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Executive Summary

Pursuant 10 a settlement agrecment entered info by the United States Environmental Profection Agency
(US EPA) in litigation challenging the Federal Rule that regulates the disposal of ¢oal combustion
residuals (CCR) (hereinafter referred to as Federal CCR Rule), EPA has agreed to propose and take
comment on the addition of boron to the list of constituents in Appendix IV of the Federal CCR Rule
which can trigger assessment monitoring and corrective action, (See §1L.3.C of Settlement Agreement
between US EPA, Earthjustice & and the Utility Solid Waste Activities Group ef al., dated April 18,
2016). The proposal to add Boron to the list of Appendix IV assessment monitoring constituents,
however, has several limitations. Namely, adding boron will be tmpractically expensive. will not provide
any human health benefit, and will undercut the rationale developed by US EPA when creating the
detection monitoring and assessment programs in the Federal CCR Rule. Specifically:

= Because the groundwater protection standard {(GWPS) for boron would be set to background in
absence of a federal Maximum Contaminant Level (MCL) and because most of the other
Appendix 1V constituents have o health-based GWPS, a greater level of treatment would required
for boron than for ether Appendix IV constituents. Consequently, boron is likely to become the
driver, and in some cases, the sole driver, of many groundwater corrective actions.  For example,
groundwater corrective actions would have to reduce boron concentrations by a factor of 62 to
2,458, respectively for the median and 95th percentile leachate concentrations, which equates to a
treatment efficiency ranging from 98.4% to 99.96% - an impractically difficult standard t©
achigve. 'This is in contrast {o arsenic, for which typical median leachate concentrations would
need to be reduced by about 2.5 fold, equating to a treatment efficiency of 60%.

+  Remediating boron to background requires expensive technologies that will likely need 1o be
implemented in addition to any remedy needed for the key human health risk drivers, such as
arsenic,  Remediation of boron will typically require ex-site remediation technologies, which
have capital costs that are approximately 3 to0 5.8 times higher than for fr-situ permeable reactive
barrier (PRB) treatment systems. Moreover, operations and maintenance (O&M) costs tor boron-
specific treatment systems are approximalely 2.3 1o 6.8 tmes more expensive than srsenic
treatment systems.

*  The rigk assessment conducted by US EPA in support of the Federal CCR Rule demonstrated that
horon did not pose a human health risk both overall and under the more specific waste disposal
scenarios for surface impoundments (SIs) and landfills. The only exception was for the risk
evaluation of flue-gas desulfurization (FGD) waste in surface impoundments, in which the 90
percentile drinking water risk was slightly above the acceptable risk level (Hazard Index = 2).
This value was derived using consetvative assumptions and was based on a hmited dataset that
may not be representative of FOGD suiface impoundments,

#=  The inclusion of boron on both Appendix [ and Appendix IV is nonsensical. I added to
Appendix IV, the detection of boron in groundwater above background during Appendix 11
detection monitoring would also be an exceedance of the Appendix IV assessment monitoring
GWPS and, consequently, would trigger the tmplementation of corrective action, even though
there may be no associated risks to human heslth. Adding boron to the Appendix IV constituent
Hst would thus sndercuy the rationale for the entire tiered monitoring process developed by LS
EPA in the Federal CCR Rule.
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1 Introduction

On April 17, 2015, the United Stales Environmental Protection Agency (US EPA) published a final rule
to regulate the disposal of coal combustion residuals {CCR) as solid waste under subtitle D of the
Resource Conservation and Recovery Act (RCRA) (US EPA, 2015). This rule (hereinafter reférred 10 as
the Federal CCR Rule) established a groundwater monitoring and corrective action program consisting of
three phases: detection monitoring, assessment monitoring, and corrective action.

The detection monitoring program requires monitoring for constituents in groundwater whose presence at
statistically significant levels above backsround conditions may indicate a release from a CCR disposal
facility. US EPA chose a set of parameters, listed on Appendix 111 that would indicate a potential
release from a CCR disposal factlity. The Appendix HI constitvents inciude boron, caleium, chloride,
fluoride, pH, sulfate, and total dissolved solids (TDS).

The assessment monitoring program is triggered when a statistically significant concentration increase
over background is detected for any Appendix T constituent®  Assessment monitoring includes a
different set of analytes, known as the Appendix IV constitvents, and generally includes CCR constituents
that are move routinely dentified as human health risk davers. The Appendix TV constitugnts include
antimony, arsenic, barium, berylitom, cadmium, chromium, cobalt, fluoride, lead, lithium, mercury,
midybdeaumn, sclenium, thalliom, and radimm.

A corrective action remedy iy required whenever assessment monitoring results indicate o statstically
significant concentration exceeding the groundwater protection standard (GWPS) for any Appendix TV
constituent, The Federal CCR Rule defines the GWPE as the Maximum Contaminant Level (MCL). For
congtituents that have no established MCLL., the rule sets the GWPS as the background concentration,
Corrective actions are required until concentrations decline below the relevant GWPS.

US EPA has recently considered seeking comment for adding boron, a natorally occwring element
already listed on Appendix UL to the Appendix IV constituent list, Because of its high mobility, low
toxicity, and relatively low analytical detection Hmit relative to typical background concentrations, boron
i groundwater is a good indicator of potential releases from CCR disposal facilities, and thus, its
inclusion on the Appendix 11 constituent list is valid. However, because boron is not associated with
risks to human health at Jevels typically detected in groundwater, US EPA did not establish a Pederal
MCL (US EPA, 2008). Thus, if boron were added to Appendix IV, its relevant GWPS would be
background and corrective action would be required if boron concentrations in groundwater downgradient
of a CCR disposal facility exceeded background regardiess of any human health risk. Moreover, a
corrective action would remain in place until groundwater concentrations have returned to background
fevels.

