluate potential risks to piscivorous wildlife,

The following sections briefly discuss the development of exposure point concentrations,
sediment screening, and food web modeling results.

Exposure Point Concentrations

Table 5.6-7 presents the mercury exposure point concentrations in surface water,
sediment, and fish resulting from wastewater loadings to Cayuga Lake predicted using
the Regional Mercury Cycling Model (R-MCM). The wastewater discharge was modeled
as a point source to the lake and mixing was assumed to occur instantaneously. Other
assumptions used in modeling these exposure point concentrations are described in the
ERA report. The R-MCM output will not report concentrations less than 0.001 ng/m® and
the wastewater loading results in media concentrations less than this value. Therefore,
higher wastewater loadings (up to five orders of magnitude higher) were modeled and
plotted against predicted media concentrations. A regression was performed on these
data points to extrapolate down to predicted media concentrations for the actual
wastewater loading concentrations.

Benchmark Screening of Media Concentrations

Table 5.6-8 summarizes the screening of predicted surface water and sediment mercury
concentrations against ecological effects-based screening benchmarks. The selection of
screening values is discussed in the ERA report. Predicted concentrations of methyl and
total mercury in both surface water and sediment are substantially lower than their
respective screening benchmarks. Calculated hazard quotients (HQ's) are all less than
one, ranging from 3.54x10® for total mercury in surface water to 3.87x10°® for total
mercury in sediment. Based on these HQ's, no significant potential risk exists to aquatic
receptors from mercury in wastewater discharges.
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TABLE 5.6-7

EXPOSURE POINT CONCENTRATIONS USED IN FOOD WEB MODELS
CONTRIBUTIONS FROM WASTEWATER DISCHARGE, MILLIKEN STATION, LANSING, NY

Mercury Species Medium Concentration Units

Methyl Surface Water ' 1.94xI0°" mg/l_

Mercury Sediment ! 7.00x10° mg/kg dry weight

Total Surface Water ' 4.07x10™" mg/l

Mercury Sediment * 5.80x10” mg/kg dry weight
Prey Fish ' 4.26x10° mg/kg wet weight for 3-year old fish
Predatory Fish 1.29x110° mg/kg wet weight for 5-year old fish

Notes:

1. Value is below mode! output limit and was estimated using logarithmic regression.

TABLE 5.6-8
CONCENTRATIONS AND SCREENING VALUES FOR ALL MEDIA
CONTRIBUTIONS FROM WASTEWATER DISCHARGE, MILLIKEN STATION, LANSING, NY.

Mercury Medium Concentration Benchmark Hazard Excead
Species {ppm) value quotient Benchmark?
(ppm)

Methyl Surface 1.94x10'% (1) | 3.00x10° (2) 6.47x107 No
Water

Mercury Sediment 7.00x10° (1) | 1.50x10" (3) 4.67x107 No

Total Surface 461x10™ (1) | 1.30x10° (4) 3.54x10°® No
Water

Mercury Sediment 580x107 (1) | 1.50x10"7 (2) 3.87x10% No

Notes:

1. Values were estimated by incrementally varying the wastewater mercury contribution until cutputs were

detected by R-MCM.

2. Methymercury SCV,; Suter and Mabrey, 1994 as cited in U.S. EPA, 1996
3. Total mercury ER-L; Long and Morgan, 1990 as cited in NYSDEC, 1993
4. Inorganic mercury SCV, Suter and Mabrey, 1994 as cited in U.S. EPA, 1996

SCV - Secondary Chronic Value
ER-L - Effects Range-Low

Food Web Model Exposures

The bald eagle and mink were selected as sensitive ecological receptors for evaluation in
the food web model as described in the ERA report. Tables 5.6-9 and 5.6-10 present the
food web model exposure parameters and toxicity reference values for these two
receptors, respectively. Tables A-1 through A4 in Appendix A of the report present the
food web modeling inputs and calculations. Calculated HQ’s for the bald eagle and mink
exposed to both forms of mercury (total and methyl) are all less than cone, ranging from
5.39x10° to 2.70x10® for the mink exposed to methyl and total mercury, respectively
(table 5.6-11). As in the ecological risk assessment for the stack emissions, direct
ingestion of surface water and sediments represent exposure pathways associated with
minimal potential risk. The ingestion of aquatic organisms contributed almost 100% of
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the potential risk to both receptors. However, the calculated HQ for both the baid eagle
and the mink reveal no significant potential risks to either receptor from mercury
discharged to Cayuga Lake in the wastewater effluent from the piant.

Conclusions

Based on this ecological risk assessment, the discharge of mercury in wastewater

effluent from the Milliken Station to Cayuga Lake poses no significant potential risks to
aquatic receptors or piscivorous wildlife.

Milliken Post-Retrofit “TRUE” Evaluation 5.6-20
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TABLE 5.6-10
DERIVATION OF TOXICITY REFERENCE VALUES FOR MERCURY
CONTRIBUTIONS FROM WASTEWATER DISCHARGE, MILLIKEN STATION, LANSING, NY

Constituent Test Body Chronic Test Dose Reference Scaling Factor* TRV
Species Weight Weight (mg/kg-day)
(kg)
Mink Bald Eagle Mink Bald Eagle
Mercury (inorganic) Mink 1 1.00 1 1.00 1.00 1.00 4.5x10"
Japanese 1 1
quail .
Mercury Mink 1 5.00x102 2 1.00 1.00 5,00x10% 6.4x107
{methylmercury)
Mallard 1 6.4x107? 3

T NOAEL values used for the derivation of TRVs for the receptor species from Sample et al., 1996
2 NOAEL based on a study by Wobeser et al. (1978) cited in EPA Mercury Report to Congress Draft, 1997
3 LOAEL value used for the derivation of TRVs for the receptor species from Sample et al., 1996
* Scaling factors calculated as follows:
Mammals: (Body weight of test species/Body weight of Receptor)®®
Birds:(Body weight of test species/Body weight of Receptor)°
'TRV = (Chronic Test Dose) x (Scaling factor)

Species Body Weight

Bald Eagle Haliaeetus 4.5 kg

feucocephalus

Mink Mustela vison 1 kg

Milliken Post-Retrofit “TRUE” Evaluation 5.6-22
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TABLE 5.6-11

HAZARD QUOTIENTS RESULTING FROM FOOD WEB MODELS

CONTRIBUTIONS FROM WASTEWATER DISCHARGE, MIL.LIKEN STATION

LANSING, NY.
Mercury Species Mink Bald Eagle
Methylmercury 5.39x10° 1.95x10°
Total mercury 2.70x 0° 2.77x10°

Milliken Post-Retrofit “TRUE” Evaluation
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indicates that the coal ash bulk chemistry has changed significantly over the last several
years. Bulk chemistry of the rainwater in the Milliken Ash area was available in a report
completed by Comell University.

FOWL was run using a 20 year time inierval, from 1983 to 2003. The FOWL predictions
are compared with actual leachate analyses from the Milliken Ash underdrain. Results

are summarized below:

TABLE 5.7-1

COMPARISON OF PREDICTED AND ACTUAL

LEACHATE CONCENTRATIONS OF INORGANIC CONSTITUENTS

. Parameter ‘FOWL Prediction - Actual Leachate
pH 6.5-10.0 S.U. 7.1-8.1 5.U.

Total Dissolved Solids 2485.2 - 4385.9 myg/l 2400 - 3860 mg/|
Calcium 442.5 - 532.4 my/! 440 - 606 mg/|
Barium 0.015 - 0.016 mg/t 0.022 - 0.30 mg/|
Strontium 8.9 - 10.6 mg/l NA

Sulfate 1938 - 3931 mg/l 996 - 2800 myg/i
Cadmium 0. 1 88 - 0.404 mg/| <0.005 - 0.046 mg/t
Chromium 0.004 - 0.011 mg/l <0.005 - 0.032 mg/l
Copper 0.026 - 0.576 mg/t <0.01 - 0.19 mg/|
Arsenic 0.033 - 0.172 mg/l <0.005 - 0.014 mg/t
Nickel 0.020 - 0.079 mg/| 0.19 - 0.35 mg/l
Selenium 0.037 - 0.215 mg/l <0.01 - 0.24 mg/|
Molybdenum 0.866 - 1.750 mg/l NA

Carbonate 1.03 - 2.15 mg/l NA

As illustrated by the table, FOWL was relatively accurate predicting the leachate
concentrations of pH, TDS, caicium, sulfate, chromium, copper, and selenium. FOWL
tended to be high in its estimation of cadmium and arsenic concentrations and low in its
estimation of barium and nickel concentrations.

Errors in FOWL predications of concentrations are likely caused by a variety of factors.
First and foremost, FOWL assumes a homogeneous waste unit which is not an accurate
assumption at Milliken Ash where the leachate is generated by fly ash produced from
coals with different chemistry landfilled over a 15 year period. A corollary to this factor is
that there is a limited amount of total and TCLP data on a few different samples of coal
ash which cannot encompass the wide variety of coal ash that has been landfilled at the
Milliken facility.

A second factor is that ash is continuously being landfilled at the facility so that the ash
ranges in age from 15 year old weathered ash to new ash. This impacts the leachate
quality which would cause the actual leachate quality to significantly vary from the
predicted values.

Land and Water Quality Studies Page 5.7-2
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CONCLUSIONS

PCTRANS produced poor resuits when applied to Milliken Ash. Ease of use was also |
poor but could potentially benefit from an update to the Windows environment.

PCTRANS is considered not applicable to the Miiliken Ash Disposal Facility since the
model could not converge to the known flow conditions at the site. Perhaps with an
improved user interface for grid development/editing and boundary condition input, more
runs would have been performed in order to "tweak" the inputs and get a reliable output.

5.7.3 EVALUATION OF THE EPRI MYGRT CODE AS APPLIED AT MILLIKEN ASH
DISPOSAL FACILITY

MYGRT is a ground water solute transport model for microcomputers based on the
quasi-analytical solution to the advection-dispersion-retardation-decay equation. It is
used in predicting ground water solute concentrations for reactive and decaying organic
and reactive and non-reactive inorganic substances.

GENERAL COMMENTS

» Model needs to be updated to meet current CPU and operéting systiems especially a
user interface compatibie with Windows.

e Documentation is good, especially the various case studies which apply MYGRT to a
variety of situations encountered by utilities,

APPLICATION TO MILLIKEN ASH

MYGRT was used to simuiate sulfate migration at Milliken Ash Disposal Facility. Sulfate
is the best parameter to monitor the impact of Milliken Ash landfil on ground water
quality. It occurs at relatively high concentration in the coal ash leachate, it is not prone to
reactions involving ion exchange, and it is not significantly retarded by a soil matrix
(Retardation coefficient of 1.0). Background concentration of sulfate averages 75 mg/l.

The landfill was modeled using a 2-dimensional vertical cross-section since the source
area is wide as compared to downgradient dlstance Required inputs include the
longitudinal dlspersmn coefficient calculated at 480 M /yr and the transverse dispersion
coefficient of 4.8 M?/yr. Seepage velocity is calculated at 24 M/yr. The saturated aquifer
thickness is 17 meters. Operational history began in 1984 and was continued to 2050 to
examine steady state conditions.

The two methods for modeling the source, initiai concentration in aquifer and leachate
influx generated in the waste unit, were applied. For the waste unit leachate influx
application, the iandfill was modeled as a rectangular 38,890 square meter area. The
leachate concentration of sulfate is 1800 mg/l. The aquifer porosity has been calculated
as 0.30(unitless). The net precipitation infiltration was calculated as 17.2 cm/year and
aquifer penetration depth of leachate was estimated at two meters. Initial concentration
in the aquifer was calculated as 1200 mg/l.

Land and Water Quality Studies Page 5.74
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5.8 MILLIKEN BY-PRODUCT UTILIZATION STUDIES

The principal products covered under this program included flyash, calcium chloride and
gypsum.

Flyash, which is marketed as concrete additive, can be adversely affected by the
installation of the Low NOyx Concentric Firing System (LNCFS) and the Selective Non-
Catalytic Reduction (SNCR) process. Increased carbon and ammonia concentrations can
result in unmarketable ash. One objective of the By-Product Utilization Study was to
analyze flyash both pre- and post- LNCFS/SNCR installation to determine impacts on the
sale of ash due to changes in ash composition. Two reports were planned addressing
different aspects of flyash marketability. One report was to evaluate the effects of LNCFS
operation on flyash loss-on-ignition (LOIl). Another was to evaluate effects of various
ammonia concentrations on the marketability of flyash. The report evaluating the effects
of LNCFS operation on flyash loss-on-ignition (LOI) is summarized below. The report of
the impact of ammonia on flyash was to be based on data generated by the NOxOUT®
SNCR demonstration at Seward Station. Problems with the demonstration program at
Seward precluded completion of this portion of the study.

Two new by-products were generated as a result of the operation of the Flue Gas
Desulfurization (FGD) system: gypsum and calcium chloride brine. Separate reports for
each by-product cover include surveys and market assessments of potential usage of
these products in the United States as well as cost assessments and design
considerations associated with operating experience for their handling and conditioning.
These reports are summarized below.

5.8.1 IMPACT OF LOW-NOyx BURNERS ON UTILIZATION OF FLY ASH

The following is a summary of the report entitled “Milliken Clean Coal Technology
Demonstration Project impact of Low-NOx Bumers on Utilization of Fly Ash.” The report
was authored by CONSOL, Inc. Copies are available from DOE upon request.

ABSTRACT

Daily data on fly ash quality and NOx emissions gathered over a five-year (1992-1996)
period from the Milliken Station demonstrated that a 39% reduction in NOx was achieved
using LNCFS-3 low NOx bumers while producing a fly ash meeting the stringent NYDOT
LOI requirement of less than 4%. _

During the two years directly following the installation of low-NOx burners on Unit 1 and
Unit 2, 91% to 92% of the fly ash produced at Milliken was sold into the high value
cement replacement market.

BACKGROUND

As part of the Clean Coal Technology Demonstration Project at Milliken Station, NYSEG
installed low NOx Concentric Firing System Level 3. (LNCFS-3) burners on Unit 1 and

Milliken By-Product Utilization Studies 5.8-1
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March 15, 1994. Unit 2 went down June 17, 1994 and was put on line December 13,
1994. The burner guarantee testing for Unit 2 was completed on August 15, 1995.

Both graphs show that the NOx emissions decreased after the LNCFS-3 bumer systems
were installed. The specific amount of NOx reduction depends on what cut off dates are
assumed for the new bumers being optimized. The conclusion in the report completed
earlier as part of the CCT-4 bumer test program at Milliken was: "The achievable annual
NOyx emissions, estimated using long-term measurements, were 0.61 ib/MM Btu for Unit
2 baseline, and 0.39 Ib/MM Btu for Unit 1 LNCFS-3." These results gave a 36% NOx
reduction for the 60-day test.

This study assumed that Unit 1 bumers were lined out by March 1994 and that the Unit 2
system was fined out by March 1995. The average of NOx emissions from these dates to
Decemnber 1996 is 0.37 Ib/MM Btu for both units (standard deviation of 0.06 for Unit 1
and 0.08 for Unit 2). Based on a NOx emissions rate of 0.61 Ib/MM Btu before bumer
conversion, the results demonstrate that the LNCFS-3 bumer system allowed Miliiken to
achieve a 39% reduction in NOy over extended periods (34 months for Unit 1 and 22
months for Unit 2) of time.

Ash Quality

In the recent past, the fly ash produced at Milliken met the NYDOT specification for
cement replacement, a high value utilization option. NYDOT's specification requires ash
to have an LOI value of less than 4% in addition to passing the ASTM C-316 protocol.
This LOI requirement is one of the most stringent in the USA. NYSEG worked hard in
marketing the Milliken ash and in 1993 sold 91% of the ash produced, compared to 83%
sold in 1992.

It was assumed that the ash property most influenced by the use of low NOx bumers was
the LOL To confirm this assumption, two ash samples were obtained, each sample
represented a two-day period before and after the low NOx bumer conversion. The
samples were taken from Unit 2 when firing Bailey coal. The as-received coal analysis
and date when the ash samples were taken are shown in the following table.

