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regulations impacting coal fired power plants

technology based water 
lit di h li it f

ELGs
quality discharge limits for 
existing and new sources

WQBEL design and use of 
CCR impoundments

water quality 
based effluent CCRs CCR impoundmentslimits set by states
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operations impacted by ELGs

o FGD Blowdown
Treat & discharge or zero discharge g g
required to meet ELG limits 

o Ash Pond Remediation
requirements vary but may requirerequirements vary, but may require 
advanced treatment 

o Landfill Leachate
WQBEL l ti d l l t d dWQBELs regulations and local standards 
developed, enforced by State Regulators
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revised rule expected 2019 - new discharge limits

2019 - Q1,Q3

f

2019 - Q3,Q4 ? ?
revised final 

draft rule 
released

final rule 
released

compliance 
starts

rule schedule

compliance 
final date

2015
initial final

2018
initial final

2023
initial final

o Initial rule is in effect – any new NPDES 
it i d h t l t th linitial final 

rule schedule

final rule 
released

initial final 
rule schedule

compliance 
starts

initial final 
rule schedule

compliance 
final date

permits issued have to comply to the rule

o Individual states may issue new permits
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treat & discharge options

Physical/Chemical Treatment

Advanced chemistries

ABMet* biological treatment

ZeeWeed* membrane utrafiltration
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*Trademark of SUEZ; may be registered in one or more countries
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zero discharge options

Physical/Chemical Treatment

Seeded Slurry Brine Concentration

Mixed Salt Crystallization 

Pozzolanic Solidification
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zero discharge project background

challenge
o Develop zero discharge system to treat 250 gpm FGD wastewater p g y gp

o Recover >95% as high quality distillate for recycle

o Produce concentrated brine for fly ash wetting

o Provide redundancy for operational flexibility

solution
o Zero discharge system consisting of pretreatment + brine concentration

P t t t Li ft i / l ifi ti t d i lf t TDSo Pretreatment - Lime softening/clarification to reduce magnesium, sulfate, TDS

o Brine concentration - falling film, MVR, seeded slurry evaporators

o Redundancy - 2 X 60% pretreatment + 2 X 60% brine concentrators
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FGD wastewater design chemistry

Analyte Units FGD Wastewater
Design Chemistry Range

Calcium ppm 500 600Calcium ppm 500 600
Magnesium ppm 4,000 6,000
Sulfate ppm 14,000 20,000
Chloride ppm 2 000 3 000Chloride ppm 2,000 3,000
Sodium ppm 200 300
pH S.U. 5.0 7.0
Silica ppm 100 150Silica ppm 100 150
Boron ppm 500 750
Total Dissolved Solids (TDS) ppm 25,000 35,000
Total Suspended Solids (TSS) ppm 20 000 30 000Total Suspended Solids (TSS) ppm 20,000 30,000
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lime softening – non carbonate hardness removal

Magnesium Sulfate  +  Lime    Magnesium Hydroxide  +  Calcium Sulfate

MgSO4 + Ca(OH)2  Mg(OH)2 + CaSO4

o FGD wastewater can contain high dissolved magnesium and sulfate concentrations

o Lime softening can precipitate magnesium hydroxide and calcium sulfate

o Lime softening reduces dissolved magnesium, sulfate, and total dissolved solids (TDS)

Reducing TDS increases brine concentrator water recovery and reduces brine blowdowno Reducing TDS increases brine concentrator water recovery and reduces brine blowdown
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FGD wastewater laboratory test chemistry

Analyte Units FGD Wastewater
Design Chemistry Range

Laboratory Test 
Chemistry

Calcium ppm 500 600 500Calcium ppm 500 600 500
Magnesium ppm 4,000 6,000 4,000
Sulfate ppm 14,000 20,000 16,000
Chloride ppm 2 000 3 000 2 000Chloride ppm 2,000 3,000 2,000
Sodium ppm 200 300 300
pH S.U. 5.0 7.0 5.0
Silica ppm 100 150 50Silica ppm 100 150 50
Boron ppm 500 750 550
Total Dissolved Solids (TDS) ppm 25,000 35,000 27,500
Total Suspended Solids (TSS) ppm 20 000 30 000 NATotal Suspended Solids (TSS) ppm 20,000 30,000 NA
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FGD wastewater – lime titration curve
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lime softening – laboratory test results