The sections helow provide more technical details on why adding boron to Appendix IV would be hoth
nonsensical given the goals of the tiered monitoring program and impractically expensive without
providing any public health benefit.

¢ Appendix I w0 40 CPR Part 257
? Appendix LV to 40 CFR Purt 257
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2 Inclusion of Boron on the Appendix IV Constituent
List and Remediating Groundwater to Background
Would be Impractical and Cost-Prohibitive

Removing boron from groundwater is a challenging process without many commercially-proven and
tested technologies. Due io its unique chemical characteristics, including high solubility, low propensity
to adsorh, and low propensity to precipitate, conventional inorganic groundwaler freatment systems arg
ineffective for boron. US EPA Office of Water reporied that among eight technologies potentially
capable of removing boren, only three technologies suecessfully reduced boron levels to below 300 pe/l.
Of these three, only borog-specific lon exchange resins were determined 0 De a commercially-viable
technology (US EPA, 2008), albeit at a high cost. Thus, if boron were added to the Appendis TV
constituent list, as proposed by US EPA, there would be significant cost implications for utilities forced to
install expensive remediagtion systems.  Moreover, comgctive action would have o comtinue until
concentrations have retumed o background, an impractical standard that requires a significantty higher
level of treatment than the current Appendix IV constituents., This section further summarizes the
technical challenges associated with removing boron from groundwater, details the high level of treatment
that would be required to remediate boron to background. and presents costs analyses comparing
treatment costs for boron to other current Appendix IV constituents.

2.1 Remediating boron to background would require greater level of
treatment than currently required for existing Appendix 1V constituents

There is no federally-established MCL for boron.  Thus, if boron were added {o the Appendix IV
comstituent  ist, groundwater corrective actions would be triggered i boron's concentration in
aroundwater was detected above s site-specific background concentration. Furthermore, groundwater
corrective actions, once instituted, would be required 1o continue operating unti} the background
concentration s achieved. These requirements will increase the level of wreatment etficiency required for,
and consequently the cost associated with, groundwater corrective actions,

To provide perspective on the level of treatment required by a corrective action for individual CCR
congtituents, the ratio of each constituent's CCR leachate concentration to its relevant GWPS was
calculated,” For this analysis, data from the Electric Power Research Institute (EPRI} Characterization of
Field Leachates at Coal Combustion Product Management Sites (2006; Table 2.1) was used, specifically
the field ash leachate data reported by EPRI (2006; Table 4-1). This data is based on a dataset consisting
of 67 samples and includes data collected from multiple sources including wells screened within CCR,
drive point piczometers, seep samplers, core extracts, leachate collection systems, and pond water
samples collected from newr the CCR-water interface, sluice lines, and impoundment outfalls. Because @
significant portion of this dataset comes from impoundment water samples which likely contain lower
CCR constituent concentrations than interstitial water samples from within the CCR, this dataset is likely
ased low and, thus, conservative, Nonetheless, data presented in this report are counsistent with data

* This approack neglects the atenvarion that would ogoue doe o teachate mixing with groundwater and subseguent ansport
processes. However, one can assume that a simifar level of attenuation will cceur for each constituent.
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used by US EPA in the 2014 Final Huoman and Heological Risk Assessment for Coal Combustion
Restduals (Figure 2.1; US EPA, 2014). For example, in the BPRI dataset {2000), the median boron and
arsenic ash leachate concentrations in Sls and landfills are 2,160 pg/L and 25 pg/L., respectively. 1n the
US EPA risk assessment (2014), the range of 50% percentile porewater concentrations at individual sites
with surface impoundments (SIs) containing fly ash or combined ash is 620 to 109,000 pg/L* for boron
and 5.8 to 721 pg/L. for arsenic (Figure 2.1}

Flgure 2.1 Comparteos of EPREDII06) and US ERA [2018) Leachete Dataset
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For this analysis, the median Tield ash leachate concentration reported by EPRI (2006; Table 4-1) and the
95% percentile leachate concentration were used (Table 2.1). The 95% percentile leachate concentration
was caleulated based on an analysis of the 67 field ash leachate samples reported by EPRI {2006;
Appendix A

For most of the current Appeadix IV constituents, the GWPS 1s its MCL. However, because boron does
not have a federal MCL, its GWPS, according to the Federal CCR Rule, is background (Table 2.1
Because of this, the ratio of leachate concentration to GWPS is significantly higher for boron than for any
other Appendix 1V conpstituent with an MCL (Table 2.2}, For example, the median boron leachate
concentration is approximately 62 times higher than the typical background boron concentration in
groundwater, whercas the median arsenic leachate concentration is only 2.5 times higher than the MCL
{Table 2.2). The 95™ percentile boron leachate concentration is 2,458 times higher than the typical
background boron concentration in  groundwater, whereas the 95" percentile arsenic leachate
concenteation is only 22 times higher than the MCL (Table 2.2).