Before Conversion After Conversion
Date 11/19-20/93 10/17-18/95
Ash - 7.23% 8.6%
Sulfur 1.8% 1.75%
H0 6.6% 6.5%
Heating Value, Btwlb 12,992 13,100

The two ash samples were processed through the suite of tests required by the ASTM
C618 protocol. Both fly ash samples met all ASTM specifications for use as a mineral
admixture in Portland cement concrete. Except for particle size, there was no substantial
difference in the chemical compositions or the physical properties of the two fly ash
samples. Appendix A is the report by Dr. M.M. Wu giving the detailed results of the C618

testing.
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TABLE 5.8.1-1

NOy EMISSIONS
(MONTHLY AVERAGE)-LB/MM BTU
Date Unit 1 Unit2
8/92 0.68 - 069
9/92 0.60 0.65
10/92 0.59 0.57
1102 0.57 0.54
12/92 0.52 056
1/93
2/93
/93
4/83
5/83
6/93
7/93
8/93
9/93
10/93
11/03 059 057
12/93 0.57 0.54
1/94 0.52 ‘ 0.56
2/94 0.52 054
3/94 043 Q57
4/94 o4 0.59
5/94 0.38 0.52
6/94 0.38 0.60
7/94 0.39
8/94 0.39
9/94 0.39
10/94 0.40
11/94 0.3%
12/94 0.40 0.43
1/95 0.41 . 0.68
2/95 0.40
3/95 0.41 0.32
4/95 0.40 0.38
5/5 0.39
6/95 0.37 0.38
7/85 0.35 0.36
8/95 0.35 0.36
9/95 0.34 0.15
10/85 0.40 0.39
1195 0.35 0.39
12/95 0.38 0.39
12/95 0.38 0.39
1/96 0.38 0.39
2/96 0.38 0.39
396 0.39 , 0.41
4/96 0.15 0.35
5/96 0.28 0.37
6/96 0.18 0.38
7196 0.37
8/96 0.09 0.37
9/96 0.39 0.37
10/96 037
11/96 0.39
12/96 0.38
Milliken By-Product Utilization Studies 585
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FIGURE 5.8.1-1
NOx EMISSIONS - UNIT 1

1992-1996
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FIGURE 5.8.1-3
FLY ASH LOI -~ UNIT 1

1992-1996
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APPENDIX A TO IMPACT OF LOW-NOx BURNERS ON UTILIZATION OF FLY ASH
EVALUATION OF FLY ASH FROM THE NYSEG MILLIKEN STATION FOR USE IN
CONCRETE

SUMMARY

The quality of two fly ash samples collected from Unit 2 of the NYSEG Milliken Station
before and after instaflation of the low NOx bumers was determined according to the
ASTM C618 protocols. The objective was to determine the impact of the low NOy
bumers on the marketability of the fiy ash for use as an admixture in Portland cement
concrete. Both fly ash sampies meet all ASTM C618 specifications for use as a mineral
admixture in Portland cement concrete. Except for particle size, there was no substantial
difference in the chemical compositions or the physical properties of the two fly ashes.
The finer particle size in the fly ash collected after installation of the low NOx bumers
may be related to the new coal mills at Milliken Station. The joss-on-ignition (LOIl) of the
fly ash increased only slightly from 2.9% to 3.4% after installation of the low NOx bumers,
yet it remained well within the ASTM specification of 6% maximum.

INTRODUCTION

Low NOx bumers are the technology of choice to meet the Title 1V utility NOx emissions
limits under the Clean Air Act Amendments of 1990. However, conversion to low NOy
bumers results in changes in fly ash quality, sucht as an increase in fly ash LOL. High LOI
can adversely affect fly ash properties and disqualify fly ash for use in concrete. Fly ash
from Milliken Station is marketed by Pozzolanic Intemational for use as partial
replacement of Portland cement in concrete. Therefore, the potential impact of the new
low NOx burners at Milliken Station on fly ash quality is of concem.

To set benchmarks for ash quality at Milliken Station, two samples of fly ash were taken
at Unit 2 before and after instaliation of the low NOx burners (LNCFS-3). The plant was
buming CONSOL Bailey Mine coal when both samples were taken. The quality of the
two fly ash samples was determined according to the ASTM C618 protocols.

EXPERIMENTAL

Two fly ash samples were collected from Unit 2 of the NYSEG Milliken Station before
(November 19-20, 1993) and after (October 17-18, 1995} installation of the low NOy
bumers in December 1994. The samples were collected by NYSEG personnel from the
pneumatic line between the ESP hoppers and the fly ash storage silo using an extraction
sampler eight hrs/day for each day. The daily samples were combined and riffled for
homogenization before testing. The fly ash evaluation tests were conducted in
accordance with the procedures cited in ASTM C3 Hl and the resuits were evaluated by
comparison with specifications listed in ASTM C618. ASTM C618 specifies the
requirements of fly ash for use as a mineral admixture in Portland cement concrete.

Milliken By-Product Utilization Studies _ 5.8-11
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well below the maximum limit of 0.03%. The two fly ashes have specific gravities of 2.37
and 2.39.
TABLE 5.8.1-A1
COMPARISON OF MILLIKEN FLY ASH PROPERTIES
WITH ASTM C618 SPECIFICATIONS

Parameters Milliken Fly Ash  Milliken Fly Ash ASTM C618-89
. @ ®) Specifications
(11/19-20/93) (10/17-18/95)

CHEMICAL COMPOSITION, wi%

Silicon Dioxide, SiO, 48.43 47 .52

Aluminum Oxide, A|203 23.50 23.45

Iron Oxide, Fe:0O4 16.72 16.60 -
Total, SiO; + AlQs+ Fe20; 88.65 87.57 70.0 (Min)
Sutfur Trioxide, SO3 0.83 0.93 5.0 (Max)
Moisture Content 0.19 0.16 3.0 (Max)
Loss-on-ignition (L-Ol) 2.87 3.38 6.0 (Max)
Sodium Oxide, NaO 0.44 0.68 =
Potassium Oxide, K0 1.79 1.71 -
Available Alkalies (as Na,O) 0.51 0.52 1.50 (Max)
PHYSICAL TEST RESULTS

Fineness , % Retained on #325 Sieve 12.15 8.51 34 (Max)
Strength Activity index with Portland

Cement, @

Ratio to Control @ 28 days 116 122 75 (Min)
Pozzolanic Activity Index with Lime,(d) at 929 ’ 893 800 (Min)
7 days, psi ,

Water Requirement, , % of Control 93.1 91.3 105 {(Max)
Soundness © (Autoclave Expansion), % -0.051 -0.051 0.8 (Max)
Drying Shrinkage,

Increase at 28 days, % 0.008 0.005 0.03 (Max)

Specific Gravity @ 2.37 2.39

(a) Sample collected before installation of low-NOx bumers at NYSEG Milliken Station
(b} Sample collected after installation of low-NOx bumers at NYSEG Miiliken Station
(c} Determined in accordance with ASTM Methods C430 and C311

(d) Determined in accordance with ASTM Methods Cl08 and C311

(e} Determined in accordance with ASTM Methods C151 and C311

(f) Determined in accordance with ASTM Methods CI57 and C311

(g) Determined in accordance with ASTM Methods C188 and C311

Milliken By-Product Utilization Studies 5.8-13
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General Chemical, and Hill Brothers), representing approximately 90% of the total
industry capacity in North America.

Calcium chloride is a naturally occurring and synthetically produced chemicai. The
majority of CaCl, in North America is recovered from natural brines and sait deposits
(54% of estimated current production capacity). The two other sources of CaCl, both
synthetic, are a by-product of the Solvay process (29%), and from the neutralization of
hydrochloric acid (17%). The only sources of CaCl, produced in the U.S. are via recovery
from brines and from the neutralization of hydrochioric acid. CaCl, production in Canada
and Mexico is a by-product from the Solvay process with a small fraction in Canada
recovered from brines. Based on production capacity, Michigan ranks as the largest
potential producer of CaCl; in North America (47%), followed by Ontario (28%), and
Louisiana (14%).

Calcium chloride is produced for sale as a liquid brine (30%-45%, but most commonly as
32%-38%), and as a solid, ranging from 77%-80% (which corresponds to the natural
dehydrate) to greater than 90% dry. The brine is used in both de-icing applications as
well as direct application to road surfaces to control dust. As a de-icing agent, CaCl; is
more effective at lower temperatures than the more commonly used rock salt. However,
it is more expensive and more corrosive than rock salt, and thus, represents only a
fraction of the total snow/ice removal markets. Frequently, the CaCl, brine is mixed with
rock salt and applied directly to the road surface. This combined mixture accelerates
melting of snow and ice. -

Solid CaCl; is available as a powder, or as flakes or pellets and sold for de-icing, oil and
gas well drilling fluids, concrete additive, and other markets. While the end-use form of
CaCl, for these markets is often a brine, some of the CaCl. sold to these markets is as a
solid in order to reduce transportation expenses.

CaCl, is marketed by both product manufacturers and a nationwide network of
distributors. Distributors market for several manufacturers, and provide a variety of
products in addition to CaCl,. The product manufacturers have established direct
relationships with their largest customers (typically state highway depanments and/or
major metropolitan areas), who may purchase several thousand tons per year. However,
as the majority of users may purchase less than 100 tons per year, the manufacturers
more commonly rely on the network of distributors to market their product. Industry
sources estimate that at least 75% of the CaCl, sold is marketed through this network of
distributors. :

CaCly is a commodity chemical, marketed to end-users principally on price and service
(evaluated as the ability of the distributors to deliver product on an. as-needed basis).
Because of the high transportation costs associated with shipment of CaCl; brine, and
the limited capacity to produce CaCl, in an anhydrous form, individual markets are most
commonly served by nearby production facilities. For example, Tetra Chemicals, with
production in Louisiana and Kansas, focuses its market in the southem U.S., while Hill
Brothers' market, with production in Utah and California, is concentrated in the western
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* Much of the CaCl; sold is in the form of 32%-38% brine, which is prohibitively
expensive to transport over extended distances. Thus, while excess CaCl, production
capacity does exist, utilities can capitalize on niche market opportunities if they
produce by-product CaCl, in an area close to the market and/or centralized
distribution point, and at a delivered price competitive with current suppliers.

« In this case, suppliers are defined to include both the manufacturers of CaCl,, as well
as the network of distributors (which is the way that most CaCl, is sold).

o If a utility is considering instaliing an FGD process and associated equipment 1o
generate by-product CaCl; it should identify and contact the major manufacturer(s)
and distributors serving that area. Cost and ability to deliver the product on an
acceptable schedule are critical to marketability. Intermediate storage of byproduct
may be required in order to serve the identified market.

5.8.4 THE GYPSUM INDUSTRY AND FGD GYPSUM UTILIZATION

As utilities search for the most economical approach for impiementing the Clean Air Act
provisions, waste disposal costs will play a big role in their decision. It quickly becomes
apparent to the utility that a solution producing usable by-products can provide potential
opportunities which should be considered. Although there is considerable R&D work
being done to make beneficial use of solid desulfurization wastes, currently, there is only
one material which qualifies as a product with a large existing market. That material is

gypsum.

Gypsum is a naturally occurring mineral which has a current demand in the United States
of 26 million short tons per year. Included in this demand is a chemical (by-product)
gypsum market of about 0.75 million shon tons per year in the United States. About half
of the chemical gypsum is produced in FGD units. Gypsum is not the only solution for
utilities' disposal problems, but it is one of the most practicai under current conditions.

NYSEG, along with RAK Associates, ORTECH and CONSOL developed a
comprehensive document detailing the technical and economic aspects of the gypsum
industry. Published by EPRI (EPRI TR-102652, Dated February 1994) and entitled “The
Gypsum Industry and Flue Gas Desulfurization (FGD) Gypsum Utilization: A Utility
Guide”, the purpose of this report is to provide power utilities with a technical and
economic perspective of the gypsum industry in North America, with a view to the factors
affecting the utilization of flue gas desulfurization (FGD)} gypsum in traditional
applications. A literature search including discussions with consultants was completed on
all phases of the North American gypsum industry from production through marketing.
European and Asian experiences and markets are also discussed.

SOURCES AND USES OF GYPSUM

In the United States in 1992, crude gypsum production was estimated at 16.0 million
short tons, while that of Canada was 9.0 million short tons. Of this total, only 0.1 million
short tons were exported. Approximately 9.0 million short tons of crude gypsum were
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Handling of the finer-sized FGD gypsum may be an issue as cement plants are designed
for using gypsum as a coarsely crushed rock which is added directly to the clinker for
grinding.

Utilization of FGD gypsum in Portland cement manufacture has good potential. The
major differences between natural and FGD gypsum are particle size/shape and
moisture content as related to materials handling. In some cases, it may be necessary to
dry and/or agglomerate the gypsum in order to provide a material that is more compatible
with existing equipment. Chlorides are not as much of a concem since washing
techniques can effectively reduce these below levels of concem. Another difference is
the absence of insoluble anhydrite {anhydrous calcium sulfate} which can occur in
natural deposits of gypsum. H the cement plant is accustomed to using a
gypsum/anhydrite blend to control the setting of cement, some developmentai work may
be required prior to substituting FGD for natural gypsum. Several cases of the successful
use of FGD gypsum in the manufacture of cement in the United States are known.

Cement companies usually buy gypsum on the open market from the wallboard
companies, with the market value being as high as $50 per short ton (f.0.b. cement
plant). As with board manufacture, transportation is a significant component of this cost.
Therefore, the economic feasibility of FGD gypsum utilization in Portland cement will
depend, to a large extent, on the proximity of the supply to the cement plant.

Gypsum in Agriculture

Gypsum in agriculture is used as a supplemental source of elemental sulfur and calcium,
and as a soil conditioner. The specifications for this application relate mainly to toxic
impurities, specifically heavy metals content. The use of FGD gypsum in agriculture is
relatively straightforward and depends mainly on transportation costs and available
markets.

Utilization of Gypsum in Plaster

There are two main types of plasters, designated as alpha- and beta-plaster. Alpha-
plaster is a higher value material [up to $350 per short ton {f.0.b. plant})} and is produced
under different and more costly conditions than that of beta-plaster. This plaster is used
for specialty applications including industrial molding, dental and medical plasters, and
possibly mining mortars. Due to their higher cost, alpha-plasters are not as common as
aridized beta-plasters in North American floor applications. Beta-plaster is a lower value
material (ranging from $16 to $100 per short ton, f.o.b. plant) produced via the more
conventional calcination (i.e., dry) methods. In addition to wallboard manufacture, it is
used in wallplasters and as a fireproof coating.

FGD gypsum has good potential for the manufacture of plasters because of its high
purity. However, the plasters market is relatively small, accounting for only about 1.1
million short tons annually.

Milliken By-Product Utilization Studies 5.8-19
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Economically, the production of a salable FGD gypsum does not add substantial costs to
the utility striving to comply with the Clean Air Act. Local environmental considerations
will be a factor in determining whether the production of high quality FGD gypsum is
economically viable (i.e., available disposal sites and costs). As disposal costs rise, the
use of FGD gypsum will be most dependent on distance and associated transportation
costs between the FGD gypsum producer and consumer, as well as localized availability
of cheap, natural gypsum of acceptable quality.

Wallboard and cement manufacturers are the largest consumers of gypsum, and are
therefore the most obvious target markets for FGD gypsum producers. However, it is
possibie that in the near future, with the increasing numbers of utilities that will be
producing high quality gypsum, an oversupply may exist.

Agricultural applications have been successfully demonstrated, especially in the peanut
industry. The growth potential for this market could be high if yield advantages for a
variety of crops can be demonstrated. Currently, this market is geographically limited to
the more southem regions of the United States. However, research is currently being
conducted in other regions of the United States which could potentially expand this
market.

Other potential markets include specialty plasters, fillers, altemative building products
and plasters for use in mining mortars. Specialty plasters would be particularly attractive
if they can be produced at a competitive cost while maintaining quality.

With the possibility of oversupply in the obvious markets, it would be advantageous to
the utilities to undertake research, market and product development activities to enhance
the sales potential for their material in altermative markets.
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(NYSEG). The station is located in Niagara County, New York on the southem shore of
Lake Ontario approximately 30 miles northeast of Buffalo. Construction commenced in
1980 with the plant's commercial start-up in 1984,

Kintigh is equipped with electrostatic precipitators and a wet limestone flue gas
desulfurization (FGD) system. The byproducts from these emission control devices
consist of fly ash and FGD scrubber sludge. The fly ash is collected in hoppers at the
bottom of the precipitators. The fly ash is then conveyed pneumatically to a silo next to
the sludge stabilization building located east of the main plant.

The flue gas desulfurization system consists of six absorber modules, four required for
operation, one spare and one for maintenance. A slurry of pulverized limestone and
water is sprayed into the path of the flue gas, resuiting in a reaction between the sulfur in
the flue gas and the calcium in the limestone. The overflow from the thickener is used as
make up water while the solids collected at the bottom are piped to the sludge
stabilization building. At the sludge stabilization area, the FGD sludge (calcium sulfite) is
further dewatered by vacuum filtering and is then blended with the fly ash and quick lime
in a pug mill for stabilization. The fiy ash to FGD sludge ratio depends on the ash and
sulfur content of the coal being burned. Generally, the stabilized sludge fly ash to sludge
ratio ranges from 0.5:1.0 to 1.0:1.0 and contains approximately 2.5% lime on a dry
weight basis. The stabilized sludge is then stacked out on an asphalt pad where it is
loaded and transported to the landfill via articulated dump trucks.

Another solid waste generated at the plant is pulverizer mill rejects which consist mainly
of iron pyrite and other hard minerals and rock not readily crushed in the coal pulverizers.
Pyrites are collected and trucked to the sludge stabilization pad where it is mixed with
stabilized sludge.

Bottom ash is collected in the bottom of the boiler and sluiced with water to dewatering
bins. The water is recirculated and the dewatered bottom ash is transported to the landfill
where it is stockpiled. The stockpiled bottom ash is sold as traction agent on roadways
during winter months or is used for landfill construction or temporary cover, as needed.

Wastewater treatment sludges, collected during the treatment of maintenance cleaning
wastes and coal pile runoff are dewatered in belt presses to more than 20% solids. In
addition, periedic cleaning of onsite basins resuits in the generation of solids which are
spread and dried in the lined coal pile area until the moisture is reduced to 20% moisture
or less. The dried basin sludge is then trucked to the landfill and blended with stabilized
sludge for disposal.

With the exception of the stabilized sludge (flyash, FGD sludge and lime), the other solid
wastes generated at the plant usually account for less than 1% of the wastes disposed at
the landfill.

Innovative Waste Liners: Kintigh Station Sofid Waste Disposal Facility Page 5.9-2
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Tabie 5.9-1 is a summary of the various constituents encountered in the ground water
and leachate as compared to sea water and New York State regulatory standards and
vividly illustrates the problem.

REGULATORY SITUATION

At the time of plant licensing and construction, the liner requirements for proposed
landfills called for "a natural or artificial liner that restncts infiltration to the equivalent of
five feet of soil at hydrauiic conductivity of 1 x 10° cm/sec or less..." In addition the
guidelines also called for a liner with a hydraulic conductivity of 1 x 10”° cm/sec or less
under and over all pyrite disposal ceils and under all sludge disposal areas.

