Chapter 2: Cluster Rule and MACT II Rule

On April 15, 1998, U.S. Environmental Protection Agency (EPA) published new National Emission Standards
for Hazardous Air Pollutants from the Pulp and Paper Industry (subpart S) as well as Effluent Limitations
Guidelines, Pretreatment Standards, and New Source Performance Standards: Pulp, Paper, and Paperboard
Point Source Category. Because the promulgated rule integrated air and water rulemakings, the combined
standards and guidelines became known as the “Cluster Rule.” The Cluster Rule, EPA’s first integrated, multi-
media regulation, set limits to reduce releases of toxic (e.g., dioxin, furans, chloroform) and nonconventional
(e.g., adsorbable organic halides, chemical oxygen demand) pollutants to both air and water from the pulp
and paper industry. According to EPA, 155 of the 565 pulp, paper and paperboard mills in the U.S. needed to
comply with the new maximum achievable control technology (MACT | and Ill) standards for hazardous air
pollutants. Of those 155 mills, 96 mills were also required to comply with either a new set of best available
technology (BAT) economically achievable effluent guidelines or pretreatment standards for existing sources
(PSES) (see U.S. EPA 1997b, p. 4-5).24 Most requirements of the Cluster Rule became effective April, 2001.

Later, on January 12, 2001, EPA published the MACT Il (combustion sources) rule to regulate chemical
recovery combustion sources in the pulp and paper industry. This rule, which had to be met by January 12,
2004, established standards for sources annually emitting at least 10 tons of a hazardous air pollutant (HAP)
or 25 tons of total HAPs. At rule proposal, it was anticipated that 149 of the mills subject to MACT | would
also be subject to MACT Il (see U.S. EPA 19983, p. 18579). By the time of the promulgation of the final rule,
EPA (2001b, Appendix B) identified 133 mills that would be subject to MACT II. A provision of the MACT Il
that improved the efficiency of the regulation for existing sources was a “bubble compliance alternative”
allowing mills to reduce emissions at any unit as long as the mill-specific bubble limit was achieved.

In this paper, we compare EPA’s ex ante cost analyses of the Cluster and MACT Il rules to an ex post
assessment of costs. This is not an evaluation of how well EPA conducted its ex ante analyses at the time of
the rulemaking. Instead we attempt to gather enough information on the key drivers of compliance costs to
make an informed judgment as to whether ex post costs are higher or lower than the estimates of ex ante

24 U.S. EPA (1997b, p. 2-6) summarizes the mill subcategories (i.e., pulping processes) subject to the air and water
provisions of the Cluster Rule. According to the U.S. EPA (1997b, p. 1-3), the technological basis for PSES is “... the
same as the basis for the BAT limitations ..., with the exception of biological treatment.” Hence, in this paper we
often refer to the effluent limitation guidelines (ELGs) of the Cluster Rule as BAT.
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costs for these rules. This allows us to observe whether actual costs diverged from ex ante costs and, if so,
what factors caused this divergence (e.g., changing market conditions, technological innovation, etc.).

The remainder of this chapter is organized as follows. Section 2.1 details the impetus and timeline for
regulatory action. Section 2.2 presents EPA’s ex ante cost estimates of the Cluster Rule and MACT I, while
Section 2.3 discusses the information available to conduct the ex post evaluation of costs. Section 2.4
presents the results of our ex post assessment of compliance costs. Finally, Section 2.5 summarizes our
findings and discusses limitations of our analysis.

2.1. Impetus and Timeline for Regulatory Action

A citizen’s petition filed in October 1984 by the Environmental Defense Fund (EDF) and the National Wildlife
Federation (NWF) represents the origin of the Cluster Rule and MACT Il regulations.25 After EPA denied the
petition, the EDF and NWF filed a lawsuit against EPA that ended when EPA signed a consent decree in 1988.
The consent decree required EPA to address the issue of discharges of dioxins and furans into surface waters
by October 31, 1993, while the Clean Air Act (CAA) amendments of 1990 required EPA to set MACT standards
for the industry by 1997. As a result, EPA decided to combine the rulemakings and design the most cost-
effective rule and reduce cross-media pollution transfers.’® EPA proposed its regulations on December 17,
1993 and solicited comments and data on the rule.