4 The highest median boron concentration cited by US EPA (100,000 ng/l: 20145 came from a site where only one sample was
collected. The concentration of borow in this one saple was assumwed to be the median concentration. Due to the lunited data
and kack of corroboration, this value tay not be an appropsiate approximalien of the median boron concentration al the site,
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Thus, if boron is added to the Appendix IV constituent list, a much higher level of treatment would be
required for most groundwater corrective actions than what iz currently required for the existing
Appendix IV vonstituents (Table 2.2), For exanmiple, groundwater corrective actions would have to reduce
boron concentrations by a factor of 62 to 2,458, respectively for the median and 95th percentile leachate
concentrations, which eqguates 10 a treatment efficiency ranging from 98.4% to 99.96% ~ an impractically
difficolt. standard 1o achieve.  However, for arsemic, which is the typical risk-driving constituent
associated with CCR, groundwater corrective actions would have to reduce concentrations only by a
factor of 2.5 to 22. Furthermwore, after accounting for the attenuation that occurs due to mixing of leachate
with groundwater and during fate and wansport (¢e.g., dispersion), groundwater corrective action may be
unnecessary in many circumstances for all current Appendix IV constituents but would be required for
boron. Thus, if listed on Appendix 1V, boron would most likely become the driver, and in some cases the
sole driver, of many groundwaler corrective agtions.

Table 2.1 Comparison of Typical Coal Ash Constituent Concentrations to Their Groundwater Protection
Standards

Ash Leachate Concentrations (EPRI, 2006)

. BWPS

Constituent v '
Median 95th Percentile {ug/L)
{pa/L) {pe/L)
Boron 2,160 86,040 350
Current Appendix IV Constituents®
Antimony 2.4 27 &*
Arsenic 25 221 10°
Barium 108 347 2,000¢
Beryllium <0.4 0.7 45
Cadmium 1.5 24 5¢
Chromium 0.6 121 100°
Mercury 0.0038 0.039 2°
Selenium 19 315 sSO°
Thalfivm 0.36 i1 2¢
Notes:

a} While fluoride has an MCL, i was not characterized in EPRI's report (2006} and, conseguently, is not listed in this table,
Lithium, cobalt, molybdenurm, and lead are not shown in this table because they have no federally-established MCL.

Is) GWPS is based on typical groundwater background concentration (USGS, 20111 The boron GWPS at individual sites would
be based on site-specific background concentrations.

¢} GWPS is based on the MCL.
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Table 2.2 Groundwater Corrective Action Treatment Efficiency Required to Achieve GWPS

Median Leachate Concentratinn 85" parcantile Leachate Concentration
Fold Reduction Required Fold Reduction Required
Constituent {Ratio of Leachate Treatment {Ratio of Leachate Treatment
Concentration to GWPS) Efficiency Concentration o GWPS) Efficiency
Boron 62 98.4% 2,458 99,96%
Lurrent Appendix IV Constituents
Antimony e - 4,5 77.8%
Arsenic 25 60% 22 95.5%
Barium e . e e
BaryHium e B el e
Cadmium S e 4.8 75.2%
Chromium e e 1.2 17.4%
Mearcury e ame? e e
Selentum ne? e 6.3 84.1%
Thallium -ee? e 5.5 81.8%

Notes:
a} For these constitusnts, the leachate concentration is already below the GWPS and, thus, notreatment is necessary.

2.2 Remediating boron would require additional and/or different treatment
systems than required for existing Appendix IV constituents

Groundwater corrective actions designed to address boron will be significantly more expensive than
corrective actions designed to address other Appendix IV constituents.  Due to boron's high solubility,
fow sorption affinity, fow propensity to precipitate, and the higher freatment efficiency required (Section
2.1), many typical groundwater {reatment technologies will be ineffective at treating boron. There is no
evidence that boron and boron compounds are significantly affected by typical groundwater trentments
for inorganic coustituents such as coagulation/flocculation, sedimentation, and inert media filtration. US
EPA Office of Water reported that among eight technologies potentially capable of removing boron, only
three techuologies suzcessfully reduced boron levels to helow 300 pg/l. (US EPA, 2008)- a level which is
still approximately an order of magnitade higher than typical background concentrations.  Also, since
havon s a non-metallic clement that is very weakly ionized in neutral waters (EPRI, 2007). the working
treatment technologies are boron-specific approaches that include significant pretreatment requirements,
including drastic pH adjustment and filtration, and will not be effective at addressing the other Appendix
IV constitaems, Thus, muhtiple treatment systems may be required 10 comply with the Federal CCR Rule
requirements if boron iy added to the Appendix IV constituent list.

Likewise, groundwater corrective actions that are typically used to address the current Appendix IV
constituents are not effective at treating boron. Selected remedial technologies that are commaonly used to
treat the Appendix 1V constituents in groundwater are summarized below (LS EPA, 2002a). For this
analysis, we have used arsenic, a commen CCR risk-driver, as a surrogate to evaluate typical ex-sitn and
in-siri treatment technologies for all current Appeadix IV constituents.

Ex-Situ Treatment Technologies — Arsenic

= Frecipitation and coprecipitation:  This is an established treatment technology that
involves the addition of chemicals that transtorm constituents into a form that will
precipitate or adsorb to another precipitating species (US EPA, 2002a).  Oxidants are
often used to transtorm arsenic ({11} into the less soluble arsenic (V}. Pellowing chemical
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addition, precipitate solids are removed vig coagulation, floceulation, and/or filtration.
This technology can be effective at reducing arsenic concentrations in water below the
MCL.

. Membsrone filtrarion:  This is an established technology that involves removing
contaminants from water using a semi-permeable barrier or membrane (US EPA, 2002a).
Membrane filtration includes microfilfration, ulirafiltration, nanofiltration, and reverse
osmosis. This technology can be effective at reducing arsenic concentrations in water
below the MCL.