Current New York State solid waste regulations require a double composite liner system
(two liners consisting of a synthetic geomembrane directly overlaymg 18 inches of low
permeability soil with a hydraulic conductivity of less than 1 X 10”7 cm/sec separated by a
leak detection layer) or an approved altemative design provided it is protective of the
environment based on the wastes to be disposed of in the landfill. These regulations are
primarily directed at municipal sanitary landfills throughout the state but do allow site
and/or waste specific modifications if the changes meet New York State Department of
Environmental Conservation (NYSDEC) approval.

5.9.2 DESIGN AND CONSTRUCTION OF SOLID WASTE DISPOSAL AREA (SWDA)

The initial solid waste disposal design called for utilizing flue gas desulfurization (FGD)
sludge stabilized with fly ash as a full depth liner for ground water protection from the
CCBP produced at the plant. It was NYSEG's intention to dispose of coal combustion
and other plant wastes in a manner that would take full advantage of the excellent
structural and environmental properties of the stabilized sludge material. NYSEG elected
to use the stabilized material as a monolithic liner which eliminates the need for an
underdrain and leachate collection system. The design and disposal scheme employs a
proven pozzolanic fixation process which utilizes flyash and lime to produce a
cementitious, low pemmeability and structurally stable material. The FGD sludge, which is
difficult to landfill due to its unstable nature, is mixed with the flyash and lime to provide a
structurally sound material. This matenal which. is referred to as stabilized sludge is
capable of permeabilities of 1 x 10° cm/sec.
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TABLE 5.9-1
SUMMARY OF SELECTED WATER CHEMICAL CONSTITUENTS AT KINTIGH SWDA

Sampling Location
Parameter
Queenston Salt Spring * Upgradient Leachate * Seawater> | NY Class GA
Shale Well 9128D ° Standards
Bicarbonate ‘ 9-372 62.5-104 36.6-58.3 35.6-63.1 144 NA
Chloride 90-3,150 35,900-41,400 | 7,440-10,800 6,650-10,800 19,300 250
Hardness 219-1,910 22,900 - 3,610 6,010-8,960 1,698 NA
Total Dissolved 533-8,920 61,300-63,600 | 13,400-19,300 | 12,800-20,500 35,000 500
Solids
Sulfate - 877-965 642-1,120 462-1,050 - 2,688 250
Sodium - 13,800-16,100 | 3,270-4,930 1,240-1,800 10,714 20
Conductivity 927-11,900 76,400-89,400 | 18,650-31,700 | 18,150-29,800 - NA
(mmhos)
NOTES: Ali results in mg/l unjess noted

NA = Not Applicable

REFERENCES:
1) From Johnston, 1964 - 10 analyses except Conductivity (8)
2) NYSEG data frorm 1992 - 3 anatyses except Hardness (1)
3) NYSEG data from 1994 - 4 analyses except Hardness (1)
4) NYSEG data from 1994 - 12 analyses except Hardness (3)
5) From Krumbien and Sloss, 1963
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INITIAL DESIGN PROGRAM

A testing program was established to demonstrate the suitability of using stabilized
sludge as a monolithic liner. Physical, chemical and engineering properties of stabilized
siudge were evaluated across a range of fly ash, lime and FGD sludge ratios.

The fly ash used for this initial evaluation was obtained from NYSEG's Milliken Station,
since the coal was similar to the design coal for Kintigh Station. Results of the bulk
chemical analysis conducted on the fly ash sample are displayed in table 5.9-2. The
primary constituents of fly ash include silica, alumina, and iron in concentrations typical
of most pulverized coal ash.

The FGD sludge used for the stabilized siudge evaluation was obtained from
indianapolis Power and Light's {IPL) Petersburg Station. The Petersburg Station utilized
a wet, limestone-based FGD scrubber similar to the system proposed for Kintigh Station.
Results of the bulk chemical analysis of the FGD sludge are also presented in table 5.9-
2. The primary constituents of the FGD sludge include calcium sulfate, calcium sulfite,
and calcium carbonate, which are typical of wet limestone FGD scrubbers.

The stabilization of FGD sludge with fly ash and lime is an application of a pozzolanic
fixation process that is used extensively within the solid waste industry. FGD sludge is
processed to achieve a sludge of high enough solids content to be combined with fly ash
and lime and subsequently landfilled.

The mixture of lime and fly ash undergoes a pozzolanic reaction producing cementitious
compounds which bind individual particles together. This reaction is time dependent
which slowly increases the mixture’s strength over time. The FGD sludge is not a pan of
the pozzalonic reaction and is entrained with the intersticies of the cementitious
compounds and appears to aid in reduced permeabilities. The addition of lime to the
mixture also improves leachate quality with constituents chemically combined into less
soluble components. The pore water and sludge solids are also physically encapsulated
within the matrix of the cementitious compounds. Permeabilities and unconfined
compressive strengths from the test program are displayed in table 5.9-3 and typically
are less than 1.0 X 10° cm/sec and greater than 50 psi, respectively. As illustrated by the
table, curing time and mixture ratios can have a large effect on these values.

The stabilized material possesses properties that allow construction of monolithic above-
ground structural fills, limited in height only by the bearing strength of the underlying soil
foundation and the external slopes requiring vegetation for runoff control. The low
permeability of the monolith virtually eliminates the need for ieachate collection systems
which reduces construction costs.
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time dependency of the pozzolanic reactions. The temperature selected was conSIdered
to be conservative, with the actual temperature within the fill likely to exceed 80 °F due to
the exothemmic pozzolanlc reaction. Temperatures on the outer edges of the fill may be
lower than 40 °F during winter months which retards the reaction, however, as
successive lifts are placed, the insulation provided by the additional material will
decrease the reaction time.

The initial handling characteristics of the stabilized sludge are dependent on the fly ash
and FGD sludge mixture ratio, which is dependent on the coal characteristics. Preferred
moisture content is the minimum which will facilitate loading, hauling and placement in
the landfill. Due to the cementitious nature of the stabilized sludge, the actual dry density
of the stabilized sludge placed in the landfill is not critical, beyond what is achievable with
normal construction equipment.

As the fly ash to FGD sludge ratio increases, moisture content will decrease to a point
where the optimal moisture content will be reached. This occurs at a ratio of
approximately 2.5:1.0. At this ratio, the natural moisture content of the stabilized sludge
will allow achievement of optimum density. Ratios greater than this will require addition of
moisture to achieve optimum density. Moisture addition at Kintigh Station, if required,
occurs at the sludge stabilization area where the fly ash, FGD sludge and lime are mixed.

At ratios less than 2.5:1.0, handling characteristics change as fly ash content is reduced.
Ratios greater than 1.0:1.0 allow the stabilized siudge to be landfilled directly. Ratios less
than 1.0:1.0 require the stabilized sludge to be stored at the sludge stabilization pad for a
time to allow the pozzolanic reactions to commence thus stiffening the stabilized sludge
so that it can be hauled and placed with normal construction equipment. Kintigh Station
has a five day stockpiling capacity at the stabilization pad.

The engineering propetrties of the stabilized sludge were evaluated over the range of fly
ash to FGD sludge ratios. The key property in the evaluation of structural stability is the
unconfined compressive strength (UCS), which in a cemented material is equivalent to
two times the apparent cohesion or cohesive strength of the material. Use of the UCS 1Is
. a conservative approach which neglects the intemal friction angle which contributes to
the in-place shear strength of the material. A UCS of 25 psi is equivaient to a cohesion
value of 12.5 psi (1800 pounds per square foot}. The incorporation of this cohesion value
in a slope stability analysis for the Kintigh facility resulted in a safety factor of greater
than 2.0 which is considered an acceptable factor of safety against failure.

The final in-place properties of the stabilized sludge are similar to that of a weak cement
or soft rock. The exposed surface which is subject to weathering during wet/dry and
freeze/thaw cycles can result in a breakdown of the outer surface of the material. This
breakdown can progress several inches into the outer surface of the stabilized sludge.
Intermediate or final soil covers are effective in eliminating this effect.

The range of Unconfined Compressive Strengths (UCS) measured over the design range
of fly ash and FGD sludge mixture ratios are presented in table 5.9-3. The initial tests of
UCS ranged from 52 psi to 555 psi over the range of mix ratios. As anticipated, the
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foundation element, the depth of the foundation beneath the -ground, and the nature of
the material on which it rests.

Using a safety factor of 2.0, the allowable bearing capacity of stabilized sludge having a
UCS ranging from 25 to 75 psi will be between 3 and 10 tons per square foot.
Foundation soils were calculated to potentially settle a maximum of 16 inches under the
maximum design load which was considered negligible and not a factor of concem in the

landfill design.
WASTE CHARACTERISTICS

Concentrations of constituent oxides of the as-produced stabilized sludge during 1996
are presenied in table 5.9-5. Concentrations of stabilized sludge compositional metals
are compared to New York State land application limits and are presented in table 5.9-5.
As can be seen, all metals with a regulatory limit are well below the limits established.

TABLE 5.9-5
STABILIZED SLUDGE CONSTITUENT OXIDE ANALYSIS

CONSTITUENT OXIDES (%) 1/4/96 4/13/96 7/9/96 10/21/96

Alumina 4.4 6.7 13 11

Calcium Oxide 3.0 17 39 34

Iron Oxide 3.9 3.7 0.4 8.4

Magnesium Oxide 0.79 0.8 1.6 1.1

Sodium Oxide 0.15 0.6 0.3 0.5

Silica 9.2 14 26 25

OTHER CHARACTERISTICS

Sulfite (mg/kg) 350,000 4,800 13,000 140,000

Loss on Ignition {%) 3.1 1 3.9 6.0

LEACHATE CHARACTERISTICS

Theoretical leachate characteristics can be simulated through several different tests. At
the time of initial landfill design, the EPA's Extraction Procedure Toxicity Test (EP Tox)
was the primary method used to determine worst-case leachate characteristics at
sanitary landfills. Waste material is subjected to extraction with acetic acid and the
resulting leachate analyzed. The results typically show higher concentrations of various
parameters than would be expected in a landfill disposing of non-organic wastes. The EP
Tox method has since been superseded by the EPA's Toxic Characteristics Leaching

Protocol or TCLP.

The second method used during initial design was the ASTM 48-hour water shake
method. In this test, the waste material is subject to extraction with distilied water. This
method more accurately reflects conditions expected in the landfill.

The results of the two methods are presented in table 5.9-7. Analytical results from the
actual limited leachate generated within the landfill are also presented for comparison in
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table 5.9-8. As can be seen, toxic meta! concentrations are well below the hazardous
waste limits promulgated by the EPA.

At the low permeability developed and through proper landfill operation, the potential for
saturation and permeation is significantly reduced. Due to the design of the landfill,
however, surface water contact is unavoidable although cover material minimizes the
surface water contact. The surface water is collected prior to discharge through SPDES
pemitted outfalls.

it is unlikely that ground water will come into contact with the waste material due to the
reduction in recharge from precipitation to the water table.

Leachate production within the stabilized siudge is limited due to a combination of
chemical, physical, and operational characteristics of the landfill.

Chemical species present in pozzolanic systems are rendered insoluble by several
mechanisms. First, the final pH of the system ranges from 11 to 12 Standard Units. At
these levels, most metals form insoluble, metal hydroxide precipitates. Second, the
pozzolanic reaction is a crystallization process in which calcium-alumino silicates are
formed. The crystalline material is insoluble and entrains many chemical species within
the crystal matrix. Third, FGD sludges contain high concentrations of sulfate and sulfite
compounds, many of which are insoluble.

The filling of voids by pozzolanic compounds reduces permeability, which in tum reduces
the flow of water through the waste mass effectively limiting leachate production.

Operating the landfill to promote maximum surface water runoff also reduces leachate
production. Since little or no water remains on the surface of the fill for extended periods,
there is & minimal amount of water available to permeate through the stabilized material.
The initial resistance to saturation and the continual removal of surface water reduces
the potential for development of the driving force or hydraulic gradient necessary to
initiate and maintain a flow of leachate through the stabilized mass.
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TABLE 5.9-7
STABILIZED SLUDGE LEACHATE ANALYSES FOR RCRA TOXIC METALS

Parameter EP Tox EP Tox' EP Tox Range TCLP TCLP Range
Limits(rng/) {mg/l} 1/90 - 7/92 Limits(ma/t) 10/91 - 10/95
(mg/) (mg/)
Arsenic 5.0 0.039 <0.005 - 0.034 5.0 0.12-0.35
Barium 100.0 0.350 0.14-0.44 100.0 0.11-2.25
Cadmium 1.0 0.020 <0.001 - 0.024 1.0 <0.05
Chromium 5.0 0.030 <0.002 - 0.11 5.0 <0.06 - 0.25
Lead. 5.0 0.040 <0.001 - 0.095 5.0 <().20
Mercury 0.2 0.006 <0.0002 - 0.007 0.2 <0.0002 - 0.012
Selenium 1.0 0.009 <0.01 - 0.03 1.0 <0.02 - 0.22
Silver 5.0 0.040 <0.01 - 0.035 5.0 <0.05 - 0.11

1} Leachate characteristics of initial design mix (1.44:1.0) using Miliiken Station fly ash and Petersburg
Station FGD sludge

TABLE 5.9-8
LEACHATE ANALYSES FOR RCRA TOXIC METALS (1996 DATA)
Parameter TCLP Limits (mg/l) |- Minimum Maximum
Concentration Concentration
{moh) (mgh)
Arsenic 5.0 <0.002 0.009
Barium 100.0 0.27 1.41
Cadmium 1.0 <0.005 0.015
Chromium 5.0 <0.01 0.059
Lead 5.0 <0.001 <0.005
Mercury 0.2 <0.002 <0.002
Selenium 1.0 <0.09 - 0.015
Silver 5.0 <0.01 <0.01

LINER EQUIVALENCY

The stabilized sludge is spread, graded, and compacted in phased sections of the
landfiil. Stabilized sludge placement utilizes the slope method such that positive runoff is
maintained from the compacted surface at all times. Material is placed in individual lifts of
12 to 18 inches designed to achieve the in-place density required to obtain the desired
strength and permeability. Each lift is placed with a slight pitch to insure positive
drainage. Once compacted, it begins to develop intemal strength and reduced
permeability. Individual lifts are combined to result in a multipte lift ranging from 5 to 20
feet in thickness. Based on strength and permeability results obtained, the landfill would
ultimatety consist of multiple lifts of low permeability liner grade material.

When considering the effective permeability, the full depth liner is significantly more
effective than an equivalent natural soil liner. This can be calculated by using Darcy's
Law for one-dimensional flow through a material, discharge Q = kiA, where k = coefficient
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of permeability, i = hydraulic gradient, and A = the cross sectional area through which
flow takes place. Darcy's Law is valid only under saturated conditions, which is not likely
to occur in a landfill situation. Assuming a 20-foot saturated thickness, the fult thickness
finer with k = 1.0 x 10° cm/sec has a theoretical leakage rate of 1.0 ftslyear (7.5
gals/ft’/year) versus a 5-foot natural soil liner with a k = 1.0 X 10" cm/sec which has a
theoretical leakage rate of 40 ft*/year (300 gal/it*/year). Even reducing the permeability of
the 5-foot liner to 1.0 x 10°° cm/sec, the flow rate is still 30 gal/ft/year, four times greater
than the full thickness liner. By design, the full thickness stabilized sludge liner would not
likely become fully saturated if positive surface runoff is maintained.

DESIGN EVOLUTION

During final design discussions and meetings with the NYSDPS and NYSDEC, the
possibility of using bottom ash as a French drain under the stabilized sludge was
discussed. Due to the anticipated low permeability of the stabilized sludge and the
design of the landfiil promoting runoff so that hydraulic head on the upper surface is
virtually eliminated, there was little expectation of leachate being generated by the
stabilized sludge. Nevertheless, an underdrain collection system, utilizing a two-foot layer
of bottom ash, was incorporated into the operational design. As designed, the two-foot
layer was placed over a five to ten-foot layer of stabilized sludge to relieve any potential
leachate head build up on the liner. The drainage layer is equipped with pipes extending
from the landfili surface into the bottom ash. These pipes, known as "telltales” are used
to indicate any leachate buildup on the liner and, if seeping, are sampied for chemical
analysis. ‘

During the first few years of landfill operations, stabilized sludge testing indicated that the
sludge was not achieving the permeabilities anticipated during the design phase. Table
5.9-4 provides the results from the long term testing program. A telltale began flowing in
1989, however it is likely the flow is from sideslope drainage into the bottom ash drainage
layer, rather than from precipitation infiltrating through the stabilized sludge.

Another result of the inability to achieve the lower permeability values, but also due to
solid waste regulatory changes through the 1980s, NYSEG was required to change the
initial design to include a clay iiner below the stabilized sludge. Phase IC, a 15-acre
expansion constructed during 1986, was the first phase of the landfill that required a clay
liner. The clay was emplaced and compacted to a thickness of 18-inches and a
permeability of 1.0 x 10°® cm/sec or less.

The clay liner provides a low permeability barrier to any potential leachate migration and
also provides an additional ability to attenuate many chemical species that may be

Current landfill design, being used to construct the latest phase, phase 1J, consists of an
18-inch clay liner placed and compacted to a permeability of 1.0 x 10-7 cm/sec or less
underlying a two-foot drainage layer of bottom ash underlying a five-foot protective layer
of stabilized sludge. A geotextile is placed between each layer to reduce infiltration of the
different liner elements into each other.
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5.9.3 EVALUATION OF LANDFILL PERFORMANCE

The primary method of determining fandfill performance with respect to being protective
of human health and the environment is a network of ground water monitoring weils. New
York State solid waste regulations require a minimum of one upgradient and two
downgradient monitoring wells installed in each critical hydrogeologic layer. Wells must
be spaced no farther than 500 feet apart on the downgradient edge of a landfill and no
further than 1500 feet apart on crossgradient and upgradient edges of a landfill.
Monitoring wells at Kintigh SWDA meet those vertical and horizontal spacing
requirements.

