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APPLICATION OF
DUKE ENERGY INDIANA, LLC FOR
A FUNDAMENTALLY DIFFERENT FACTOR VARIANCE

1.0 INTRODUCTION

This is an application by Duke Energy Indiana, LLC (“Duke Energy Indiana®) for a
fundamentally different facior vaniance (“FDF variance™) from the Best Available Technology
Economically Achievable (BAT) effluent limitation guidelines contained in recently adopted
revisions to the Effluent Limitation Guidelines for the Sicam Electric Power Generating Point
Source Category, 40 CFR Part 423.13, that otherwise will be applicable to the gasification
wastewater generated, treated and discharged at the Edwardsport IGCC Station, located at 15424
East State Road 358, Edwardsport, Indiana. This Applicalion is being submilted pursuant to the
autharity granted by Section 301{n) of the Clean Water Act, 33 U.S.C. § 1311(n).

2.0 BACKGROUND

2.1 Edwardsport [IGCC Station

Duke Energy Indiana (sometimes referred to herein as simply “Duke Energy”) owns and
operates the Edwardsport IGCC Station, an integrated gasification combined cycle (“IGCC™)
electric generation facility, located in Edwardsport, indinna. The Edwardsport IGCC Station
began commercial operation in June 2013. The gasification proeess utilized at the Station
includes a recirculating grey water sysicm associated with initial cooling and cleaning of raw
synthesis gas (“syngas™) produced by the gasifiers, Blowdown from the grey water recirculating
system, henccforth referred to in this Application as “grey waler”, is subjected to extenstve

ireatment in the Station’s grey water {reatment system (“GWTS").

The GWTS at Edwardsport IGCC Station is a complex wastewater treatment system that utilizes
a preliminary mechanieal vapor recompression concentrator followed by two crystallizers with
differing functions. (All evaporators are based on a forced circulation design), The combined
condensate streams fromn the evaporation treatment system undergo further polishing through a
reverse osmosis (“R0O™) system. RO reject concentrate is retumed to the treatment process, while

RO permeate is the ireated grey water, or “effluent™, from the GWTS.
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Treated grey water is primarily reused as makeup water for (he recirculating cooling water
system for the gasification process, but under certain circumstances is routed directly to
downstream portions of the wastewater treatment system of the Station for discharge to the West

Fork of the White River in Knox County, Indiana.

The Indiana Department of Environmental Management {IDEM) issued a renewal of NPDES
Permit No. TNQ002780 to Duke Energy on March 30, 2016 authorizing discharges from the
Edwardsport IGCC facility. The renewal permit incorporates the BAT effluent limitations for
gasification wastewater established by the recently adopted ELG revisions, including cffluent
limits for arsenic, mercury, sclenium, and total dissolved solids (TDS). The BAT limitations are

applied direclly to the output of the GWTS at a designated internal outfall.

2.2 EPA’s Rulemaking for Updated Steam Electric Power Generating Point
Source Category Efflucot Limitation Guidelines

While the Edwardsport IGCC Station was under construction, the U.S, Environmental Protection
Agency (“EPA™ was engaged in an effort to develop revisions to its Effluent Limitation
Guidelines for the Steam Electric Power Generating Point Source Category (“Steam Electric
ELGs™). In ihe course of its development of a draft rule for revising the Steam Electric ELGs,

EPA conducted a visit of the construction site for Edwardsport IGCC Station in March 2011.
2.2.1 Finai Steam Electric ELGs

On Novembher 3, 20185, the Final Efluent Limitations Guidelines and Standards for the Steam
Electric Power Generating Point Source Category were published in the Federal Register at 80
FR 67838, Among several other requirements, the final rulc establishes new BAT effluent
limitation guidelines for gasification wastewater and includes a separate definition for
“gasification wastewater” which refers generally 1o “any wastewater generated at an integrated
gasification combined cycle operation from the gasifier or the syngas cleamng, combustion, and
cooling processes.”' These aspects of the final rule are unchanged from the proposed rule. The
rule identifies an evaporation system using a falling-film evaporator (or brine concentrator) to

produce a concentrated wastewater stream (brine) and a reusable distillate stream as the model

! See 40 CFR 423.11{q). The full definition of “gasification wastewater™ clarilies and narrows the general
description quoted above. The term, as so defined, is generally capitatized as Gasification Wastewater in the
remaindsr of this Application.
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treatment technology on which the BAT ELGs are based for the control of pollutants in
Gasification Wastewater. Separate effluent limitation guidelines are established by 40 CFR
423.13()(1)(1) for arsenic, mercury, sclenium and total dissolved solids (“TDS”) contained in
Gasification Wastewater. The final ELGs for Gasification Wastewater are reproduced in Table

2-2 provided in Section 2.3, below.
2.2.2  Preliminary Rulemaking Activities for Steam Electric ELGs

Previously, EPA conducted site visits at and collecled information, pursuant to Section 308 of
the Clean Water Act (“*CWA™), regerding Gasification Wastewater from the Questionnaire for
the Steam Electric Power Generating Effluent Guidelines (“Steam Electric Survey”) from the
Wabash River IGCC Repowering Plant (“Wabash™) and the Tampa Electric Company’s Polk
IGCC Power Station (“Polk”). Both plants were required to sample Gasification Wastewater at
EPA-designated sampling locations at the influent and effluent for the evaporation system at
each facility. However, only arsenic and mercury samples faken from the front half of the
evaporation system at Polk were relied upon by EPA in establishing the arsenic and mercury
effluent {imitation guidelines, respectively, for Gasification Wastewater. EPA did not utilize any
data from Polk’s forced circulation evaporator or any effluent data from Wabash in establishing

the arsenic and mercury ELGs.”

EPA’s proposal to update the Steam Electric ELGs was published for public comment on June 7,
2013, at 78 FR 34432, Duke Edwardsport participated in the rulemaking proceeding despite the
fact that ils IGCC plant was still in the planning phase, under construction, and/or just starting
operations during the various stages of the rulemaking. In summary, Duke Edwardsport argued
the following points throughout the rulemaking process: {1} the designs of the Polk, Wabash,
and Duke Edwardsport JGCC plants differ significantly, including the technology utilized for
syngas cooling and cleaning; (2) Polk, Wabash and Duke Edwardsport each gasifies a different
fuel (pet coke and coal blend, pet coke, and coal, respectively) which can result in variability of
constituents and concentrations in the grey/sour water; (3) Polk, Wabash and Duke Edwardsport
generate different commercial byproducts from the acid gas removal process: Polk produces

sutfuric acid, Wabash uses the Claus process to generate an elemental sulfur product, and Duke

1 Technical Development Document for the Effluent Limitations Guidelines and Standards for the Steam Electric
Power Generating Point Source Catepary (*TDD™), pp. 13-26, 13-27, (EPA-821-R-15-007; September 2015).

3
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Edwardsport produces elemental sulfur; (4} it is premature to establish national effluent limits
for the gasification subcategory, particularly given that the Edwardsport IGCC was not yet in
operation, and consequently EPA should reserve setting the effluent limitation guidelines for
Gusification Wastewater until the potential effects of the design and operational differences
among the plants has been addressed; (5) four samples from four days from only the front half
of the evaporator system at a single source (“data set™) does not provide a comprehensive or
sufficient evaluation of the performance of wastewater treatment technologies for coal
gasification systcms and is inadequate to support the proposed effluent guidelines for this
“subcategory”; (6) EPA did not follow its own data selection and calculation enteria when 1t
established the mercury effluent }imitation guidclines for Gasification Wastewater; (7) therefore,
it is statistically and technical inappropriate to use the data sct to determining the continuous
compliance limit. (DCN SE05958A1 — AY). The Edwardsport IGCC facility did not commence
commercial operation until June 2013. Consequently, Duke Energy did not have a reasonable
opportunity to submit effluent data for its gasitication water during the comment period on the
proposed ELG rule. Only limited data was acquired before close of the comment period {which
did not include TDS sampling) and that data was not definitive on compliance capability with
regard to the proposed ELGs.> Moreover, similar to the Polk and Wabash facilities, the
Edwardsport IGCC experienced substantial operational variability during the first year of

operation. Duke Energy’s focus during this period was on eliminating operational interruptions.

2.3 Need (or a FDF Variance for Edwardsport IGCC Station

As previously stated, Duke Energy commenced construction of the Edwardsport IGCC Station in
early 2008, long before EPA published the proposed revisions to the Steam Electric ELGs in
June 2013. The conceptual design for the grey water treatment system at Edwardsport 1GCC
was developed in 2009-2010 based on best concepts in the industry at that time involving
evaporative processes to effectively remove dissolved and particulate pollutants from the grey
water wasicstream. EPA later identified such evaporative treatment technologies as the “model

lechnology™ on which the final ELGs for Gasification Wastewater were said to be based.

I Nonetheless, Duke Energy included this limited data in a letter to OMD dated September 4, 2015 during that
agency's review of the proposed final version of the Steam Electric ELGs. DCN SE0§370.

4
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Notwithstanding having installed the medel technology, the effluent quality from the GWTS at
Edwardsport [GCC, though resulting in compliance with Indiana’s water quality standards, will
not meet the ELGs for mercury and total dissolved solids in Gasification Wastewater. This is
seen from a comparison of GWTS” effluent quality summarized in the following table, based on

available effluent data, with the final EI.Gs for Gasification Wasiewater,

Table 2-1
Summary of Effluent Data from Edwardsport IGCC Station*
Pollutants Maximum Vaiue | 30-day Average | Long-term Avg.
(Highest value)

Arsenie, total (ug/L) 15 1.9
Mercury, total {ng/L) 12.8 9.1¢ 6.3

Total dissolved solids 222 67.2° 39.8
(TDS) (mg/L)

*See Appendix 1 for the effluent data summarized in this table.
& September 2015
b Qctober 2015

For ease of comparison, the linal ELGs for Gasification Wastewater are reproduced below:

Table 2-2
BAT ELGs for Gasification Wastewater from Final ELG Rule
[ Pollutants Daily Maximum 30-day Average

Arsenic, total (ug/L) 4 -
Mercury, total (ng/L}) 1.8 1.3
Selenium, tota! (ug/L) 453 227

Total dissolved solids 38 22

(IDS) (my/L) |

5
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Comparison of effluent data from the GWTS for mercury {total) to the ELG for mercury shows
the highest daily value and the highest 30-day average to both be approximately seven times the
Daily Maximum EGL and the 30-day Average ELG, respectively. TDS effluent data from the
GWTS yields a highest daily value nearly six times greater than the Daily Maximum ELG and a
highest 30-day average approximately three times the 30-day Average EL( for that parameter.

It will not be possible for the Edwardsport IGCC to consistently comply with the EL.Gs for
mercury and TDS without adding more {reatment capability. If an FDF variance is not granted
that accepts the existing treatment eapability of the GWTS, Duke Energy will be obligated to
incur additional costs for grey water treatment beyond the approximately $120 million in capital
costs already incurred for the existing GWTS in order to achieve compliance with the ELGs for
(Gasification Wastewaler. The specific alternate GW-ELGs requested by Duke Energy under this
Application are described below in Section 7.0.

In Section 5.0 of this Application, Duke Energy will explain the fundamentally dilferent factors
pertaining to the Edwardspont IGCC that support the need for an FDF variance.

3.0 PLANT SPECIFIC INFORMATION

3.1 Polk Station
3.1.1  Polk’s Gasification Process

Polk is an IGCC Power Station in Florida utilizing a blend of pet coke and coal [rom the world
market, while also operating a sulfuric acid plant to recover sulfur from raw syngas. Polk tiilizes
gasification technology originally developed by Texaco, now owned by General Electric. It
operates an oxygen blown, slurry fed, entrained flow, refractory lined gasifier with a radiant
syngas cooler (RSC) and convective syngas coolers (CSC) for heat recovery. The gasifier is a
single train configuration with one gasifier supplying fuel to one combustion turbine. Saturated
sleam created in the gasifier is pumped to the heat recovery steam generation (HRSG) unit where

it is used to power a steam turbine.
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Polk utilizes approximately 2,200 to 2,500 tons per day of fuel constsling of a blend of petroleum
{pet) coke and coal,* A slurry of pet coke and coal is pumped into the gasifier (o produce syngas.
Slag and fly ash are produced as byproducts of the gasification process. Slag and somc of the fly
ash collects in a water pool located at the bottom of the RSC as the syngas exils the RSC just
above the water pool. This wet slag and fly ash is transported through the slag crusher, to the
slag convevor where it is filtered with a screen. The water and fines that pass through the screen

are considered “black water.” The black water is pumped to Polk’s settler feed tank.

The syngas and remaining fly ash flow through a convective syngas cooler to a water scrubber to
remove particulates and hydrochlonic acd (HCl) from the syngas. The syngas scrubber
blowdown, also referred to as “black water” is pumped to the settler feed tank at about 400
gallons per minute. The scrubbed syngas then moves on for further cleaning in the carbonyl
sulfide {COS) hydrolysis unit, which converls the COS to hydrogen sulfide (I1;8). Next the
syngas is cooled hy three small heat exchangers and sent on to Polk’s acid gas removal system.
Polk uses a solvent, methyl diethanolamine {MDEA), to remove I13S from thc syngas, and
subsequently strips MDEA from the H:S and other noncondensible gases, which are (hen

transferred to the sulfuric acid plant

The black water collected in the settler feed tank, referenced above, is pumped to one of two
gravity settlers where flocculant and coagulant are added. The underflow of the gravity seltlers
is recycled directly back to slurry preparation. The overflow from the tanks is referred to as prey
water and is stored for reeycling to the syngas scrubbers; however, approximately 100 gallons
per minute of grey water is blown down to the brine concentration {evaporative treatment}

system.

{Notes from Site Visit at TECQO Polk Encrgy’s Polk Power Station on October 8, 2009, DCN
SE00071)

* Not unexpectedly, the proporlion of pet coke and coal in the Polk Fuel blend has varied over time. See Section
5.2.1
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3.1.2 Poik’s Grey Water Treatment System

Polk utilizes a relatively simple grey water trealment sysiem that includes a preliminary
concentrator, consisting of a falling film evaporator, and a crystallizer, using forced circulation
evaporator technology. Grey water blowdown is treated first through the preliminary
concentrator. The vapor stream from the preliminary concentrator is reused in the evaporative
process with a compressor, which compresses the vapor to a pressure that provides additional
heat to the evaporator when the pressure is allowed to abate and the vapor stream condenses on
the tube side. The condensate stream from the falling filrn evaporator is reused in the gasification

process for pumps seals, instrument purges, and condensate drum.®

The brine concentrate from the preliminary concentrator is further concentrated by the
crystallizer. The vapor generated from the crystallizer is cooled, condensed, and sent to the
grinding surnp for use in slurry production for the gasilier, while the liguid brine concentrate is
sent 1o a prill tower for further dewatering of solids (e.g., ammonium chioride) for off-site
disposal. The prill tower replaced the original centrifugal solids separation systemn due to

procesg issues with solids variahility in the concentrated brine stream. (TECO, 2002)

Significantly, the condensate streams from Polk’s preliminary concentrator and crystallizer are
not combined but are rcused separately in different manners in different processes, as described

ahove. Neither condensate stream is discharged to waters of the United States.