» Adsorprion: This is an established technology that invelves removing contaminants from
water using a fixed bed of sorbent material (1S BEPA, 2002a). Common sorbents used 1o
remove arsenic include dctivated aluming and greensand, buf other sorbents may also be
used, This technology can be effective at reducing arsenic concentrations in water below
the MCL.,

J {on exchange: This is an established echnology that involves routing water through an
ion exchange bed, which rontains a resin with fanctional ionic groups (US EPA, 2002a).
Arsenic in the water is removed and replaces the functionad ionic groups in the ion
exchange bed, This technology can be effective at reducing arsenic concentrations in
water below the MCL,

In-Situ Treatment Technologies ~ Arsenic

" Permeable reactive barriers {PRBs): This is a technology whereby a wall of reactive
nwedia is installed such that # intersects itnpacted groundwater (US EPA, 2002a). As
groundwater {lows through the wall arsenic is removed vig precipitation, adsorption, or
ion exchange. Reactive media used tn PRBs include zero-valent iron (ZV1), limestone,
zeolite, and ion exchange resins.,

Becaose none of the corrective action technologies discussed above will address boron in groundwater,
additional corrective actions specifically designed for boron may be necessary. Treatment systems
identified by US EPA as potentially capable of removing boron to levels below 300 pg/L are sumimarized
below. Each technology listed is a boron-specific technology and may not address other Appendix IV
constituents. Additionally, not every technology has been demonstrated to successfully remove boron to
background levels, Moreover, there are no in-sifu reatment technologies that have been demonstrated to
be effective at treating boron in groundwater. The only proven effective treatment technologies involving
pumping and treating groundwater ex-siti.

Trearmment Technologies (Ex-Sttu} - Boron

% Boron selective fon exchonge: Fhis ion exchange process, similar to an arsenic ion exchange
systein, involves the use of a specific resin that selectively retooves boron. When all of the
resin’s avatlable exchange sites have been used, the resin is exhausted and must be regenerated or
replaced (US EPA, 2008). Boron-selective ion exchange resins with both anionic and
polyvhydroxyl groups are commercially available and the technology has been demonsirated
achieve greater than 99% boron removal efficiencies, with resulting effluents containing boron at
tess than S0 pg/l. (EPRI, 2005). More recent studies in oil industry wastewater freatinent (6.4,
Rodarte and Smith. 2014}, flue gas desolfurization (FGD) wastewater treatment {e.g. Goltz et al,,
2012), and drinking water treatment techuologies {e.p. Chillon Arias, el al, 2011} are consistent
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in the conclusion that the boron-specific ion exchange techuology is possibly the only technology
capable of treating boron in water to a background level.

»  Chemical addition plus coagulation, precipitation, and filtration: A wide range of chemicals
and materials, such as smworphous aluminum hydroxide, amorphous magnesimn hydroxide.
activated carbon, and activated alumina have been used fo adsorb boron out of a solution.
Excessive chemical dosage requirements and high operating costs are currently preventing
commercial use of this process. (US EPA, 2008).

®  Reverse osmosis: Reverse osmosis (ROY can also be used to remove horon from water but
has Hnuted capabilities (US EPA, 2008). Commercial applications of RO have shown only
partial boron removal when influent concentrations are high. Boron removal to levels lower
than 90 ug/l. has not been demonstrated (US EPA, 2008).

2.3 Boron remediation is cost-prohibitive

Groundwater corrective actions designed to remediate boron are significantly more expensive than those
designed for the other Appendix IV constituents, Due to boron's unique chemical characteristics, it is not
readily treated by conventional groundwater remedial technologies that are wsed to treat the other
Appendix TV constituents (Section 2.2).  Additionally, because boron treatment technologies will not
address the existing Appendix IV constituents, boron treatment costs are additive to other treatment costs
theat may be required for the existing Appendix IV constituents. This seetion prescats an estimate of cost
mcreases that would result if boron were added the Appendix I'V constituent Jist.

fu-situ remediation systems cannotl be used to remediate boron in groundwaler, which is a potential
significant cost increase. There are no existing im-siry technologies that effectively address boron, If
boron 15 added o the Appendix TV coustituent list and is detected ahove background, this limitation will
resirict treatment technology options to those thal involve pumping and treating (P&T), whereas most of
the other Appendix IV constituents are treatable with ir-sis methods, such as PRBs. Due to high capital
infrastructure costs, ex-sifu treatment technologies are often more expensive than in-sirg remedies. Table
2.3 presents a summary of capital costs associated with ex-site P&T systems and in-situ PRB systems,
though it does not provide information related to specific technologies (i.e. ion exchange, adsorption,
erc.), Data show that PRB in-sim technologies have capital costs that range from 3 1o 5.8 times lower
thai for ex-situ P&T systems.

Table 2.3 Comparison of In-$itu and Ex-3ftu Remediation System Costs {US EPA, 2001)

Capital Costs
Treatment Approach {million dollars}
25% parcentile 507 percentile 75% parcentile
P&T {ex-situ) 3.0 36 10.5
PRB {in-situ} 08 1.2 1.8

Neste: All costs are adapted from US EPA {2003, Exhibit 6); an average annual inflation rate of 3.07% (USACE, 2017) was used to
convert the costs from 1999 dollars to 2017 dollars.