Ground water is sampled quarterly for field measurements and inorganic analytes. A
review of the ground water quality analyses indicates that the hydrogeology and
hydrochemistry at site is quite complex and ground water quality is highly variable across
the site. Moreover, the bedrock aquifer in the Kintigh area produces highly saline ground
water that complicates analysis of water quality data from the site.

Despite the extensive investigations at the site, there had been continued debate as to
whether plant operations have impacted ground water at the site untit a 1992
investigation utilized techniques that definitely showed that the landfill design was
protective of the environment.

As part of the licensing of Kintigh Station, a Ground Water Monitoring Program was
established to determine potential impacts of plant operations, including solid waste
disposal, on the ground water at the site. The report is submitted annually to the New
York State Department of Public Service, which currently has ultimate authority over
plant operations. The report, compiled since 1983, one year prior to commencement of
plant operations, states that the naturally poor quality ground water at the site make
trends difficult to ascertain by standard comparative or statistical review of the analytical
data. As there have not been any discemible changes in the ground water quality since
before plant startup, the report has consistently concluded that there has not been any
degradation of the ground water by landfill operations. :

Several studies have been conducted to confirm this conclusion, including a
hydrogeologic investigation that included an earth conductivity survey performed from
1987 to 1989 by Malcolm Pimie, Inc. and, most notably, the hydrogeochemical
investigation performed by Steams and Wheeler from 1991 to 1993.

In the Steams and Wheeler study, three methods of geochemical interpretation were
used: isotopic analyses of ground water and dissolved solutes to evaluate mixing and
ground water age; chemical equilibrium controls on metal solubility; and scatterplots to
evaluate the extent of mixing, if any, between the ground water and leachate. The
isotopic analyses of hydrogen, oxygen, sulfur and tritium isotpes in the groundwater near
Kintigue demonstrated conclusively that leachate has not impacted shallow or deep
ground water systems at the site. In addition, tritium leveis measured at the site indicate
that the deep, saline ground water is older than the plant facilities, and therefore have not
been impacted by leachate. Finally, an investigation of the ground water concentrations
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of iron and manganese showed a distinct separation of leachate from natural ground
water quality at the site, further supporting the conclusion that leachate has not affected
the ground water at the Kintigh SWDA.

5.9.4 CONCLUSIONS AND FUTURE CONSIDERATIONS

Coal combustion byproduct disposal facilities are required to provide effective waste
isolation and containment systems. This may be achieved by physical methods to retard
or impede leachate generation and migration or chemical methods to attenuate leachate
constituents. A full depth, low permeability stabilized sludge with a low permeability clay
liner beneath can achieve both of these objectives. In addition, the liner performance
meets the criteria of long life, low permeability, and resistance to degradation by
leachate.

A clay-lined, stabilized sludge landfill may not be appropriate for all environmental
situations. However, it has been shown that, based on the physical and chemical
characteristics of FGD siudge stabilized with fly ash and lime and an appropriate
environmental monitoring program, a properly designed clay-lined stabilized sludge
landfill can be adequately protective of human health and the environment at a much
lower cost than other types of landfill designs.

At Kintigh SWDA, it is difficult to determine the liner requirements in the future. NYSEG
has justified a continuation of its existing liner system based on the leachate composition
and by demonstrating that leachate is not contributing contaminants to the ground water
resources at the plant. The latest expansion is currently being constructed with clay,
however, if an alternative fueis program is placed in operation or there is a change of the
FGD system to forced oxidation producing saleable gypsum, the landfill liner design may
have to be reassessed. In addition, regulatory pressures may force NYSEG to redesign
any expansion to comply with more stringent, but not absolutely necessary, design
requirements.
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6.0 ECONOMICS
6.1 ECONOMIC PARAMETERS

For purposes of comparison and analysis of the Milliken Station FGD demonstration
economics, Table 6.1-1 documents the assumptions used in preparing capital cost
estimates for future commercial FGD retrofit applications.

TABLE 6.11
ECONOMIC PARAMETERS
TYPICAL
ITEM UNITS VALUE
Cost of Debt % 8.5
Dividend Rate for Preferred Stock % 7.0
Dividend Rate for Common Stock % 7.5
Debt/Total Capital % 50.0
Preferred Stock/Total Capital % 15.0
Common Stock/Total Capital % 35.0
income Tax Rate % 38.0
Investment Tax Credit % 0.0
Property Taxes & Insurance % 3.0
Inflation Rate % 4.0
Discount Rate {With Infiation) % 7.93
Discount Rate (Without Inflation) % 3.744
Escalation of Raw Materials Above Inflation % 0.0
Construction Period Years 15
Allowance for Funds Used During Construction % 3.8
Construction Downtime Days 90
Remaining Life of Power Plant Years 15
Year for Cost Presented In This Report - 1995
Royalty Allowance (Based On Total Process Capital) % NA
Capital Charge Factor
Current Dollars - 1604

Constant Dollars - 124

O&M Cost Levelization Factor
Current Dollars - 1.293"

Constant Dollars - 1.000
Power Flant Capacity Factor % 65
Sales Tax Rate % 5.0
Cost of Freight for Process Equipment % 2
General Facilities/Total Process Capital % 10.0
Engineering and Home Office Fees/Total Process Capital % 10.0

! The O&M default parameter is 1.314.
Economics Page 6.1-1
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The values in Table 6.1-1 are consistent with the default parameters used in recent
studies of CCT processes at FETC, as outlined in the General Guidelines for the
Project Performance and Economics Report.
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6.2 ESTIMATED PROCESS CAPITAL COSTS

The total capital requirements for an equivalent 300 MWe net commercial unit
incorporating the Milliken Station FGD technologies have been developed using DOE'’s
standardized approach in order to facilitate economic comparisons with other DOE CCT
projects. The underlying basis of the capital costs for a mature commercial equivalent
of the FGD elements of the Milliken demonstration project are the installed costs for
equipment for the Milliken Station CCT demonstration project. Since the equipment
utilized at the Milliken Station in many cases serviced one (or both) of the two existing
150 MW units, it was necessary to adjust the quantities of many of the project's
components in order to normalize the commercial plant scope of supply, and to scale
costs to allow for the differences in both capacity and performance.

it should be noted that the bases of the values in Table 6.2-1 are retrofit costs, and
therefore no “retrofit” adjustments are applicable. Also, process contingency is inherent
in each cost area, since the costs are based on incurred values of commercially
available equipment. The costs supporting the values in Table 6.2-1 are shown in
detail by area in Appendix B. The nominal year of costs for the equipment indentified in
Appendix B is 1985; in reality, these values reflect mixed year dollars, as the cost bases
were expended over the project’'s 27 month procurement and construction schedule
during a low inflationary period. The plant equipment values are escalated to 1998
dollar values for the 300 MW commercial plant analyses presented below.

TABLE 6.2-1
TOTAL FGD SYSTEM CAPITAL REQUIREMENT
300 MW COMMERCIAL PLANT
Area Total Installed Equipment Cost $10° $kwW
No.
100 Limestone Handling & Prep. 5.3 17.7
800 Siurry Feed & Recycle 3.7 12.2
800 Absorber Module & Auxiliaries 56 18.5
1100 ID Fan & Ductwork 6.3 211
1100 Stack & Flues 2.5 8.3
1300 Gypsum Dewatering & Handling 4.2 14.1
1400 Waste Water Processing System 2.4 7.9
1500 Other Mechanical Systems 4.7 15.8
1500 Electrical & 1&C 5.6 18.7
1500 FGD Building & Site Work 13.4 447
A Total Process Capital 53.7 175.0
B General Facilities
C Engineering & Home Office Fees @ 10% of A 5.4 17.9
D Project Contingency (10% of A+B+C) 5.9 19.7
E Total Plant Cost (A+B+C+D) 65.0 216.5
F Allowance for Funds During Construction (1.9% of E) 1.2 41
G Total Plant Investment (E+F) 66.2 220.7
Estimated Process Capital Costs Page 6.2-1
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TABLE 6.2-1
TOTAL FGD SYSTEM CAPITAL REQUIREMENT

300 MW COMMERCIAL PLANT
Area Total Installed Equipment Cost $10° - SKkW
No.
H Royalty Allowance
| Preproduction Costs 2.3 7.7
J Inventory Capital .51 1.7
K initial Catalyst & Chemicals
L Subtotal Capital (G+H+l+J+K) 69.0 230.1
M Cost of Construction Downtime ' 21.0 70.2
N Total Capital Requirement (L+M) 90.0 300.3

As Table 6.2-1 indicates, the total capital requirement for an FGD retrofit for a 300
megawatt commercial plant, equivalent in technical scope to Milliken Station, is
estimated to be approximately $90 miilion, with a corresponding cost per kW of $300.
However, this value does not reflect a completely normalized scope, or adjustments for
site/project specific costs. Some possible scope differences affecting costs could
include the following: full scope versus partial scope for sorbent and gypsum or sludge
handling systems; sparing of the absorbers; production of marketable by-product;
design sulfur removal efficiency; design coal, and the reference year of the reported
costs (mixed year dollars over several-year periods).

6.2.1 ECONOMIC SENSITIVITIES

As indicated in Figure 6.2-1, when plotted against plant size the total costs of the FGD
system are shown to increase, as expected. Total Capital Requirements for a FGD
retrofit similar to the Milliken Station installation can be expected to range from $58
million for a 150 MW plant to $130 million for a 500 MW plant.

When plotted in $/kW vs. unit size, as shown in Figure 6.2-2, total cost trends decrease
markedly, demonstrating a clear and significant economy of scale. On a cost per kW
basis, Total Capital Requirements for a FGD retrofit similar to Milliken Station can be
expected to range from 385/$/kW for a 150 MW plant to 260/8/kW for a 50C MW plant.

Estimated Process Capital Costs Page 6.2-2
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6.2.2 Equipment List

An Equipment List identifying major cdmponents and their operating parameters is
provided for reference in Appendix A.
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6.3 PROJECTED OPERATING AND MAINTENANCE COSTS

Fixed operating and maintenance costs include estimates of operating labor,
maintenance labor, administration and support and the operating and maintenance
materials required for the FGD facilities.

The estimated fixed and variable operating costs for a 300 MW FGD retrofit project
comparable to that of Milliken Station are presented below in Table 6.3-1. As indicated
in Table 6.3-1, total operations and maintenance costs for a commercial 300 MW FGD
retrofit application are approximately $4.62 million. The following parameters have
been assumed in determining O&M costs for the 300 MW commercial plant:

Capacity Factor 65.0%
Plant Life 15 Years
Sulfur In Coal 3.2%
Removal Efficiency 95.0%
: TABLE 6.3-1
OPERATING & MAINTENANCE COST
300 MW Commercial Plant
FIXED O&M COSTS UNITS QUANTITY SIUNIT $10%YR
Operating Labor Man hrthr 26,280 23.00 6
Maintenance Labor 26
Maintenance Material .39
Administration/Support Labor .26
Subtotal Fixed Costs 1.51
VARIABLE OPERATING COSTS
Fuels
N/A Ton
Sorbent
Limestone Ton 65,043 15.00 .98
Chemicals/Catalyst
Formic Acid Ibs. 193,596 43 .08
Utilities
Electric Power kW 46 .05 2.3
By-Product Credits
Gypsum Ton 114,831 3.00 (0.34)
Calcium Chloride Ton 1.00 0
Flyash Ton
Waste Disposal Charges
Lime Ton 1,110 80.82 .009
Sludge Removal Ton 413 10.00 .000
Subtotal Variable Cost 3.11
TOTAL O&M COST (FIXED + VARIABLE) 4.62
Projected Operating and Maintenance Costs Page 6.3-1
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Operating labor costs are calculated as the product of the number of hours per year,
based on the number of operators per shift, and the operating labor pay rate. It is
assumed that the FGD facilities will require the equivalent of three operators per shift.

Annual maintenance cost is calculated as a percentage (1%) of the total process capital
costt The value derived from this percentage is then apportioned between
maintenance labor and maintenance materials based on a ratio of 40% labor and 60%
material.

Administrative and support labor is calculated as a percentage (30%) of the sum of
operating and maintenance labor.

Variable O&M includes the cost of all chemicals and sorbents used in the FGD process,
mainly formic acid and limestone, and the cost of disposal of waste products.

Limestone costs are a product of the quantity of limestone and the sorbent's average
unit cost. The limestone quantity is determined as the product of the reference plant
process design flow times the net power produced, removal efficiency and the sulfur
content of the coal feed.

Similarly, formic acid costs are the product of the quantity of formic acid used times the
chemical's expected unit cost. The formic acid quantity is calculated as the product of
the reference plant process design flow times the amount of SO, removed, divided by
the amount of SO, removed at design conditions.

Because the FGD process creates a high quality gypsum by-product, a credit for sale of
gypsum is realized. However, note that the current analysis excludes other potential
operating credits obtained from the sale of flyash, bottom ash and calcium chloride.

Waste disposal costs are based on landfill disposal costs for lime and sludge produced
in the FGD process. The disposal quantities are calculated as the product of the
reference plant process design flow times the net power produced, divided by plant net
generation.
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6.4 SUNMMARY OF PERFORMANCE AND ECONOMICS

The following Table 6.4-1 summarizes the performance and economics of the FGD
processes implemented at Milliken Station as part of the CCT demonstration project, as
applied to a 300 MW commercial power plant. The performance figures include
emissions of SO, both before and after controls. Process economics are expressed in
both current doliars, which includes the effect of inflation, and a constant dollar basis,
which ignores inflation.

TABLE 6.4-1
SUMMARY OF PERFORMANCE AND ECONOMICS
COMMERCIAL 300 MW POWER PLANT

Powsr Plant Attributes Units Value

Plant Capacity, Net MwWe 300
Power Produced, Net 10° KWhiyr 1.708
Capacity Factor % .65
Plant Life yr 15
Coal Feed 10° tons/yr 629
Sulfur in Coal wt % 3.2

Emissions Control Data Units SO, NO, TSP PM,,
Removal Efficiency % 95.0
Emissions Standard Ib/10°BTU 1.20
Emissions Without Controls Ib/10° BTV 5.01
Emissions With Control Ib/10° BTU 0.25
Amount SO, Removed tons/yr 38,268

Current Dollars Constant Dollars

Levelized Cost of Power Factor Mills/kWh Factor Mills/kWh
Capital Charge 0.1604 8.46 0.124 6.54
Fixed O&M Cost 1.293 1.15 1.000 0.89
Variable Operating Cost 1.293 2.35 1.000 1.82
Total Cost 11.96 9.24

Levelized Cost -S0O, Basis Factor $/ton removed Factor $/ton removed
Capital Charge 0.1604 377.56 0.124 291.88
Fixed O&M Cost 1.293 51.13 1.000 39.55
Variable Operating Cost 1.293 105.03 1.000 81.23
Total Cost 533.72 412 66
Levelized Cost -SQ, + NO, Basis Factor $i/ton removed Factor $iton removed

Capital Charge 0.160 NA 0.124 NA
Fixed Q&M Caost 1.314 NA 1.000 NA
Variable Operating Cost 1.314 NA 1.000 NA
Total Cost NA NA

The economics for the 300 MW commercial facility are presented as levelized current or
constant costs calculated over the remaining life of the plant. The economic factors are
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based on reference parameters established by DOE to facilitate comparison with other
CCT projects.

In summary, the 300 MW base case unit capital and first year O&M (in 1998 dollars) are
$90 million, ($300kW) and $4.54 ($15kW) miliion respectively. Levelized costs for the
base case 300 MW unit are $534/ton SO, removed on a current dollar basis, and
$413/ton SO, removed on a constant dollar basis. Busbar cost is 11.96 mills/lkWh on a
current dollar basis and 9.24 milis/lkWh on a constant dollar basis.

Summary of Performance and Economics Page 6.4-2
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6.5

6.5.1 S-H-U

Parametric calculations have been performed utilizing a computer-based model on the
300 MW commercial plant’'s costs presented in section 6.4 in order to determine how
annual levelized costs (in $/ton of SO» removed) would vary with key process variables,
including capacity factor, plant book life and sulfur content of the coal feed. The results
of these analyses are summarized in Table 6.5-1, with graphical presentations provided
in Figures 6.5-1, 6.5-2, and 6.5-3 which demonstrate sensitivities related to changes in

EFFECT OF VARIABLES ON ECONOMICS

capacity factor, plant lite and sulfur content of coal, respectively.

Table 6.5-1
Sensitivity Analysis
300 MW Commercial Plant

$/Ton $/Ton $/Ton
Capacity SOy Plant S0o Sulfur S0»
Factor Removed Life Removed Content Removed
50% 633 10 601 1.0% 9650 |
65% 534 15 534 3.2% 534
80% 472 20 506 4.0% 432
Figure 6.5-1
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Figure 6.5-2
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7.0 COMMERCIALIZATION POTENTIAL AND PLANS

The purpose of this section is to address the issues of the commercial readiness of the
demonstrated technologies and the plans for their commercialization. Four technologies
demonstrated at Milliken Station provide the bases for this discussion: the S-H-U FGD
system; the Stebbins tile absorber; the ABB heat pipe; and the DHR Plant Economic
Optimization Advisor (PEOA™). |n order to assess the commercialization potential of
each demonstrated technology it is important to analyze their potentiai markets. The
market analysis for each technology includes sections which address the applicability of
the technology and which assess the potential size of the market for each technology
over the next five to ten years and over the next 25 years and the share of that market
the technologies could capture under favorable circumstances. The market analysis also
includes a discussion of barriers to market penetration and an analysis of the competitive
position of each demonstrated technology. The commercialization strategy for each
technology is discussed including who will lead the marketing effort, what type of
organization will be formed, what market niche will be approached first, and what
geographical areas are being considered.