(Notes from Site Visit at TECO Polk Energy’s Polk Power Station on October 8, 2009, DUN
SE0Q071 and SE00071A)

32 Edwardsport 1GCC

3.2.1 Edwardspert’s Gasification Process and Generation of Grey Water

Duke’s Edwardsport IGCC Station is a 618-MW (net) IGCC facility fueled by lllinois Basin
coal, and producing a byproduct of elemental sulfur. The Edwardsport IGCC utilizes gasification
technology under license from General Eleetric. The 1GCC Station consists of two paraliel

gasification/power generation trains. The gasifiers are oxygen blown, coal slurry fed, and

5 Notes from Site Visit at TECO Fnergy’s Polk Power Station on Oclober 8, 2009. (DCN SE00071 and SE00071A1)

8
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refractory lined, Each gasifier is accompanied by a radiant syngas cooler (RSC) for heat
recovery. Each gasification train produces syngas to fuel a8 GE combustion turbine, which in
turn drives an electric generator. While the combustion turbines are predominately fueled by
syngas produced by the gasification trains, the combustion turbines can be fueled by natural gas
as well. Saturated steam created in the gasifier is pumped to the heat recovery steam generation

{HRSG) unit where it is used to power a stcam turbine.

Edwardsport IGCC has a design rate for cozl consumption of approximately 6,10G tons per day.
A slurry of coal is pumped into the gasifier to produce syngas. Slag and fly ash are produced as
byproducts of the gasification process. The Gasification Wastewater (referred to by Duke as
“grey water’) is generated by the process for initial cooling and cleaning of raw syngas emerging
from the gasifiers and associated radiant syngas coolers {(“RSCs™). Initial cooling of raw synpgas
cccurs as quench water is brought inio direct contact with raw syngas in the RSCs. Quench
water remaining [rom this process and some further intermediate steps becomes grey water.
Grey water is used to scrub maw syngas immediately after it leaves the RSC 1o accomptish
particulate removal and further cooling of the syngas. A fraction of the grey water is continually
blown down [rom the grey water holding tank to maintain certain dissolved solids at acceptable

levels. The grey water blowdown is the influent to Edwardsport’s grey water treaiment system.

In sum, the raw syngas generated by the Edwardsport 1GCC is subjected to pollutant removal
operations, prior to use as a fuel in the corubustion turbines, where the volume of gas is less and
the contaminant concentrations are higher, resulting in higher removal efficiencies. Syngas
passes directly through quench water (black water) and is then scrubbed with grey water. The
interaction of black water/grey water with syngas in these preliminary cooling and cleaning

processes has the potential to significantly impact the makeup of the black water/grey water.®
3.2.2 Edwardsport’s Grey Water Treatment System (“GWTS")

In contrast to Polk, the Edwardsport IGCC utilizes a complex grey water treatment system. This
treatment system is designed {o remove coniaminanis denving from the coal or resulling from

the gasification process, such as ammonium chloride, formate, and other dissolved solids, as well

% The information in this section 3.2.} is largely drawn rom Duke Enetgy Technical Memorandum; Edwardsport
IGCC — Fundamentally Different Factors Request (*Duke Energy Technical Memo™), April, 2016, which is attached
as Appendix 2.
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a3 trace levels of metals such as arsenic, mercury and selenium. The treatment system primarily
consists of evaporative units, including a preliminary concentrator (using forced circulation
evaporation technology) and two crystallizers {also using forced circulation evaporation).
Combined condensate steeams from the evaporative treatment units is sent {0 a fwo-stage reverse

osmoasis (RO) unit for final polishing of the effluent.

During treatment, the grey water from Edwardsport IGCC’s gasification process is first run

7 The vapor produced

through a mechanical vapor recompression (MVR) concentralor system,
by the concentrator is scrubbed, sent through two sequential compressor units, and then
condensed in a forced circulation heat exchanger and the condensate is routed through additional
cooling units to the RO feed tank. Uncondensed vapor from the heat exchanger is routed to a

barometric condenser.

The concentrated brine liquid from the MVR concentrator is blown down to a CoLD®
crystailizer employing forced circulation. Brine concentrate slumy from the crystallizer is
pumped to a pressure filter for dewatering of solids prior to disposal. Filtrate is recycled back to

the crystallizer.

Vapor generated by the CoL.D® crystallizer is scrubbed prior to being piped to an air-cooled
condenser. Spent scrubber water from both the MVR scrubber and the Col.D¥ crystallizer
scrubber is recycled for reuse in the respective scrubbers. Blowdown from the two serubbers is
pumped to a second crystallizer, the Formate Crystallizer, for further concentration. The
concentrated slurry from this second crystallizer is dewatered in a pressure filter and the filter
cake is disposed and filtrate is returned to the crystallizer. VYapor produced by the Formate
Crystallizer is also routed to the air-cooled condenser, along with the scrubbed vapor from the
CoLD¥ crystallizer. Uncondensed vapor from the sir-cooled condenser is conveyed to the
barometric condenser where # combines with uncondensed vapor from the MVR concentrator’s
heat exchanger. Condensate streams from the air-cooled condenser and from the barometric
condenser are routed to the RO feed tank along with the condensate swream from the MVR

concentrator’s heat exchanger.

? A second MVR concentrator can be brought online to supplement the first concentrator when high chioride levels
in the grey water require the blowdown of grey water at a rate exceeding the capacity of a single concentrator.

10
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The combined condensate stream is then processed through the two-stage RO system. The
reiect from the first stage ol the RO system is recycled 10 the input to the MVR concentrator.
The RO permeaie is routed through tankage for an unused cyanide destruetion system to the final
effluent point from the grey water treatment system. This treated stream is then reused in the
gasification process cooling system to reduce demand for makeup water or discharged to the
final settling ponds for additional polishing and discharge. Non-condensable gases exiting the

barometric condenser are Touted to the Sulfur Recovery Unit.?

33 Wabash River

3.3.1 Wabash River’s Gasification Process

Wabash River Power Station (“Wabash River” or simply “Wabash”) 1s a 262-MW IGCC plant
in Terre Haute, Indiana that has operated from October 1995 until the present” This IGCC plant
is located next to Duke Energy’s Wabash River Station. During the period of EPA’s
development of the ELGs, SG Solutions owned the gasificalion system while Wabash Valley
Power Association owned the combined cycle power gencrating unit. Wabash River utilizes the
Global Energy E-Gas™ coal gasification process (formerly referred to as the ConocoPhillips
technology). Although the plant was originally designed for coal fuel, petroleum coke (pet coke)
has been the primary fuel over most of the plant’s lifetime, Wabash River gasifies 2,000 tons/day

of pet coke with up to 6% sulfur content.

The Wabash River plant utilizes a iwo-stage, entrained-flow, slagging, refractory lined, gasifier
which supplies syngas to one combustion turbine. Gasification operations are generally
described as follows. Pet coke is combined with pure oxygen in slurry mixers and is injected into
the first stage of the gasifier. Under the high gasifier temperatures, ash melts and lows out the
bottom of the vesscl where it solidifies as slag. The first stage of the gasifier utilizes a gasifier
quench in a closed loop system, with siag retuming to the slurry preparation area and water

returning to the gasificr quench.

8 The information in this section 3.2.2 is largely drawn from Duke Energy Technical Memo, which is atiached as
Appendix 2,
® Wabash Rivers owner has announced plans to retire the plant in May 2016.
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Nexi the syngas flows to the second stage of the gasifier, where additional slurry is injected. The
syngas leaving (he gasifier flows to the high temperature heat recovery unit to produce high-
pressure saturaied steam. Syngas is then cooled and scrubbed with sour water. Particulates from
Wabash’s heat recovery unit are filtered from the syngas in a hot/dry filter and are recycled to
the first-stage of the gasifier where the carbon is converted into more syngas. Sour water is

collected at the heat recovery unit holding tank.

Following the heat recovery unit, syngas then is further cocled and directed through a catalyst
that hydrolyzes carbonyl sulfide (COS) to hydrogen suifide (Hz8). The syngas is then processed
through a methyldiethanolamine (MDEA) based absorber/stripper columns where acid gas is
removed. Clean syngas is then transferred to the combustion turbine. The acid stream is

transferred to a sulfur recovery process where sulfur is recovered and marketed by Wahash.

The sour water from the condensate and scrubber blowdown streams is combined with the sour
water return from the sulfur recovery unil. Approximately 60% of the sour water is recycled
back to sjurry water. The remaining 40% is directed to (he Gasification Wastewater treatment

systcm.
3.3.2 Wabash’'s Gasification Wastewater Treatment

EPA conducted a site visit at Wabash River on February 25, 2009, The sour water in Wabash's
gasification treatment is sent to a CO; stripper to remove carbon dioxide. Some of the stripped
waler is recycled back to the coal shurry process. The rest of the stripped water is sent to a
second stream stripper to remove ammenia. The water exiting the ammonia stripper is
{ransferred to a vapor compression system, consisting of an evaporator (referred by Wabash as a
zero liquid discharge (ZLD) system). The concentrated brine from Wabash’s evaporator is sent
to a rotary drum dryer added in 2002 to remove the water from the salts. The salts are
transferred offsite as hazardous waste. Distillate from the evaporator is discharged from the
plant, or used in coal slury make-up water, An activated carbon unit is present at the facility
although its specific use is unclear. (Final Notes [fom Site Visit at WVPA’s Wabash River
Power Station on February 25, 2009, DCN SE03638 and EPA-HQ-OW-2009-0819-4655, DCN
SE05958A6)
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4.0 SUMMARY OF EPA’S RATIONALE AND TECHNICAL BASIS FOR THE BAT
ELGS FOR GASIFICATION WASTEWATER

4.1 Statutory Requirements for BAT Effluent Limitations

Industrial sources of discharges of toxic and nonconventional pollutants are required, under
CWA Section 301{b)(2)(A), 33 U.5.C. §1311(b}2){A). to apply the best available technology
economically achievable (“BATEA™ or, more commonly, “BAT”) to control such discharges, as
determined for categories and classes of such sources under regulations issued by EPA pursuant

o CWA Section 304(b)(2), 33 U.S.C. §1314(b)(2). Section 304(b)(2)(B) specities in part that:

Factors relating to the assessment of best availablc technology shall take
into account the age of equipment and facilities involved, the process
employed, the engineering aspeets of the application of various types of
control technigues, process changes, the cost of achieving such effluent
reduction, non-water quality cnvironmental impact (including energy
requirements), and such other factors as the Administrator deems
appropriate.

4.2  Evaporation System Is Technology Basis for Gasification Wastewater ELGs

T'he final rule establishing the Steam Electric ELGs, published at 80 Fed. Reg. 67838, 67853,
identifies an evaporation system using a [alling-film evaporator (or brine concenirator) to
produce a concentrated wastewater stream {(brine) and a reusable distillate stream as the BAT
technology basis for the control of pollutants in Gasification Wastewater. EPA’s Technical
Development Document for the Stcam Electric ELGs reiterates that this is the model technology
for Gasification Wastewater, typically using the term “vapor-compression evaporation” to
describe this treatment technology. (TDD 3-14, 13-7) EPA found evaporation technology to be
well-demonstrated in the industry for the treatment of Gasification Wastewater, because all three
IGCC plants with Gasification Wastewater in operation at the time of promulgation of the Final
Rule (Polk, Wabash, and Edwardsport) utilized evaporation technology to treat Gasification
Wastewater. (TDD B-16, 17)

4.3 Gasification Wastewater Sampling at Polk and Wabash

In developing limits for Gasification Wastewater, EPA considered data from two sampling

locations in the vapor compression cvaporation process: condensate [rom the vapor compression
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evaporator (at Polk and Wabash) and condensate from the forced circulation evaporator
(crystallizer, at Polk). Although Polk reuses its Gasification Wastewater, EPA considered both
streams as a potential basis for limits because a plant could choose to reuse or discharge both
streams, or reuse one and discharge the other. (TDD 13-26) EPA acknowledged the existence of
Duke Energy’s Edwardsport Power Station IGCC system; however, it was not in commercial

operation at the time of EPA’s sampling program. (TDD 3-14)

Polk was instructed to sample on four consecutive days (October 18 -21 2010) at Lhe following
locations: {1) at the tap off the pump drain Lhat transfers the neutralized weak acid stream to the
grey water surge tank (SP-1); (2) at the influent to the vapor compression evaporator at an
existing sample tap on the suction side of the transfer pumps from the grey water surge tank to
the vapor compression evaporator system (SP-2); (3) ai the condensate stream trom the vapor
compression evaporator prior to retuming to the condensate storage tank and then to the
condensate pump seals, instrument tap flushes, and the slag screen (SP-3); and (4) at the exit of
the forced circulation evaporator prior to being returned to slurry preparation (SP-4). (CWA 308
Monitoring Letter and Instructions to Potk, DCN SE01325, Appendix I, DCN SE01325A09,
including, Notes from On-Site Revicw of Industry Self-Monitoring Sampling at TECO Energy’s
Polk Power Station on October 18-19, 2010; (TDD 13-14) Polk sampled the above-referenced
locations on October 18-19 and October 26-27, 2010, rather than during four consecutive sample

days.

EPA instructed Wabash to conduct sampling on four consecutive days (January 31% through
Fehruary 3, 2011) at Lhe following locations: (1) at the sour water feed, collected as the
combined condensate and chioride scrubber blowdown streams, to Lhe treatinent system at the
sample tap prior to the carbon filter beds (SP-1); (2) at the sour water retum from the sulfur
recovery unit prior to it combining with the sour water exiting the filter beds (SP-2); (3) at the
sour water feed to the vapor crystallizer (RCC) evaporator from the sample tap located
immediately downstream of the E-271 heat exchanger (SP-3); and (4) at the vapor crystallizer
(RCC) evaporator distillate discharge line (SP-4). (August 31, 2010 308 Monitoring Letter and
Instructions to Wabash, DCN SE01325, Appendix J} Wabash conducted its sampling events

during the four consecutive days mentioned above.
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4.4 Data Exclusions and Calculation of Limitations

The arsenic and mercury sampling data from Wabash failed EPA’s editing criteria (ILTA - long-
term average test) so EPA excluded the Wabash data for both arsenic and mercury. (TDD 13-12,
13, 13-27, 13-43). Additionally, “EPA determined that the data collected at the forced
circulation evaporator condensate at Polk did not demonstrate typical removal rates for pollulants
generally well-treated by evaporation” and therefore found the results inadequate for use in
catculating the Gasification Wastewater limits. (TDD 13-26, 27) Thus, the BAT mercury limits
for the Gasification Wastewater were caleulated solely from the vapor compression evaporator
condensate effluent data from four days of sampling at Polk in October 201¢. The BAT TDS
limits for Gasification Wastewater were caleulated from the four sampling events at Polk and the

four consecutive sampling events at Wabash (eight sampling evcnts toiat).