In addition to capital costs, potential operation & maintenance (O&M) costs associated with & boron
treatment system as well as systems designed for the other Appendix IV constituents were evaluated. For
this analysis, costs were estimated for several remedial technologies designed specifically to address
boron and arsenic including an arsenic precipiiation system, an arsenic adsorplion systeny using greensand
filtration, an arsenic ion exchange system, and a boron-specific ion exchange system. We used arsenic as
a surrogate for the existing Appendix [V constituents since arsenic is a conmmon risk diiver associated

GRADIE

i0

Sierra Club v. EPA 18cv3472 NDCA Tier 2 ED_002061_00086689-00010



with CCR disposal facilities. Because each twechnology evaluated involves pumping groundwater and
treating it in a centralized location, the capital costs, which include the installtion of pumping wells,
construction of a treatment building, procurement of equipment, and installation of piping network, are
stmilar for each scenario: thus, this evaluation focases solely on the O&M costs for each system.

Assumptions made for each cost evaluanon are described below,

= Costs were estimated for treatment systems based on an influent flowrate of 100 gallons per
minute {gpm).  Site-specific treatment system flowrates will depend on o number of factors
including, but not limited 1o, plume size and aquifer hydraulic conductivity.

= For arsenic treatment technologies, costs were based on data presented in US EPA (2002a). This
report presents typical O&M costs for each technology for a range of flowrates. Costs were
scaled from these flowrates In order to estimade costs at the assumed flowrate of 100 gpm.
Additionally, costs were adjusted using an average annual inflation rate of 2.87% (USACE, 2017)
to convert the costs from 1998 dollars to 2017 doHars.

& Por the boron ion exchange treatment system, costs were estimmied based on a study of boron
treatment i1 FGD wastewater using au ton exchange system incorporating a boron selective resin
(Goltz et al.. 2012), The study found that O&M costs for the system were approsimately 35 per
tb of boron removed by the ion exchange resin. For this amalysis, we assumed an influent boron
concentration of 86,000 pg/L, equivalent to the 95" percentile concentration for field ash leachate
reported by EPRIE (2006). Costs were inflated from 2012 doHars to 2017 dollary using an amual
average inflation rate of 2.02%. (USACE, 20173,

A comparison of O&M costs for each treatment technology is provided below (Table 2.4). Note that
these estimates should not be used in lieu of site-specific cost evaluations. Remedial costs will vary
depending on many site-specific factors including flowrate. plume size. influent concentrations, pH, and
groundwater geochemistry. Further, these O&M costs only represent costs associated with the individual
treatment approach. Typical O&M costs such a8 equipment repair and replacement, well redevelopment,
labor, permitting, sampling, laboratory analysis, electricity, and reporting are not included in the costs
sumimarized below.

Table 2.4 Annual Operation and Maintenance {O&M) Cost Comparison of Treatment Technologies

Groundwater Treatment System Estimated Annual O8&M Cost for 100-gpm System
Arsenic Precipitation {US EPA, 20023) 488,750

Arsenic Adsorption - Greensand (US EPA, 2002a) $33,700

Arsenic lon Exchange {US EPA, 20023} 530,700

Boron-Specific ion Exchange (Goltz, et ol,, 2012} 5208,120 (86 mg/L influent)

Based on the cost analysis i Table 2.4, O&M costs for boron-spectfic treatment systems range from 2.3
to 6.8 times more expensive than arsenic treatment systems.  However, because boron ion exchange
systems will not address arsenic, if boron is added to Appendix IV, many factlities will require both
arsenic and boron {reatment systems. Thus, the cost impacts of adding boron to Appendix 1V are even
higher.

To ilustrate the overall cost impacts of adding boron to the Appendix IV list. the following hypothetical
example has been prepared detailing costs associated with the installation of a groundwater corrective
action fo address arsenic impacts. A similar estimate has been prepared for the same system to address
both arsenic and boron impacts. Both estimates are consistent with the current GWPS requirements of the
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Federal CCR Rule. It was assumed that, if just arsenic remediation were required, an in-situ PRB would
be the selected remedy. However, if the corrective action were required to address both arsenic and boron
impacts, an ex-site remedy would be requived.  For this scenario, it wus assumed that an arsenic
adsorption system using greensand and a boron-specific ton exchange system would be instatled.

For thiz analysis, it was assumed that the corrective actions would treat an influent fTow of 100 gpm with
a boron concentration equal to the 95% percentile value based on the EPRI (2006) dataset (86,000 ng/L).
O&M costs were assamed for 10 vears: no discount factor was applied to future costs, Additionally,
O&M costs listed in Table 2.5 below only include technology-specific costs and do not include typical
Q&M costs such as equipment repair and replacement, well redevelopment, labor, permitting, sampling,
electricity, laboratory analysis, and reporting that would be expected for both the in-sity and ex-sifu
approaches. Finally, it should be emphasized that this is simply an example of potential costs and is not
reflective of costs for any specific site or any specific remedial action.

Based on this hypothetical scenario, the cost to remediate arsenic using a PRB would be approxamately
$1.565.600. The cost to treat arsenic and boron ex-sity would be approximately $6,018,200. Thus, the
cost impact of adding boron to the Appendix 1V constituent list for this individual hypothetical scenario
would be more than $4.452,600.

Table 2.5 Hypothetical Cost Scenario

Correq ME Action Estimated Capital Costs Estimated D&M Costs Total
Approach
fr-S/tu PR 1o addyess $1,565,600% 4 $1,565,600
arsenic impacts
Ex-Situ P&T System; areS
arsenic-greensand and $3,600,000° 52,418,200 56,018,200
) {5241, 820 per year)
boron lon exchange
Note:

1. Capital costs are based on a 1,000-foct long Zero-valent iron {2V} PRB installed 1o a depth of 20 fept. PRE thickness is 6
inches ~ half of which is sand and half of which is 2V Thus, 5,000 ft* of ZV| assumed for the PRB. ZV! unit cost assumed to be
$0.45/1b thigh end cost for coarse ZVHin [TRC, 2011). 2V1 density assumed to be 6.7 glem? [420 Ib/$t?] {average of Fe® and Fe;0y
Keane, 2009}, Emplacement costs assumed to be $350 per linear foot {average of costs presented in [TRC, 2011).