A detailed market analysis and discussion of commercialization plans was presented for
each technology in the Commercialization Concept Proposal, Velume HlI of the Project's
response to DOE PON Number DE-PS01-91FE 62271, which is included by reference.
Copies of this document can be obtained upon request from DOE. Much of this materiat
was also included in Section 1.4 of the Public Design Report which is also included by
reference. Copies of this document can also be obtained upon request from DOE.
Accordingly, this Project Performance and Economics Report will address the
commercialization potential and plans in brief summary fashion only.

7.1 SHU FGD TECHNOLOGY
MARKET ANALYSIS

A key factor in the commercialization of FGD technology is that the market is driven by
the rate of growth in the electric power industry and by the demands of the regulatory
environment. Public Law 101-549, the 1990 Clean Air Act Amendment (CAAA), requires
existing coal-burning power plants to reduce sulfur dioxide (SO,) and nitrogen oxides
(NO,) emissions. Considering the technology options which are commercially available
today, it appears that a significant portion of these existing plants will have to rely on wet
flue gas desulifurization (FGD) and NO, mitigation upgrades to reach the ievels of SO,
and NO, required by legislation. In addition, the SO, emissions credit trading feature of
the Clean Air Act Amendments places greater emphasis on ultra-high cost effective SO,
removal capability. The ultra-high SO, removal capability of the SHU process, i.e., up to
a8 percent SO, removal (as demonstrated by the MCCTD Project), is thus a significant
selling feature.

Commercialization Potential and Plans: SHU™ Page 7.1-1
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Competing lime and limestone-based flue gas desulfurization processes produce large
quantities of solid waste byproducts. The waste produced by many of these technologies
has no commercial value and must be landfiled. The SHU process can produce
commercial grade, as opposed to disposable grade, gypsum by washing the gypsum for
chloride and formic acid removal during dewatering. The SHU process produces a
100 percent yield of high quality gypsum crystals suitable for the wallboard or cement
industries. As suitable landfilt sites become harder to find and as the costs of landfilling
large quantities of power plant waste rise, processes such as SHU which can
economically produce a marketable byproduct should have a significant competitive
advantage.

Competing lime and limestone-based flue gas desulfurization processes impose
significant auxiliary power requirements on the host power plant, resulting in lower station
heat rates and increased greenhouse gas emissions per unit of net power generation.
The SHU process offers reduced auxiliary power consumption compared to some
competing processes due to more efficient oxidation, lower L:G ratio, increased
limestone utilization, absence of gypsum fines, and lower gas-side pressure losses. As
deregulation forces more rigorous economic competition among power generators and
as concerns regarding the global buildup of greenhouse gases begins to affect the
marketplace, these competitive advantages of the SHU process should be reflected in
increased marketability.

While Saarberg-Hélter Umwelttechnik GmbH, a German company, owns the SHU
process license and will supply the basic process engineering, a majority of detailed
design services and all equipment will be supplied by U.S. companies. This will aid in the
development of the U.S. manufacturing base that wili be supplying the process to the US
power industry.

The SHU process is a highly cost competitive FGD process. Preliminary evaluations
reported in EPRI GS7193, Economic Evaluation of FGD_Systems, which was published
in 1991, indicated that SHU technology may be the most cost competitive of the FGD
processes for achieving high SO2 removal rates with a limestone-based system. With the
MCCTD project's confirmation of this expected cost savings, the SHU process should
capture a large share of the US FGD market due to requirements for retrofit or new plant
S0, emission controls,

APPLICABILITY OF THE TECHNOLOGY

The SHU technology has wide-spread application within the utility and industrial market.
With slight modification, this process has been used in Europe to successfully reduce
SO, emissions generated from boilers fired with coal, lignite, oil, and gas; industrial
boilers; and also in municipal waste incinerators. This process also has the potential for
use in reducing SO, emissions associated with coal gasification, shale oil retorting, and
Orimuision. The process is applicabie to boilers firing low, medium or high sulfur coals,

Commercialization Potential and Plans: SHU™ Page 7.1-2
Project Performance and Economics Report



without limits as to boiler size or type, providing SO, removals of up to 98%. As with any
wet limestone FGD process the SHU technology requires a significant amount of plot
space on site, though the amount of space required can be minimized by adoption of the
split module, below-stack configuration demonstrated by the MCCTD project.

MARKET SIZE

A fully detailed analysis of the potential FGD market is provided in Volume | of the Public
Design Report. The results of this analysis are summarized in tables 7.1-1 and 7.1-2. In
this analysis the total U.S. electric market available to the SHU process was divided into
two segments - retrofit capacity and new capacity. For retrofit FGD technology, the total
U.S. market was limited to all pre-NSPS coal-fired boilers that are presently in
commercial service, and are not equipped with SO, control (i.e., FGD, physical coal
cleaning, atmospheric fluidized-bed combustion repowering, or compliance low-sulfur
coal). New capacity included all projected coal fired additions through the year 2030.

The analysis forecast a large market share of both retrofit and new capacity plants for the
SHU FGD process. Initially, this market would be stimulated by electric utility power
ptants requiring FGD retrofit to comply with Clean Air Act Amendment legislation, with
plants responding to this legislation with applications starting in 1995. It was assumed
that the retrofits would continue for a finite period, 15 years. As a result of the MCCTD
project, the SHU technology would be fully commercialized by 1999. The analysis
assumed that the SHU process would be able to penetrate the new United States power
plant market by 1996.

Table 7.1-1 shows the calculated market share of the SHU FGD process compared with
existing FGD for the retrofit power plant market. A projection of 35 years, from 1996 to
2030, is presented in five year increments. Each year's fractional shares depends on the
previous year's fractional shares. This means that an initial market share for the new
SHU technology is required and must be assumed to stimulate a market. A 1.5 percent
share was assumed. This is considered realistic in that it shows that an outside force,
such as the Milliken project or an initial investment, is needed before the product
becomes accepted.

Table 7.1-2 depicts the calculated new power plant market shares for the SHU FGD
process. The shares differ from those of the retrofit market due to several factors, such
as different relative capital costs and the growth of new power generation in the time
frame of interest. Note that the total market share for FGD systems diminishes as it is
displaced by other advanced technologies.

Based on this analysis, projected SHU FGD market share for retrofits in the U.S. through
the year 2030 totals 5,700 MW. The projected SHU FGD market share in the U.S. for
new power plants through 2030 totals 96,200 MW. The balance of the retrofit and
selected new power plant markets will use other available sulfur reduction technologies.
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TABLE 7.1-1
MARKET ASSESSMENT SUMMARY:

RETROFIT CAPACITY MARKET PENETRATION

FOR ADVANCED SHU TECHNOLOGY FROM YEAR 1995 THROUGH 2030 _

1956-2000 607 2.0%
2001-2005 1188 3.5%
2008-2010 1600 5.9%
2011-2015 1348 9.7%
2016-2020 583 15.6%
2021-2025 186 23.9%
2026-2030 154 34.8%
8 Relative to total population
TABLE 7.1-2

MARKET ASSESSMENT SUMMARY:
NEW CAPACITY MARKET PENETRATION

1996-2000

2001-2005 3059 3.3%
20062010 5824 53%
20112015 12146 8.5%
20162020 21612 133%
20212025 27323 203%
2026-2030 24960 300%

MARKET BARRIERS

US utilities are reluctant to invest in a technology which remains unproven within the US,
where fuels and operating conditions generally differ. Further, some US companies are
reluctant to purchase equipment from international suppliers. However, the successful
demonstration at Milliken Station, in conjunction with SHU's experience in Europe, will
enable SHU to effectively market the FGD technology in the US, through its US design
and manufacturing partners.

ECONOMIC COMPARISONS WITH 6OMPETING TECHNOLOGIES

Variations in FGD system design requirements, process economics, compiexity, as well
as unique site and project characteristics serve to make FGD technology comparisons a
challenging task. In this study, the capital, operating and maintenance costs of several
competing FGD systems have been evaluated, and compared on the basis of levelized
busbar costs and the total cost of SO, removed. Three approaches have been utilized to
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demonstrate comparisons between the Saarberg-Holter w/Wallboard Gypsum
technology with competitive FGD systems: 1) Comparisons based on published values
for various FGD applications; 2) Use of the EPRI FGDCOST Cost Estimating Model to
compare competing technologies on a normalized basis; and 3) Comparisons with
advanced technologies.

Wet processes are the class of FGD technology with the largest instailed experience
base. Wet FGD, and some other competing technologies, have high (30 percent), or, as
in the case of SHU, very high (95+ percent) proven sulfur removai capability.
Unfortunately, some types of wet FGD (other than SHU), have sensitive control
requirements that make operations difficult and sensitive, particularly during load
changes and plant transients; scaling deposits and plugging have been a persistent
problem, and overall reliability of wet FGD equipped units has therefore suffered. The
unique features of the SHU process either eliminate or mitigate these problems that are
of concern in many other FGD processes. There are many wet FGD processes, some
new and some commercially-established. These include:

o SHU wet flue-gas desulfurization.

e Conventional limestone wet flue-gas desulfurization.

e Conventional lime wet flue-gas desulfurization.

o Limestone forced-oxidation wet flue-gas desulfurization.

¢ Magnesium (Thiosorbic) lime wet fiue-gas desulfurization.
e Magnesium oxide wet flue-gas desulfurization.

e Wet FGD with inhibited oxidation (Thiosulfate or elemental sulfur).
¢ Dual-Alkali wet fiue-gas desulfurization.

e Bechtel CT-121 wet flue-gas desulfurization.

e Soda Ash wet flue-gas desulfurization.

e Dowa wet flue-gas desulfurization.

e Wellman-Lord (Sulfur) wet flue-gas desulfurization.

e |[spra (Sulfur) wet flue-gas desulfurization.

e SOXAL.

¢ Other regenerative systems.

The Electric Power Research Institute (EPRI) has completed an evaluation of 24
competing FGD processes. This evaluation found that the capital costs of SOXAL,
Wellman-lLord, and other regenerable FGD processes are greater than the capital cost of
wet limestone scrubbing. The evaluation found that the levelized total annual revenue
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requirements and parasitic energy consumption of the regenerable processes (SOXAL,
Wellman-Lord, et. al.) were also greater than limestone wet scrubbing. The SHU process
advantages, when compared to regenerable FGD processes include: lower energy
consumption, lower capital and total annual operating costs, and minimal solid waste and
scrubber blowdown production.

Comparative FGD Technologies

The technologies most often considered to provide sulfur emission reductions in U.S.
power plants include the following:

e Wet flue gas desulfurization (FGD), the class of technology in which the SHU process
belongs

¢ Furnace sorbent injection

e Economizer sorbent injection

® Duct sorbent injection with either lime or sodium sorbent
e Tampella Process sulfur removal

e Lurgi circulating fluidized bed sulfur removal

¢ Fluidized bed combustion technologies

¢ Lime spray dryer sulfur removai

e Combined NOx/SOx Control Technologies, such as: NOXSO, Degussa, Haldor
Topsoe, Electron Beam, and SNRB

¢ Pre-combustion sulfur control technologies, such as deep coal cleaning. Here,
however, fuel cost becomes high, and only modest levels of sulfur removal are
econormically practical.

Table 7.1-3 presents the results of an investigation into the costs of FGD technologies.
The data summarized in Table 7.1-3 has been obtained from pubilicly available
documents, primarily published results from the Clean Coal Technology program. Since
retrofit issues vary widely due to the unique aspects of each site and plant, the results of
this investigation, as can be expected, demonstrate a wide range of FGD retrofit costs. It
should be noted that no attempt has been made to normalize the scope of the
comparative projects in order to achieve a normalized cost basis. Costs vary due to the
demonstration plants’ site specific conditions, the technologies applied, plant size,
availability and efficiencies, as well as individual study approaches and methodologies.
Aithough the results of this investigative approach are inconclusive, the S-H-U FGD
system with tile absorber appears to fall within a competitive cost range for systems
limited strictly to flue gas desulfurization, particularly when efficiency is considered as
part of the comparability equation.
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Table 7.1-3

Comparative FGD Technologies
(Based on Published Literature)

S-H-U Pure Air | LIFAC | AirPol Gas Wet Confined
FGD |Advanced | Sorbent | Suspension | Limestone Zone
WiTile FGD |Injection| Absorber Forced [Dispersion
Absorber Oxidation
{Typical)
Plant Size (MW) 300 500 300 300 300 500
Capacity Factor 65% 65% NA 100% 100% 65%
Book Life 15 15 Years NA 15 15 30
Coal Feed (%S) 3.2% 3.0% 2.8% 2.6% 2.6% 3.9%
Total Process Capital ($/kW) $179 $80 NA $91 $144 NA
Total Capital Requirement $300 $111 $66 $149 $216 $38
1(S/kW)
S02 Removal Efficiency (%) 95% 90% 70% 90% 90% 50%
Levelized busbar cost 11.96 8.65 NA 10.35 13.0 NA
(Current Mills/kWh)
IAnnual Levelized Cost
(Current $/ton SO2 Removed):
Capital Charge $377 $142 NA $291 NA NA
Fixed Q&M $51 Included NA $129 NA NA
\Variable O&M $105 $103 $65 $182 NA NA
Total $533 $245 NA $602 NA $384
Year of Costs 1995 1995 1993 1990 1990 1993
NOTES 1)Produces  |1)Produces JRaytheon
Salable Saiable Evaluation
Gypsum Gypsum as part of
Product. Product. AirPol Study
2)Capital
Charge
includes
Fixed O&M
Charges

Alternatives to FGD Retrofit Technology

In addition to the technologies listed above, most of which are amenable to retrofit, there
are other economic choices that become strong competitors when considering existing
plant upgrade/retrofit for reduced sulfur emissions. For the retrofit market of existing
coal-fired plants, options include:

Retire the unit, and either bulk purchase power or replace with clean new capacity;

e Do nothing, controlling sulfur in other units, accepting low capacity factor and
retirement prior to any requirement for mandated sulfur control,
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Switch to a fow sulfur coal or co-fire with natural gas or other clean fuel, accepting
moderate sulfur emission levels, potentially higher fuel cost, possible derate, and
possible need for particulate controf upgrade;

Switch to natural gas or other low sulfur fuel, accepting high fuel cost, and possible
vulnerability to future fuel supply curtailment; or

Repower with a cleaner combustion technology (e.g. AFBC) or repower with a
topping cycle (e.g. integrated gasification combined cycle) technology.

Develop an SO, allowance trading strategy. The market-based allowance trading
system capitalizes on the power of the market to reduce SO2 emissions cost.

EPRI FGDCOST: COST ESTIMATING MODEL

The EPRI FGDCOST: Cost Estimating Model was used to develop comparative capital
costs for nine currently available FGD processes:

a) Limestone forced-oxidation/Throwaway Gypsum
b} Limestone forced-oxidationA\WVallboard Gypsum
c) Magnesium Enhanced Lime

d) Thiosulfate/Inhibited Oxidation Limestone

e) DBA Enhanced Limestone

f) Pure Air - Cocurrent Scrubber

g) CT 121

h) Lime Spray Dryer

i) Saarberg-Holter (SHU)

Descriptions of each of the FGD systems selected for evaluation are presented in the
EPRI FDGCOST model's documentation manual, and are reprised below:

Limestone with forced oxidation producing a wallboard gypsum byproduct is the base
case FGD system. This system uses a limestone slurry in an open spray tower with
in-situ oxidation to remove SO,, and forms the gypsum product by washing the solids
from the recycle tank.

The limestone with forced oxidation system uses a limestone slurry in an open spray
tower with in-situ oxidation to remove SO, and form a gypsum sludge.

In the magnesium enhanced lime system a magnesium and calcium sulfate solution
is used in an open spray tower and form a calcium sulifite rich sludge. The
magnesium sulfite is regenerated in the reaction tank liguor forming the calcium

Commercialization Potential and Plans: SHU™ Page 7.1-8
Project Performance and Economics Report



sulfite. The make-up for magnesium lost with the solid product is supplied with the
reagent lime.

The thiosulfate/inhibited oxidation limestone process is similar to the limestone forced
oxidation system in that a limestone slurry is used in an open spray tower to remove
S0O,. Instead of oxidizing the sulfite product, however, emulsified sulfur is added to
the limestone slurry, forming thiosulfate which inhibits sulfite oxidation.

In the limestone with DBA system, as a modification to the limestone forced oxidation
process, DBA (dibasic acid) is added to act as a buffer/catalyst in the open spray
tower where a limestone slurry absorbs the SO2 and forms a calcium sulfite/sulfate
sludge. :

The Pure Air system sprays a limestone slurry into a co-current, downflow grid
packed absorber to remove SO2. An air rotary sparger system is used to provide
agitation as well as forced oxidation to yield a gypsum sludge.

The CT-121 process uses a limestone slurry in a jet bubbling reactor to remove SO2
and oxidize the reaction products to form calcium sulfate.

The lime spray dryer system is a semi-dry process in which the flue gas is contacted
with lime slurry in a spray dryer absorber. The siurry reacts with SO2 to form a solid
which is collected in a baghouse or electrostatic precipitator along with the fiyash.

The Saarberg-Holter (SHU) system uses a calcium carbonate/sulfate slurry in a
cocurrent/countercurrent gas flow absorber to absorb SO2. Formic acid is added to
the slurry to buffer the solution and control the pH drop in the absorber, enhancing
S02 removal. While this is the basic technology applied at Milliken Station, in the
FGDCOST model this technotogy option does not inciude the tile absorber application
or the saleable gypsum byproduct that exemplifies the Milliken demonstration project.