EPA was not able to evaluate and obtain reliable estimate of the autocorrelation for the vapor-
compression evaporation treatment technology option for Gasification Wastewater because there
were 100 few observations availahle. (TDD 13-20). Therefore, EPA set the autocorrelation to
zero in calculating the limits. (TDD 13-20). EPA was also unable to compare weekly sampling
to the monthly limitations because Poli’s Gasification Wastewater was not eollected frequently
cnough to represenl weekly sampling. (TDD 13-43) Furthermore, EFA did not round the
mercury limitatious for Gasification Wastewater grcater than 1.0 to the next higher integer as it
did for all of the other FGD, Gasification, and Combustion Residual Leachate limitations, with
the exception of niirate-nitrite as N for FGD wastewater. (TDD 13-29)

4.5 Compliance Costs

GEPA’s evaluation of compliance costs for treatment of Gasification Wastewater to meet the BAT
limitations consisted of identifying that the three currenlly operating [GCC units in the United
States that discharge Gasification Wastewater each operate evaporation systems that are the
technology basis for the ELGs for Gasification Wastewater (Polk, Wabash, and Edwardsport).
(TDD 9-7) Then EPA concluded that “because all the plants are currently operating the BAT
system . . . there will be no capital compliance costs associated with the control of discharges
of Gasification Wastewater.,” (TDD 9-7) EPA did estimate the operation and maintenance
(O&M) costs for the three plants related to compliance monitoring. (TDD 9-7 and 9-47)
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4.6 Final EL.CG Limitations

After conducting the evaluation summarized above, EPA set the BAT Gasification Wastewater
limitations for arsenic, mercury, selenium and total dissolved solids at the values shown in Table

2-2 in Section 2.3 of this Application.

5.0 DESCRIPTION OF FUNDAMENTALLY DIFFERENT FACTORS FOR THE
EDWARDSPORT IGCC STATION

The Edwardsport IGCC Station is fundamentally different from the Polk Station and the Wabash
River [acility in several respects relalive to the Section 304(b)(2) factors that are pertinent to
EPA’s development of the ELGs for Gasification Wasiewater. This section describes those
fundamental differences and their effects on the nature and pollutant loading to, and the nature
and performance of, the grey water treatment system at Edwardsport IGCC as compared to the
other facilities. However, any differences between the Edwardsport IGCC and the Wabash River
facitity will only be relevant to consideration of the proposed alternative limitations in lieu of the
final ELGs for TDS since no effluent data from grey water treatment at the Wabash [GCC
facility was considered by EPA in establishing the ELGs for mercury and arsenic.

51 Summary of Fundamental Dilferences

The following summary is previded of the fundamental differences identified by Duke Energy
that support ils request for alternative effluent limitations for the Gasification Wastewater
discharged from the Edwardsport IGCC facility. A detailed description of the basis for cach

fundamental difference is then provided in subsequent subsections of this Section 5.0.

e The higher content of ash, chlorine and mercury in coal used to fuel the
Edwardsport IGCC as compared to fuel used by Polk Station are fundamental
differences resulting m higher pollutant loadings of mercury and 1DS in
Edwardsport IGCC’s grey water. The same is suspected regarding fuel used
at Wabash but Duke Energy was unable to obtain fuel analyses for Wabash.

o The greater contact of grey water and its precursor, black water, with raw
syngas in the initial syngas cooling and cleaning processes at Edwardsport
IGCC, as compared to Polk Station, is a fundamental difterence resulting in
higher pollutant loadings of mercury and TDS in Edwardsport IGCC’s grey
water.

16
HGD1 7422375



BGDL 7422376

The inclusion in Edwardsport IGCC’s grey water treatment system of
scrubbers for vapors produced by the initial MVR evaporator and the Col.DD
crystallizer, which will extract more contaminants from those vapor strecams
prior to their being condensed, in contrast to Polk Station and Wabash, is a
fundamental difference affecting the pollutant loading in the condensates
resutimg from the evaporative processes employed to treat grey water.

The inclusion in the Edwardsport IGCC's grey water treatment system of a
second crystallizer — the Formate crystallizer — will result in further
concentration of the contaminants in the spent scrubber water from the two
scrubbers for eventual disposal. However, use of the Formate crystatlizer may,
at the same time, provide another opportunity for more volatile contaminants,
such as mercury, to be volatilized as constituents of the vapor stream
produced by this crystallizer. These differences from the Polk and Wabash’s
treatment systerns are fundamental differences affecting the pollutant loadings
in the vapor streams prior to condensing units.

The inclusion i the Edwardsport IGCC’s grey water treatment system of a
secondary, baromeltric condenser to extract even more poteniial condensable
substances from the vapor streams resulting from the various evaporative units
of the grey waler treatment system appears to be a source of increased
mercury loading to the {inal combined condensate stream that is the input 1o
the RO system. This is a fundamenta] difference affecting the pollutant
loading in the combined condensate stream resulting from the evaporative
processes used for grey water treatment.

Polk manages and utilizes the condensate strcam from its initial falling film
evaporalor separately from the condensate from its crystallizer, while
Edwardsport {GCC, in marked contrast, combines condensate sireams from its
initial MVR evaporator, its two crystallizers, and the barometric condenser
into a single intermixed condensate stream that is sent to the RO units for final
trealment prior to reuse or discharge. This difference in the manner in which
Polk Station and Edwardsport IGCC configure the various condensate streams
as outputs from their respective grey water (reatmenl systems, is a
fundamental difference in the engineering of the respective grey water
treatment systems Lhat affects the composition and final effluent quality for
Gasification Wastewater produced by each facility.

The fundamental difTerences listed above cause the eflluent concentrations of
mercury and TDS at the Edwardsport IGCC to be significantly higher than
those produced at the Polk Station (mercury and TDS) and Wabash [facility
(TDS). As aresult, Duke Energy anticipates that it would be required to incur
significant additional capital costs to retrofit supplemental treatment
equipment in ils existing grey waler Lreatment system to achieve capability to
comply with the ELG limits for mercury and TDS in Gasification Wastewater.
Such additional capital costs would be wholly disproportionate to the capital
costs — Le., zero — considered by EPA as required for compliance with the
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Gasification Wastewater ELGs in the Steam Electric ELG rulemaking. It 1s
anticipated that additional Q&M costs would be incurred, as well, in the
operation of a modified treatment system.

52 Funidamental Dilferences in Fuels Used in the Gasification Process
5.2.1 Differences in Fuels Used by Polk, Wabash and Edwardsport 1GCC

The type and source of fuel used by an IGCC [facility ean have a wide range of impacts on the
operations, efliciencies, byproducts, wastes, and costs associated with these factors. Polk Station
has used a blend of pet coke and coal and Wabash River has utilized pet coke for most of their

respective periods of operation, while the Edwardsport IGCC has used coal.

Polk Station has operated on a variety ol coals, coal blends, and petroleum coke (“Pet coke™) to
fuel the gasifier.!® According to process flow diagrams of the grey water vapor compression
evaporator (with sampling points identified), the gasifier was operating on a blend of 85% Pet
coke/15% coal on August 19, 2010,'' EPA noted at the time of its initial site visit at Polk Station
on October 8, 2009, the fuel blend being fed to the pasifier was a hlend of 70% Pet coke and
30% coal,*? Polk is designed to gasily approximately 2,500 tons of fuel per day. [TECO 2002]

Although Wabash River was originally designed for coal to fuel for gasification, the facility has
used pet coke since 2002. Wabash River gasifies 2,000 tons/day of pet coke with up to 6% sulfur

content.

In contrast, the Edwardsport IGCC was designed [or and uses lllmois Basin coal to fuel its
gasification process. It has a design feed rate of approximately 6,100 tons per day.

5.2,.2 Differences in Fuel Constituents

The following table displays the differing composition of fuels used hy the Polk and

Edwardsport facilities with respect to certain critical constituents:

1% pplk Power Station Site Visit Presentation, October 7, 2009 {DXCN SEQ0071A1). EPA Notes from Site Visit at
Polk Station, Octlober 8, 2009 (DCN SE00071).

't Appendix 1 of Tampa Electric Company’s response to EPA’s Sec. 308 request. (DCN SE01295A09 and
SE0132%).

2 EPA Notes from Site Visit at Polk Station, October 8, 2000 {(DCN SEDOT1).
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Table 5-2 Fuel Comparisons

Fuel Illinois Basin Coal wﬁ;n‘g’“*

Design Fuel Feed Rate (Tons per day) 6,100 2,500
Units Mid Sulfur High Sulfur

Total Moisture Wi % 16.35 14.22 7.82

Ultimate Analysis 7

Ash Wt % (Dry Basis) 9,84 11.61 428

Chlorine Wit % (Dry Basis) 0.03 0.04 0.02

Mercury ug/g dry Coal 0.004 0.i26 0,03

I- Appendix 3

2- {TECO, 2002): Table § - Feedstock Analysis

It can be seen from this table that the ash content of the coal used by the Edwardsport IGCC
varies from more than two times to nearly threc times that of thc pet cokescoal blend used by
Polk, depending on whether mid-sulfur or high sulfur coal is used. Similarly, the chlorine
content of Edwardsport’s coal fuel ranges from 50% to 100% higher than that of Polk’s fuel
blend. Thirdly, the mercury content of coal gasified by Edwardsport runs from two times to four
times higher than that of the Polk pect coke/coal blend. The values (rom this table are used in the
discussion below concerning differing impacts of ash, ehlorine and mercury content of Polk and

LEdwardsport fucls.

35.2.3 MNature and Effects of the Fundamentally Different Fuel Factor

The noted differences in fuel composition for Polk Station and the Edwardsport IGCC lead to
significant corresponding differences in pollutant content and volume of Gasification

Wastewaters generated by each facility as described in the following paragraphs.

5.2.3.1 Differences in Ash Content
The amount of ash in a given fael is directly related to the amount of slag or fly ash generated in
the IGCC process. This is illusirated as follows. Based on the typical moisture content of 7.8%
and ash content of 4.25 % (dry basis) of Polk’s (uel, the gasification of one ton of fuel will result

in approximately 0.04 ton of ash/slag."” In comparison, as a result of the typical moisture

13 Wwith a moisture confent of 7.8%, one ton of fuel yields 0.922 ton of dry fuel. Since ash is 4.25% of fuel on dry
weight basis, the 0.922 ton of dry fuel contains 0.039 ton of ash. This calculation methed is used for the remaining
canstituent values discussed in Sections 5.2.3.1,5.23.2 and 5.2.3 3.
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content of 14.22% and ash content of 11.61% (dry basis} for high sulfur coal used by
Edwardsport IGCC, the gasification of one ton of this coal will produce nearly 0.10 ton of
ash/slag Thus, Edwardsport IGCC will generate around 2.5 times more ash than Polk per ton of

fuel gasified by each facility when Edwardsport uses high sulfur coal. Even with medium sulfur

coal, Edwardsport IGCC will produce slightly more than twice the ash produced by Polk for each
ton of fuel gasified by each facility,™

The increase in ash content directly impacts the slag and prey water operafions, As will be
explained in a subsequcnt section on raw syngas cooling and cleaning, the greater the amount of
fly ash in raw syngas, a correspondingly greater amount of ash particulate will be found in grey
water associated with the gasification process. Not only does this mean higher solid particulate
in the grey water but it also leads to higher dissolved solids in the grey water as the acidic grey
water solubilizes a fraction of the particulate solids. As will be seen in the next section, higher
dissolved solids in the recirculating prey water system for syngas processing will be likely to

require an increase in the blowdown rate of grey water to the grey water lreatment system.

Given the significantly higher rate of ash generated by Ydwardspert IGCC’s operation due to its
different fuel, Cdwardsport will incur higher content of particulate solids and dissolved solids in
its grey water in comparison to Polk Station. The increased levels of ash-related pollutants
resulting [rom Edwardspart’s use of Illinois Basin coal in comparison to Polk’s [uel blend
of pet coke/coal constitute a fundamentally different factar not considered by EPA in
developing the ELGs.

5.2.3.2 Diflerences in Chlorine Content
Chlorine in the coal is converted to HCI in gasifiers. This is largely removed in the syngas
scrubbers and caprured in the vacuum flash drum associated with the syngas cleaning process,
The amount of chlorine released from the fuel, bowever, affects the blowdown rate for each grey
water treatment system. This is because the breakdown of HCI results in formation of chiorides

in the recirculating grey water system associated with the syngas scrubber. While Polk’s grey

I+ Although Duke Energy did not locate fuel analyses for Wabash near the lime of sampling for the ELG
development, a eeport of testing of pet coke by Wabash in November 1997 indicates the pet coke used in the teat
exhibited very low ash content — less than 1% dry weight. Such fuel would be very low in ash content as compared
to the coal used by Edwordspont 1GCC. See Wabash River Coal Gasification Repowering Project  Final Technical
Report, August 2000.
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water treatment system is designed for 3,500 ppm chloride {TECOQ, 2002}, Edwardsport’s grey

water treatment system is designed for a chloride level of 2,500 ppm.

The higher chlorine content in Edwardsport fuel (for high sulfur coal) of 0.04 percent by dry
weight, is twice Polk’s fuel content of 0.02 percent by dry weight. (See Table 5-2.) When the
difference in moisture content of the respective fuels is taken into account, it is seen that the
gasification of Edwardsport’s fue]l will release 86% more chlorine per ton of fuel than will the
Polk fuel. However, given that Edwardsport’s chlorides concentration target for its grey water
treatment system is only 71% of that for the Polk treatment system, the Edwardsport
recirculating grey water system will need to blow down to the treatment system at an even higher
rate, compared to Polk, than would be indicated by the 86% greater chlorine content of the
Edwardsport fuel. Consequently, even if the Polk and Edwardsport IGCC facilities were
designed to process fuel at the same rate, the Edwardsport 1GCC would be expected to
generate grey water for treatment at rouphly twice the flow rate as Polk. This also
represents a fundamentally different factor for the Edwardsport ITGCC in comparison to
the Polk Station.

5.2.3.3 Differcnces in Mercury Content
The predominant source of mercury in Gasification Wastewater is the fuel that is gasified in the
respective IGCC facilities. The higher mercury content in Edwardsport’s fuel (for high sulfur
coal} of 0.126 ppm on a dry weight basis, is more than {four times that of Polk's fucl of 0.03 ppm
(by dry weight). (See Table 5-2.) The mercury content of medium sulfur coal sometimes used by
Edwardsport 1GCC is approximatcly onc-half that of the high sulfur coal. When the difference
in moisture content of the respective fuels is taken into account, it is seen that the gasification of
Edwardsport’s high sulfur coal will release 3.9 times more mercury (0.098 g) per ton of fuel than
will the Polk fuel (0.025 g). This substantial difference in mereury loadings from the fuels used
in the respective IGCC facilities is a fundamentally different fuctor for the Edwardsport IGCC in

comparison to Polk Station.

53 Fundamental Differences in Preliminary Cooling and Cleaning of Syngas

Fundamental differences were identified between Polk Station and the Edwardspori IGCC with

respect to the approach used at each facility to aceomplish the preliminary cooling and cleaning
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of raw syngas and the manner in which these differences are likely to affect the quality of the

grey waler genetated at each facility.

