Comments Regarding the Proposed NPDES Permit
for
Public Service of New Hampshire’s
Merrimack Station

William Kennedy, P.E.
August 2014

10716 Carmel Commons Blvd., Suite 140
Charlotte, NC 28226

On April 18th, 2014, Region I of the United States Environmental Protections Agency (EPA)
issued a revised draft National Pollution Discharge Elimination System (NPDES) permit for
Public Service of New Hampshire’s (PSNH) Merrimack Station. The proposed permit identified
Vapor Compression Evaporation (VCE) as Best Available Technology (BAT) for the Merrimack
Station’s Flue Gas Desulfurization (FGD) purge stream based on an EPA Best Professional
Judgment (BPJ) evaluation.
Under the current revision of the Steam Electric Generating Station Effluent Limitation
Guidelines (SEEG), (40 CFR 423, 47 Fed. Reg. 52290: November 19, 1982) FGD purge water is
characterized as a low volume waste stream with Best Control Technology (BCT) limits on total
suspended solids and oil & grease only. As such, NPDES permits for sites including FGD
wastewaters use Water Quality Based Effluent Limitations (WQBEL) for the combined
discharge of a facility as the primary evaluation criterion.
The determination of VCE as BAT for Merrimack Station and the resulting proposed zero
discharge permit limits for FGD wastewaters is arbitrary and capricious considering:










This determination is not consistent with the current SEEGs;
EPA identified SEEGs for revision in 2005 as part of their annual industry review
required under the Clean Water Act (CWA): however the Office of Water after nine years
of study and review, has yet to promulgate a revised rule identifying an industry wide
BAT for FGD wastewaters;
The complexity of FGD wastewaters and their associated treatment systems are such that
EPA is continuing to collect and review data in support of an industry wide BAT
determination while the subject permit is under review;
There is limited data documenting the successful performance of VCE in FGD service;
There have been multiple unsuccessful applications of VCE in FGD service in the U.S.;
The associated cost per toxic weighted pollutant equivalent (TWPE) for a zero discharge
limit for FGD wastewaters is onerous and far in excess of past precedents;
The installed enhanced physical/chemical treatment system meets or exceeds reduction of
mercury and arsenic seen in reference systems for the proposed SEEG.
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I.

Other Systems

In its evaluation of other VCE systems in FGD service, the Region failed to note in the draft
permit Fact Sheet that, along with the six systems it briefly mentions, only one of which is in the
U.S., there have been three unsuccessful attempts at operating VCE.
Milliken Station
The Department of Energy’s (DOE) Milliken Clean Coal Demonstration Project, located
in Lansing, New York, involved retrofitting the New York State Electric & Gas’s
(NYSEG) Milliken station’s two 150 MW pulverized coal units with FGD scrubbers and
was to be a three year full-scale demonstration of several technologies. The project
attempted to operate with zero liquid discharge (ZLD) while producing commercial grade
gypsum and calcium chloride brine.
To achieve the goal of ZLD, a 30 gallon per minute (gpm) capacity brine concentrator
manufactured by Resources Conservation Co. (RCC), now GE, was installed following
an Infilco Degremont Inc. (IDI) designed physical/chemical treatment system. (Project
Performance and Economics Report, Milliken Clean Coal Technology Demonstration
Project, NYSEG, DE-FC22-93-PC92642, December 1996). The physical/chemical
treatment system design at Milliken is identical to Duke Energy’s Miami Fort system,
identified as BAT for arsenic and mercury removal from FGD waters in the proposed
SEEG.
The project report states that “the brine concentrator system experienced numerous
operating problems through the demonstration.” The system supplier made changes to
the operating conditions to address issues with influent chemistry; however, at the time of
the report, DOE was unable to produce brine suitable for resale and failed to achieve the
project goal of zero discharge due to boron buildup, brine concentrator vibration, and
fouling. (Project Performance Summary, Clean Coal Technology Demonstration
Program, Milliken Clean Coal Demonstration Project, DOE/FE-0451, November 2002).
The end use of the calcium chloride brine was “for use in dust control, soil stabilization,
ice control, and other highway construction related purposes.” It is of note, that
RCC/GE has not reported the installation of another VCE system in FGD service since
this 1995 attempt.
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Big Hanaford
TransAlta’s Centralia Big Hanaford Station, located in Centralia, Washington, installed a
brine concentrator in 2004 supplied by Swenson Process Equipment, Inc. The station has
two 700 MW FGD scrubbed units, originally burning a locally mined sub-bituminous
coal. The brine concentrator was installed in an effort to capture high quality water for
cooling tower make-up. The intent was to achieve a concentration factor of ten and then
use the brine concentrate for fly ash conditioning and landfill. This goal was not
achieved. After only six cycles of concentration, the quality of the distillate was so poor,
primarily due to high levels of boron causing an extremely low pH, that it could not be
reused in the cooling towers. The brine concentrator was abandoned in 2005.
Dallman
Springfield City Water, Light and Power’s Dallman Generating Station, located in
Springfield, Illinois, brought on-line Unit 4, a 200 MW, FGD scrubbed unit designed to
burn high sulfur Illinois Basin coal, in 2009. Due to an increase in boron in their FGD
purge, two Aquatech designed brine concentrators were purchased, followed by a spray
dryer. A fourfold increase in projected capital costs, coupled with concern over the
hydroscopic nature of the salts generated and how they would behave in a landfill,
operating costs, and complexity of operation, caused the project to be abandoned. In lieu
of primary treatment, Dallman was permitted to discharge their FGD wastewater to a
local Publicly Owned Treatment Works (POTW).