Approach to Use of FGDCOST: Cost Estimating Model

Key features of the FGDCOST cost estimating model include:

Ability to compare various process capital and control costs by using the same design
basis.

Cost versus capacity equations that allow the models to cost equipment as sizes
change based on input parameters.

Development of total levelized operating and control costs in mills/kWh and $/ton SO,
removed by combining operating and maintenance costs with capitalized investment
costs.

Ability to run sensitivity analyses for variations in economic design criteria.
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The variables in the EPRI model include plant technical input, technical inputs for the
plant boiler, technical inputs for the FGD system, and economic inputs. Plant technical
input data includes the plant gross and net MW rating, gross plant heat rate, and the
plant capacity factor. Technical inputs for the boiler include boiler heat input, air heater
leakage, and pressure temperature and moisture attributes. The technical inputs for the
FGD system inciude the percentage of SO2 removed, flue gas temperature data, L/G
ratic and other key elements of process chemistry. The technical parameters were
applied uniformly to each of the model’s modules. Some of the key technical parameters
applied, exclusive of default and calculated parameters, are as foliows:

Key Technical Parameters

Model Parameter Value
Total Net Plant Rating, MW 300
Gross Plant Heat Rate, NPHR 9,408
Coal Sulfur Content 3.2%
Boiler Heat Input, MMBtu/Hr 2945
Capacity Factor 65%
Removal Efficiency 95%
Plant Life 15 Years

The FGDCOST model's economic inputs include levelized fixed charge rates, discount and
AFUDC rates, inflation and project and process contingency rates, as well as specific unit costs
for reagents, labor rates, and power and sludge disposal requirements related to the FGD
processes. The economic parameters were applied uniformly to each of the model's modules.
Some of the key economic parameters applied are as follows:

Key Economic Parameters

Model Parameter Value
Gen. Facilities Capital 20%
Eng. & Home Office Fees 10%
Project Contingency 10%
Process Contingency 0%
AFUDC Rate 3.8%
Discount Rate 7.9%
Levelized Fixed Charge Rate 16.04%

Variable O&M Unit Rate
Limestone Cost $/Ton 15.00
Utilities $/kW 0.05
Gypsum (Credit) $/Ton (3.00)
Lime Disposal $/Ton 80.82
Sludge Removal $/Ton 10.00
Operating Labor Rate $/Hour 23.00

it was important to establish a normalized scope for the Base Case, and uniform
technical criteria which could be applied to each technology option evaluated in order to
establish a reference basis for comparison. Once a uniform set of technical and
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economic parameters was established, observed changes in the model's output could
then be determined to be related directly to the modeled differences between the various
FGD technologies.

The Base Case is the 300 MW commercial limestone forced oxidation system with a
wallboard grade gypsum byproduct. In addition to plant size, other key technical
parameters, applicable to all cases in this evaluation, include a capacity factor of 65%;
FGD efficiency at 95%; plant life of 15 years; sulfur in coal equals 3.2%; and a base plant
heat rate of 8,408 Btu/kWh.

The established technical and economic variables for the 300 MW commercial plant were
input to the EPRI FGDCOST model to produce a baseline cost estimate for the limestone
with forced oxidation with a gypsum wallboard byproduct system. The cost output from
the FGDCOST model for the baseline technology was then reviewed, and adapted to
conform with the 300 MW commercial plant cost estimate presented in section 6.2 of this
report. As adjusted, the capital cost estimate produced by the model is essentially the
SHU system. To fully define the normalized scope, site and project specific cost
elements were evaluated. As a result of this evaluation, scope elements and related
costs were either added or deleted from the FGDCOST model's baseline estimate.

For example, as part of the effort to normalize the scope of the base case technology,
the review of the scope of the FGDCOST model's reagent feed system indicated that
some major cost elements, such as a railspur, were not essential to most retrofit
applications. Similarly, bulk limestone storage and tranfer system requirements as
defined for the 300 MW commercial plant were considered to be more applicable to most
retrofit cases than the scope presented in the EPRI model. The FGDCOST model's
developed costs for this system were therefore factored to agree with the reference
commercial plant’s costs.

Costs were evaluated similarly for the SO, Removal System, Flue Gas System,
Byproduct Handling and General Support Equipment. The costs of these systems in the
model were also factored to conform to the reference commercial plant's values for these
systems.

The value of Other Mechanical Systems was increased in the FGDCOST model's
baseline to allow for scope elements such as process piping, cranes and hoists, sumps
and drains which were not identified in the FGDCOST model's scope, yet which were
considered by the reviewers to be necessary for a complete FGD retrofit. The costs for
onsite electrical power requirements were increased to aliow for elements such as
switchgear, CEMS, DCS and transmitters that did not seem to be included in the
FGDCOST model's scope, but which were considered essential to a commercial FGD
retrofit.
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The value for determining General Facilities’ costs was increased in the model's base
case scenario from 10% of Total Process Capital to 20%. The General Facilities scope
includes the FGD structure and Site Work, and appeared to be undervalued in the
FGDCOST model's base case. The nomalized FGD scope also allows for a stack
constructed at grade level, and appropriate costs for associated ductwork.

The resulting normalized scope and capital cost estimate served as the basis for
developing levelized cost values that conform with DOE’s requirements, and provided
the basis for comparison with competing technologies. To achieve the comparability of
costs through the FGDCOST model, the factors applied in the Base Case to achieve the
normalized retrofit scope were applied uniformly in each of the selected technology
options’ modules. The total process capital costs developed by the FGDCOST mode!l
were then input into a spread sheet model that developed total capital requirements, total
O&M costs and levelized costs in accordance with DOE guidelines.

Table 7.1-4 summarizes the total capital requirements for the Limestone
forced-oxidation/Wallboard Gypsum technology. Operations and Maintenance cost for
the base case technology are presented in Table 7.1-5, and Table 7.1-6 presents the
levelized busbar and SO, removal cost bases.
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Table 7.1-4

Limestone Forced-Oxidation/Wallboard Gypsum

CAPITAL COSTS (market base)

Plant Size (Mw) 300.0
Capacity Factor 65.0%
FGD System Titles $x1.000,000 S/kW
100|Raw Material Receiving and Handling 5.3 17.7
System
200|Fuel Preparation and Storage System 0.0 0.0f
300|Fuel and Oxidant Feed Handling System 0.0 0.0]
400|Combustion / Steam Generation System 0.0 0.0]
500{Combustion Modification Equipment 0.0 0.0]
600[Fuel Gas Processing and Handling System 0.0 0.0
700[Power Generating System 0.0 0.0|
800{So2 Removal System 9.2 30.7
900|NOx Removal System 0.0 0.0
1000|Particulate Removal System 0.0 0.0|
1100{Flue Gas Handiing System 56 18.5
1200{Raw Material Regeneration System 0.0 0.0
1300|By-Product Processing and Handling 6.1 20.4
System
1400{Waste Handling System 0.0 0.0
1500{Common Support Systems 12.8 42.7
1600{Other Systems 6.8 22.6
A Total Process Capital 45.8 152.7
B General Facilities
C Engineering & Home Office Fees (10% of 46 15.3
TPC)
D Project Contingency (10% of A+B+C) 5.0 16.8]
E Total Plant Cost (A+B+C+D) 55.4 184.7
F Allowance for Funds During Construction 1.1 3.5]
G Total Plant Investment 56.5 188.2
H Royalty Allowance NA NA
| Preproduction Costs 2.1 7.1
J Inventory Capital 0.485 1.62
K Initial Catalyst & Chemicals NA NA|
L Subtotal Capital (G+H+I+J+K) 59 197.0f
M Cost of Construction Downtime 21 70}
N Total Capital Requirement 80 267.2
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Table 7.1-5

Limestone Forced-Oxidation/Wallboard Gypsum

Project Performance and Economics Report

Fixed O & M Costs Units Quanity | $/Unit | $(xMYYr

Operating Labor Mnhrthr 27,040 23.00 0.62
iMaintenance Labor 0.18
[Maintenance Material 0.28
Administration / Suppot Labor 0.24
Subtotal Fixed Costs 1.33
| Variable Operating Costs
Fuels

n/a Ton
Sorbent

Limestone Ton 67,929 15.00 1.02
Chemicals/Catalyst

Formic Acid Lbs 171,845 0.43 0.07
Utilities

Electric Power kW x1073 46 0.050 2.30
By-products Credits

Gypsum Ton 123,674 3.00 (0.37)}

Calcium Chioride Ton 1.00

Flyash Ton 0 5.33 0.00]
Waste Disposal Charges

Lime Ton 0 80.82 0.00

Sludge Removal Ton 0 10.00 0.00]
Subtotal Variable Cost 3.02
Total O & M Cost (Fixed + Variable) 4.35
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Table 7.1-6
Limestone Forced-Oxidation/Wallboard Gypsum

Power Plant Attributes Units Value
Plant Capacity (net) Mwe 300
[Power Produced (net) 10°9kWh/yr| 1.708
ICapacity Factor % 65.0%
[P1ant Life yr 15
Coal Feed 1076tons/yr| 0.629
Sulfur in Coal wt % 3.2%
tEmissions Control Data Units S02 NOx TSP PM10]
Removal Efficiency % 95.0%
Emissions Standard Ib/10A6BTU 1.20
Emissions Without Controls | 1b/10*6BTU 5.01
Emissions With Controls Ib/10A6BTU 0.25
Amount Removed Tons / Year 38,268
Current Dollars Constant Dollars
Levelized Cost of Power Factor | Milis’/kWh Factor | Mills/lkWh
Capital Charge 0.1604 7.53 0.124 5.82
Fixed O & M Cost 1.293 1.00 1.000 0.78]
Variable Operating Cost 1.293 2.29 1.000 1.77
Total Cost 10.82 8.37
Levelized Cost - SO2 Basis Factor $/ton Factor $iton
Removed Removed
Capital Charge 0.1604 336.14 0.124| 259.86}
Fixed O & M Cost 1.293 44 80 1.000 34 65|
Variable Operating Cost 1.293 102.11 1.000 78.97
Total Cost 483.06 373.48
Levelized Cost - SO2 + Factor $/ton Factor $ion
NoX Basis Removed Removed
Capital Charge 0.1604 0.00 0.124 0.00§
Fixed O & M Cost 1.293 0.00 1.000 0.00%
Variable Operating Cost 1.293 0.00 1.000 0.00j
Total Cost 0.00 0.00|
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Table 7.1-7 summarizes the costs for each technology evaluated. in the table, the base
case is presented first, with the other technologies presented in ascending order of
ranking, from lowest cost to highest, based on total lifecycle costs in current milis/lkWh.
As shown in the table, the base case, i.e., the limestone forced oxidation technology with
the wallboard gypsum byproduct, has a levelized cost of power of 10.82 mills per kilowatt
hour. The limestone forced oxidation technology with the wallboard gypsum byproduct is
therefore the fourth least cost option out of the nine technologies evaluated. The least
cost alternative is shown to be the CT 121 option, with a value of 10.06 mills per kilowatt
hour.

The summary cost results for each alternative evaluated are provided in Appendix C of
this report. Total Capital Requirements, Total Fixed and Variable O&M Costs and Total
Levelized Costs analyses are presented for each FGD system.
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Advanced Technology Comparisons

The comparison of the SHU FGD process against advanced technology concepts such
as coal gasification, fluidized bed combustion, fuel cells, or other concepts cannot be
addressed in detail due to the complexity of the assumptions and variables that would
need to be addressed in such a comparison.

Some competing processes landfill their solid waste. The throw-away sodium-based
systems, such as the soda ash and dual-alkali, are based on expensive soda ash
reagent and generate large quantities of sludge for disposal. Ever increasing landfill
disposal costs and public resistance to new tandfill siting will make expanded use of
these processes less likely.

The SHU process can also be compared on an equivalent basis, since the process can
be configured to produce gypsum intended for landfill disposal. The calcium sulfite
waste produced by conventional FGD processes is significantly inferior to the SHU
iandfill grade gypsum. Calcium sulfite waste is mechanically unstable and must either
be ponded or mixed with dry fly ash and lime for landfill disposal. If caicium sulfite is
ponded, three to five times the land area needed for gypsum disposal is required. For
example, during a 30-year life of two 500 MW units firing 2.5 percent sulfur coal,
disposal of ponded calcium sulfite would require 400 to 700 acres of land, depending
on pond depth. Only 130 acres would be required for gypsum disposal (by stacking). If
calcium sulfite were iandfilled along with fly ash, space requirements would be greater
than those for stacked gypsum. In addition, operation of a stabilized sulfite sludge
landfill is more complex and costly than for gypsum stacking. Landfilling calcium sulfite
would require thickeners, vacuum filters, dry ash handling equipment, pug mills for
sludge/lime/ fly ash mixing to fixate the sludge mixture, truck transportation to the
landfill, and placement and compaction at the landfill site. Fly ash would no longer be
available for sale if it were required for mixing with the calcium sulfite material.

The formic acid buffering capacity of the SHU process, along with the
cocurrent/countercurrent absorber results in capital savings due the need for smaller
equipment. Typical savings are summarized in table 7.1-8.

Compared to its competition, operating economics are also excellent. This is due to:

e The operational flexibility that increase limestone utilization and reduce auxiliary
power requirements, therefore leaving more power available for sale;

e The revenue from marketing the high quality gypsum byproduct;

e« Reduced water consumption and disposat waste

e Improved system economy because of the greater dispatch and ramping flexibility;
and finally,

e Lower maintenance requirements.
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TABLE 7.1-8

SHU PROCESS CAPITAL SAVINGS FROM REDUCED SIZE EQUIPMENT
COMPARED TO COMPETING PROCESSES

Item Approximate Approximate
Size Ratio Capital Savings
Recycle Pumps 25 % Smaller Volume | 15 %
Tower Mills Up to 50 % Smaller |25 % to 30 %

Oxidation blowers | 25 % Smalier Volume | 15 %
induced Draft or| 15 % Lower Pressure | 10 %
Booster Fans Drop

As a result of the FGD evaluations conducted by NYSEG at Milliken Station, NYSEG
found the SHU process to be one of the most flexible, reliable, and cost-competitive
FGD processes available. Moreover, NYSEG believes that successful demonstration of
the innovative design changes will significantly reduce the cost of the SHU process and
further enhance its attractiveness for retrofit.

COMMERCIALIZATION PLANS

The normal path to commercialization for a product of a technology typically requires up
to 20 years; however, commercializing the SHU process will be more rapid.

The steps for complete commercialization of an FGD process are typically:

* [deas to resolve a problem or reduce a cost
e Proof-of-concept testing

« Technology development (bench scale) to resolve technical issues/reach technical
goals

s Engineering development (bench scale and scale-up) to reach cost, performance,
and life goals

s Demonstration of fabrication/manufacturing

» Demonstration at a scale large enough to establish user confidence

s Prototype testing

+ Early commercial implementation

e Mature commercial application and second generation improvements.

Each of the early stages are accompanied by increasingly complex studies, model
development, and designs to determine whether to proceed to the next stage. The cost

of each stage is greater than the previous one, such that at later stages, the large
capital requirements lead to significant concerns about the validity of scale-up factors.
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These later stages are also accompanied by market studies, promotions, efforts raising
financial backing, and overcoming institutional hurdles.

The approach to commercialization of the SHU FGD process requires a different path to
commercialization than normally associated with a new product, as outlined above. As
a result, the difficulties and schedule to commercialize are greatly reduced. Early
commercial introduction in the American power market is possible because the SHU
process is already in the commercialization step in Europe and Asia. The focus of the
MCCTD project, then is on integrating U.S.-manufactured equipment, integrating U.S.
engineering, integrating U.S. fuels, and on operating the equipment effectively in accord
with U.S. practices to minimize costs while achieving the high sulfur removal goals
promised by the process. These latter steps are possible since the European
experience eliminates the need for extensive equipment development. The Milliken
retrofit demonstration is at a size and in an environment that provides confidence and
verifies the economics of the approach for the U.S. power industry.

The individual equipment components used in the process are availabie from U.S.
manufacturers at the scale required to be used in a commercial installation. This
condition has the effect of reducing the steps necessary in commercializing the
technology. Thus, the steps required for the commercialization of the SHU process in
the U.S. are

« Demonstration at a scale large enough to establish user confidence in a U.S. utility
environment

e Prototype testing at a large (300 MW) operating utility power plant

e Establishing U.S. utility confidence in the technical and economic worth of the
approach.

All of these steps have been demonstrated by the MCCTD 'project. Following the
demonstration, the final step becomes possible

s Widespread commercial application

Several critical factors normally affecting commercialization of a particular product or
process are not applicable to the SHU process. For example, financing to develop the
equipment and manufacturing of the equipment need not be addressed, since the
process engineering and major equipment have been previously developed.

Commercialization of the SHU process was initiated during the demonstration and has
been ongoing throughout the project. By 1999 it will be fully implemented. While
Saarber-Hélter Umweltttechnik GmbH, a German company, owns the SHU process
license and supplied the basic process engineering, a majority of detailed design
services and all equipment for the project were supplied by U.S. companies. A U.S.
company, SHN Technologies, has been formed between NYSEG and SHU to market
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and provide the process in the U.S. for future SHU projects. This will aid in the
development of the U.S. manufacturing base that will be supplying the process to the
U.S. power industry.