5.3.1 Syngas Cooling and Cleaning at Polk Station

As described in Section 3.1.1, raw syngas generated in Polk’s gasifier passes through a radiant
syngas cooler {(RSC) to remove some heat from the high temperature syngas. As the syngas exits
the bottom of the RSC, it passes through & Convective Syngas Cooler (CSC) which employs a
noncontact heat exchanger to remove heat from the syngas, generating high pressure steam in the
process that can be routed to the Heat Recovery Steam Generator (HRSG). Thus, there is no
cantact by the syngas with a water stream unul the cooled synpas leaves the CSC and enters a
scrubber to remove particulate ash, HCI and other contaminants. Grey water is employed in the
scrubher. Unlike Edwardsport IGCC, Polk does not use quench water within the RSC for initial
cooling or cleaning of raw syngas. As a result of the syngas serubbing, prey water will contain
particulate from fly ash and dissolved solids from interaction of the scrubber waier with the fly

ash and dissolved materials entrained in the raw syngas.
5.3.2 Svnagas Cooling and Cleaning af Edwardsport IGCC

At the Edwardsport IGCC, raw syngas genemated in the gasifiers is quenched with water in the
radiant syngas cooler (“RSC™) while the syngas is still at very high temperatures. Some of the
quench water (also referred to as “black water”) accumulating in the bottom of the
gasifiers/RSCs helps transport slag from the bottom of the gasifiers. The remaining black water
is drawn from the gasifiers/RSCs into a series of flashing steps, and the residual black water is
routed to a solids setiter. Overflow from the settler, referred to as grey water, is routed to a grey
water tank. Raw syngas leaving the RSC immediately passes through a scrubber that utilizes
grey water pumped from the grey water tank. This scrubbing process both further cools and
removes particulates from the raw syngas stream.  Arsenic, mercury, and other contaminants
from the coal will become conslituents of the black water and prey water strcams as a result of
these quenching and scrubbing operations. A fraction of the grey water is blown down from Lhe

grey water tank and routed to the GWTS for treatment as Gasification Wastewater,

22
BGD17422376



5.3.3 Syngas Cooling and Cleaning at Wabash IGCC

Conceptually, the Wabash facility appears to resemble the Edwardsport IGCC more closely than
the Polk facility with respect to preliminary syngas cooling and clemning, although there are
differences. Like Edwardsport, Wahash utilizes s quench process in the gasifier ({irst stage) to
provide initial cooling and removal of particulates. It also subsequently provides for scrubbing
of the synpas (second stagc of gasifier) for particulate removal, also at least conceptually similar
to scrubbing performed on syngas leaving the Radiant Syngas Cooler at Edwardsport IGCC.
Wabash appears to add a further stcp than Edwardsport by routing syngaes through a hot/dry [ilter

alter emerging from the syngas scrubber associated with the second stage of the pasifier.

5.3.4 Nature of the Fundamentally Different Factor Relating to Syngas
Cocling and Cleaning
Edwardsport IGCC’s syngas cleaning pracess involves considerably more direct contact of water
with the syngas strcam than does that used at Polk Station and, a$ a result, captures a greater
amount of fine fly ash from the gas stream. The increased capture of fly ash particles impacts
grey watcr operations by causing increased blow down rates to grey water treatment and
increased pollutant mass brought to the grey water with the ash. The impact on grey water blow
down rates varies but is dependent on how much fly ash is captured as a result of these water-
based cleaning proccsses, as well as on chloride fevels deriving from chlorine content of the coal,

as discussed in a previous section.

Significantly, more volatile trace constituents of gasifier fuels, such as mercury, chloride and
fluoride, are almost entirely vaporized in the gasification process and become entrained with the
syngas. Some portien of such volatilized substances can be removed from the syngas stream by
scrubbing processes, for example, although the removal rate is said Lo be affected by temperature
of the syngas as it enters a scrubber as well as scrubber efficiency. As a result of the differences
in cooling processes used by Polk and Edwardsport, Polk’s syngas has been found to enter the
syngas scrubber at about double the temperature (700°F to 800°F) as for syngas at the
Edwardsport IGCC. This fact, along with the increased syngas/water conlact at Edwardsport
IGCC relative to Polk, suggests that Edwardsport IGCC will bec more effective in capturing

mercury volatilized during gasification with guench and scrubber water.
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Polk does not utilize a quench process within the RSC or a spray nozzle in their syngas cleaning
process. Some fly ash will drop from the syngas into a water pool at the bottom of the RSC as
the syngas exits the RSC above the water pool. Also, some incidental ash removal occurs as a
result of tube plugging in the CSC from ash buildup. This, however, is expected to have a de

minimis efTect on fly ash loading to the grey water.

Fine ash particles are always a problem in the coal combustion business. Fine ash particles have
a tendency to cause erosion, settling issues, and carryover in processes. Polk’s reliance on a
syngas scrubber for removal of these particles fromn the syngas stream has been somewhat
problematic since tests at the Polk facility have identified fine ash particles carrying over from
the syngas scrubber into the COS KO Drum. (TECO, 2002) There has not been any indications
of fine ash particles carrying over from Edwardsport's vapor scrubber further into the syngas
cleaning process, which can be attributed to the incrcased scrubbing ol the raw syngas stream

with quench water, condensate spray, and syngas scrubbing.

The increased {ly ash removal from the syngas sircam achieved at Edwardspori means that the
grey water will be burdened with higher volumes of {ly ash particulate and ash-borne poilutants,
resulting in higher rates of biow down 1o the GWTS for reasons discussed in Section 5.2.3
above. This represents another fundamental difference [rom the Polk facility whereby

Edwardsport IGCC incurs increased pollutant loadings to ils grey water wastestream.

5.4 Fundamental Differences in the Type and Configuration of the Evaporative
Processes Employed in Treatment of Gasifieation Wastewater

Section 3.0 provides descriptions of the evaporative treaiment systems employed by each of the
three IGCC faciliies for (asification Wastewaler. In this subsection, the fundamental
differences between Edwardsport IGCC’s GWTS as compared to thosc of the other facilities will

be described.
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5.4.1 Polk Station’s Treatment of Gasification Wastewater
5.4.1.1 Type and Configuration of Polk’s Evaporative Processes

The grey water treatment system at Polk Station consists of two separate evaporative processes.
The first of these processes has been variously referred to as a falling film evaporator,'® a vapor

7 or simply a prey water evaporator.'® The

compression evaporator,'® a brine concentrator,’
second evaporative process is a crystallizer which is intended to further dewater (he concentrated
brine wastestream produced [rom the vapor compression evaporator. As implied above, the
initial vapor compression evaporator at Polk uses falling film evaporation technology. Polk’s

crystallizer, however, utilizes forced circulation evaporation (“FCE") technology.

The concentrated brine wastewater {rom the initial vapor compression evaporator is fed to the
crystallizer (or FCE unit), where this wastestream is further concentrated and dewatered. In cach

of the evaporative process steps, a distilled vapor is produced and is subsequently condensed.

5.4.1.2 Configuration of the Condensate Outputs of Polk’s
Evaporative Processes

Significantly, the Polk Station manages the condensates from the two evaporative processes of
its grey water treatment system separalely. Polk indicates that condensate from the vapor
compression evaporator is used as pump seal water and for instrument tap purges. Condensate

from the FCE crystallizer, however, is used for fuel slurry preparation.

5.4.2 Edwardspert IGCC’s Treatmen! of Gasification Wastewaler

Superficially, the GWTS used at the Edwardsport IGCC may appear similar 1o that used at Palk
Station. However, there are fundamental differences between the two treatment systems that will

be discussed in this section.

15 TDD §8-5.

15 TDD 134.

7TDD §-5.

1 See, EPA’s August 31, 2010 308 request to Polk Station (DCN SE00500) and Enclosure | (DXCN SEO0500A1) 1o
the 308 request.
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54.2.1 Differences in Type and Configuration of Evaporative

Processes at Edwardsport IGCC as Compared to Other IGCCs

In a very general sense, it can be said that the GWTS at Edwardsport IGCC uscs two stages of

evaporative treatment as does Polk Station. The first stage uses a mechanical vapor

recompression (MVR) evaporator umt and the second stage of brine concentration vccurs in a

series of two crystallizers. However, Edwardsport’s GWTS is considerably more complicated

and robust, as is apparent from a comparison of the descriptions of the Polk and Edwardsport

IGCC Ireaiment systems in Sections 3.1.2 and 3.2.2, respectively. The following table illusirates
19

the more significant differences.
Table 5-4

Significant Differences in Grey Water Treatment

ftem Kdwardsport IGCC Polk Station
FEvaporator Type | All evaporators use forced Only the erystallizer uses forced
circulation technology circulation design. The preliminary
brine concentrator is a falking film
evaporataor
Scrubbers | Vapor streams from the MVR No scrubbing of vapor streams from
evaporator and CoLD) crystal- the evaporators is performed

lizer are scrubbed to reduce
pollutant carryover

Scrubber Water | Pollutants in scrubber water are | Not applicable - no scrubbers

Concentrator further concentrated in Formate
Crystallizer
Secondary Uncondensed vapors from MYR | No secondary condensers are used for
Condenser scrubber, CoL.D} crystallizer uncondensed vapors
(Barometric) scrubber, and Formate
Crystallizer are run through
barometric condenser
Reverse Osmosis | Combined condensate ireated No RO provided

Final Polishing | with two-stage RO system

' The information in this section 5.4.2.1 is largely drawn from section 3.2.2 and/or Duke Energy Technical Memo,
which is attached as Appendrx 2.
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The mannet in which these differences affect the treatment systems and the wastewater effluents
from thosc treatment systems at the respective facilities is perhaps less obvious, Polk’s use of a
falling film evaporator as its initial brine concentrator as compared to Edwardsport [GCC’s use
of a forced circulation MVR evaporator for the initial brine concentration step is not expected to
result in substaniial differences in performance in and of itself. The more significant differcnces

arc described in the following paragraph.

The greater complexity of Edwardsport’s treatment system, as reflected in the inclusion of
scrubbers lor vapor produced by evaporators and the provision of a second crystallizer (o further
concentrate the liquid concentrates from the MVR unit and the CoLD® crystallizer, is driven by
the following objectives. First, the inclusion of the scrubbers and the second crystallizer
represents a concerted cffort by Duke Energy to more fully capture and concentrate the grey
water contaminants in a brine slurry that can be effectively dewatered for disposal. A second,
related objective served by the scrubbers is to remove more contaminants from the vapors
initially produced from the MVR evaporator and the CoLD* crysiallizer prior to condensing
those vapors into a distillate. At the same time, the subjection of the scrubber waters to the
Formate crystallizer provides another opportunity for more volatile contaminants in the grey
water to be transferred to the vapor stream produced by this crystellizer. A third objective
appears 10 be to extract even more condensatc from the uncondensed fraction of scrubbed vapors
produced by the MVR evaporator and the CoLD® crystallizer through the use of a secondary

condenser process employing a barometric condenser.

Recent sampling of the condensate from the barometric condenser shows the condensatc to
exhibit mercury concentrations ranging from 89 ng/l. to as high as 350 ng/L. These values are
much higher than mercury levels in other condensates resulting from the evaporation units at
Edwardsport IGCC's GWTS. (See Appendix 4 for a data summary.) As a result, the barometric
condenser condensate has a strong influence on the mercury concentration of the combined
condensate strearn from the evaporative treatment system, causing the combined condensate to
have several multiples greater mercury concentration than it would have in the absence of the

barometric condenser condensate.
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It is inferred from these dala that a significani amount of mercury in the grey water is being
volatilized in the MVR evaporator, the CoLD¥® crystallizer, and/or the Formate crystallizer.
Mareover, it is also inferred that the volatilized mercury is either (i) not effectively removed by
the scrubbers or condensed in the initial condensing steps for the vapors produced by these
evaporators or (ii) is re-volatilized in the Formate crystallizer. It further appears that the
baromeltric condenser is more effective at condensing the mercury-containing compounds from
the vapor streams. The engineering and design differenees of the grey water treatment
system used at Edwardsport IGCC, reflecied in the complexity and conliguration of
Edwardsport’s treatment system, as compared to those employed by Polk and Wabash, has
a substantial impact on the quality of the condensates produced by the treatment system
and is a fundamental difference distinguishing Edwardsport IGCC from the Polk and
Wabash facilities.

5.4.2.2 Differences in the Configuration of the Condensate Qutputs of

the Evaporative Processes at Edwardsport IGCC
This subsection focuses on another significant difference between Polk Station and Edwardsport
IGCC relating to the differing manner in which the condensate streams from the evaporative

systems are managed at cach facility.

As discussed briefly m paragraph 5.4.1.2, Polk Station manages the condensates from the two
cvaporative processes Scparately. Condensatc from Polk’s prcliminary vapor compression
evaporator is used as pump seal water and for instrument tap purges, while condensate from the
FCE crystallizer is used for fuel slurry preparation. Although neither condensate is described as

being discharged, the two condensates are managed separately and used in differing ways.

In contrast, at Edwardsport IGCC, condensate from the MVR evaporator, condensate streams
from the two crystallizers, and condensate {rom the barometric condenser, arc cventually
combined and rcuted to the RO polishing treatment unit as a completely commingled
wastestream.  Thus, the treated Gasification Wastewater at Edwardsport 1GCC is a
mixture or combination of condensates from the totality of the evaporative proeesses of the
GWTS. This difference in the manner in which the several condensate streams from the

evaporator units are managed and combined or not combined for reuse or discharge, coupled
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with the marked differences in treatment system components and design, amounts to a
fundamentally different factor for the Edwardsport IGCC in comparison to Polk Station.

Reasons for this conclusion are siraightforward.

Reviewing briefly, the ELGs for Gasification Wastewater for the pollutants arsenic and mercury
are based solely on effluent sampling of the Polk Station’s grey water ireatment system, Polk’s
simpler grcy water treatment system uses only two evaporators: an initial vapor compression
evaporator and a FCE crystallizer. The condensate streams from the two evaporators are
managed and reused separately. Although EPA required testing of the condensate streams from
both evaporators at Polk, EPA ultimately decided against usc of data characterizing the
condensate from the crystallizer, based on concerns whether the crystallizer was functioning
properly. Thus, the ELGs for the discharge of arsenic and mercury in Gasification Wastewater
arc based solely on effluent quality of Polk’s preliminary vapor compression evaporator that uses
falling film evaporator technology. Whether or mot such limits would be representative of
eflluent quality of Polk’s crystallizer condensate is unknown, given that EPA considered the
condensate data from the crystallizer to be unreliable.  However, practically speaking, the
question of whether the ELG limits were representative of Polk’s crystallizer condensate quality
was of no consequence to Polk since Polk does not discharge condensate from either evaporator
to waters of the United States. Unfortunately, EPA did not consider that this question may have
highly conscquential ramifications for other IGCC facilities that manage their vartous condensate

streams in a manner that differs from Polk.