2. An average annual inflation rate of 2.4% (USACE, 2017} was used to convert the costs from 2009 dolars to 2017 dollars,

3, Capital costs are adapted from median cost information presented in US EPA {2001); an average annual inflation rate of
3.07% {USACE, 2017} was used to convertthe costs from 1999 dollars to 2017 dollars,

4, Assumad no D&M costs for the PRE since typical coarse ZVi PRBs have fongevity of more than 15 years {iTRC, 2011}

5. O&M costs based on flow of 100 gpm, system operation for 10 vears, and an influent boron concentration of 86,000 ug/l.
Boron freatment costs estimated based on Goltz, ef of. {2012); arsenic freatment costs based on US EPA (20023} No discount
factor was applied to future costs,

2.4 Remediating boron to a risk-based level instead of background is still a
significant expense

US EPA standard risk assessment methodology for site-based clean-ups involves achieving acceptable
risk-based environmental media concentrations. not background concentrations (US EPA, 1989)° The
costs associated with boron treatment, however, will be significant even if the remedial goal is a risk-
based standard rather than background. A regional screening level (RSL) of 4,000 pg/L has been set for
boron (LIS EPA., 2016); even though the risk-based standard is over an order of magnitude higher than

¥ Note that according to US EPA'S Risk Assesstoent Guidance for Superfond. clean-up goals may be set o background, i sites
specific background are higher than & health-based benchmark (US EPA, 20028

GRADIENT 12

G BorenDeiieerabias

Sierra Club v. EPA 18cv3472 NDCA Tier 2 ED_002061_00086689-00012



typical boron background concentrations in groundwater (33 pg/l; USGS, 2011, it will still be an
expensive standard o meet. Chillon Arias er ol (2011) stated that the cost difference between treating
boron to 500 pg/L and to non-detectable levels is insignificant. Based on Goltz er al. (2012}, boron-
specific ion exchange system costs are dependent upon the mass of boron removed by the resin. A
system designed to meet the RSL will remove less boron and, thus, have lower costs than a system
designed to achieve background., However, the cost differences are minimal: a system designed to
achieve the RSE would have only 4.7% lower O&M costs than a system designed to achieve background
{Fable 2.6)

Tahble 2.6 Estimated Annual O&M Costs for Boron-Specific lon Exchange Treatment System for
Different Remedial Goals

Remedial Goal
Influent Conditions Background, 35 pg/L RSL, 4 mg/L
{UsGs. 2011 {US EPA, 2018)
Influent Boron Concentration = 86,000 ng/L $208,120 5198,440
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3 According to the US EPA Risk Assessment, Boron
Does Not Pose a Human Health Risk at CCR Storage
Facilities

In suppott of the Federal CCR Raule, US EPA conducted a risk assessment 1o characierize the potential
risks to human health and ecological receplors associated with leachate from CCR surface impoundments
and landfills in the US (IS EPA, 2014}, In terms of human health, the risk assessment focused on
possible risks resulting from CCUR disposal related to using groundwater as a source of drinking water and
the ingestion of fish caught from nearby freshwater lakes or streams (US EPA, 2014). This part of the
analysis considered possible exposures o CCR constituents to groundwater for @ hypothetical off-site
tndividual living within 1 mile of the landfill or surface impoundment. In addition to the groundwater
pathways assessment, the EPA also evaluated potential risks from fugitive dust at landfills (US EPA,
20800). Previous risk assessments determined that other exposure puthways posed a negligible homan
health risk, and therefore, were not re-assessed in conuection with the CCR Rule.

The risk assessment, which focused on groundwater pathways and was first released as a draft in 2007, is
well vetted — it has undergone multiple rounds of public comments, and has been updated with relevant
information under various NODA actions (US EPA, 2007. US EPA, 2013y, The risk assessment, which
was conducted using a probabilistic design, was comprehensive, uvtilizing data from 953 surface
impoundments and 341 landfills (US EPA, 2014; Table 2-1). Previous versions of the risk assessment
(RT1, 2007 US EPA, 2010b) contained conservative assamptions that likely led to an overestimate of
risk. Upon receiving public comment. US EPA made some refinements that resulted in more realistic
data inputs and better charactertzation of uncertainty.  While these refined inputs led to an overall
reduction in visks, it is noteworthy that US EPA noted some lingering conservative assumptions that were
tikely 1o overestimate risks. These included assumiptions that may have led to an overestimate of drinking
water risks, including the use of inputs that overestimate drinking water intake, and wndersstimate of
receptor weight, and an overestimate of infiltration rate based on inability to account for CCR
compaction. Maoreover, the probabilistic design of the risk assessment generates hypothetical exposure
scenarios that are likely to overestimate risks at the high end of the risk distribution. While US EPA
noted these biases, it also concluded, that at least individually, these assumptions were not fikely to have a
substantive impuct on risk estimates.