In addition to the three abandoned attempts to apply VCE to FGD wastewaters, the only other
operating VCE system in the U.S. is of a dissimilar design from Merrimack Station and
experiencing operational challenges.
Iatan
Kansas City Power and Light’s (KCPL) Iatan Generating Station, located near Weston,
Missouri, operates two FGD scrubbed generating units configured to burn a subbituminous Powder River Basin (PRB) fuel, low in sulfur and chlorides. The system
incorporates a pretreatment clarifier for solids removal, followed by two 30 gpm capacity
falling film brine concentrators. The brine concentrate is used for fly ash
conditioning/blending. The system began partial operation, Unit 1 only, in 2009 and full
scale operation in late 2010.
Following a protracted start-up, numerous system operating modifications to address
plugging issues have been made and are ongoing in an attempt to achieve reliable
continuous operations. As recently as March 2014, the Missouri Department of Natural
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Resources Air Pollution Control Program issued a temporary permit, number 032014
004, allowing for the testing and evaluation of an alternative to Iatan Station’s VCE
system.
It is disingenuous for EPA to site facilities which have had “some” success at VCE as an
example of the availability of the technology and then fail to mention sites which have failed to
work out the problems with similar technology. It is even more disingenuous for EPA to assume
that Merrimack Station’s VCE system is exactly like the systems installed at one U.S. facility
and five Italian facilities. In fact, there are significant differences that prevent a rational
comparison, e.g. type of fuel burned, boiler design, FGD operations, constituent make-up and
chemistry of the FGD wastewater, quantity of ash produced, etc.

II.

