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“Traditional” ELG Compliance Technologies - FGD

Physical/Chemical Zero Discharge
and Biological (Thermal)

Aquatech, GE (RCC)

GE ABMet HPD Veolia and GEA

Falling film evaporators and

Moving bed biological crystallizers

Large, concrete structures Expensive materials of construction

Demonstrated at 5+ sites Demonstrated at 3 sites




The times, they are a-changing....

2016 Technologies 2017 Technologies

* Phys/Chem followed by:
* Biological (2 vendors)
* Thermal (3 vendors)

* Developing
— Bypass evaporation (1
vendor)

— ZVI (1 vendor)
— Membranes (2 vendors)

* Deep Well Injection
— (poor history)

Phys/Chem (pretreatment to
a number of technologies)

Biological (up to 6 vendors)

Thermal (up to 5 options)
ZV1 (2 or 3 options)
Membranes (3 or 4 options)

Bypass evaporation (3
vendors)

Deep Well Injection
— (improving potential)



Phys-Chem Treatment with Organosulfide

« Step 1 for most options « Effluent polishing required
« Removes metals/solids — Biological
M hard — Thermal

dy remove hardness — Other/developing
* Not:

— Selenium

— Nitrate
* Multiple vendors

— Equipment

— Chemicals



Zero Valent Iron

» Phys-chem process replaces
bacteria

« Uses zero valent iron to reduce
arsenic, selenium and mercury

» Full scale

» Pilot on FGD @ Water
Research Center
2 pilots completed, 2 running/starting

up

» Limited number of vendors

» In pilot testing
 Nitrate removal
« Guarantees

» High reagent use = high sludge
» May be better suited for polishing

o« a NPDES

» Sludge Aeration  Sludge

TR




Biological Treatment

« Most established — Single vendor
- EPA's Technology Basis O ?/rYsiE:gIII:a(tzi‘([))nLu” scale
« Currently in use at several facilities o Others under contract
« Bacteria convert: — More are developing
— Selenate or selenite to elemental — May require polishing
Se oTheme:
— Mercury to insoluble salts >Nutrient/nitrate reduction

* Then Se reduction

— Nitrate to N, -

C_C
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FGD Wastewater Phys-Chem Treatment Biological Treatment
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Biological — Industry Cross-Over and New to Market




Further Developments in Bio

FIGURE 10:
Se Biotreatment Simplified PFD

Selenate/
Selenite
Reduction

Treatment

Solds Disposal

- FBR
* Focused on selenium

* Moving bed
bioreactor

» Selenium focus
» Refinery experience
e 50+ installations

* Moving bed
* In development
 Single pilot on mining




Biological Treatment — Quick Pilot Update

» GE ABMet » UOP Xceed Bioreactor
= Multiple pilots = Se removal at refineries
= Longest history = No current FGD pilots

» Frontier SeHawk = 50+ other installations
= Multiple pilots »Doosan LENA/MBBR
= 6 pilots on FGD = MBBR
" 6 for mining = 1 pilot on mining

= Up to 250 gpm

» Envirogen FBR

» Veolia AnoxKaldnes
= MBBR
= 1 pilot on FGD



Thermal Evaporator/Crystallizer

« Established technology

— In use at Merrimack,
Duke, others

» High parasitic power
» Expensive

. Produces low TDS » Operator-intensive

reusable waste stream



Thermal — Push for Modularization

Heartland Wastewater Concentrator Process Flow Diagram

RECOVERY LOOP

VACOM ¢ =
CIRCULATION LOOP makeup st ? T ﬁ
P ) T Heartiana 1T r"‘?
: | i/
' =y

CONCENtrate = mm mmuy ZLD OPTION

clean water == salt filter cake

FEED LOOP

* Modular
* Mining/auto industry
* FC crystallizer

 Modular

 Single step concentration
» Large scale demonstration
— multiple year pilot at latan

* Produced water/fracking
industry

* Pilot in progress with EPRI

* Piloted at Water Research
Center and one utility

2 additional EPRI pilots




Membranes — Low Cost Alternatives



Membranes — Pilot Status

» Oasys - Forward
Osmosis
= Full scale installation
in China
= EPRI pilot
» 90% recovery
» ELG compliant

» VSEPO

= Pilots completed at
WRC

» EDR/RO

= Electro-dialysis
reversal followed by
RO

= Similar to EDI

= Pilots on mine water
showing promise



Other Tools Iin the Toolbox

NAES

Air Heater
Bypass Deep Well
Evaporators Injection



Evaporation into Flue Gas

» Installations in progress » No wastewater discharge
« Commercial in 2017 » Impact to baghouse

» Spray dryer technology is well » Materials of construction
understood in other applications

» Full scale operation achieved in
» Uses “spare” heat to dry FGD 2017

wastewater



Evaporation into Flue Gas

* Suppliers
— Alstom
— B&W
— Mitsubishi
— Lechler
— Etc.

« Design Considerations
— Multiple Unit Sites
— Load Following Conditions
— Qutages
— Isolation Dampers/Online Maintenance




Slurry or Paste Systems

» NAES Dense Slurry Systems
= Full scale operation in Belgium
= Pilots available for demonstration



Deep Well Injection

» Class | deep wells common for some industries
= No hazardous waste
= Not like Class Il wells

» State or EPA lead

= ~2 year permitting and construction
» ~ 1year for permit to construct
» Another year or more to

» Construct test well, do formation compatibility test, submit report,
and obtain operating permit

= Test well is “the well”

» FGD CaS04 chemistry
= Reverse solubilities
= Flash precipitation
= Particle size limitations
= Defined during compatibility test



Future Solutions

» Innovation
= Flue Gas Solutions
= Post FGD Volume Reduction

«ZLD alternatives
=Polishing Techologies
=Modularization

S‘v

The race Is on!




Questions?

Patricia M. Scroggin, PE
pscroqqgin@burnsmcd.com

Regional Practice Manager, Energy
Burns & McDonnell
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