It is SHU'’s intent that the Milliken station, as the first SHU plant in the U.S., serve as a
“showcase” installation for site visits of potential clients. The high efficiency and
flexibility of the process as demonstrated at Milliken should dramatically increase the
attractiveness of the technology to U.S. utilities. Data collected during the
demonstration has validated the applicability of the technology on a wider range of
coals and suifur levels than previously demonstrated in Europe. The demonstration in
conjunction with the other advance concepts included in the project are expected to
increase interest in the process above that generated by demonstration of the process
by itself. SHU experience at the Model Power Station Vélklingen with the FGD unit
inside the cooling tower along with fluidized bed combustors for coal tailings, has
generated a tremendous increase in interest in the technology as evidenced by the tens
of thousands of visitors to the plant. SHU feels that SHU's rise to the second leading
supplier of FGD equipment in Germany can be traced in large measure to the
successful demonstration at Volklingen. SHU anticipates a similar response to a
successful demonstration at Milliken Station.
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the Stebbins tile. The tiles are also well suited to retrofit applications, where site space
and construction access is usually at a premium. Since the absorber is constructed
from relatively small tiles, access during construction is less of a construction site
burden.

In addition, as a result of dissatisfaction with conventional lining systems, some utilities
have begun to use an alloy wallpaper or cladding lining system whereby very thin gage
sheets of high nickel alloy (e.g. Hastelloy C-276) are welded to the carbon steel
substrate. The suitability of such construction in highly abrasive scrubber locations has
not been fully demonstrated. More conservative designs use solid alloy construction.
However, especially for applications with high chloride in concentrations, this
construction requires a high capital cost premium and does not provide
corrosion/erosion protection comparable to Stebbins tile.

Table 7.2-3 summarizes and compares the capital costs of the various materials most
frequently used in absorber recirculation tank construction with the Stebbins tile
absorber design. The analysis is based on a normalized design configuration for a 300
MW commercial plant.

Table 7.2-3
FGD Absorber Capital Cost Comparison

The following absorber plate (with stiffeners) cost comparisons are based on a 0.25 inch
thick plate and knockdown construction. *
1997

Procurement/
Material** Fabrication Erection Total
Stebbins Tile $1,374,000 Included $1,374,000
Shell CS with Rubber Lining $1,603,000 Included $1,603,000
(Hard or Soft)
Shell CS with C-22 or C-276 $2,519,000 Included $2,519,000
Wallpaper
Shell CS with Cladding $2,919,750 included $2,919,750
* Lining/coating cost varies based on surface area and site location.
i Lining material cost includes field installation.

Maintenance costs for the Stebbins tile lined absorber is minimal. Maintenance costs
consist primarily of inspections every two years to determine absorber condition, and
limited repointing incurred at five year intervals. In contrast, a rubber-lined carbon steel
absorber will require full liner replacement at eight year intervals. The altoy walipaper
and clad absorbers generally have a service life of 25 years, and equally low
maintenance costs.

Figure 7.2-1 provides a comparison of capital costs and net present worth of the four
absorber materials evaluated as part of this study. The costs are based on a 15 year
plant life for each material.
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Figure 7.2-1
Absorber Materials Cost Comparison
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The values presented in Table 7.2-3 and Figure 7.2-1 serve to highlight the competitive
costs of the Stebbins tile absorber construction approach, when compared 1o the costs
of other frequently used absorber materials. It is clear that, with its competitive capital
cost and intrinsically low maintenance cost component, the lifecycle costs of the
Stebbins absorber module represent a cost effective option for FGD absorber
construction.

COMMERCIALIZATION PLANS

The normal path to commercialization for a product of this type typically requires up to
20 years; however, commercializing the Stebbins Tile Absorber will be more rapid. The
steps for complete commercialization of an FGD Absorber Construction System are

typically:
¢ |deas to resolve a problem or reduce a cost
¢ Proof-of- concept testing

e Technology development (bench scale) to resolve technical issues/reach technical
goals

e Engineering development (bench scale and scale-up) to reach cost, performance,
and life goals ‘

e Demonstration of fabrication/manufacturing

+ Demonsiration at a scale large enough to establish user confidence

¢ Prototype testing

e Early commercial implementation

» Mature commerciat application and second generation improvements.

Each of the early stages are accompanied by increasingly complex studies, model
development, and designs to determine whether to proceed to the next stage. The cost
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of each stage is greater than the previous one, such that at later stages, the large
capital requirements lead to significant concerns about the validity of scale-up factors.
These later stages are also accompanied by market studies, promotions, efforts raising
financial backing, and overcoming institutional hurdles.

The approach to commercialization of the Stebbins Tile Absorber Construction requires
a different path to commercialization than normally associated with a new product, as
outlined above. As a result, the difficulties and schedule to commercialize are greatly
reduced. Several critical factors normally affecting commercialization of a particular
product or process are not applicable to the Stebbins Tile Reinforced Concrete
Absorber, For example, financing to develop the technology and manufacturing of the
technology need not be addressed, since the process engineering and major
components and construction methods have been previously developed. Early
commercial introduction in the U.S. FGD absorber market is also possible because The
Stebbins Tile Reinforced concrete construction system has already been successfully
commercialized. The Stebbins process has fully proven itself in similar applications in
the pulp and paper, chemical and mining industries. On an annual basis, Stebbins
Engineering and Manufacturing Company constructs approximately 10-15 large ($2-$10
million per) installations utilizing the proposed construction methods and materials of
construction. This construction system is familiar to the utility industry through its use in
auxiliary scrubber related power plant tankage. The tile and grout portion of the
Stebbins system has proven its corrosion/abrasion resistance as a replacement for
failed liners in several FGD absorber and flue gas duct applications. Additionally, this
technology had been used in conjunction with the M.W. Kellogg Horizontal Weir
Absorber process design since 1982 at the Big Rivers Electric D.B. Wilson station.

Based on this, the steps required for the commercialization of the Stebbins Tile
Reinforced Concrete Absorber construction in the U.S. are:

« Demonstration at a scale large enough to establish user confidence in the available
savings in plot space, construction access and construction costs.

¢ Prototype testing at a large (300 MW) operating utility power plant.

e Further establishing U.S. dtility confidence in the technical and economic worth of
the approach.

All of the above are demonstrated by the Milliken project. Following that demonstration,
the final step becomes possible.

¢ Widespread commercial application.

Commercialization in the U.S. will only be advanced by the Milliken demonstration.
Sales efforts will be ongoing throughout the project.
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Stebbins is the only North American corrosion resistant lining company with a field crew
of brick masons of over 140. In addition to being capable of installing Stebbins’ brick/tile
lining systems, the majority of Stebbins’ field crew are capable superintendents. As
superintendents, they are responsible for managing the entire labor force for a project.
Furthermore, due to its affiliation with the international Mason Contractor's Association,
Stebbins has available from local union halls throughout North America approximately
three times the number of brick masons shown above, all of whom are “Stebbins
qualified”. To ensure quality, however, Stebbins requires masons hired from union halls
to work with a Stebbins supervisory mason.

Stebbins has proven project management capability. For projects in the northeastern
United States, Stebbins' project management personnel are supplied from their
corporate headquarters in Watertown, New York. Stebbins and subsidiaries have, in
North America, several projects in the million dollar plus range at any given time.

Stebbins lining experience dates from 1884 beginning with the complete design and
installation of pulp and paper mills. Their corrosion resistant lining experience and
capabilities have grown considerably over their history due to diversification from the
pulp and paper industry into the mining, chemical and power industries. Their client list
in the chemical and mining industry includes such major companies as INCO, American
Barrick, DuPont, Oxychem and Kerr McGee. The continual growth of their client list has
been due to their premium quality lining installation, superior service capabilities and
their excellent reputation for standing behind the work they complete. With over 100
years of experience in corrosion resistant lining, engineering and installation in various
industries, Stebbins is a leading company in this field of work. Their full service turmkey
approach to projects has enabled them to satisfy thousands of clients and has ailowed
them continual growth over the years.

Stebbins’ excellent reputation has heen built on quality installations, superior service
capabilities and the commitment to stand behind their work. Unlike standard warranties
which only warrant that the materials are supplied to a certain specification and the
instalfation of materials is completed according to the manufacturer's recommendations,
Stebbins takes full responsibility that the lining specification is appropriate for the
service conditions of the particuiar vessel. They term this type of warranty a “use
warranty” because they commit that the lining is suited for the operating/design
conditions of the specific vessel. They are able to supply such a comprehensive
warranty because they perform the lining design, supply the material and the
installation. This avoids a split responsibility between the material supplier and the
installation contractor.

Commercialization of the Stebbins Tile Reinforced Concrete Absorber Construction was
initiated during the demonstration and has been ongoing throughout the project. It
should be fully commercialized by 1999.
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7.3 HEAT PIPE AIR HEATER SYSTEM

MARKET ANALYSIS

The Q-Pipe® Air Preheater, QAP-157, Vertical Flow, Model 303.8-408-36DV, provided
by ABB Air Pre-Heater for use on the Milliken Clean Coal Demonstration project, is an
innovative replacement option for the Ljungstrom® air heater. The air heater provides
energy savings by eliminating air leakage across the air heater and by allowing lower
average exit gas temperatures. It has been estimated that for every 35 °F drop in flue
gas temperature, plant efficiency increases by approximately one percent; thus there is
significant incentive to install a heat pipe air heater which aliows flue gas temperature
reduction by maintaining uniform temperatures.

Since FGD retrofits consume auxiliary power, capacity is lost during retrofit. The heat
pipe air heater retrofit at Milliken Station, along with other performance enhancing
changes, were intended to restore much of the lost power, and improve overall
performance. With improved energy conservation, fewer tons of coal need to be burned
to produce the electric power demanded. This reduces the amount of pollutants in need
of control, and also reduces the amount of greenhouse gases that are produced.

The direct benefit of the heat pipe air heater technology is the reduction in air ieakage
across the air heater from 16% of the entering air to zero. This represents an auxiliary
power savings of 452 BHP (based on Milliken Station flow rates for one unit). In addition,
a thermal efficiency improvement of approximately 0.5% can be realized due to a 20°F
(approximately) lower uncorrected gas exit temperature. With the integration of an
advanced technology corrosion monitoring system (CAPCIS), the flue gas exit
temperature may be further reduced to 25°F (from 280°F to 255° F) which would result in
an overall boiler efficiency improvement of approximately 0.6%.

The heat pipe modules have no moving parts and are constructed with carbon steel and
alloy finned tubes which have been evacuated, partly filled with heat transfer fluid and
permanently seaied at both ends. One end of each tube is exposed to the hot boiler flue
gas; the other end is exposed to either primary or secondary combustion air. Heat
absorbed from the flue gas vaporizes the heat transfer fluid within a tube. The vaporized
fluid travels up the tube, transferring heat to the cooler combustion air side of the unit.
There the heat transfer fiuid condenses and flows back to the flue gas side. The process
continues as long as there is a temperature differential between the combustion air and

the flue gas.

The heat pipe tubes are installed at a slight angle with the flue gas section lower than the
combustion air section in order to provide a gravity assist to the returning, condensed
heat transfer fluid from the combustion air side. A patented internal capiltary wick, formed
by a circumferentially spiraled groove, enhances the heat transfer process in two ways.
In the flue gas section, the wick distributes the heat transfer liquid around the entire inner
circumference, providing a fully wetted surface for maximum heat transfer. In the
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combustion air section the wick provides a roughened surface to achieve higher heat
- coefficients. The heat pipes are isothermal, providing even heat distribution with no hot
or cold spots. Cold end corrosion risk is reduced because exit temperatures are uniform.

APPLICABILITY OF THE TECHNOLOGY

The heat pipe air heater technology can be applied to replacement of existing
regenerative and tubular air heaters in sizes equivalent to Milliken’s as well as smaller
sizes and sizes up to twice Miliken’s where leakage improvement and efficiency
improvement are desired. A primary target will be in retrofit applications where reduced
gas flow wili allow downsizing of new downstream emission control equipment. The size
of the heat pipe air heater demonstrated at Milliken can be used on much larger stations
if the air preheat arrangement is sub-divided. A split back-pass 400 MW boiler, for
example, could be retrofitted with two heat pipe air heater modules of the demonstration
size. It is also expected that the market application will include the heat pipe air heater
both with and without corrosion monitoring features. The heat pipe air heater also has an
expected market application in new facilities. The advantages are the same as is retrofit
applications, and the benefits may be greater where the original plant design includes the
heat pipe air heater.

MARKET SIZE

This type of air heater potentially has a wide market appeal. A fully detailed analysis of
the potential market for heat pipe air heaters is provided in Volume | of the Public Design
Report. The results of this analysis are summarized in table 7.3-1. This technology is
suited to any power generator, either utility or industrial, in need of reduction of leakage,
heat rate improvement, and wide latitude in range of operating temperatures. Its use is
suited to many applications beyond simply scrubber upgrades. The potential retrofit
market is only limited to fossil units currently in service which wili not be retired before
2030. The heat pipe air heater system is also applicable to all new coal-fired power

plants.

The market penetration for the heat pipe air heater technology was assessed in a similar
fashion to that of the SHU process. However, since the air heater is not limited to plants
with needs for scrubbers, the potential market is much larger. Although the heat pipe air
heater can be used in industrial boilers as well as electric utility applications, the study
limited the market penetration analysis strictly to utility applications. Consideration of
improved industrial acceptance due to this larger retrofit would serve to enhance the
potential benefits to the U.S. Table 7.3-1shows the share of the utility air heater market
that the heat pipe air heater technology is estimated to capture. A projection of 35 years,
from 1896 to 2030, is presented in five year increments. Each year's fractional shares
depends on the previous year's fractional shares. This means that an initial market share
for the technology is required and must be assumed to stimulate a market. A 1.5 percent
share was assumed. This is considered realistic in that it shows that an outside force,
such as the Milliken project or an initial investment, is needed before the product
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becomes accepted. Based on this analysis, the heat pipe air heater technology has the
potential of increasing its share of the utility air heater market to approximately 25
percent by the year 2030. The projected heat pipe air heater market share for retrofits in
the U.S. through the year 2030 totals 4805 MW. The projected heat pipe air heater
market share in the U.S. for new power plants through 2030 totals 109,578 MW.

TABLE 7.3-1
" ESTIMATED MARKET PENETRATION FOR HEAT PIPE AIR HEATER SYSTEM
Year Five Year Avg. share
1996-2000 0.020
20012005 0.032
2006-2010 0.050
2011-2015 0.077
2016-2020 0.117
2021-2025 0.172
2026-2030 0.245

MARKET BARRIERS

The key features of the heat pipe air heater system which make it attractive to potential
utility customers are:

o Improvement in boiler thermal efficiency over a regenerative air heater with the same
flue gas exit temperature. Further improvement with lower gas exit temperatures.

» Zero leakage from air side to flue gas side.

» Similar heat recovery capabilities as a regenerative air heater for the same space
requirements.

¢ Potential for increased heat transfer, reduced exit gas temperature, and increased
boiler efficiency due to CAPCIS corrosion monitoring system.

¢ Easily replaceabie tubes or modules.

While both the heat pipe and the CAPCIS probe have been used on boilers firing high
sulfur coal prior to the Miliken demonstration, the use of the combination of these
technologies had not been commercially demonstrated prior to the Milliken project,
resulting in a significant barrier to market penetration. The successful demonstration of
these features while avoiding significant operating and maintenance problems should
help in overcoming this barrier and encourage the widespread commercialization of heat
pipe air heaters. However, failure of the high efficiency air heater system could result in
plant shutdown or low load operation. Factors which could cause air heater system

unavailability include:

e Corrosion of tubes or plates due to SO3 condensation.
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¢ Inability to achieve design heat transfer rates due to unanticipated fouling and/or
inability to clean the heat transfer surfaces.

+ [nability to handle the required throughput of fiue gas due to plugging with resultant
high pressure drop across the unit.

The significant occurrence of failures of this type couid discourage the widespread
application of these technologies. _

ECONOMIC COMPARISONS WITH COMPETING TECHNOLOGIES

There are two air heater technologies that compete with the heat pipe air heater. These
are the rotary regenerative air heater and the tubular recuperative air heater. The rotary
regenerative air heater consists of a large rotating wheel (rotor) of regenerative heat
transfer surface which continuously turns through the gas and air streams. The main
disadvantage of this type of air heater is the relatively high air leakage associated with
this design and the even metal temperatures which must be maintained to minimize

corrosion.

The tubular recuperative type air heater consists of a shell and tube muitiple pass heat
exchanger where the combustion air flows over the tubes and flue gas flows inside the
tubes. The main disadvantages of this type of air heater are low metal temperatures in
the cold end resulting in increased corrosion and fouling problems and the increased
physicati size required for the higher heat recovery sizes.

The competitive advantages of the heat pipe air heater system, compared to the
Ljungstrom® and tubular recuperative type air heaters are discussed below.

With the heat pipe air heater system there is no leakage between the combustion air and
the flue gas. Ljungstrom® type air heaters have radial and axial seals that are designed
to reduce the leakage from the combustion air side of the preheater to the flue gas side.
As the heat transfer elements (rotor) turn, air will leak into the gas in three ways:
leakage into the gas chamber resulting from entrainment in the rotor passages, leakage
at the periphery of the rotor through the clearance space between the rotor and the
housing and then into the gas passage and leakage across the radial seals into the gas
passage. The leakage reduces the flue gas temperature and causes corrosion and
fouling of the air heater, in areas of flue gas condensation. The leakage increases forced
and induced draft fan loads, reduces boiler thermal efficiency (since less heat is
transferred to the combustion air) and increases maintenance on the air heater through
the annual replacement of seals.