Despite these conservative assumptions, the risk assessment demonstrated that boron did not pose a
human health risk overall or for the specific waste disposal scenarios explored in the sensitivity analysis
(e.g., different types water types, lined/unlined) (see Table 3.1} for both surface impoundments and
landfills. The exception was for the risk evaluation of FGD waste in surface impoundments. For FGD
waste, the 90% percentile hazard index associated with the ingestion of drinking water was 2; however,
this risk value, which is only slightly above the acceptable risk level, was based on a limited dataset (5
samples). T addition, based on the discussion above, this risk estimate involved some assumptions that
fikely led to an overgstimate of risk.

The boron result is in contrast to several other CCR constituents {e.g.. Arsenic {1I), Arsenic (V), lithium,
molybdenum) that did show elevated risk at the 90" percentile overall and across waste disposal muliiple
scenarivs. In particular, arsenic (1), the most significant risk driver, showed elevated cancer and non-
cancer risks across the different disposal scenarios.
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Table 3.1: Human Health Risk Exceedances®

in 2014 US EPA Risk Assessment {US EPA,

2014}
All Unlineds;  ombined  Ash & Coal FGD
Ash Refuse
Arsenic {1i)? 21075 3x10%8 2x 1044 1x10%/26 2 x 10%/5
Arsenic {V)" 1% 10°%/0.4 4% 10%/1 1% 10%/0.3 4x10*% /14 2x10%/05
Lithium 2 3 3 <1 <1
Molybdenum 2 4 2 <1 <1
Thallium <1 2 <3 <1 <1
Cobalt <4 <1 <1 i3
Fluoride <1 <1 <1 2
Mercury <1 <1 <1 5 <1
Boron a.6 <l 0.6 0.2 2

s Exceedances are for surface impoundments at the 80% percentile. There were no risk exceedances for landfills
and surface impoundments at the 50™ percentife and landfills at the 90% percentile for all the svaluated

constituents.
bCancer/non-cancer risks presented,
Bold fonts indicate a risk exceedance

Given the lack of nsk to off-site receptors associated with boron from both landfill and surface
mmpoundment coal ash disposal, adding boron {o the list of Appendix IV constituents, and requiring
corrective achon if an on-site GWPS 15 exceeded, will not provide a meaningful pubhc health benefit,
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4 Listing of Boron Both as an Appendix Il and
Appendix IV Monitoring Constituent is Nonsensical

Listing boron as an Appendix 1V constituent will undercut the US EPA's intent for the 2015 Federal CCR
Rule. The detection monitoring program requires monitoring for constituents {Appendix 11} in
groundwater whose presence, at statistically significant levels above background conditions, may indicate
a release from a CCR disposal facility. Because it is highly mobile, does not precipitate, and hay a low
affinity for sorbing to soil particulates (EPRI, 2005}, boron may be a good indicator of potential releases
from CCR disposal facilities and, consequently, a good constituent for inclusion on the Appendix T st

However, the assessment monitoring program, designed by US EPA. serves a different purpose than the
detection monitoring program. When an Appendix HI constituent iy detected at a statistically significant
tevel above background, Appendix TV assessmient montoring is trigeered.  The goal of assessment
monitoring is to evaluate whether there are any risks to human health associated with CCR constituents in
groundwater and 1o determine whether corrective action is necessary. Thus, constituents on the Appendix
IV assessment monitoring list include those constituents that are more likely to present a risk to human
health. Because boron poses no meaningful risk from CCR disposal according to the US EPA risk
assessment, and has no federally-established MCL, it is ynnecessary to include it on Appendix IV.

In the draft version of the Federal CCR Rale. boron was included on the Appendix IV constituent list, but
it was removed in the final version. The justification for removing boron from the final Appendix IV list
was because it was already listed in Appendix I Several other constituents, including aluminum,
copper, iron, manganese. and sulfide, were removed from the Appendix IV list because they lacked
MCLs — a justification that also applies to boron. The complete text of US EPA's rationale for removing
toron from Appendix IV is provided below (LS EPA, 2015y

EPA has also revised the list of constituents in appendix IV by deleting the following
constituents and parameters:  aluminum, boron, chloride, copper, iron, manganese, pH,
sulfate, sulfide. and TDS: and adding the following constituents:  cobalt, lithium, and
radium 226 and 228 combined. The following constituenis and parameters are being
removed from appendix IV because they are on appendix HI and therefore will continue
10 be monitored throughout assessment monitoring:  boron, chloride, pH, sulfaie and
TDS. Although fluoride is on appendix UL, we are also retaining it on appendix IV
because it does have an MCL and was found to pose risks in the 2014 sk assessment,
and therefore 15 appropriately considered 1o be a constifuent that is relevant for purposes
of corrective action.,  Aluminum, copper, iron, manganese, and sulfide have been
removed because they Iack maximum contaminant levels (MCLS) and were not shown to
be constituents of concern based on either the risk assessment conducted for this rule or
the damage cases.

The inclusion of boron on both Appeadix Il and Appendix IV is nonsensical. Because there is no MCL
for boron, the Federal CCR Rule requires that the background concentration be used as the Appendix IV
GWPS. Thus, if added 10 Appendix 1V, the detection of boron in groundwater above background during
Appendix Il detection monitoring would also be an exceedance of the Appendix IV assessment
monitoring GWPS and. consequently., would trigger the implementation of corrective action, even though
there may be no assoctated risks to human health. Adding boron to the Appendix IV constituent list
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would thus undercut the rationale for the entire tiered monitoring process developed by US EPA in the
Federal CCR Rule.

