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Presentation Prepared For:

Discussion Overview
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Safety Moment
“Haste Makes Waste”



Key Regulatory Actions

Coal Combustion Residuals (CCR)
Issued December 19, 2014
Goals

v" Groundwater Protection Benefits
v’ Preventing Future CCR Impoundment
Catastrophic Failures

Effluent Limitations Guidelines (ELG)
Proposed Rules Issued April 2013

Final Rules: Consent Decree = September 30, 2015
Goals

v’ Strengthen Steam Electric Power Plant Discharge Controls
v Reduce Surface Water Pollutant Discharges
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Coal Combustion Residuals (CCR) Ruling

Overview

Regulation Focus Areas:

Location Restrictions: Aquifer, Wetlands, Fault
Zones, Seismic Zones, Unstable Areas

Design Criteria: Lined/Unlined, Leaking/Not
Leaking, Structural Integrity

Operating Criteria: Flood Control, Fugitive Dust
Control, Inspections (Weekly/Monthly/Annual)

Groundwater Monitoring and Corrective Action
Closure Requirements and Post-closure Care
Recordkeeping, Notification, and Internet Posting
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Coal Combustion Residuals (CCR) Ruling

Presentation Prepared For:

Regulatory Timeline —Existing CCR Surface Impoundments

Install
Permanent
Marker
Updated I Complete demonstration for
Part 257 Complete Document if placement above aquifer and
Publishedto Initial Annual existing Surface complete demonstrations for Complete
Federal Inspection Impoundments Emergency wetlands, fault areas, seismic Closure
Register are Lined/Unlined Action Plan zones and unstable areas Activity
?
01/15 10/2015 07/16 01117 0717 07/18 01/19 01/20
Fugitive DustControl Plan,  Flood Control Plan, Install Groundwater Initiate
WeeklyInspections, Closure & Post-Closure Monitoring System, Closure
Monthly Monitoring, Care Plans, Structural Sampling & Analysis Activity
Launch Recordkeeping, Assessment Program, Detection
Notifications & Website Monitoring Program
2015 2016 2017 2018 2019 2020
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Presentation Prepared For:

ELG & CCR Ruling

Regulatory Timeline

EPA Closes TargetELG
EPA Public  EPA Holds Compliance
Proposes Comment  Pyblic Date
ELG Rules Period  Hearing _ .
? ? ® EPA issues EPA toissue ® Completion
final CCR final ELG of F_uII
Rules Rules Compliance
e ® o ®
04/19/13 06/20/13 07/09M13 12/19/14  09/30/15 09/30/18 09/30/23

3-year Target Planning/  2-5 Year Potential Compliance
Initial Design Window Extension Window

CCR Implementation
Window (5-year)
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E LG & CCR Ru I i n g Presentation Prepared For:

Typical Wet-to-Dry Ash Conversion Project Durations

o
2 \3\%\%
= \% 36@

2018
Planning Study/

Spec.Deve o pment/ 6-12 months
Permitting

Request forProposal/
Homonts

Procurement/
12 months
Fabrication

Construction/
Commissioning 12-18 months

TOTAL PROJECT DURATION 36-42 months

Rules will likely drive dozens of WTD ash conversion, pond
closure, dry landfill and wastewater treatment projects

Potential to test the capacity of Utilities, AE Firms, Technology
Providers & Installation Contractors
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Presentation Prepared For:

Implications of ELG Ruling

Fly Ash Wet-to-Dry Conversions (All 4 Options)

Remaining wet fly ash systems will be converted to dry systems

Existing wet back-up systems will be decommissioned and will likely
require additionalredundancy for primarydry systems

Bottom Ash Wet-to-Dry Conversions

Under 3 of 4 regulatory options, utilities will have to determine if existing
impoundments can meet BPT requirements (TSS, oil and grease)

Utilities will also have to weigh BA WTD conversion costs against CCR
Subtitle D requirements: “Mustremove solids and retrofit with a
compositeliner or cease receiving CCR’s within 5 years of effective date
and close the Unit”

For Option 4a, all generating units >400 MW will have to implement BA
WTD conversions; generating units <400 MW will have to evaluate BA

WTD conversion costs against BPT requirements
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Presentation Prepared For:

Discussion Overview
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Presentation Prepared For:

Technical Design Considerations

Wet-To-Dry Ash Conversion Project Design Criteria

Budget Plant Water Balance Considerations
Outage Requirements Ash Conveying Capacities
Physical Parameters Conveying Distance Considerations
Site Environmental Considerations Operations & Maintenance Issues
Ash Characteristics Multiple UnitSynergies
Ash Marketability/Beneficiation Unburned Carbon Concerns

Evaluate Criteria Against Multiple Alternatives
Determine Optimal Solution for each Plant
“One Size Does Not Fit All”
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Presentation Prepared For:

Discussion Overview
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Presentation Prepared For:

Bottom Ash Wet-To-Dry Conversions

Technical Alternatives

Submerged Flight Conveyor — SFC™
Long-Term Economical Choice (Low O&M Costs)
Simple Solution if Space is Available

Re-Circulating Hydraulic System (3 Options)
No Changes Under Boiler, Uses Existing Hopper
Minimizes Outage Requirements

Clarifying Hydraulic System
No Changes Under Boiler, Uses Existing Hopper
Minimizes Outage Requirements
Allows for Water Reuse (subject to final ELG rules)

Dry Hopper Pneumatic Conveying — PAX™
No Water, Returns Heat Back to Boiler
Easiest 100% Dry Option to Move Ash Out of Boiler Building
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Submerged Flight Conveyor (SFC)

Continuous Removal of Ash

Low Power Consumption

Easily Incorporates Mill Rejects
Industry Standard on New Units
for past 30 years
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Submerged Flight Conveyor (SFC)
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Presentation Prepared For:

Decision Analysis Favors SFC" System

Technology Alternatives
1 = Worst 5 = Best Scale SFC Re-Circ System | R-SFC/Clarifier PAX
1-5 (Mechanical) (Hydraulic) (Hydraulic) (Pneumatic)
Criteria for Determing
Technology Selection WT | sC | Total | sC | Total | SC | Total | SC | Total
Watel Usayg ¥ nnizb It 4 4 50 a4 | 16 | - “ s | 20
Outag:= "r1:'iTiea ! o EETY 5 25 5 25 1 5
Total Installed Cost 5 5 25 3 15 2 10 2 10
Operwiion & Neirtnalce Co st Jel( ¢ 20 3 12 2 8 4 16
Power Consumpticn 3 ) 15 2 6 2 6 3 9
Boiler House=C=o=rer=c;;\v=ail=a:):it7 - 1 2 | 2 5 5 5 5 4 4
Multip.c Ur @ 3 ,7.¢ i 3 ne 1 1 £y 5 , 5 5 3 3
Need for Make-Up Water / Discharge 1 0 0 0 0 5 5 0 0
Unbumed Carbon / Boiler Efficiency 1 1 1 1 1 1 1 5 5
Weighted Total Score (Q(D 85 69 72
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Conventional Dewatering & Recirculation System

Minimal Outage Time for Conversion
Continue to Use Existing Bottom Ash Hoppers
Easily Incorporates Mill Rejects
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Settling and Surge Tanks
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Settling and Surge Tanks
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Conventional Dewatering & Recirculation System

Large Equipment Scope

Greater Foundation Design Requirements
Inconsistent Bottom Ash Dewatering
Higher Maintenance
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Continuous Dewatering & Recirculation System (CDR) with Remote SFC’s
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Continuous Dewatering & Recirculation System (CDR) with Remote SFC’s
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Continuous Dewatering & Recirculation System (CDR) with Remote SFC’s

= Technical Design Features

Reduced Equipment Scope
* Combines Dewateringand Particulate Settling into Single Unit

Provides Multiple Unit Synergies

* Can Receive Sluice Lines from Multiple Units

Reduced Foundation Design Requirements
* Smaller Footprintthan Traditional BAWTD Systems
* Reduced Construction Costs

Consistent Bottom Ash Dewatering
e Continuous Dewatering Up SFC Incline Section

e Dewaters Bottom Ash to Moisture Levels Suitable for Landfill
Disposal or Beneficial Use
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Continuous Dewatering & Recirculation System (CDR) with Remote SFC’s