The 1993 proposed Cluster Rule required complete substitution of elemental chlorine-free bleaching (ECF),
which uses chlorine dioxide (ClO3) as the bleaching agent, for elemental chlorine bleaching as well as the use
of oxygen delignification (i.e., 02 delig) and/or extended delignification (i.e., extended delig) for 77 bleached
papergrade kraft mills in mid-1995 (see U.S. EPA 1997b, p. 4-5). 02 delig reduces the amount of lignin in the
pulp before bleaching process, minimizing the bleaching chemicals required to brighten the pulp. In addition,
10 papergrade sulfite mills were required to use totally chlorine-free bleaching (TCF). EPA anticipated 300
pulp and paper mills would incur costs due to the proposed 1993 Cluster rule, with 11-13 mills confronting
the possibility of closure. This led EPA to project that capital expenditures associated with an integrated (i.e.,
air and water) regulatory strategy would approach $4 billion (in 1992 dollars) with annual operating and
maintenance (O&M) costs of $401 million (see U.S. EPA 1993a, pp. 66153- 66154). Non-EPA sources
estimated the Cluster Rule would cost $11.5 billion (see Pauksta, 1995, p. 51), while the cost of the combined
Cluster Rule and MACT Il rule would be $13.2 billion (see Barton, et al., 1995). An important component of
the cost of the proposed regulation was the requirement of 02 delig or extended delig. Barton et al. (1995,
p. 104) estimated the combined cost of the 02 delig systems and improved brown stock washing would be

2 The discussion of the origins of the Cluster Rule and MACT Il Rule is drawn from Powell (1997, pp. 1-12), and the
U.S. EPA (1993c, Chapter 2).

26 By promulgating the air and water standards simultaneously, EPA was able to develop control options that
included process change technology that would control both emissions to air and pollutant discharges to water.
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$2.3 billion, while ClO, upgrades and conversions would cost another $530 million.2” In the ensuing years,
the Cluster Rule underwent substantial modification before the final rule was promulgated in 19982 In
addition to fewer mills being affected by the 1998 final rule compared to the 1993 proposal, the final rule
dropped the 02 delig / extended delig requirement, which led some companies to petition EPA and request
incentives/rewards for mills that installed O2 delig (EPA Asked 1996).

In the final Cluster Rule for air pollutants, EPA set MACT standards (referred to as MACT | & Ill) that required
pulp and paper mills to capture and treat toxic air pollutant emissions produced during the pulping and
bleaching stages of the manufacturing process. The MACT | (non-combustion sources) rule covers mills that
chemically pulp wood using kraft, semi-chemical, sulfite, or soda processes, while the MACT Ill rule covers
mills that mechanically pulp wood, or pulp secondary fiber or non-wood fibers, or produce paper or
paperboard. EPA estimated that HAPs emissions would decline by 139,000 megagrams (one ton equals
0.908 megagrams) per year.29 These standards could be met in a variety of ways including performance
standards (percent reductions in emissions, mass reductions in emissions, and concentration or mass limits),
design standards (use of specific technologies operated in a certain way), and routing of emissions to
combustion or control devices.

The effluent limitation guidelines (ELGs) established in the Cluster Rule covered two subcategories of mills:
bleached papergrade kraft and soda (BPK) and papergrade sulfite (PS). The ELGs and pretreatment standards
set technology-based limits on dioxins, furans, chloroform, 12 chlorinated phenolics, and adsorbable organic
halides (AOX), requiring a 96 percent reduction in dioxin and furan, and a 99 percent reduction in chloroform.
These requirements were based on substituting chlorine dioxide for chlorine in the bleaching process (i.e.,
using ECF or TCF bleaching). The options for the BPK subcategory (listed in terms of increasing stringency)
were 100 percent substitution of chlorine dioxide for elemental chlorine (ECF), 100 percent substitution of
chlorine dioxide for elemental chlorine (ECF) plus oxygen delignification and/or extended delig, and total
chlorine free (TCF) bleaching. EPA only estimated costs for: TCF bleaching for the calcium- and magnesium-
based processes; and 100 percent substitution of chlorine dioxide (ECF) for elemental chlorine ammonium-
based processes and specialty grade pulps.