A categorically dilferent situation is presented by the Edwardsport IGCC Gasification
Wastewater, since it does not consist merely of condensate from a single evaporator, such as the
preliminary MYR evaporator. Rather, as recounted above, the Gasification Wastewater effluent
from Edwardsport’s grey water ircalment system is a combination of the condensates from all
three evaporators ol different types, ns well as the condensate from a secondary barometric
condenser that receives uncondensed vapor [ractions from all three evaporators, Edwardsport's
grey waler {reatment system effiuent is more comparable to the combination of the condensates
from Polk’s initial vapor compression evaporator and its crystallizer. However, the ELG limits
for Gasification Wastewater cannot be said to be representative of this combined condensate

since EPA did not include data characterizing Polk’s crysiallizer condensate in its calculation of
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the Gasification Wastewater ELGs. Similarly, the Qasification Wastewater F1.Gs cannot be
considered representative of the combined condensate wastestrearn from Edwardsport’s complex
grey water treatment system. While this is a straightforward conclusion, cogent support for it is
contained within the Technical Development Document for the final ELGs as explained in the

following section.

5.4.2.3 The ELGs for Gasification Wastewater Are Not

Representative of the Combined Condensate Effluent of

Edwardspori IGCC’s GWTS
Regardless of the specific evaporative technology used in the initial evaporator in Edwardsport’s
grey water treatment system — the MVE evaporator,?® it would be inappropriate and problematic
for the final weated grey water wastestream, consisting of a combination of condensate from the
MVR evaporator, condensate fromn the two FCE crystallizers, and condensate from the
barometric condenset, to be subjected to the ELGs for Gasification Wastewater. This is because
the Gasification Wastewater ELGs have been derived solely from pollutant data drawn from
condensate from Polk’s falling film evaporator, as discussed above in section 4.0, and their
development did not includc or reflect any data representative of the pollulant concentrations of
condensate produced by Polk’s FCE crystallizer. EPA made the following statcment in its

Effluent Limitation Mcemo:?!

If EPA was to calculate limits using the data at the forced circulation evaporator

condensate, it would follow the same methodology used to calculate the limits

for vapor coinpression evaporator condensate dala.
Since EPA did not establish effluent limitation guidelines for Gasification Wastewater that
includes or consists of FCE crystallizer condensate, the ELOs for Gasification Wastewater
cannot be said to be representative of and should not be applicable to the fundamentally different
Gasification Wastewater ol the Edwardsport IGCC that includes condensate from multiple
evaporators of different types, including crystallizers, as well as condensate from a baromelric

condenser. This conclusion is even 1nore compelling given the following statements conceming

% The MVR evaporutor at Edwardsport IGCC utilizes FCE technology.

2 EPA Memorandum entitled “EffTuent Limitations for FGD Wastewater, Gasification Wastewaler . . . for the
Propased Effluent Limitation Guidelines and Standards for the Steam Electric Rulemaking”, p. 54, October 20,
2012. DCN SE 01999,
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EPA’s consideration of vapor compression evaporation lechnology as a potential candidate for

the selected treatment option for FGD wastewater:

EPA based the limitations for the vapor-compression evaporation technology
option on the effluent data at Brindisi [ltaly]. The treatment system for the
Brindisi power plant actually produces two effluent streams: {1) brine
concenlrator distillate; and (2) erystallizer condensate. Both of thesc streams are
cssentially the condensed steam from different stages of the evaporation process. .

. it is possible that a plant may choose to reuse both streams, . . . discharge both
sireams, or reuse one stream while discharging the other to surface water. The
effluent quality for the brinc concentrator distillate and the crystallizer
condensate are not identical. . . . EPA also considered establishing two sets of
effluent limitations, one effluent strcam. Although technically feasible . . . EPA
determined that establishing separate limitations for the [two] effluent streams is
unnecessarily burdensome and is not necessary to ensure the FGD wastewater is
being treated to the cffluent qualily achievable by operation of the evaporation
technology. Thus, FPA established a single set of eflTluent limitations that applies
to all FGD wastewater prior to discharge (whether as a single stream, eombined
sircam, or multiple streams) and concluded this singte set of effluent limitations is
sufficient to ensure the appropriate level of control would be achieved. Because
the effluent quality of the two effluent streams is not identical, EPA
established the limitations based on the stream with the higher pollutant
concentrations: erystallizver condensate, Setting the limitations on the higher
conecniration stream is necessary 1o ensure plantls operating a well-designed
and well-operated evaporation system can meet the limitations, repardless of
whether they sample the effluent streams separately or as a combined siream,

[Emphasis added.)

In concluding that condensate from both of Brindisi’s evaporative lreatment units must be
evaluated and considered in establishing the effiuent limitation guideline for FGD Wastewater,
EPA unambiguously enunciated a broader principle thai where a {reatment process creates two
wastestreams of differing quality and only a single set of elfluent limits are to be established, the

limitations necessarily will be hased on the wastestream with the higher poliutant cencentrations.

Had EPA followed this principle in sctting the ELGs for Gasification Wastewater, the limits
would have heen set on the basis of effluent data from the IGCC wastewater with the higher

pollutant concentrations, whether that is crystallizer condensate or vapor compression

2 (TDD 13-25, 26). Moreover, evaporation treatment iechnology, based on the higher pollutant coneentrations of
the condensate from the Brindisi erystallizer, was selected by EPA as the technical basis for best demonsirated
control technology for new source performance standards for FGD Wastewater
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condensate, Since EPA did not have what it considered reliable data from Polk for crystallizer
condensate, it set the ELGs for Gasification Wastewater for arsenic and mercury solely on the
basis of data from condensate from Polk’s vapor compression evaporator without knowing
whether the poliutant concentrations for this condensate were the higher of the two wastestreams
or not. The ELGs cannot be considered represeniative of the efflucnt from the GWTS at
Fdwardsport IGCC, which is a combination of condensates from the MYR evaporator, two
crystallizers, and the baromelric condenser, even if there were no other fundamentally different
factors distinguishmg the Edwardsport IGCC from Polk or Wabash.  Thus, the nature and
configuration of the GWTS and its effluent stream at Edwardsport IGCC must be considered a
fundamentally different factor from that of the Polk Station’s grey water treatmment system as
considered by EPA in setting the ELGs for Gasification Wastewater.

543 Wabash IGCC

While the Polk grey water treatment system is markedly less robust than that installed at the
Edwardsport [GCC facility, Wabash's grey water treatment system is even less so. Wabash's
treatment system consists of a single evaporator, omitling a second stage crystallizer and instead

using a rotary drum dryer to further dewater brine concentrate from the single evaporator unit.

Wabash does not employ a scrubber to rcmove contaminants vaporized in the evaporater prior to
condensation of the vapor stream leaving the evaporator. Also, any contaminants in the brine
concenlrate that are evaporated in the rotary drum dryer arc simply lost to the atmosphere.
Wabash, like Polk, does not attempt to capture such contaminants with a barometric condenser as

employed by Edwardsport IGCC for that purpose.

Clearly, the grey water treatment system used by Edwardsport IGCC is fundamentally different
in its design, configuration and capability of capturing and removing the pollutanis of concern

from raw grey water when compared with the Wabash treatmcnt system.

5.4.4 Nature of the Fundamental Differences Associated with Treatment af
the Gasification Wasfewaters

The fundemental differences relating to this topic have been discussed within preceding
subsections of Section 5.4.
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6.0 DUKE ENERGY'S FDF VARIANCE APPLICATION MEETS STATUTORY
ELIGIBILITY FACTORS

6.1 Statutory Prereguisites to an FDF Yariance

The authority of EPA to establish case-specific altermative requirements to national effluent
limitation guidelines, based on a particular industrial source being fundamentally different with
respect to factors (other than cost) specified by CWA Section 304(b), was expressly incorporated
into the Clean Water Act as Section 301(n), 33 U.S.C. §1311(n), by the 1987 amendments to the
Act.  Four prerequisites to the grant of such altemative requirements are specilied in Section
301(n)(1) as paragraphs (A) through (D). A fifth prerequisite is stated in Section 301({n)(2). This
section of the Application outlines why Duke Enerpy’s request for such alternative requirements

from the ELGs for Gasification Wastewatet satisfies the statutory prerequisites.

6.2 Duke Energy’s Application Satisfies the Statutory Prerequisites

6.2.1 Fundamentaily Different Factors

In Section 5.0 above, Duke Energy has identified several fundamental differences at its
Edwardsport IGCC plant that pertain to factors from CWA Section 304(b}2)(B) concerning the
nature or the quality of poilutants contained in its raw waste load, based on the differences in the
fuel utilized and gasification processes employed, and the engineering aspects of the application
of control technology at the Edwardsport IGCC, in comparison to such factors as they pertain to
Polk Station or Wabash River, the facilities considered by EPA in establishing the ELGs for

gasification wastewater.

6.2.2 Information Base for Application

This Application is based cn (i} information and supporting data that was submitted to EPA
during the promulpation of the ELGs and (ii} information and supporting data that Duke did not
have a reasonable opportunity to submit during the rulemaking given that the Edwardspert 1GCC
facility was still in the planning phase, under construction, and/or just starting operations during

the promulgation of the rulemaking,
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6.2.3 The Proposed Alternative Limitations No Less Stringent than Justified
by the Fundamental Difference

The alternative BAT efflucnt limitations proposed by Duke Energy for arsenic, mercury and total
dissolved solids in the Gasification Wastewater discharged from Edwardsport [GCC’s grey waler
freatment system are no less stringent than justified by the fundamental differences. As
described in Section 7.0 of this Application, the altemative limits have been calculated from
analylical data obtained from Edwardsport IGCC’s grey water treatment system, using the same
statistical model used by EPA to calculate the ELG limits for Gasification Wastewater. Given
the use of EPA’s statistical model for the calculations and the fact that the Edwardsport IGCC
data inherently reflect the impact of the fundamental differences aflecting Edwardsport’s grey
water, the proposed aliernative limits are no less stringent than justified by the fundamental

differences.

6.2.4 The Proposed Alternative Limitations Will Not Result in Markedly More
Adverse Non-Water Quality Environmental Impacts

The allemative effluent limitations proposed by Duke Energy will not result in a non-water
quality environmental impact which is markedly more adversc than the impact considered by
U.S. FPA in establishing the guidelines and standards. If anything, Duke Energy belicves that its
grey water treatment system removes more mercury from uncondensed vapors leaving the grey
water treatment process compared to other facilities — vapors that appear to be simply vented to
the atmosphere at other facilities. While it is likely that Edwardsport IGCC will generate higher
amounts of ammonium chloride and other solids from its grey water than do other facilities as &
result of the more aggressive brine concentration capabilities of ils grey water treatment system,

those byproducts are marketed rather than landfilled.

6.2.5 The Application is Timely

This Application is being submitted within 180 days after November 3, 2015, the date on which
the ELGs for Gastfication Wastewater were established by publication in the Federal Register.
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7.0 PROPOSAL FOR ALTERNATE BAT EFFLUENT LIMITATIONS FOR
EDWARDSPORT IGCC STATION’S GASIFICATION WASTEWWATER

In this Application, Duke Energy requests a Fundamentally Dilferent Factors Variance from the
BAT effluent limitations for Gasification Wastewater established by EPA in the Steam Electric
ELGs as codified in 40 CFR 423.13(G)(1). To implement he requested variance, Duke requesls
alternative  BAT effluent limitations for the Gasification Wastewater generated by the
Edwardsport IGCC facility. Specilically, alternative BAT effluent limitations are requested lor
arscnic, mercury and total dissolved solids (TDS). Alternative effluent limitations for selenium
are not requested for the Edwardsport IGCC facility. Duke's proposed altemative effluent

limitations are set forth in Table 7.1 below.

7.1 Basis of Duke Energy’s Requestied Alternative Effluent Limitations

The proposed altemnative BAT cflluent limitations for mercury and TDS are calculated from
analytical data obtained from the grey water treatment system at the Edwardsport IGCC [lacility,
using the same statistical model used by EPA to calculate the ELG limits. More specifically,
Nuke Energy’s consultant, AECOM, recalculated the BAT effluent limits for mercury and TDS
using the EPA delta-log-normal distribution method.”® The dataset from the Edwardsport IGCC
facility used by AECOM to calculate the pruposed alternative BAT effluent limitations are
included in Appendix | to this Application.

Duke Energy believes that the use of data characterizing the Gasification Wastcwaler solely from
the Edwardsport IGCC facility to calculate the proposed altemative efffuent limitations for
mercury and TDS is inherently consistent with the fundamentally different factors identified in
this Application. EPA has recognized that the Edwardsport IGCC facility treats its Gasification
Wastewater through use of the model technology identified by EPA in the Steam Fiectric ELGs
for Gasification Wastewater: vapor-compression evaporation technology. (TDD 7-52, 8-16, 17)
Consequently, the eflluent quality of Edwardsport IGCC's GWTS, based on the changes in

 AECOM has tested its application of the EPA statistical method using only the Polk and Wabash data used in the
final rule, and exactly reproduced the EPA daily maximum limits for gasification wastewater. AECOM was able o
reasonably reprocuce the EPA monthly average results; however, EPA calculates the monthly average limit using
rendomly generated numbers for the monthly averages, and has not revealed exactly how thesc numbers were
generated. Therefore, the EPA monthly average re-calculations by AECOM are slightly different than the EPA
Jimnits,
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effluent quality deriving from the identified fundamental differences, including but not limited to
the fundamental difference consisting of the combination of condensate sireams from the entire
evaporative (reatment system into a single effluent stream at Edwardsport, should be used to
determine the alternative effluent limitations for mercury and TDS. This logically follows from
both technical and legal perspectives. As a result of the fundamentally different factors, the
effluent quality from the grey water treatment system at the Edwardsport IGCC facility differs
markedly with respect to mercury and TDS content from Gasification Wastewater effluent
sampled by EPA at the Polk and Wabash River plants and used in developing the Steam Lleciric
ELGs.

7.2 Proposed Alternative BAT Effluent Limitations

Duke Energy's proposed alternative BAT effluent limitations for Gasification Wastewater

discharged from the Edwardsport IGCC Facility arc set forth in the following table.

Table 7.2 Alternative BAT Effluent Limitations for Gasification Wastewater at

Edwardsport IGCC
Pollutant Daily Maximum 30-day Average
Arsenic, total (ug/L.) 8.0 --
Mercury, total (ng/L}) 30 12.4
TDS (mg/L} 78 36
Selenium, tofal (ug/l) 453 227

Explanation of the proposed elternative effluent limitations:

Arsenic: the alternative effluent limitations are based on a modified protocol for setting
limitations where all effluent data are below the limit ol quantification. The modified
protocol is described below.

Mercury and TDS: the altemnative eflluent limitations arc calculated, as described above,
from effluent data from the grey water trealment system at Edwardsport IGCC using EPA’s
statistical methodology.

Selenium: no change is proposed from the BAT effluent limitations in the Steam Electric
ELGs.