= Technical Design Features

Uses Proven SFC Technology

* RobustDesign Suitable for Utility Applications
» Standard Sections with Flexibility for Varying Sizes/Flows

Closed-Loop System

e Sluice Water is Recirculated to Powerhouse
 Runoff Water from Bunkeris Returned to SFC
e Zero Dischargeto the Environment

Once-Through System

* Bottom Ash Sluice Water may be used as medium to manage other
wastewater streams (subject to Effluent Limitations Guidelines)

* Can bedesigned for BPT standards for discharge
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Continuous Dewatering & Recirculation System (CDR) with Remote SFC’s

" Technical Design Features

Achieves Particulate Removal Suitable for Closed-Loop System
* 400 ppm (24-hour average)
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Continuous Dewatering & Recirculation System (CDR) with Remote SFC’s
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Continuous Dewatering & Recirculation System (CDR) with Remote SFC’s
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Water Balance/Wastewater Considerations

Bottom Ash Sluice Water Demandsfor CDR & Dewatering Bin Systems

Typical Water Requirements:

High Pressure Sluice Conveying Water = 2,500-3,500 gpm

Low Pressure Cooling Water/Seal Trough Flushing/Make-Up
Water Supply = 150-300 gpm/unit
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Water Balance/Wastewater Considerations

Bottom Ash Sluice Water Demandsfor CDR & Dewatering Bin Systems

Water Balance Key Considerations

* Losses
Evaporation
Water Retentionin Ash
Hopper Leakage
Seal Trough Flushing

* Gains
Chain Sprays — SFC (for CDR System)
Seal Water from Pumps
Rain

* Will Have Net Loss of Water from System
* Water Balance can be complex
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Presentation Prepared For:

Water Balance/Wastewater Considerations

Closed-Loop System Design Considerations

Freeze Protection / Cold Weather Considerations
Continuous Water Flow from Existing BA Hopper Overflows
Heat Trace/Insulation for Service Water Piping
Enclose Head Section and Tail Section / Building
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Continuous Dewatering & Recirculation System (CDR) with Remote SFC’s

Technology Alternatives
1 =Worst, 5 = Best Scale SFC Re-Circ System | R-SFC/Clarifier PAX
1-5 (Mechanical) (Hydraulic) (Hydraulic) (Pneumatic)
Criteria for Determing
Technology Selection WT | sc | Total | sc | Tota | sc | Total | sC | Total
Water U we A sal'e Liliy 2 4 g 1+ . | 3 1 |2 5 O 10
Outage Tire Limiled . 5 2 19 5 25 5 25 1 5
| Total I:st:IEeZE:);L=_==_=m=1 0 5 | 15 3 9 2 6 2 6
Operation °. Mainte nance Cost 2 | 5 10 3 6 ? 4 4 8
Power Cons-,u_mp-ti;r; - 2 ‘ 5 10 2 4 2 4 3 6
Boiler Hot s 2 Tor-ider Avai ak vity, £ 2 'C £ 25 5 25 4 20
Multiple Ur;gy_n;;g-i;s - 5 1 5 5 25 5 25 3 15
Need .orNVavzdlp \vaiz / [ischage: 1 J , 2 Q 0 5 5 0 0
Unburned Carbon / Boiler Efficiency 1 1 1 1 1 1 1 5 5
Weighted Total Score 69 609 97 75
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Presentation Prepared For:

Alternative Bottom Ash WTD Designs

Bottom Ash Collection Basins
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Alternative Bottom Ash WTD Designs

Bottom Ash Collection Basins

Pros:

Simple design with basic civil scope

Can achieve sufficient particulate settling
requirements with enough surface area

Eliminates additional mechanical equipment
(Remotely located SFC’s); no moving parts

Reduced electrical scope (power supply & dist.)
with no hydraulic power units and less valves

Likely a lower (10-15%) capital cost option than CDR
system
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Alternative Bottom Ash WTD Designs

Bottom Ash Collection Basins

Design/Performance Concerns:

* |Inconsistent Dewatering

 Medium and Fine Particulate Likely Will Not Achieve
Desired Moisture Content

* Requires More Area than Remotely Located SFC’s to
Properly Remove BA & Fines

* Poor Control of Particulate Carryover
* Increased Wear on Return Water System
* Requires Dredging

e Less Suitable for Northern Climates

© United Conveyor Corporation. 2015. All Rights Reserved.