Complex Operations

Brine Concentration and Crystallization operations are complex and sensitive to constituent
concentration and composition. The highly variable characteristics and composition of FGD
wastewater, subject to fuel, unit load shifting, and the variability of upstream air pollution
control system operations, make steady state reliable operation of a VCE system challenging.
Recent air and solid waste regulations and the requirement to adjust operations to meet these
rules, i.e. Mercury and Air Toxics Standards (MATS) and Coal Combustion Residuals (CCR),
require the use of additives and even more modifications to power plant operating conditions.
The emerging regulations only increase the variability of the resultant FGD purge stream and the
complexity of downstream treatment systems.
A loss of pH control, due to variable buffering capacity, i.e. influent water chemistry, can rapidly
lead to fouling of the VCE components or carryover of undesirable compounds into the distillate.
Specifically, boron salts, an inadequate ratio of sodium to calcium ions, and the presence of
organic compounds will result in premature crystallization, the rapid deposition of solids on
equipment surfaces, or excessive foaming. These upset events typically result in either the
fouling of heat transfer surfaces or the physical obstruction of fluid flow through the system
components. Recovery from such upsets necessitates the removal/cleaning of the offensive
materials from the equipments, i.e. system shutdown.
Both Iatan and Merrimack operations have reported blockage of the falling film distribution
header of the brine concentrator and fouling of the heat transfer surfaces. In addition the use of
anti-foam in the FGD absorber, a common industry practice, has resulted in violent foaming in
the brine concentrator, requiring a system flush.
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Without the opportunity to discharge a purge stream and to have redundancy of critical system
components, the reliability of overall station operations is significantly diminished. Two factors
influence the reliability of the Merrimack VCE system:
1. The lack of redundant major VCE system components:
a. Brine Concentrator
b. Crystallizer
c. Belt Filter
2. The lack of sufficient in-situ ash production to accommodate the fixation of a continuous
brine concentrator purge stream in the event of upsets or maintenance requirements in the
crystallization or filtration portion of the system.

Merrimack Station’s secondary WWTS is inherently complex and subject to a number of
upstream variable factors. It is most accurately described as a volume reduction system,
concentrating, yet not reducing to any appreciable degree, constituents of concern remaining in
the wastewater matrix. Constituent reduction occurs in the primary, enhanced physical/chemical,
treatment system.

III.

Enhanced Physical/Chemical Treatment

The physical/chemical treatment portion of the Merrimack FGD wastewater treatment system
(WWTS) is comparable in design to others in the industry which EPA referenced as potential
BAT, FirstEnergy’s Hatfield’s Ferry Station (now closed), NRG’s Keystone and Duke Energy’s
Miami Fort Station, in the proposed revision to the SEEG (Technical Development Document for
the Proposed Effluent Limitations Guidelines and Standards for the Steam Electric Power
Generating Point Source Category, USEPA, EPA-821-R-13-002, April 2013).
EPA proposed physical/chemical treatment as BAT for arsenic and mercury and as a
pretreatment step for further biological treatment. The EPA’s proposed physical/chemical
treatment consists of:





pH elevation (8.4 - 9.2)
Sulfide precipitation
Iron co-precipitation
Clarification/Filtration
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Arsenic and mercury were selected as surrogate constituents. Treatment to reduce these
surrogates to target concentrations would also reduce a number of other metals, to include:
aluminum, antimony, cadmium, calcium, chrome, copper, lead, magnesium, nickel, silver and
zinc.
The Merrimack enhanced physical/chemical treatment system includes all the of EPA’s proposed
treatment steps with the following additions:





pH elevation to 10.6
Soda ash softening
Acid neutralization reactor
Enhanced Mercury and Arsenic Removal System (EMARS)