GRADIENT 17

Sierra Club v. EPA 18cv3472 NDCA Tier 2 ED_002061_00086689-00017



References

Chillon Arias, MF, Valero 1 Bru, L Prats Rico, D; Varo Galvan, O. 2011, "Approximate cost of the
elimination of baron in desalinated water by reverse osmosis and ton exchange resins.” Desalination 273
(2-3):421-427. doi: 10.1016/5desal 201 1.01.072,

Flectric Power Research Institute (EPRD. 2003, "Chemical Constituents i Coal Combustion Product
Leachate: Boron (Final)." 1005258, 108p.

Electric Power Research Institute (EPRY). 2006. "Characterization of Field Leachates at Coal Combustion
Product Management Sites: Arsenic, Selenium, Chromium, and Mercury Speciation.” Report to US Depl.
of Energy (US DOE), EPRI 1042578, 192p.

Electric Power Research Institute (EPRI). 2007, "Treatment Technology Summmary for Critical Poliutants
of Concern in Power Plant Wastewaters.” 1012548, 86p.

Interstate Technology & Regulatory Council (ITRC). 2011, "Permeable Reactive Barrier: Technology
Update.” June.

Goltz, HR; Hicher, € Pudvay, M. 2012, "Start-up and operation of a zero hquid discharge process for
boron recovery from FGD wastewater.” IWC-12-42. Presented at the 73rd Annual International Water
Conference, San Anfonio, TX, November 4-8, 14p.

Keane, E. 2009, "Fate, Transport, and Toxicity of Nanoscale Zero-Valent Tron (nZVT) Used During
Superfund Remediation. August.

Rodarte, D; Smith, RS, 2014, "A comparison of methods for boron removal from flowback and produced
waters." 04 Gas Facilivies 3 (5) Accessed at hitpsy/fwww.spe.orglen/ogiloglfarticle-detail/Tant=205.

RTL. 2007. "Human and Ecological Risk Assessment of Coal Combustion Wastes (Draft).” Report to US
EPA, Office of Solid Waste. EPA-HQ-RCRA-20G06-0796-0009. 333p., August 6.

US Armmy Corps of Engineers {USACE). 2017, "[nflation Table” March, Accessed at
http:fasalm.army. mil/Documents/Ofhice Doguments/CostEconomics/rates/HnllateC.xdsm,

US EPA. 2001, "Cost Analyses for Selected Groundwater Cleanup Projects: Pomp and Trear Systems
and Permeable Reactive Barrers.” Office of Solid Waste and Emergency Response (OSWER). EPA 542-
R-00-013. 23p., February.

US EPA. 20024 "Arsenic Treatment Technologies for Soil, Waste, and Water.” Office of Solid Waste
and Emergency Response (OSWER), EPA-542-R-02-004. September.

US EPA. 20072b. "Role of background in the CERCLA cleanup program.” Office of Solid Waste and
Emergency Response (OSWER), OSWER 9285.6-:07P. 14p., April 26,

GRADIENT 18

Sierra Club v. EPA 18cv3472 NDCA Tier 2 ED_002061_00086689-00018


https://www.spe.org/eti/ogf/ogf-article-detail/7arls205
http://asaim.army

US EPA. 2007. "Notice of data svailability on the disposal of coal combustion wastes in landfills and
surface impoundments.” Fed Reg. 72:49714-19. August 29,

US ERA. 2008, "Drinking Water Health Advigory for Boron.” Office of Water, EPA 822-R-08-013. 65p.,
May.

US EPA. 2010a. "Inbalation of Fugitive Dust: A Screening Assessment of the Risks Posed by Coal
Combustion Waste Landfills (Braft),” Office of Solid Waste and Emergency Response (OSWER), 43p.,
May.

US EPA. 2010b. "Human and Ecological Risk Assessment of Coal Combustion Wastes (Draft).” Office
of Solid Waste and Emergency Response (OSWER). 409p., April,

US EPA. 2013, "Hazardous and Solid Waste Management Systeny, Identification and listing of special
wastes; Disposal of coal combustion residuals from electric utilities (Notice of data availability (NODA)
and request For comment).” Fed. Reg. 78(149%46940-46947, August 2.

US EPA. 2014, "Human and Ecological Risk Assessment of Coal Combustion Residuals (Final).” Office
of Solid Waste and Emergency Response (OSWER), Office of Resource Conservation and Recovery.
1237p., December. Accessed at hitp//www regulations. gov# document Detail: D=EPA-HQ-RCRA-200%-
(640-11993.

US EPA. 2013, "Hazardous and solid waste management systenn Disposal of coal combustion residuals
from electric utilities {(Finad rule).” Fed. Reg, 80(74»271302-21501. 40 CFR Parts 257 and 261, April 17,

US EPA. 2016, "Regional Screening Level (RSL) Sumumary Table (TR=1E-6, HOQ=0.1)." 11p.. May.
Accessed at https://semspub.epa.gov/work/A3/2229069.pdf.

UUS EPA Region 1. 1989, "Region 1 Supplemental Risk Assessment Guidance For the Superfund Progran:
Part 1 - Guidance for Public Health Risk Assessments, Part 2 - Guidance for Ecological Risk Assessments
(Final Draft}.” Risk Assessment Work Group, US EPA Region I, Boston, MA, NTIS PBE9-220874:
EPA-S01/5-89-001. June.

US fieological Survey (USGS). 2011, "Trace Elements and Radon in Groundwater Across the United
States, 1992-2003." USGS Scientific Investigations Report 20115059, 131p.

GRADIENT 19

G scTINE RTINS URWAT BuraniDelierabissiR

Sierra Club v. EPA 18cv3472 NDCA Tier 2 ED_002061_00086689-00019