Presentation Prepared For:

Bottom Ash Collection Basins

Design/Performance Considerations / Risk Analysis
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Presentation Prepared For:

Bottom Ash Collection Basins

Design/Performance Considerations / Risk Analysis
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Presentation Prepared For:

Bottom Ash Collection Basins

Design/Performance Considerations / Risk Analysis
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Presentation Prepared For:

ELG Ruling

Steam Electric Main Regulatory Options

Wastestreams Technology Basis for the Main Regulatory Options

3a 3b 3 4a

Chemical Precipitation +
Biological Treatment for units
FGD Wastewater BPJ Determination ata facility with a total wet-

scrubbed capacity of
~Y070, 1V, OP 07 <7000 AW

Fly Ash Transport Dry Handling Dry Handling Dry Handling Dry Handling
Water P e

Chemical Precipitation + Chemical Precipitation +
Biological Treatment Biological Treatment

Hling / Closed-
Bottom Ash Trahlspogt [ ' Y ] loop for units >400W;
Water Impoundment (equal to
BPT) for units <400MW
Combustion Residual Impoundment Impoundment Impoundment Impoundment
Leachate (equalto BPT) (equalto BPT) (equalto BPT) (equalto BPT)
FGMC Wastewater Dry Handling Dry Handling Dry Handling Dry Handling
EERIE LT Evaporation Evaporation Evaporation Evaporation
Wastewater
Nonche:mlcal 112 Chemical Precipitation Chemical Precipitation Chemical Precipitation Chemical Precipitation
Cleaning Wastes
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Presentation Prepared For:

ELG Ruling

Requirementsof the Ruling— Direct Discharges from Existing Facilities

Bottom Ash BPT Requirements

Pollutant or BPT Standard

Pollutant Property Options 3a, 3b, 3 and 4a (<400 MW)

Average of daily values
Maximum forany 1 day for 30 consecutive days

(mg/1) shall not exceed
(mg/1)
TSS 100.0 30.0

Oil and Grease 20.0 15.0
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Bottom Ash Dewatering and Clarification System with Remote SFC’s

" Technical Design Features

Uses Proven SFC & Clarifier Technologies
* Similar features/benefits of CDR System
* Additional Clarification Phase to reduce particulate carryover (TSS)
* Can berecycled or designed for once-through system

Once-Through System

* Bottom Ash Sluice Water may be used as medium to manage other
wastewater streams (subject to Effluent Limitations Guidelines)

* Canbedesigned for BPT standards for discharge
¢ 30 dayrunningaverage<30 ppm
¢ Daily maximum <100 ppm
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Bottom Ash Dewatering and Clarification System with Remote SFC’s
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Bottom Ash Dewatering and Clarification System with Remote SFC’s

Technology Alternatives
1= Worst, 5 = Best Scale SFC Re-Circ System | R-SFC/Clarifier PAX
15 (Mechanical) (Hydraulic) (Hydraulic) (Pneumatic)
Criteria for Determing
Technology Selection WT | sc | Total | sc ! Total | sc | Total | sc | Tota
Water Us_a-g;/:A;ai-la‘bi-li’g/ ----------- 2 4 -.—4; N -8_ h —4 e -8_ N 1— B -2_ N 5 10
Outage "i"ie Liniied »d o0 £ 20, (L 25 1 5
Total Installed Cost 3 5 15 3 9 2 6 2 6
Operatic n & \¢irazrer. 2 Cos 2 F 19 3 ¢ 40 4 8
PowerConsu:n;tio_n - 2 5 10 2 4 2 4 3 6
Boiler Hous; E:);r_i;c;r‘;\;u-naauié o 5 Z 10 ! 5 Z5 o 5 4 20
Multiple Unit Syner:.ies 5 1 5 5 | 25 5 25 3 15
Need for Mak_e-IJp__ V\;a?e-rFDis;:;;r-g_e_ 5 0 0 0 | 0 5 25 0 0
Unburned Carbon / Boiler Efficiency 1 1 1 1 1 1 1 5 5
Weighted Total Score 69 103 619 75
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Pneumatic Ash Extractor (PAX)