Each of these additional treatment operations, as applied to FGD wastewater treatment, is unique
to Merrimack Station.
Hydrated lime (calcium oxide) is typically used to raise the pH and reduce the solubility of
metals and arguably to desaturate gypsum (hydrated calcium sulfate) from the FGD water
matrix. Most systems typically raise the pH to a range of 8.4 to 9.2, balancing metals removal
with sludge formation, i.e. the higher the pH the greater the volume of solids precipitated.
Higher pH adjustments require the use of additional lime and increased solids handling/disposal
expenses. The Merrimack system increases the pH to ~10.6. The benefit from operating at this
higher alkaline range is: a 25 to greater than 50 percent increase in the precipitation of a number
of dissolved metals of concern; precipitation of calcium and magnesium; and the reduction of up
to 50 percent of boron. Boron reduction is not achieved at pH less than 10.
Soda ash softening is not typically used to treat the FGD wastewater matrix. The advantage of
its use for Merrimack Station is that the more soluble sodium salts precipitate calcium and
magnesium salts. The reduction of calcium and magnesium compounds from the matrix reduces
the risk for scaling and plugging in the VCE system. The replacement of calcium and
magnesium allows for the crystallization and production of a salt filter cake, consisting of
sodium chloride. It should be noted that without this step, calcium chloride could be produced
with great difficulty, yet it is hydroscopic and would rapidly absorb atmospheric moisture and
return to a liquid, dissolved, form.
Both the elevated pH and soda ash steps increase the suspended solids in the matrix, providing
increased surface area for the adsorption, and subsequent removal, of colloidal mercury from the
matrix during clarification and filtration. These steps also enhance the effectiveness of the iron
coprecipitation. The increase in crystal growth of the bulk precipitants leads to an increase in
capture of micro constituents, such as arsenic, cadmium, etc, within the lattice structure.
Adequate mixing and reaction time for pH neutralization following clarification is a common
inadequacy of FGD wastewater treatment systems, resulting in significant pH swings in the
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physical/chemical treatment system effluent. This is a frequent occurrence, especially during
system restarts and sludge transfer from the clarifier. The Merrimack design addresses this
common issue with the incorporation of an inline reaction chamber. This reactor allows for
sufficient residence time to accommodate a greater range of flows and still maintain the target
pH adjustment.
The use of organo-sulfide for mercury capture, while not unique to the industry, is certainly not
ubiquitous. In fact, none of the physical/chemical plus bioreactor systems identified by EPA as
BAT for selenium and nitrate reduction, Duke Energy’s Belews Creek and Allen Stations,
currently use organo-sulfide. Organo-sulfide, a relatively expensive family of treatment
chemicals, captures mercury at a molecular level on a polymeric chain. The use of organo
sulfides has the advantage over less expensive inorganic sulfide compounds in that the larger
molecule facilitates precipitation and filtration of the mercury to remove it from the water
matrix.
EMARS is a Siemens, now Evoqua, proprietary adsorption media technology used to capture
arsenic and mercury. The system consists of sub-micron filtration followed by two different
media to polish the water matrix. The filtration step reduces particulate constituents below the
nominal 0.45 micron dissolved threshold. The media then captures mercury to low nanogram
per liter and arsenic to low microgram per liter concentrations. This technology was
independently tested by Siemens on post physical/chemical treated FGD wastewater at Duke
Energy’s Belews Creek prior to incorporation into the Merrimack design. The application of this
technology to FGD wastewater treatment is unique to Merrimack Station.
It has been the concern of EPA that physical/chemical treatment systems alone do not
significantly treat dissolved constituents in the waste stream. This is not the case for the
Merrimack WWTS. Performance of the physical/chemical treatment system plus the absorption
media has reduced mercury concentrations an order of magnitude below levels proposed in the
SEEG. A summary of key constituent removal in the enhanced physical/chemical treatment
system is shown in Table 1.
Table 1: Average Concentration from Enhanced Phys/Chem Effluent Compared to Proposed BAT
As (µg/L)
Hg (ng/L)

Merrimack2
6.1
24.8

Hatfield's Ferry1 Keystone1
6.682
4.006
75.404
64.260

Note 1: Source Table 13-3, EPA-821-R-13-002, April 2013
Note 2: Non-detect values treated as 50% of reporting limits
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Miami Fort1
4.483
168.569

SEEG (30-day)
6
242

It is argued in a number of comments in the docket to the proposed SEEG that physical/chemical
treatment systems that EPA reviewed were operated to meet site specific permit limits, not
optimized to achieve maximum performance. As demonstrated by the aggressive operation of
Merrimack’s primary treatment system, a number of constituents of concern are removed to
analytical reporting limits, meeting or exceeding the performance of other systems proposed as
BAT for the industry.

IV.