Modified protocol proposal for setting effluent limits for arsenic. Arsenic was not detected
in Gasification Wastewater sampling from the Polk facility used by EPA to generate the arsenic
limits. Similarly, except for one apparent outlicr, arsenic (total) has not been detected in
Edwardsport IGCC’s treated grey water effluent. In the Steam Electric ELGs, EPA set the
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arsenic limit at the quantiiation limit of 4.0 ug/L (for the laboratory used for the sample analyses)
since arsecnic was not detected in the gasification data used by EPA from the Polk facility.
However, Duke Energy proposes that use ol the quantitation limit as the regulatory limitation in
this circumstance is unduly restrictive since scenarios are possible in which all sample data were
below the quantitation limit but a calculated limit would be higher than the quantitation limit
under the statistical model methodology. To illustrate, AECOM conducted a calculation using a
series of four hypothetical values, sll below the quantitation limit for arsenic (I, 2, 3, and 3.5
ug/L). The results calculated from this liypothetical dataset produced a daily maximum limit of
8 ug/L. Consequently, Dukc Energy proposes that an alternative effluent limit of 8 ug/L for

arsenic, as recommended by AECOM, would be more reasunable.

7.3 Duke Energy’s Propesed Alternative Effluent Limitations Are Consistent
with Regulatory Requirements

7.3.1 The Proposed Alternartive Effluent Limitations Will Assure Compliance
with Water Quality-Based Effluent Limitations

Mereury. The alternative effluent limitations for mercury as proposed by Duke Energy in this
Application are calculated from data that are representative of current effluent quality from the
grey water treatment system in use at the Edwardsport IGCC Station. Effiuent from the grey
water [realment system is typically reused as part of the make-up water for the recirculating
cooling tower systein for the gasificalion process. Blowdown from that cooling system, a
portion of which is treated grey water, is discharged to the final settling ponds where it
commingles with other wastestreams prior to discharge from Outfall 002 to the West Fork of
White River.

NPDES Permit No, INOQ02780 (the “NPDES Permit™), which authenizes discharge, as reissued
on March 30, 2016, imposes the [ollowing effluent limils for mercury m the discharge from
Outfall 002 of the Edwardsport [IGCC Station:

Monthly Average Daily Maximum
Mercury 12 ng/L 20 ng/l.

Compliance with the specified limits is determined by use of EPA Test Method 1631, Revisicn

E. The same effluent limitations for mercury at Outfall 002 were imposed in the previous
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NPDES permit for Edwardsport IGCC Station issued in 2010. Edwardsport IGCC Station has

routinely complied with these effluent limitations for mercury.

The Fact Sheet for the recently reissued NPDES Permit specifies that the cffluent limits for
mereury included in the permit are water quality-based effluent limits (WQBELS), which are
eMluent limits derived from, and designed to assure compliance with, Indiana’s water quality
standards Lhat are applicable to waters of the State located outside the Great Lakes Basin.”*
Aside from the referenced water quality standards, there are no other water quality standards,
treatment standards or schedules of compliance within the scope of CWA Section 301(b)(1(C)
applicable to the discharge of mercury from Edwardsport IGCC Station.

Consequently, it can be concluded that the alternative effluent limits for mercury proposed in this
Application will provide for compliance with the existing WQBELs set for mercury in the
NPDES Permit. A copy of an excerpt of the NPDES Permit with the mercury effluent
limitations for Outfall 002 and an excerpt of the Fact Sheet for the Permit showing such mercury

limit to be a WQBEL are included in Appendix 5 to this Application.

Total Dissolved Solids. The alternative effluent limitations for TDS as proposcd by Duke
Energy io this Application are calculated from data (hal are representative of current effluemt
quality from the grey water treatment system in use at the Edwardspert IGCC Station. As
discussed above, cffluent from the grey water treatment system is typically reused as part of the
make-up water for the recirculating cooling tower system [lor the gasification process. The
blowdown from that cooling system, which includes a poriion of the treated grey water, is routed
to the final settling ponds and, after commingling with other Station wastestreams, discharges

{rom Qutfall 002.

The NPDES Permit does not impose effluent limits for TDS at Outfall $02. This is because
Indiana water quality standards for waters of the state outside the Great Lakes Basin do not
include numeric water quality criteria for TDS except lor a standard of 750 mg/L that applies
only at the point of withdrawal [rom waters of the state for purposes of providing a public water

supply or an industrial water supply.

2 See 327 [AC 2-1-6.
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7.3.2 The Proposed Alternative Effluent Limitations Will Assure Compliance

with Section 208(e) of the CHA
Section 208(e) of the CWA provides, in essence, that no NPDES permit shall be issued for a
point source which conilicts with an areawide waste treatment management plan approved under
subsection (b) of Section 208. Duke Encrgy confinns that the modilication of the NPDES
Permit to incorporate the proposed alternative effluent limitations requested under this

Application will not conflict with an applicable areawide wasle treatment management plan.

8.0 RESERVATION OF RIGHTS

Duke Energy reserves the right to correct any informaticn obtained and relied upon from EPA’s
Rulemaking Docket for the Steam Electric Power Generating Effluent Limitations Guidelines,
EPA-HQ-OW-2009-0819, that is either incorrect, incomplete, or otherwise needing clarification
and understands that CWA Section 301(n)}4). establishes a mechanism to provide such
information until the earlier of the date the Application is approved or denied, or the last day that
EPA has to approve or deny the Application. Furthermore, Duke Energy undersiands that it may
be necessary to supplement the Application utilizing the same submittal parameters, should
information that was otherwise classified as confidential business information become available,
and/or it becomes necessary for Duke Energy to supplement the Application with other
information or data. Duke Energy understands that il any portion of this Application is found to
be based on incarrect and/er outdated information included in EPA’s Rulemaking Docket for the
Steam Flectric Power Generating Effluent Limitations Guidelines, EPA-HQ-OW-2009-0819, the

remaining portions shall not in any way be affecied or impaired thereby.
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90 CONCLUSION

Duke Energy has identified several fundamental differences between its Edwardsporl IGCC
facility and the Polk and Wabash River facilities evaluated by FPA in establishing the Steam
Electric EL.Gs for Gasification Wastewater. These fundamental differences relate to and affect
(1) the various pollutant loadings 1o gasification wastewater generated at the Edwardsport IGCC
and (ii) the engineering aspects of the design and configuration of the grcy water treatment
system at the Edwardsport IGCC in comparison, in both cases, (o the other two facilities.
Moreover, the Edwardsport IGCC’s grey water treatment system is fundamentally different from
that of Polk Station with respect to the gasification wastewater outputs, since Edwarndsport
IGCC’s final effluent consists of the combination of all condensate streams from that evaporative
treaiment system, while the condensate from Polk Station’s initial, falling film evaporator, which
is only a portion of the condensate generated from the entire Polk evaporative treatment system,
forms the sole basis of EPA’s development of the Gasilication Wastewater ELGs for the
pellutants arsenic and mercury. This Application satisfies the statutory prerequisites of CWA
Section 301(n) for the grant of a fundamentally different factor vanance. Consequently, Duke
Enecrgy respectfully requests that the EPA, with the concurrence of the Indiana Depariment of
Environmental Management, grant the fundamentally different factors variance requested in this
Application and approve the alternative BAT effluent limitations preposed in this Application in
lieu of the BAT ELGs for Gasification Wastewater that will otherwise apply to the discharge of
Gasification Wastewater by Fdwardsport [GCC Station.
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10, CERTIFICATION

I certify under penalty of law that this document and all attachments were
prepared under my direction or supervision in accordanee with a system
designed to assure that qualified personnel properly gather and evaluate the
information submitted. Based on my inquiry of the person or persons who
manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and
belief, true, accurate, and complete. I am aware that there are significant
penalties for submitting false information, including the possibility of fine and
imprisonment for knowing violations.

Submitted by:
DUKE ENERGY INDIANA, LLC

By: c—'ﬂsg_\-’“ A2 Denghas,
Joseph Donahue
Vice Presidemt, Edwardsport IGCC

Date: April 27, 2016
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APPENDICES:

Appendix 1: 2013 and 2015 Data from Edwardsport IGCC Grey Water Treatment System

Appendix 2: Duke Energy Technical Memorandum on Edwardsport IGCC — Fundamentally
Different Factors Request (April 2016)

Appendix 3:  Coal Analyses for Edwardsport IGCC Station

Appendix 4: Condensate Streams and Final Effluent Data — Apnl 2016
Edwardsport [GCC Grey Water Treatment System

Appendix 5:  Excerpts [rom NPDES Permit No. INOOU2780 issued March 30, 2016 and
Accompanying Fact Sheet
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The increase in ash content impacts the slag and gray water ogerations, it is ideal for majonty of the
ash to ba removed i the slag handling process to mitigate the amount of solids carried over into the
settler system. The overflow from sattler system is classified as grey water. An increase in fly ash
particies into the settier systern can cause system upsels or an increase in dissclved sohds, requiring
increase blowdown from selttler system into the grey water treatmant system.

Chilorine in the coal is convarted to HCl in the gasifier. This is later removed In the scrubbers and
captured in the vacuum flash drum, common to both Polk end Edwardsport IGCC. The amount of
chlorine though affects the biowdown for each grey water treatment sysiem. Polk designed for 3,500
ppm chioride in their grey water treatment system. (TECO, 2002) Edwardsport designed for 2,500 ppm
chloride concantration. The higher chiorine content in Edwardsport fuel of O 04 percent by welght, is
twice Polk’'s fuel content of 0.02 percant by weight, resutling in doubte the amount of chlorine entering
the gasification process.

If both stations operated at their respective design fuel feed rates, four times the amount of chlorine
would be entering the Edwardsport gasifier process in comparison to Polk. The higher dissolved solids
from the chlorine cantent would result in fewer cycles in the grey water system and a correspondingly
higher blowdown rate to the grey water treatment system. Edwardsport normally blows down grey
water from its recirculating grey water systerm at a rate of 450 gpm, but is capable of adjusting up to
750 gpm max in the event necessary. Polk is designed to biowdown around 100gpm, but has
indicated issues with managing their water inventory at this design flow. (TECO, 2002)

Mercury has become a major constituent of concem n the coal industry with respect to air and
waterside impacis. The predominant source comes from the fuel burned. The mercury content in
Edwardsport's fuel can range from 0.064 to 0.126 micrograms per gram of coal. The average mercury
content in Polk's fuel is around 0.03 micrograms per gram of coal, (TECQ, 2002) As a result,
Edwardsport's fuel contains approximalely two to four times the amount of mercury in comparison to
Polk's fuel.

After gasification occurs, a syngas cleaning process is used to remove residual fly ash particies and
HCI from the raw gas stream. Polk’s syngas cleaning process, outlined in Figure 1 below, starts when
the syngas makes a sharp turn at the base of the Radiant Synges Cooler, whereupon it enters the
Convective Syngas Cocler (CSC), High-pressure boiler feed waler is circulated by natural convechion
in the CSC's heat exchanger to remove heat from the synges and is ulilized fater in other processes.
The cooled syngas leaves the CSC, entering tha Syngas Scrubber, where several process
condensata contact steps in series ocour to remove any particulate carryover and HCI from the
scrubbed gas, {TECO, 2002} Biowdown and condensate from the scrubber is a source of grey water.






Edwardsport IGCC's syngas cleaning process benefits from the increased direct contact of water with
the syngas stream, which greatly increasas the capture of fine fly ash in the gas stream as weil as any
volatilized mercury. The increase capturing of fly ash particles impacts grey water operations by
influencing blow down rates and the increased pollutant mass brought to the grey water with the ash.
The impact on grey water blow down rates varies but is dependent on how much fly ash is captured as
a result of quench ring, spray nozzle, and syngas scrubber operations, as welt as on chlonde levels
deriving from chiorine content of the coal.

Polk does not utlize a guench process within the RSC or a spray nozzle in therr syngas cleaning
process and relies solely on the syngas scrubbsr for ash particle removal. Some of the ash is caplured
in their CSC becausa of tube plugging, which has been indiceted &5 a periodic maintanance activity.
(TECO 2002) The ash captured in Polk's CSC does not affect grey water operations since it Is
removed during maintenance activitias. Edwardsport does not have a convection cooler and
consequently does not remove ash through such a maintenance activity Thus, ash that would have
been captured in a C3C like Polk's if Edwardsport had included a C35C. is mainly capltured in the RSC
sump of syngas scrubber,

Fine ash particles are always a problem in the coal combustion business. Fine ash particles have a
tendency to cause erosion, settling issues, and carryover in processes. Folk reliance on a vapor
scrubber for removal of these particles in syngas stream first appeared positive. However, tests at
their facility indicated fine ash particles carrying over from the syngas scrubber into the COS KO
Drum. {TECO, 2002} There has not been any indications of fine ash particles carrying over fram
Edwardsport's vapor scrubber further mto the syngas cleaning process, which can be atiributed 1o the
increased scrubbing of the raw syngas stream with quench water, condensate spray, and syngas

5



scrubking. At the same time, the increased ash removal from the syngas stream achigved at
Edwardsporl means that more ash and ash-borne pollutants will impact the grey water,

In the gasification process, severat more volatile substances such as Hg, Cl, and F are almost entirely
vaporized. The removal of these volatized substances from the raw syngas siream is impacted by
temperature and scrubbing of the syngas. (EPRI, 1998} As mentioned above in regards te ash baing
captured in the Polk vs. Edwardsport syngas cleaning process, the increased cooling and scrubbing of
the Edwardsport IGCC's syngas rasults in more volatilized metals being captured. Polk's syngas
leaves the RSC sump below 1,350°F and leaves their CSC between 700°F to 800°F. (TECO, 2002)
The Polk syngas tempereture is three times higher in comparison to Edwardsport's RSC exit
temperature of 450°F and about double the temperature pricr to reaching the scrubber. As EPRI
notes, cooler gas temperature and scrubbing efficiancy impacts the capturing of volatized metals at
IGCC facilities. (EPRI, 1986) Edwardsport operates syngas cleaning at cooler temperatures and
scrubs more through quench sprays, condensate spray, scrubber nozzle, and the scrubber, improving
the removal of Hg and C! by impacting forms and liquid to gas contact. These caplured volatized
substances are then later removad from the process via grey water blowdown.

A benefit of utifizing a gasification process is the capability to recycle varlous waste streams in the
process, mitigating facilities water consumplian, At the Edwardsport IGCC facility, the racirculating
syngas scrubber water blows down back into the RSC to help capture fly ash particles and guench the
syngas. The RSC guench water then blows down into the LP Flash drum, whereupon the LP Flash
drum botftoms ere transferred into the settler tanks. Up to this peint, the water is classified as black
watar due to high solids content. The overflow from the solids seltler is when the name transitions into
grey water nomenclature and enters the grey water tanks. From grey water tanks, it is mainly recycled
back into the syngas scrubber process for scrubbing, but a fraction is blown down to the grey water
treatment process. By recycling the grey water stream back to the syngas scrubbar, fines that carry
over from the settler tank and dissolved solids are carried back into the system process, thereby
affecting operations.