Easily Retrofitted Around Structural Barriers
Provides Improved Heat Recovery and Boiler
Efficiency

Does Not Require Water
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Pneumatic Ash Extractor (PAX)
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Pneumatic Ash Extractor (PAX)
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives
Pneumatic Ash Extractor (PAX)
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Pneumatic Ash Extractor (PAX)
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Pneumatic Ash Extractor (PAX)
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Presentation Prepared For:

Bottom Ash WTD Conversion Alternatives

Pneumatic Ash Extractor (PAX)

Technology Alternatives
1 = Worst, 5 = Best Scale SFC Re-Circ System | R-SFC/Clarifier PAX
1-5 (Mechanical) (Hydraulic) (Hydraulic) (Pneumatic)
Criteria for Determing
g oohnnlocy Selection | il se | ow | oo [ | sg | Toal ] sc | ot
Water Usege/Avaitabilty (5| 4|0 ] 4 |2]1|5]5]|2
| Outage_‘l'Trr:e_L—lr;lit_ed_ _________ [ s | 2 5 5 5 5 1 1
Total Instal'2d “ect 3 5 15 3 9 2 6 2 6
Operation &_I\/I;i-nt_e;a.r{c; C?o-st_ - 3 5 15 3 9 2 6 4 12
Power Cor suin non 5 ) 15 1 6 2 6 3 9
Boiler Hot's” Co ridor Availabil'ty . 5 2 17 ‘ 3 2%, 5 25 4 20
Multiple Ur;t-S;/-n_er-g_ie_s ______ - 5 1 5 5 25 5 25 3 15
Need for Make-Up Water / Discharge 1 0 0 0 0 5 5 0 0
Unburned Carbon / Boiler Efficiency 4 0 0 0 0 0 0 5 20
Weighted Total Score 82 99 83 (109
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Presentation Prepared For:

Discussion Overview
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Water Balance/Wastewater Considerations

Pyrites System Considerations

Existing Systems:

Most Mill Reject (Pyrites) removal systems use
sluice conveying

Most are connected to the Bottom Ash Sluice
Conveying System and ponds, while some are
independent sluice systems that discharge to

separate ponds

Some plants have Pyrites Dewatering Bins

100% Dry Solutions require separate systems
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Water Balance/Wastewater Considerations

Pyrites System Considerations

Key Considerations:
Not clearly defined in proposed ELG

Many plants are now requesting separation of
Bottom Ash and Mill Rejects to ensure Bottom Ash
Marketability

100% Dry Systems can be difficult retrofits
(physical space, cost)

Can be readily connected to CDR or SFC systems

Can have an independent pyrites dewatering system
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Water Balance/Wastewater Considerations

Economizer Ash Considerations: Sluice vs. Dry Systems

Existing Systems:

Over half of Economizer Ash removal systems use
sluice conveying

Of these wet systems, most are connected to the
Bottom Ash Sluice Conveying System or SFC’s

Some systems collect Economizer Ash with Dry Flight
Conveyors (DFC) and transfer to Vacuum System or
Sluice Conveying System

Balance are typically connected to Dry Fly Ash
Vacuum System
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Presentation Prepared For:

Water Balance/Wastewater Considerations

Economizer Ash Considerations: Sluice vs. Dry Systems

Key Considerations:

Not clearly defined in proposed ELG

= Economizer Ash = Fly Ash (when collected with Fly Ash System)

= Economizer Ash = Bottom Ash (when collected with Bottom Ash System)

100% Dry Solutions can likely be tied into existing Fly
Ash Systems

Dry collection eliminates potential concern for fines
concentrations in closed-loop dewatering systems
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Technical Design Considerations

Define Criteria As Early As Possible
Evaluate Criteria Against Multiple Alternatives
Determine Optimal Solution for each Plant
“One Size Does Not Fit All”
Determine Fleetwide Synergies

Begin Schedule Planning ASAP



Presentation Prepared For:

Questions

Questions ?
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Presentation Prepared For:

Wet-to-Dry Conversions
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