The Cluster Rule encouraged additional pollutant reductions through the Voluntary Advanced Technology
Incentives Program (VATIP). Mills who were interested in this program were given extended compliance time
in order to explore all technology options or make process changes that would reduce pollution beyond the

27 The goal of brown stock washing is to remove the maximum amount of spent cooking liquor from the pulp using
the minimum amount of wash water. The solids left in the pulp can interfere with the bleaching process and
increase the costs of bleaching.

28 Rule and implementation information for the air portion of the Cluster Rule can be found at:
http://www.epa.gov/ttnatw01/pulp/pulppg.html. Information on the Effluent Guidelines for the Cluster Rule can
be found at: http://water.epa.gov/scitech/wastetech/guide/pulppaper/index.cfm

2% The HAPs covered by the Cluster Rule included compounds such as methanol, chlorinated compounds,
formaldehyde, benzene, and xylene.
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discharge limits required by the rule. The program was voluntary and only available to mills that discharged
directly to surface waters. Mills that chose to participate received six years to comply with the air standards
(April 15, 2004) and an extension of up to eight years for high volume low concentration (HVLC) system vents
at kraft mills (April 17, 2006). This extension was designed to encourage mills to install technology to reduce
toxic air pollutant emissions as well as discharges of pollutants to air and water from the bleaching process.30
In addition to the MACT | and MACT lll standards, on January 12, 2001 EPA published the MACT Il rule that
regulates chemical recovery combustion sources in the pulp and paper industry. The MACT Il rule covers
kraft, soda, sulfite, and stand-alone semi-chemical pulp mills. The MACT Il standards covered HAP metals and
gaseous organic HAPs using particulate matter (PM) as a proxy for HAP metals and methanol, and total
hydrocarbons as proxies for gaseous organic HAPs. For existing kraft and soda mills, a PM bubble compliance
alternative allowed mills to set PM limits for each emission point, as long as the aggregate of these PM limits
was equal to the aggregated promulgated PM limits of the individual emission points.

2.2. Ex Ante Cost Estimates

At the proposal the baseline was 1992; however, EPA later updated the baseline pollutant loadings to mid-
1995 (U.S. EPA 19974, p. 4-1). The updated baseline values are reported in Table 2.1. The updated baseline is
also reflected in the EPA ex ante cost estimates of the Cluster Rule and MACT Il Rule reported in Table 2.2.
With the publication of the final MACT Il rule (U.S. EPA 20014, pp. 3188-3189), EPA revised its estimate of
the MACT Il capital expenditures to $241 million (in 1997 dollars), and its estimate of the annual cost of
MACT Il to $32.2 million (in 1997 dollars). According to EPA (1997a, pp. 2-2 and 2-3), “The MACT lll rule
contains National Emission Standards for Hazardous Air Pollutants (NESHAP) for mechanical pulping,
secondary fiber pulping, and non-wood pulping mills. No emission reductions or control costs, however, are
associated with the MACT lll rule ...” Table 2.2 is supplemented by Table 2.3 and Table 2.4, which show
estimated ex ante costs from several non-EPA sources.

Table 2.3 is divided into three parts based on which rule(s) is associated with the corresponding cost
estimate. First, we list two non-EPA estimates that combine the cost of the Cluster Rule and MACT Il rule.
Next, we list three non-EPA estimates of the Cluster rule, and finally we list two non-EPA estimates of
portions of MACT I. Table 2.4 lists three non-EPA estimates of MACT Il. Comparing Tables 2.2, 2.3,and 2.4
reveal: (1) both EPA and the pulp and paper industry believed the Cluster Rule would be more costly than the
MACT Il rule and (2) industry believed EPA ex ante cost estimates substantially underestimated the cost of
the Cluster Rule and MACT Il rule.