Over time, however, dissolved solids or the grey water balance accumulates and a blowdown has to
occur to bring water chemistry back to acceptable operational conditions or to manageable grey water
levels. Polk indicates that management of solids inventory in the grey water as being & mgjor item that
1s dependent on the fuel being bumed. Unavoidably, blowdown from the recirculating system is
necessary to maintain control of system parameters within acceptable operational levels. (TECO,
2002) Edwardsport is no different in this overalil operational philosophy. However, there are
significant ditferances in blowdown rates, as previously alluded to, due to differences in, for example,
ash content and chlarine content of fuels being used in the respective IGCC facilities.

Treatment equipment installed at each facility is different for treating a stream titted the same. This is
mostly due o the differences in quality of fuel and gasifier operations covered in preceding sections.






calculating effluent limitations for gasification wastewater in the ELGs. (EPA, 2015) Data from the
crystallizer condensate was not used by EFA in the ELG development since EPA cohcluded that the
crysialilzer was nol operating properly at the time of the Polk sampling effort. (EPA, 2015)

Edwardsport IGCC utilizes a complex grey water treatment system, in comparison to Pelk, that is
designed for the ramoval of ammanium chloride, formate, and other dissolved solids, as well as metals
such as ersenic, mercury and selenium, resulting from the gasihcation process.

Grey water treatment system begins with a prefiminary mechanical vapor recompression {MVR}
concentrator (employing forced circulation evaporation), referred to in this discussion as the
Concentrator. There are two {2} MVR concentrators available, but only one is utilized in hormal
operation. The second Concentrator is utilized in the event of high chlonde concentrahon In raw grey
water requiring an mcrease in grey weter blowdown from the gasifier process. The vapor fraction
generated from the Concentrator is sent through a caustic vapor scrubber to remove volatile acids and
entrained droplets. Scrubbed vapor from the scrubber 1s sent back to the Concentrator Heater (a heat
exchanger) to provide heat to the evaporative process of the preliminary Concentratar. Any remaining
scrubbed vapor not condensed in the Concentrator Heater is routed to the Barometric Condenser.
Vapor condensate from the Concentrator Heater is routed to a flash tank and the remaining
condensate is pumped to the Air Cooled Condensate Cooler and from there to the RO Feed Tank.
vapor from the flash tank is either recycled back to the Concentrator Heater or is routed to the ColLD
Crystellizer Heater and the Formate Crystallizer Heater to contribute heat to those crystallization
processes. Spent scrubber water collected in the bottomn of the scrubber is recycled and a fraction |s
blown down to the Formate Crystallizer forced circulation evaporator for further processing.

The brine solution from the Concentrator is blown down to a CaLD™ Crystallizer forced circufation
evaporator, The vapor generated in the CoLD™ Crystailizer is sent through a Cold Crystalhzer Vapor
Scrubber to remove any carryover prior to entering the Air Cooled Condenser Vacuum System. The
spent scrubber water from the ColLD™ Crystallizer Vapor Scrubber is recycled but a fraction blows
down into the Formate Crystallizer forced circulation evaporator. The Col.D™ Crystallizer concentrated
brine liquor is circulated through a pressure fitter from which solids consisting of ammonium chioride
and ammonium suifate are removed.

The Formate Crystailizer cycles up the blowdown waste streams from the Concentrator Vapor
Serubber and the CoLD™ Crystallizer Vapor Scrubber. The concentrated liquor from the Formate
Crystallizer is recycled back through the crystallizer and a fraction is blown down to the Formate
Pressure Filter [o remove the solids primarily consisting of sodium formate. The vapor fraction from
evaporator is captured in the Air-cooled Condenser Vacuum System from which condensate is utilized
In other process or sent to Air Cocled Condensata Cooler and from there to the RO Feed Tank.

Uncondensed vapors leaving the Air-cooled Condenser Vacuum System are combined with
uncondensed scrubber vapor from the Concentrator Heater and routed to the Barometric Condenser.

Vapor condensate streams from the Concentrator, the two crystallizers, crystallizer steam, and the
Barometric Condenser ali intermix in the Air Cooled Condensate Cooler prior to being routed to the
reverse osmosis {RO} system for the removal of any ammonia and total disscived solids. Reject
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concentrate from the first RO unit is sent back to the Concentratar, while concentrate from the second
RO unit is conveyed to the RO Feed Tank. Permeate from the RO process is either reused as makeup
water for the recirculating cooling water system for the gasification process or conveyed {o final
treatment ponds pricr to discharge.

An optional cyanide destruction system has been installed but determined to not be necessary.
Presently, RO permeate is routed through the cyanide removal process tanks, but no chemicals are
added.

The combination of condensate streams from all evaporators at the Edwardsport IGCC, including
preliminary concentrator and the two crystallizers, as well as the condensate from the Barometric
Condenser, into one effluent stream constitutes a fundamental difference from the Polk grey water
treatment system as sampled by EPA since enly concentrate from the preliminary concentrator at Polk
wes used by EPA in developing ELG limits for mercury and arsenic in gasification wastewater. A
further fundamental difference invelves the scrubbing of the vapor fraction produced by the preliminary
MVR evaporator and the CoLD™ Crystallizer to extract additional contaminants from the vapor stream
prior to its condensation, Polk does not employ scrubbers  Yet another fundamental difference
derives from the effort at the Edwardspont IGCC to capture additional condensate in the Barometric
Caondenser from the uncondensed vapor fractions from (i) the MVR concentrator heat exchanger and
(i} the first condenser stage for scrubbed vapor from the CoLD™ Crystallizer and vapaor produced by
the Formate crystallizer. The Polk fagility does not include such a secondary condenser process.

The combined condensate from all of Edwardsport's evaparators and the Baremetric Condenser will
be expeacted to contain higher concenirations of contaminants such as mercury than were obtained in
EPA's sampling of only the preliminary condensate at Polk. Condensate produced by the crystallizers,
as supplemanted by the Barometric Condenser, will be expected to contain higher concentrations of
such contaminants than condansate resulting from the preliminary concentrator since the input stream
to he crystallizers will inherently cantain higher concentrations of these contaminanis than the raw
grey water input to the preliminary concentrator.

The Barometric Condensar systam is designed to pressunze vapor streams to enhance condensatlan
of vaporized substances before the vapor streams are utilized in the sulfur recovery unit {SRU) in the
gasification block. Relevant vapor streams consists of uncondensed vapors from Concentrator Heater
and the Air Cooled Condenser, the latter having received scrubbed vapors from the ColLD™
Crystallizer and the vapor stream (unscrubbed) from the Formate Crystallizer, Condensate from the
barometric condenser, as previously mentioned, blows down and combines with several other grey
water process sireams (Concentrator Condensate, Crystallizer Steam Condensate, and Crystallizer
Pracess Condensate) prior to entering the RO system. Sampling the condensate from the barometric
condenser indicated a higher level of Hg concentration in comparison to the other condensate
streams, indicating volatilized mercury that could leave the treatment system through the atmosphere
is bemng captured in the barometnc condenser process. The additional mercury captured by the
barometric condenser increases the loading on the RO systermn, which may or may not be able to
polish as required.



In the Polk grey water treatment process, a barometric cordenser is not utilized to capture vapors that
form as a parl of evaporatirig the blowdown. Instead, vents cn process vessels are open to the
atmosphere, allowing mercury to leave the process; decreasing the total amount of mercury that is
contained within the system.,

Polk’s grey water treatment system does not return man process streams to (he front of the process.
The grey water stream enters the treatment system and then treatment residuals leave the trealment
system as sither solids for offsile disposal or reuse or distillate Tiquid going back into the gaslfication
process for reusa. The grey water treatment system at Edwardsport IGCC, however, is configured
differently. The treatment stream enters the described grey water reatment system as above, but with
the utilization of a two-step reverse asmosis system for polishing, an interesting complication in
wastewater lreatment system configuration is introduced.

Reverse osmosis (RO) systems utilize a semi-permeable membrane to propagate removal of
dissoived solids through csmotic pressure. The system generates a less dissclved sollds stream,
usually identified as permeate, and a high dissolved solids stream, usually identified as concentrate.
There are several different possible configurations, but 2 two pass RO is utilized in the Edwardsporl
grey water treatment system. A RO is not utilized in Polk's grey water treatment process.

The First Pass RO concentrate (or reject) 15 returned to the preliminary concentrators in the grey water
reatment process to remove more dissolved solids. The Second Pass RO concentrate (or reject) is
returned to the front of the RO treatment process to further concentrate dissoived solids for removel
via the first pass RO concentrate.

With the retum of any concentrated stream from an end of a process to the front of a process, there
are impacts on syslem performance and operations. For example, the concentration of chlorides in the
feed to grey water can impact the heat of vaponzation, which in turn impacts the overall energy
balance. The degree of impact wili depend on paliulant mass returned in comparison tc pollutant mass
in the raw influent stream,

Falling film evaporators offer a wide operating range, but do pose issues when salting and scaling
oceur Polk indicated it was consistently running into problems with plugging of heat exchanger tubes
due to scale formation and othar materials requiring the system to be offline for maintanance and
service. (TECO, 2002) Since there is only one falling film evaporator, reliability in the treatment system
greatly diminished and Palk experienced a high operation and maintenance cost associated with water
blasting of the tubes,

The use of forced circulation evaporation provides a means to mitigate plugging and scaling problems
inside the evaparation process by keeping solids in suspension at all times. With several concentrators
installed to cycle up the grey water stream and a RO polishing step, a high cost is incurred in the
chemical supplies, operational labor, support labar, and aux load of system operations. The
approximate annual O&M cost associated with running the Edwardsport IGCC grey water treatment
system is about $878,000. Polk does not provide a grey water treatment cost break down, but
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approximates total O&M power block, common, and water system costs at around $2 million dollars,
{TECO, 2002)

Even with the current installed grey water treatment system at Edwardsport utilizing forced circulation
evaporators, reverse osmosis, and optional cyanide destruct system, further capital equipment and/or
existing system modifications may be necessary to meet the final ELG ragulation.

There are several fundamentally different factors separating the Edwardsport IGCC from the two IGCC
facilities utilized by EPA in developing the ELG limitations for gasification wastewater. The Polk IGCC,
being EPA's main point of reference for the ELGs, differs significantly from the Edwardsport [GCC
facility in several ways that were not taken inte consideration by EPA in relation to IGCC functionality
affecting gasification wastewater quality

Edwardsport IGCC is designed differently and operates differantly to be able to use the locaily
available lllincis Basin coal as fuel. The higher concentration of ash, chlonne and mercury in the coal
results in an increase in the amount of these substances blown down to the grey water treatment
system for removal as accumulated dissoived solids even if the blew down rate were unchanged.
However, the higher chlorine content of the fue! will require an increased blowdown rate from the grey
water recirculating system for syngas cleaning to maintain the desired set point for chloride
concentration. In addition, the improved syngas cieaning process at Edwardsport, utilizing multiple
spray configurations and cooler temperatures in the RSC and to the vapor scrubber increases the
amount of fly ash and volatile substances captured in the black water process. This in turn aHecting
the amount of dissolved sollds or particles carried over from settler tanks, resuling in an increased
blowdown into the grey water treatment process. The choice of fuel source also resulted in a different,
more complex evaporator configuration to promete removal of solids in the form of ammonium
chloride, ammonium sulfate, & sodium formate from the grey water and the combining of all
evaporator condensate streams into a single output stream for further polishing in a RO. With a portion
of the RO concentrate returning to the front of the process, there is potential for cperational upsets to
oceur that will not be seen with a once-through configuration used at other IGCC sites.

The technical diferences outlinad above result in higher pallutant loadings to Edwardspert IGCC's
grey water treatment system and significanily higher effiuent levels for certain pollutants. These
differences constitute fundamentally different factors that were not taken into consideration in EPA’s
development and adoption of the ELGs for gasihcation wastewater.
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STANORARD LABORATORIES, INC. 1530 H. Cullen Avenue, Evansville, TN 47715
Evansville Lab HNo: 2015-12%4-5

Date Received: 12/16/15

Date Reported: 01/18/16 Sample ID: QUARTER 4 2015
BEAR RUN
FOR: PEABODY ENERGY TYPICAL, HIGH SULFUOR

7100 EAGLE CREST BLVD, STE 200
EVANSVILLE, IN 47715
ATTN: PHIL DODD

PROXIMATE ANMARLYSIS MINERAL ANALYSIS OF ASH TLTIMATE ARALYSIS
{A9 RECD} (DRY) {% IGRITED BASIS) {% DRY BARIIS3)
MOISTURE 14 .22 SILICON DIQXIDE 44.40 ASH 11.61
ASH 9.9¢6 11.561 ALTUMINUM OXIDE 1B.82 HYDROGEN 5.17
VOLATILE 33.84 3945 TITANIOM DIOXKIDE .78 CARRON 72.689
FIXED CARRON 41.98 48.94 CRLCIUM OXIDE 2.62 NITROGEM 1.51
SULFUR 3.25% 3.75% POTASSIUON OXIDE 2.18 SULFUR 3,79
BTU 11029 12857 MAGMESIUM OXIDE 0.78 OXYGEN 5.03
MAF BTU 14546 S8ONIUM OXIDE 0.586
PEOSPHORUS PENTOXIDE 06.20 CHLORINKE d.04
LES S02/MM BIU: 5.89 FERRI{C OXIDE 26,44
SULFUR TRIOXIDE 2.57 FLUOORINE n.007
BARIUM OXIDE 0.08
EQUILIBRIUM MOISTURE: 10.41 MANGANESE DIOXIDE 0.05
STRONTIDOM OXIDE 0.03
THDETERMINED 0.50
FPRER SWELLING IMNDEX: 4.5
BASE/ACID BRATIO: 0.51
SLAG VISCOSITY: 2305 DEG F T2%0 POISE
ASH FUSION TEMPERATURES (DEG F) FOULIEG INDEX: 0.30
REDUCING OXIDIZIHG SLAGGING INDEX: 1.93
INITIAL 20085 2440 SILICA VALUE: 59.81 FORMS OF SULFUR
SOFTENING 2080 2470 % ALKALT AS Na20: 0.23 {$ DRY BASIS)
EEMISPHERTICAL 2140 2500 TOTAL 3.79
FINAL 2260 2520 DYRITIC 1.65
WATER SOLUBLE ALKALIES SULFATE 0.03
(% DRY BASIS) ORGANIC 2.11
HARDGROVE GRINDABILITY INDES {HGT) SO0DIUM OZIDE 0.047
POTASSIUM OXIDE 0.003
&5 AT 2.25 % MOISUTRE

Respectinlly Submitted, (“-L E\ (fffml_n(;::)

FORY NOL 2%
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Evanaville Lab No:
Data Recaivad:
Date Reported:

2015-1294-5
12/16/15
01/18/16

FOR: PEARBODY ENERGY
7100 EAGLE CREST BLVD, STE 200
EVANSVILLE, IN 47715
ATTN: PHIL DODD

Sampla ID: QUARTER 4 2015

BEAR RUNW
TYPICAL HIGH SULFUR

STANDARD LABORATORIES INC.