Zero Discharge of FGD Waste Water is Unreasonable

The expectation of a zero discharge from the FGD wastewater treatment system is counter to the
design intent of the system, which has little to no redundancy of equipment and unit operations
to maintain treatment system and generating station reliability without the ability to have a purge
stream. The primary treatment system, physical/chemical treatment with an enhanced polishing
operation, removes the overall balance of constituents of concern. Further treatment, utilizing
the secondary, VCE, should more accurately be considered a volume reduction system, with little
additional constituent reduction. The lack of 100 per cent redundancy of all key components of
the secondary treatment system and operational challenges make operating the current treatment
system in a zero discharge configuration unachievable while maintaining overall generating
station reliability/availability.
A comparison of the Merrimack system to other installed VCE systems in FGD service is not
appropriate due to site specific factors, i.e. system configurations, type of fuel burned, quantity
of ash generated, etc. In fact, it is the relatively large volume of wastewater relative to the
volume of ash available at Merrimack that makes a zero discharge particularly difficult.
The five ENEL Power and one ENDESA owned VCE systems in FGD service, installed by
Aquatech and HPD/Veolia respectively, have taken several years of optimization, trouble
shooting and technical support to achieve their current state of operation. Operational challenges
have included corrosion, boron silicate fouling of heat transfer surfaces, blockage and poor salt
quality. Two of these VCE systems are currently not operating and it is not well documented as
to whether the remaining systems are actually operating with zero liquid discharge.
Each of the VCE systems referenced to be in service was designed to address site specific factors
and each of the generating units is relatively unique unto themselves. Iatan’s design anticipated
that brine concentration alone would sufficiently reduce the volume of water for wetting the
available ash. Duke’s Mayo Station VCE system, under construction, also anticipates that brine
concentration will provide sufficient volume reduction for fixation with ash and returns landfill
leachate to the VCE.
Contrary to the proposed NPDES Permit Fact Sheet, significant additional capital expenditures
are necessary to install the required operational redundancy to operate with zero discharge. An
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increase in operating costs will also be necessary to meet the short fall in available fly ash to
fixate a purge stream, i.e. offsite procurement of ash or other comparable materials. The Region
erroneously assumed that these costs do not exist and did not accurately evaluate the economic
impact in their BPJ evaluation of BAT for Merrimack Station.

V.

Conclusion

The following conclusions are made following a review of the Merrimack FGD WWTS design,
operations and draft NPDES permit:
1. The primary, enhanced physical/chemical, treatment system meets or exceeds the
performance of other referenced systems considered by EPA as BAT for arsenic and
mercury reduction.
2. The primary treatment system removes a significant fraction of constituents of concern.
3. The discharge from the primary treatment system, considering WQBELs, the proposed
SEEG, and the Technical Development Document related to the SEEG , should be
considered the compliance point for an internal NPDES outfall for FGD wastewaters.
4. The secondary, VCE, treatment system serves primarily as a volume reduction system to
facilitate the wetting of ash, as ash is available. There is not a sufficient quantity of ash
available to accommodate the expected continuous operation of the VCE.
5. The discharge to a water body or POTW from a FGD WWTS is regulated as a low
volume waste under the existing SEEG.
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SUMMARY OF HISTORIC STREAM A ANALYTICAL RESULTS
Public Service Company of New Hampshire
Merrimack Station
Bow, New Hampshire

PARAMETER

Aluminum
Ammonia
Antimony
Arsenic
Barium
Beryllium
BOD
Cadmium
Calcium
Chloride
Chromium (T)
COD
Cobalt
Copper
Cyanide (T)
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Nitrate
Nitrate+Nitrite
Nickel
Selenium
Silver
Sodium
Sulfate
TDS
Thallium
Tin
Titanium
TSS
Vanadium
Zinc
TKN
Boron
Total Phosphorous

STREAM A
RESULTS
1/05/2012
EPA 1638
(mg/L)

STREAM A
RESULTS
1/05/2012
EPA 200.8MOD
(mg/L)

STREAM A
RESULTS
01/26/2012
(mg/L)

STREAM A
RESULTS
2/2/2012
(mg/L)

STREAM A
RESULTS
2/9/2012
(mg/L)

STREAM A
RESULTS
3/2/2012
(mg/L)

0.0411
0.92
0.000520
0.00498
0.300
0.000522
<6
0.000207
5,050.000
11,000
< 0.00050
130
< 0.00050
0.02
< 0.050
< 0.000200
0.293
0.0000105
0.140
100
100
0.00803
0.0740
< 0.000100
277.000
1,200
21,000
0.00664
14
< 0.00100
6
980.000
0.01