Lime Dosage 0 8,000 mg/l 10,100 mg/l 12,200 mg/l 14,300 mg/l
Calcium 500 1,190 1,270 1,580 2,200
Magnesium 4,000 1,510 806 269 <10
Sili 0 12 12 12 12Silica 50 <12 <12 <12 <12
Sulfate 16,000 6,300 4,020 2,500 2,090
Fluoride 100 ~3.0 ~1.3 ~1.2 5.3
B 500 237 189 214 360Boron 500 237 189 214 360
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FGD wastewater softened laboratory test chemistry

Analyte Units FGD Wastewater
Design Chemistry Range

Laboratory 
Test 

Chemistry

Softened 
Laboratory 

Test Chemistry
C l i 500 600 500 1 000Calcium ppm 500 600 500 1,000
Magnesium ppm 4,000 6,000 4,000 750
Sulfate ppm 14,000 20,000 16,000 3,000
Chloride ppm 2 000 3 000 2 000 2 000Chloride ppm 2,000 3,000 2,000 2,000
Sodium ppm 200 300 300 300
pH S.U. 5.0 7.0 5.0 10
Silica ppm 108 136 51 <6Silica ppm 108 136 51 <6
Boron ppm 528 740 560 200
Total Dissolved Solids (TDS) ppm 25,000 35,000 27,500 10,000
Total Suspended Solids (TSS) ppm 20 000 30 000 ND NDTotal Suspended Solids (TSS) ppm 20,000 30,000 ND ND
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FGD wastewater - lime softening system

Lime silo
Service 
water

Scale 
Inhibitor H2SO4

Lime slurry 
tank

FGD Softening 
ClarifierPolymer

a

Evaporator 
Feed Tank

FGD Softener
Reaction Tank

FGD Wastewater 
EQ Tank
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seed slurry brine concentrator

Scale 
inhibitor

H2SO4

Inline mixer

fly ash 
wetting

2 4

evaporator 
feed tank

distillate to 
recyclerecycle
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heat transfer calculations

Q = U A T

Q  =  Heat Transfer (Distillate Flow) [BTU/hr]

U O ll H t T f C ffi i t [BTU/h ft2 oF]U  =  Overall Heat Transfer Coefficient   [BTU/hr-ft2-oF]

A  =  Heat Transfer Area [ft2]

T H t T f D lt T t [oF]T =  Heat Transfer Delta Temperature [oF]
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seeded slurry scale control

o CaSO4 saturation
o Crystal form
o Seed surface area
o Residence area
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heat transfer delta temperature

T = T condensing steam – T boiling brine

o The higher the T the higher the distillate rate.

o T condensing =  steam temperature @ condensing pressure.  Function co de s g
of vapor compressor discharge pressure

o T boiling  =  temperature of boiling brine 
(boiling point rise - BPR)(boiling point rise BPR)

o boiling point rise =  brine boiling point elevation due to TDS in 
boiling solution
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bench scale evaporator test apparatus
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brine concentrator feed pH titration
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concentrated brine boiling point rise
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concentration factor
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FGD wastewater full scale startup chemistry

Analyte Units FGD Wastewater
Design Chemistry Range

Full Scale 
Startup 

Chemistry

Variation
(%)

Calcium ppm 500 600 550 --
Magnesium ppm 4,000 6,000 2,200 <45%
Sulfate ppm 14,000 20,000 7,250 <48%
Chloride ppm 2,000 3,000 1,600 <20%
Sodium ppm 200 300 300 --
pH S.U. 5.0 7.0 7.0 --
Silica ppm 100 150 35 <65%
Boron ppm 500 750 350 <30%
Total Dissolved Solids (TDS) ppm 25,000 35,000 16,000 <36%
T l S d d S lid (TSS) 20 000 30 000 ND
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Total Suspended Solids (TSS) ppm 20,000 30,000 ND
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operational FGD wastewater zero discharge system

o System operational late 2017

o Meeting design criteria

o Demonstrates benefit ofo Demonstrates benefit of 
optimizing  pretreatment + 
brine concentration systems 
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thank youy
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questions?

l i @lanny.weimer@suez.com
SUEZ – Water Technologies & Solutions