1530 WN. CULLEN AVENUE

EVANSVILLE,

IN 47718

FORM 2 24

TRACE ELEMENT

ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
BORON
SROMINE
CADMITM
CHLORIRE
CHROMTIUM
COBARLT
COFPPER
FLUORINE
GERMANTIUM
LEAD
LITHIUM
HANGANESE
MERCURY
MOLYBDENUM
NICKEL
SELENIUX
JILVER
BTRONTIUM
TEALLIUM
TIN
URANIUM
VANADIUM
ZINC
ZIRCONIUM

DRY COAL BASIS, ug/g

1,04
8.8
41
2.1
139
4
0.63
434
20
4.5
10
67
12
15.2
8.4
44
9.1126
5.3
1z
2.3
0,05
36
1.00
0.5
1.7
37

K V]
13.3

RESFPECTFULLY SUBMITTED,



| STANDARD LABORATORIES, INC.

Evansville Lab Mo: 2015-
Date Recaived: 12/168/15
Date Reported: O01/1B/16

FQOR: PEABODY ENERGY

1294-6

7100 EAGLE CREST BLVD, STE 200
EVANSVILLE, IN 47715

ATTN: PHIL DODD

Sample ID: QUARTER 4 2015

BEAR ROUN
TYPICAL MIT SULFUR

1530 N. Cullen Avenue, Evansville, IN

47715

FROXZIMATE ANALYSIS

(A8 RECD)
MOISTURE 16.35
ASH B.23
VOLATILE 3z.01
FIXED CARBON 43.339
SULPFUR 1.53
BTT 11021
MAF BTU

LES 502/MM BTU:

EQUILIBEIUM MOISTURE:

FREE SWELLING IHNDEX:

{DRY)

9,84
36.29
£1.87

2.31
1317k
14613

ASH FUSION TEMPERATORES (DEG F)

REDUCTING
INITIAL 4105
SOFTENING 2200
HEMISPHERTCAL 2265
FINAL 2345

HARDGROVE GRINDABILITY INDES {(HGI)

62 AT Z2.26 &

OXIDIZIHG
2510
2520
2535
2555

MOISUTRE

MINERAL ANALYSIS OF ASH
{% IGNITED BASIS)

SILICON DIOCXIDE 52.00
ALTUMINUM OXIDE 21.46
TITANIUHE DIOXIDE 0.92
CALCIUM CXIDE 1.36
FOTASSIUM OXTIDE 2.66
MAGNESIUM OXIDE 0.94
SQDIUM OXIDE 0.70
PEQSPHORUS PENTOXIDE 0.15
FERRIC OXIDE 18.€0
STULFUR TRIOIIDE 0.B83
BARIUM OXIDE 0.05
MANGANESE DIOQIIDE ¢.03
ETRONTIUM OXIDE 0.02
URDETERMINED 0.28
BASE/ACID RATIG: 0.33

S5LAG VIBCOSITY: 2500

POULING INDEX: 0.23

SLAGAING INDEX: 0.76

SILICA VALUE: 71.313

% ALFKALI Af Na20O: 0.24

WATER SOLUBLE ALEKALIES

(% DRY BASIS)
0.047
0.003

SODIUM COXIDE
POQTASSIUM OXIDE

Respectfully Bubmitted,

—

ULTIMATE ANALYSIS

(% DRY BASIS)

ASH
EYDROGEN
CARBON
NITROGEN
SULFUR
CIYQEN

CHLORINE

FLUORINE

DEG F T250 POISE

FORMS OF SULFUR

{% DRY BASIS}
.31
g.4a7
0.02
1.42

TOTAL

FYRITIC
EULFATE
ORGANIC

9.094
5.16
74.81
1.57
2.31
6.21

G.03

¢c.o007




Evansville Lab No: 2015-1284-6
Date Received: 12/16/15
Date Reported: 01/18/16

FOR: PEABODY ENBRGY
7100 EAGLE CREST BLVD, STE 200
EVANSVILLE, IN 47715
ATTN: PHIL DODD

Sample ID: QUARTER 4 2015

BEAR RONW
TYPICAL MID SULFUR

STANDARD LABORATORIESINC.

1530 H. CULLEN AVENUE
EVANSVILLE, 1IN 47715

TRACE ELEMENT

ANTIHONY
ARSENIC
BARITM
RERYTLLIUM
BORON
BROMINE
CADMIUM
CHLORINE
CHROMIUM
COBALT
COPPER
FLUORINE
GERMANITHM
LEAD
LITHIUM
HMANGANESE
KERCURY
MOLYBDEHUM
HICKEL
SELENIUM
STLVER
ETRONTIUM
THALLIUM
TIH
URANIUM
VANADIUM
ZINC
ZIRCONIDM

\
RESPECTFULLY SUBMITTED, { “Zt-{)

FLeqtha 3"

DRY COAL RASTI3, ug/qg

2.17
6.1
s
2.4
141
1
0,15
336
17
6.1
9

57
15
11.2
7.7
249

0.064

3.3
a7
1.5
0,04
18
0.52
0.5
1.8
33
23
23.9







Appendix 4; Condensate Streams and Final Effluent Data — April 2016

Edwardsport [GCC Grey Water Treatment System

Mercury, ng/l

5-Apr| 6-Apr| B-Apr | Average
Cancentrator Condensate 7.03 7.25 1.72 5.33
Crystallizer Stearn Condensate <(.50 | <0.50 0.59 0.53
Crystallizer Process Condensate 3.31 1.34 1.15 1.93
Barometric Condenser Condensate 350 104 89.0 181.00
Condensate Trim Cooler (Combined 15.6 16.3 3.88 13.50
Condensate)
Final Greywater Treatment Effluent 4.74 $.39 1.09 5.41

(Outfall 501)
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STATE OF INDIANA
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT
AUTHOR!ZATION.TO DISCHARGE UNDER THE
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of the Federal Water Poilution Control Act, as
amended, (33 U.S8.C. 1251 et seq,, the *Act’), and IDEM's authority under IC 13-15,

DUKE ENERGY INDIANA, LLC — EDWARDSPORT IGCC STATION

ia authorized to discharge from the IGCC station that is |located at 15424 East State Road
358, Edwardsport, Indiana, to receiving waters identified as the West Fork of the White
River in accordance with effluent limitations, monitoring requirements, and other conditions
set forth in Parts 1, i1, and |l hereof. This permil may be revoked for the nonpayment of
gpplicable fees in accordance with IC 13-18-20.

Effective Date: April 1, 2016

Expiration Date: March 31, 2021

in order to receive authorization fo dischamge beyond the date of expiration, the
permittee shall submit such information and forms as are required by the Indigna
Department of Environmentai Management no later than 180 days prior to the dale of
explration,

Signed March 30, 2018, for the indiana Department of Environmental Management.

Q7 Mg

Paul Higginbotham,
Deputy Assistant Commissioner
Office of Water Quality




Page 2 of 63
Permit No. INOOD2780

PART I
A EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

1. The permitiee is authorized to discharge from the oulfall listed below in
accordance with 1he terms and conditions of this permit. The permittee Is
authorized to discharge from Qutfall 002, The discharge is limited to coal pile
runoff, coal pile runoff pond effluent, site storm water, treated sanitary
wastewster, oiliwater separator water, cooling tower blowdown, gasification
and power block quenches and drains, softener regenerant, ‘grey-water
treatment fiow, and other wastewater treatmant flows. Samples taken in
compliance with the monitoring requirements below shall be teken at a point
representative of the discharge but prior to entry inte the West Fork of the
White River. Such discharge shall be limited and monitored by the permiitee
as specified balow:

DISCHARGE LIMITATIONS [1][2]111]
Table 1

Quantity or Leading Quality or Concanlration Monltoring  Requirements
Monthly Eaily Monthly Daify Measurement Samgle
Barameter Averagg Maximum Units  Average Meximum Units Frequency Ivoe
Flow Report Report MGD e e -— 1 xDaily 24 Hour Total
oG - - e - 15 20 mgl 1 xWeekly Grab
T8 000 e o — — 30 100 mgfl 1 x Waskly Grab
Tempsrature]8] Report (9] *F ————— — e 2 x Monthly Grab
TRG{4]{5] — i e 0.0z 0.04 mpA 1 x Weekly Grab
Copper|3) e nranen - 0.042 0.084 mgl 1 x Weakly 24.Hr. Comp.
Ionf3] e e — 1.0 1.0 mgh 1 xWeskly 24-Hr. Comp.
GCadmium[3]  -—-— e - 0.017 0.022 mgll 2 x Manthly 24-He. Comp.
Selenium(I)(5] =---- e —— 0.13 0.28 mgl 2 x Manthly 24-Hr. Comg.
Zincfd] e anren o 0.25 0.51 mgl 1 x Weekly 24-Hr. Comp.
Mercund7) —— s _—— 12 20 ngl 1 xBlmonthly Grab
Tetal Chromium|[3]---- — e 0.2 0.2 madl 1 x Weekly 24-Hr. Comp,
Ammonia, B8 N «—- = reem 12 24 mg/d 2 x Monthly 24-Hr. Comp.
Free Cyanide{&)[8}—- e e 0.022 0.044 mg/d 1 xWeekly Grab
Whole Effluent Toxicity Tests[10}
Table 2
Quality or Concentration Monitoring  Reguirements
Daily Daily Measuroment Sample
Parameter Minimum Maximum Unite Ereguency
pH 8.0 8.0 8.1, 1 x Weekly Grab

[11 See Part 1B of the permit for the Narretive Water Quality Standards,

[2] inthe event that changes are to ba made in the use of water treatment additives
including dosage rates contributing to this Outfall, the permiitee shall notify the
Indiana Department of Environmental Management as required in Part Il.C.1 of this




131

[4]

[5]
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permit. The use of any new or changed water treatment additives or dosage rates
shall not cause the discharge from any permitted outfall io exhibit chronic or acute
toxiclty. Acute and chronic aguatic foxicity iInformation must be provided with any
notification regarding any new or changed water treatment addiiives or dosage
rates.

The permittee shall measure and report the identified melal in total recoverable
form.

The water quality based effluent limit WQBELY) for TRC is less than the
fimit of quantitation (LOQ) as specified below. Compliance with this parmit will be
demonstrated if the effiuent concentrations measured are less than the LOQ.

If the measured concentration of TRC is greater than the water quality based
effiuent limitations and ebove the respective LOD specified in the table below in any
three (3) consecutive analyses, or any five (5) out of nine (9) analyses, then the
discharger shall;

{1}  Determine the source of the parameter through an evaluation of
sampling techniques, analyticalflaboratory proceduras, and waste streams
(including Internal waste streams); and re-examine the chiorination
{dechlorination procedures.

{(2) The sampling and analysis for TRC shall be Increased to 4 X weekly and
remain at this increased sampling frequency untjl;

(a) The increased sampiing frequency for TRC has been in place for at
laast three (3) consecutive analyses, or any five {5) out of nine (9)
analyses,

{b)  Atleast nine (9) samples have been faken under this increased
sampling frequency; and

{c)}  The measured concentration of TRC Is less than the LOD specified in
the table above in at least seven {7) out of the nine (9) most recent
analyses.

The following EPA test methods and/or Standard Methods and associated LODs
and LOQs are to be used in the analysis of the effluent samples. Alternative
methods may be used if first approved by IDEM.

Parameter Test d LoD LOQ

Mercury 1831, Revision E 0.2 ng/l 0.5 ng/l
Selenium 3113B or 3114B 2 ugfl 6.4 ug/l
Selenium 200.8 2.1 ugh 6.7 ugfl

Selenium 200.9 0.6 ug! 1.9 ugfl




(6]

[71

(8}

9

°F
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Chlorine 4E00-CHD,E or 4500-Cl-G3 0,02 my/l 0.08 mgf
Cyanide, Free 4500-CN-G 5 ug/l 16 ug/l
Cyanide, Free 1877 0.5 ugh 1.8 ugf

Case-Specilic LOD/LCGQ

The parmiltee may determine a case-specific LOD or LOQ using the analytical
method specified above, or any other {est method which is approved by the
Commissioner prior to use. The LOD shall be derived by the procedure specified
for method detection limits contained in 40 CFR Part 138, Appendix B, and the LOQ
shall be set equal to 3.18 times the LOD. Other methods may be used if firat
approved by the Cemmissioner.

Sample preservation procedures and maximum allowable holding times for total
cyanide, or available (free) cyanide are prescribed in Table Il of 40 CFR Part 138,
Note the footnotes specific to cyanide. Preservation and holding time information in
Table Il takes precedence aver infornation In specific methods or elsewhare,

Mercury monltoring shall be conducted bi-monthiy in the months of February, April,
June, August, October, and December of each year for the term of the permit using
EPA Tost Methad 1831, Revision E.

The following conditions apply for Temperature oulside the mixing zone:

{1)  There shall be no abnormal temperature changes that may adversely affect
aguatic life uniless caused by natural conditions.

(2}  The normal daily and seasonal temperature fluctuations that exisied before
the addition of heat due to other than natural causes shall be maintained,

{3)  Tha maximum temparature rise at any time or place above natural
temperatures shall not exceed five {5) degrees Fahrenheit (two and eight-
tenths (2.8) degrees Celsius) in streamns,

The discharge from Qutfail 002, as determined at the edge of the mixing zone
described in 327 IAC 2-1-4, shall not exceed the maximum limits in ihe following
table by more than three degrees Fahrenheit (3°F) (one and seven-tenths degrees
Celslus (1.7°C)).

Table 1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
S0 50 B0 YO 80 9 Y0 90 80 78 70 57

°C

10 10 156 21.1 267 322 322 322 322 255 211 14

The permittee will have the option of either meeting the above [imits at the end of
pipe, or by meeting the limits wilh a mixed river temperature that takes into account




(10}

[11]
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the mixing zone allowed by 327 IAC 2-1-6(b). The mixed river temperature is to be
detemmined by employing the fallowing mathematical model:

where:

Tur = mixed river temperature (°F)

Ts = upstream river temperature (*F)

Ta = effluent temperature (°F)

Q. = effiuent flow (MGD)

127 = one-half of the Q7 1o low flow value of the receiving stream in MGD

The pemmittee shall continus the biamonitoring program for Outfall 002 using the
procadures contained in Part LF. of this permit.

The discharge of cooling tower blowdown is regulated by 40 CFR 423.15. 40 CFR
423.15(j)(1) prohibits the discharge, in detectable amounts, of the 126 priority
pollutants listed in Appendix A of such regulation contained in chemicals added for
cooling tower maintenance with the exception of totai zinc and total chromium which
have specific numeric limits. !n accordance with 423.15(j}(3}, instead of monitoring
spacified in 40 CFR 122.48(b), compliance with the limitations for the 126 priority
pollutants may be determined by engineering calcutations which demonstrate that
the regulated pollutanis are not detectable in the final discharge by the analytical
methods in 40 CFR 136. However, compliance with the above limitations for the
120 priority pollutants (with the exception of zinc and chromlum) must be reported
each fime there is a change in the chemicais added for cooling fower operation
and/or maintenance.
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