The heat pipe air heater technology improves heat rate and reliability due to less
potential for corrosion. Conventional recuperative tubge air heaters are designed with the
flue gas fiowing through the tubes, in a crossflow arrangement. The crossflow
arrangement results in poor gas distribution and a high temperature differential between

Commercialization Potential and Plans: Heat Pipe Page 7.3-4
Project Performance and Economics Report



the flue gas and the combustion air at the air iniet and the gas outlet area. Because the
distribution is poor, and the difference in temperature is high, the flue gas condenses and
tube corrosion occurs. Ljungstrom® type air heaters experience problems because of
their rotating nature and the resulting high temperature differential between the metal
elements and the flue gas. As the air heater elements rotate between hot flue gas and
cold combustion air, the metal baskets are heated and cooled. The metal that is cooled
in the combustion air is instantly subjected to hot fly ash and suifur oxides on the flue gas
side. This causes the sulfur oxides to condense and corrode the baskets and seals, while
the fly ash agglomerates and fouls the air heater passages. Heat pipe air heaters, do not
suffer from either high temperature differentials or poor gas distribution. The heat pipe is
designed with the flue gas flow over the tubes, which enhances gas mixing and provides
a more uniform temperature profile than either the tubular or regenerative air heaters.
The heat pipe operates on counterflow principles and the heat pipes are isothermal. The
result is that the air and gas stream temperatures along a row of heat pipes are virtuaily
uniform, with a temperature differential of close to zero. A much smaller percentage of
the total tube bundle and the center tube sheet is exposed to corrosive conditions.
Therefore, flue gas condensation is reduced and corrosion and fly ash agglomeration (
and fouling) are greatly reduced. The heat pipe air heater installed at Milliken used the
CAPCIS corrosion detection system. The CAPCIS system is based on a combination of
electrochemical impedance measurements (EIM), electrochemicai potential noise (EPN)
and electrochemical current noise (ECN). This combination of measurements is highly
sensitive and reacts rapidly to changes in the rate of corrosion. The CAPCIS system is
used to control the air heater gas bypass dampers, allowing the heat pipe air heater to
be operated at the minimum flue gas outlet temperature consistent with acceptable
corrosion rates as indicated by the CAPCIS system.

The tube pitch and tube pattern of a heat pipe air heater can be designed to reduce
fouling and cleaning requirements. The pitch and pattern set the gas velocity to establish
a self-cleaning scouring action, and to assure that the soot blowing is thorough. The fin
density design sets the expected wet fouling zone and fin biasing is used to increase the
heat recovery and move the minimum metal temperature row by row. Fin thickness and
tube wall thickness influence the effects of corrosion. Tube and fin materials set the
lower exit gas temperature. The modular construction and the provision for the
replacement of individual pipes allows for heat pipe optimization and reconfiguration.
Therefore, if corrosion occurs, or occurs at a greater rate than is acceptable, the
characteristics of the heat pipe allow it to be modified easily. Conversely, if greater heat
transfer were required from the heat pipe, additional tubes, or tubes with more or larger

fins could be installed.

The heat pipe air heater has no moving parts. There is no drive assembly or rotating
elements inside the heat exchanger. There are no shafts, bearings, seals, sector plates,
drive motors, speed reducers/gear boxes, cooling fluids, fubricants or plate filled baskets
to wear out or maintain, such as are found in the Ljungstrom® regenerative air heaters.
The heat pipe requires no energy to operate, other than the sootblowers. The heat pipe
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heat exchanger requires no maintenance, other than an annual inspection. If corroded
tubes are found, they can be replaced, however a properly designed heat pipe, that
utilizes the proper materials and fin and tube designs, should not suffer from corroded
tubes.

Economic Comparison

Aithough the thermal performance of the new heat pipe air heaters was not better than
the replaced Ljungstorm® units, the use of the heat pipes provided considerable
improvement in fan power requirements. This is shown by direct comparison of the Unit 1
and 2 operating results for similar conditions of boiler excess air and gross load. Such a
comparison is justified since Milliken Units 1 and 2 are identical except for the use of
Ljungstrom® air heaters with hot primary air fans in Unit 1 and heat pipe air heaters with
cold primary air fans in Unit 2. At 100 MW and 150 MW gross load, the Unit 2 combined
power requirements for the primary air, secondary air, and induced draft (ID) fans,
averaged 0.67MW (900hp) and 0.78MW (1050 hp) less than for Unit 1, respectively.

Most of the power savings can be attributed to the lower combustion air and flue gas
flows for the Unit 2 boiler due to the zero air leak operation of the heat pipe air heaters.
The differences represent considerable power cost savings for the zero leak heat pipe
system. Assuming incremental costs of 2.3~/kW and a 65% plant capacity factor, the 25
year life cycle power cost saving is estimated at $2.5 SMM. Actual power cost savings
are likely to be greater since these results have not considered power reductions for the
electrostatic precipitator and the FGD system with optimized pumping (i.e., headers
removed from service to accommodate reduced flue gas flow).

Following in Table 7.3-2 is an economic comparison of the heat pipe technology with
competing regenerative and recuperative preheater alternatives. The economic data for
the Ljungstrom regenerative air heater, the recuperative plate air heater and the tube air
heater has been furnished by ABB Preheater, Inc. it should be noted that ABB is not
currently actively marketing the heat pipe technology. At present, ABB believes that the
Ljungstrom air heater represents a reliable technical solution, is competitive from an
economic vantage, and environmental concerns associated with the use of napthalene in
the welding process for the heat pipe can be avoided. In addition, it is possible to
compensate for intrinsic air loss by increasing the air flow through the air heater.
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Table 7.3-2
Heat Pipe/Air Heater Cost Comparison

($ X 109
Ljungstrom Apex Recuperative
Regenerative | Recuperative Tube Air
Heat Pipe Air Heater Plate Air Heater
Heater
Equipment Cost $2.10 $.750 - $1.05 $1.10
Installation Cost $1.00 Y2 of heat Similar to heat pipe
pipe

Annual Operating Cost $.122 $.122 $.138 $.209
(BHP @ .04/kW, @
65% Capacity)
Annual Maintenance Base % of heat Similar to heat pipe
Cost pipe

Annual operating costs are based on an analysis of electrical requirements associated
with the heat pipe and air heater equipment. The analysis is presented below in Table

7.3-3.
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COMMERCIALIZATION PLANS

Prior to the Miliken project there were three milestones essential to the
commercialization of the heat pipe air heater system, consisting of the air heater and
CAPCIS corrosion monitor controls. These milestones were:

» Issuance of a purchase order for the air heaters at the Milliken demonstration facility

e Completion of demonstration of the success of the air heater technology for the
demonstration project

¢ Completion of the development of a strategic marketing plan.

it was expected that the issuance of the purchase order itself would promote acceptance
and therefore spawn commercialization of this technology. Demonstration of the
technology was scheduled for completion within one year of plant startup. Development
of a strategic marketing plan for the air heaters product was expected to paraliel the
demonstration and be completed within a year after the conclusion of the demonstration.

The infrastructure (ABB Air Pre-Heater) for commercialization of heat pipe air heaters
was already in place prior to the demonstration due to the smailer size units which had
been commercialized for other applications of the heat pipe technology. The scale-up to
the demonstration size air heater is not significantly different, from a manufacturing
viewpoint, than the present commercial sizes because of the modular construction
concept and similarity of individual parts (e.qg., the tube diameter for the smaller scale
version is the same as for the larger scale). The tube materials, quantity, iengths and fin
design will change instead.

Some features which are desirable for the commercialization of the heat pipe air heater
which were not demonstrated by the Milliken project are:

o Operation with higher suifur content coals in a pulverized coal power plant.

+ Anticipated commercial sizes will include the size used for the Milliken demonstration
and sizes ranging from 25% to 200% of the Milliken size.

The design of the heat pipe heat exchanger is individually tailored to meet the required
thermal performance. The tube pitch and pattern, the fin density and fin biasing and the
fin thickness and tube wall thickness can all be changed for each installation. The
modular construction and the type of material used for the tubes and fins are based on
the type of application and the type of fue! that is burned. The Milliken demonstration did
not attempt to evaluate all of the various alternatives of the heat pipe air heater
construction. it determined the most efficient design for a tangentially fired boiler firing
high sulfur coal. Utilities with cyclone and stoker boilers will have to develop the correct
design for their specific applications. The use of the CAPCIS probe was specific for the
Miliiken application also. The configuration of the duct work, the type and amount of
thermal insulation and the type and location of the particulate control systems will
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determine the number and locations of probes and, consequently the rate of corrosion
and the resulting thermai efficiency savings that can be achieved.

Commercialization Potential and Plans: Heat Pipe Air Heater System Page 7.3-10
Project Performance and Economics Report



7.4 PLANT ECONOMIC OPTIMIZATION ADVISOR (PEOAT™).

The purpose of this section is to describe current and future activities related to the
promotion, marketing, and sales (commercialization) of the Total Optimization Project
AdviZor (TOPAZ™). This product line is currently licensed to DHR under a NYSEG
License Agreement dated February 19, 1997.

TOPAZ™ is a software product that has evolved from the development of the Fossil
Thermal Performance Advisor (FTPA™) and Plant Economic Optimization Advisor
(PEOA™). TOPAZ™ includes the very best features of FTPA™ and PEOA™, and has
been packaged into stand alone modules with options to allow the marketplace greater
flexibility. The principal modules of TOPAZ™ are:

» Process Monitor

» Process Optimizer
¢ Process Advisor

« Editor

Each of these modules is described below.

Previous efforts to market TOPAZ™ have focused on the benefits derived from FTPA™,
primarily heat rate efficiency. Because of the current industry emphasis on emissions
control, and due to new regulations such as the Clean Air Act, the emissions monitoring
and advisory features of PEOA™ are also in high demand.

The primary intent of the PEOA™ Commercialization Plan is to help focus efforts on
leveraging the emissions monitoring and control features of TOPAZ™, and to establish
mutually agreeable sales and marketing goals and successes. This will be accomplished
through several means including implementation of a vigorous promotional advertising
campaign, combined with complementary presentations at various conferences and
potential client facilities. In addition, DHR intends to team with strategic alliances/partners
such as DCS manufacturers to promote TOPAZ™,

The success of this product will be monitored at least quarterly and DHR will redirect its
efforts as appropriate. Subsequent sections of this plan provide additional details
conceming DHR’s current commercialization goals and objectives, and plans for
impiementation of these goals and objectives.

MARKET ANALYSIS
Background

The fossil utility industry is becoming more competitive due to new regulations, such as
the Clean Air Act, and increased competition from deregulation. Also, some utilities are
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beginning to evaluate each plant as a separate cost center responsible for its own
bottom line. These developments have encouraged power plant management to search
for new ways to monitor, analyze and optimize total plant perfformance.

A key aspect of the total plant optimization problem is the impact that plant operations
personnet can have on overall plant efficiency. Historically, plant systems have been
operated on a system-by-system basis, and operators are tasked primarily with keeping
the plant on-line. Though many units have installed on-line performance monitoring
systems to help improve efficiency, operators are often relatively ill-informed of the
impact their actions can have on overall economic performance. Additionally, the inter-
relationships between plant sub-systems are rarely incorporated into operational
strategies. In order to truly optimize total plant operation, the impact of, and the inter-
relationships between thermal efficiency, plant emissions, and plant materials handling
(e.g., waste disposal/sales) must all be simultaneously evaluated. With these goals in
mind, DHR, NYSEG, and the Department of Energy (DOE) began development of
PEOA™, an on-line plant emissions optimization advisor system designed to provide
total plant monitoring and performance enhancement capabilities as an adjunct to the
existing FTPA™ system developed previously by NYSEG and DHR personnel.

The FTPA™ system was originally developed by NYSEG and personnel from DHR
Technologies in the late 1980's. FTPA™ was designed as a tool to assist plant operators,
engineers and management to focus on areas of the plant where thermal performance
(heat rate) could be improved, emissions reduced, and plant maintenance costs reduced.
The system combined a computerized, on-line, intelligent plant performance monitor with
both generic and plant-specific expertise to provide diagnostic assistance in the
identification and analysis of these plant-related problems. The basic FTPA™ system has
been operational since 1988. It is currently installed at NYSEG's Kintigh, Greenidge, and
Homer City plants, and Portland General Electric's Boardman plant.

As the fossil utility industry headed into the 19980's, competition increased due to new
regulations such as the Clean Air Act, as well as from independent power producers.
These and other developments encouraged power plant management to search for new
ways o optimize plant performance. In response to these new developments and as a
natural evoiution of FTPA™, NYSEG and DHR again teamed to develop PEOA™, an on-
line process optimization system. PEOA™'s knowledge bases incorparate expertise from
FTPA™'s electronic performance support system. PEOA™ is installed at NYSEG's
Milliken Station. -

Through careful planning and an awareness of emerging technologies, NYSEG and DHR
have developed useful, powerful, and highly configurable performance support systems;
FTPA™ and subsequently PEOA™. By leveraging the latest hardware and software
engineering technologies, these products were placed in a strategic position to evolve
with these technologies and provide even more powerful diagnostic, analysis and
information management capabilities in a more cost effective manner. The development
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of TOPAZ™ was a result of this evolution. Incorporating features from both systems,
TOPAZ™'s modular design allows for installation of an on-line plant monitor, an advisor,
and/or an optimizer for operators, engineers, and managers of process plants,
depending on plant requirements.

TOPAZ™ s currently installed at City Public Service of San Antonio's Deely Units 1 and
2. NYSEG's Milliken Station is being upgraded to a TOPAZ™ system, and a proposal to
‘upgrade their Kintigh system has been submitted.

TOPAZ™ QOverview

TOPAZ™ was designed to provide plant managers, operators, maintenance personnel
and engineers with an effective tool for monitoring and diagnosing plant operating
conditions. This on-line monitoring and diagnostic system allows plant operators and
engineers to quickly understand the condition of the plant at all times, alert them to any
changes in that condition, and recommend specific responses to operating problems.
This results in improved plant reliability, availability, and reduced maintenance costs.

TOPAZ™'s platform independent, open client/server architecture allows the system to be
easily integrated with existing legacy computing environments, such as local and wide
area networks, digital control systems (DCS), programmable logic controllers, information
and data highways, databases, and thermal performance monitors. This open design
allows users to seamlessly integrate TOPAZ™ into existing information management
systems, and eliminates the need to upgrade or enhance existing systems that may
already be adequate.

The system is designed with three primary modules: an on-line Process Monitor, a
Process Advisor, and a Process Optimizer.

Competitive Forces

DHR's preliminary assessment of other commercially available optimization systems is
described below. Cost comparisons were not available at the time this report was
developed; however, with the assistance of NYSEG, competitive product pricing will be
included in a future Topical Report.

e NUS's PMAX System - The PMAX system has been available for some time, and
there are numerous installations. PMAX's greatest asset is NUS's name recognition.
However, recent information indicates that NUS may be looking to get out of this
business area, and PMAX has no emissions control features.

s Pegasus Technologies' and Al Ware's Functiona! Link Network (FLN) Combustion
Optimizer - Very similar in design and function to PEOA™. Based on Al Ware's
Functional Link Net neural network. For engineers it provides a process
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design/optimization tool, while providing assistance to operators in monitoring and
optimizing the combustion process.

¢ Black & Veach's OPM - Although DHR does not believe this product has emissions
monitoring and advisory features, they are surely a strong competitor to the thermal
performance features of TOPAZ™,

e AEP's Unnamed Product - not commercially available to other utilities.

¢ PowerMax's Ultramax - Similar in design to TOPAZ™ with limited on-line capabilities.
» Stone & Webster's NOx Emissions Advisor -Little known at this time.

¢ Southemn Company and Radian Corp.'s GNOCIS - research underway

¢ New products not currently available commercially:

e Lehigh University's NOx Advisor

o EPRI/PTIl's Emissions Management Module of PMW - EPRI's PMW workstation is a
strong competitor of FTPA™ because EPRI member utilities are led to believe they
receive EPRI software for "free". However, PMW's greatest assets are EPRI's name
recognition, the perception that the software is free, and the performance calculations
are generally perceived as the best available. it is too early to say whether the
Emissions Management Module will be as competitive with the PEOA™ modules.

e LILCO, Grumman and ABB-CE's Unnamed Product

A comparison of the features of many of these competing systems was presented by at
the EPRIVEESEERCO Optimizer Comparison Conference held in April, 1997. The
comparison is shown in Table 7.4-1, below.

MARKET BARRIERS

Market Barriers at this time are:

+ Competition from similar products.

+ Restriction on spending due to uncertainty from deregulation of the utility industry.
COMMERCIALIZATION PLANS

DHR has evolved a sales and business planning model that DHR believes is extremely
effective in:

» Identifying viable products and services,

* Researching and developing selected products and services,
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+ Marketing and selling developed products and services,
e Evaluating results, and

» Redirecting efforts as necessary.

This model is founded on several basic principles:

o Strategic Partnerships are essential to success.

o Cost Containment and Scheduled Attainment must be emphasized.

e Continual Research and Development efforts will be allocated the proper resources,
and performed in a controlled manner.

e Marketing and Sales activities will be controlled, championed, funded, tracked, and
redirected as necessary.

o All Activities will be Planned and Documented.

DHR's business model is "top-down" in design, with the comerstone of its business and
sales planning being the Company's Strategic Business Plan, which is updated
periodically and reviewed and approved by DHR's Board of Directors. It is this plan that
dictates the balance of DHR’s planning, which is documented in DHR's:

¢ Marketing and Sales Strategic Plan,

e Divisional Technical Plans,

e Marketing and Sales Implementation Plans,
o Product Commercialization Plans,

 R&D Pian(s},

¢ Quality Assurance Programs, and

e Project Work Plans.

All of these plans are controlled documents with periodic updates and wide distribution to
out-staff to ensure that "we are all on the same page”.

The Commercialization Plan is one of the product commercialization plans listed above,
and is an intricate part of DHR’s overall sales and marketing ptanning.

The sp