< 0.0800
0.000408
0.00851
0.240
< 0.00120
< 0.000400
5,010.000
< 0.00200
< 0.00200
< 0.200
< 0.000800
0.280
0.0000105
0.134
0.00979
0.0689
< 0.000400
259.000
0.00556
< 0.004000
493.000
-

< 0.080
1.2
0.000758
0.00956
0.208
< 0.00120
<6
0.000587
9500
< 0.00200
180
0.00261
0.01
< 0.200
< 0.000800
0.349
0.0000122
0.373
68
0.00776
0.104
< 0.000400
0.00565
< 0.00400
-

0.218
1.1
0.00155
0.0121
0.243
< 0.00300
<6
< 0.00100
9,300
< 0.00500
140
0.00553
< 0.01
< 0.500
< 0.00200
0.631
0.0000360
0.195
65
< 0.00500
0.121
< 0.00100
1,200
19,000
0.00685
6
< 0.0100
-

< 0.200
< 0.00750
< 0.00100
< 0.00500
< 0.00500
< 0.00500
< 0.00200
1.730
0.0000209
0.110
0.0126
0.0822
< 0.00100
< 0.00500
< 0.0100
357.000
-

0.00812
<6
< 0.000400
11,000
< 0.00200
170
< 0.00200
0.02
< 0.200
< 0.000800
0.0000172
0.419
0.0291
0.109
< 0.000400
24,000
2
< 0.00400
-

ANALYTICAL DISCUSSION
FGD wastewater requires specialized analytical techniques to overcome matrix interferences for analysis of certain trace metals. To assist you in evaluating this issue
further, we offer an excerpt below from the EPA web site and a link to their draft SOP for trace metals analysis of FGD wastewater that contains further guidance.
LABORATORY ANALYSIS OF FGD WASTEWATER
Wastewater from FGD systems can contain constituents known to cause matrix interferences. EPA has observed that, during inductively coupled plasma–mass
spectrometry (ICP-MS) analysis of FGD wastewater, certain elements commonly present in the wastewater may cause polyatomic interferences that bias the detection
and/or quantization of certain elements of interest. These potential interferences may become significant when measuring trace elements at concentrations in the low
parts-per-billion range.
As part of a recent sampling effort for the steam electric power generating effluent guidelines rulemaking, EPA developed an SOP that was used in conjunction with
EPA Method 200.8 to conduct ICP-MS analyses of FGD wastewater. The SOP describes critical technical and quality assurance procedures that were implemented to
mitigate anticipated interferences and generate reliable data for FGD wastewater. EPA regulations at 40 CFR 136.6 already allow the analytical community flexibility
to modify approved methods to lower the costs of measurements, overcome matrix interferences, or otherwise improve the analysis. The draft SOP developed for
FGD wastewater takes a proactive approach toward looking for and taking steps to mitigate matrix interferences, including using specialized interference check
solutions (i.e., a synthetic FGD wastewater matrix). EPA’s draft SOP is being made available to laboratories contemplating ICP-MS analysis of FGD wastewater,
either for adoption as currently written or to serve as a framework for developing their own laboratory-specific SOPs. For further information, see:
Standard Operating Procedure for Trace Element Analysis of Flue Gas Desulfurization Wastewaters using Inductively Coupled Plasma/Mass Spectrometry (ICP-MS)
Collision/Reaction Cell Procedure. http://water.epa.gov/scitech/wastetech/guide/steam-electric/upload/ICPMS_FGD_Collision-Reaction-Cell-Procedure_draft_03-11
2013.pdf
Considering that specialized analytical techniques are necessary to overcome matrix interference for certain analysis of trace metals in FGD wastewater, we recommend
any analysis performed on FGD wastewater be conducted in accordance with the EPA draft SOP for trace metals analysis of FGD wastewater. Accordingly, the
analytical methods used to produce the metals data presented above, were performed in accordance with the draft EPA procedure for the analysis of FGD wastewater.
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