30 |n exchange for mills reducing discharges beyond BAT levels, the VATIP offered mills “... additional time to
comply with the Cluster Rules, ... reduced monitoring requirements, and public recognition.” (see U.S. EPA 2006,
p. 9-5)
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Table 2.1. Pre-Regulation and Post-Regulation Releases of Selected Pollutants (mid-1995 baseline)

Air Pollutants Baseline Air Emission Reductions (Mg/year)
(Mg/year) Final Cluster Rules  Final Cluster Rules
and Proposed MACT Il

Hazardous Air Pollutants 240,000 139,000 142,000
Volatile Organic Compounds 900,000 409,000 440,000
Total Reduced Sulfur 150,000 79,000 79,000
Particulate NA (83) 24,000
Carbon Monoxide NA (8,700) 49,000
Water Units Baseline Estimated Baseline Estimated
Pollutants Discharge Reductions; Final  Discharge  Reductions; Final
(BPK Mills) BAT/ PSES (BPK  (PS Mills)  BAT/ PSES (PS
Mills) Mills)
2,3,7,8—-TCDD g/year 15 11 0.78 0.65
2,3,7,8—TCDF g/year 115 107 6.7 6.4
Chloroform kkg/year 48 40 5.4 5.2
g- grams

kkg-metric ton (1,000 kilograms)
Source: U.S. EPA (19984, p. 18575)

Table 2.2. U.S. EPA Ex Ante Cost Estimates of the Cluster Rule & MACT Il Rule
(thousands of 1995 dollars)

MACT IA MACT Il BAT/PSES Cluster Rule Cluster Rule plus
(alternate A) (MACT I plus MACT Il
BAT/PSES)
Capital 500,758 258,389 1,039,388 1,540,146 1,798,535
0&M 74,718 5,202 158,413 233,131 238,334
Post tax 81,767 23,139 171,619 253,386 276,525
Annualized

Source: EPA (19973, p. 5-27) -
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Table 2.3. Non-EPA Ex Ante Cost Estimates of the Cluster Rule

Operating
Source Capital Expenditures  Costs
Cluster Rule plus MACT Il
American Forest & Paper Association $2.6 billion $273 million
(see Miller Freeman Publications, Inc. 1999, p. 77)
Pulp & Paper Project Report, April 1998 $3.2+ billion -

(see Miller Freeman Publications, Inc. 1999, p. 77)
Cluster Rule

Parthasarathy and Dowd (2000, p. 41) $2.625 billion* -

National Council for Air and Stream Improvement (2003, p. 5)  $3 billion (1999-2005)  ---

Jensen (1999, p. 72) $2.675-2.916 billion ---
MACT |

Garner (2001, p. 44) $2-3 billion ** ---

Garner (2001, p. 44) $0.775 billion*** -

* §1.375 billion for MACT | & lll and $1.250 billion for BAT and best management practices (BMP) -
** MACT | (April 2001 compliance) -
***¥ MACT | (HVLC pollutants, April 2006 compliance) -

Table 2.4. Non-EPA Ex Ante Cost Estimates of MACT Il

Capital Operating
Source Expenditures Costs
Parthasarathy and Dowd (2000, p. 41) $0.35 billion ---
Garner (2001, p. 45) $0.90 billion -
National Council for Air and Stream Improvement  $1 billion or less -

(2003, p. 5)

One factor affecting cost estimates of the Cluster and MACT Il rules is the number of mills that closed after
the introduction of the new regulations. Hence, it is useful to know EPA’s ex ante forecast of how many mills
would have closed in the absence of the Cluster and MACT Il regulations, and its forecast of the number of
mill closing as a result of the new rules. According to EPA (19973, p. 3-23), “A baseline closure is a mill that
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fails the salvage value test before the addition of incremental pollution control costs.”>! Of the 96 mills
expected to bear incremental costs due to ELGs, the available data allowed closure analyses to be performed
on 94 mills. EPA determined about 9 of these mills would be baseline closures (see U.S. EPA 19973, p. 3-24).
In addition, EPA projected two mill closures due to the final BAT/PSES and final MACT I. Under all MACT I
options, a third mill closure was expected (see U.S. EPA 19973, pp. 6-16 and 6-18).

2.3. Information Available to Conduct Ex Post
Evaluation

Data for our ex post assessment come from several sources. We use data acquired from BECA — a consulting
firm —on when 02 delig and extended delig systems were installed and the extent of ClO; substitution as a
bleach alternative starting in 1997 for mills subject to the BAT provisions of the Cluster Rule. Data on when
air pollution control devices (APCD) were installed are acquired from the 2011 survey for the Risk and
Technology Review (RTR) of the technology-based standards for hazardous air pollutants (HAPs).

For ex post cost estimates, we rely on publicly available data from the National Council for Air and Stream
Improvement, Inc. (NCASI), which produced an annual survey of capital expenditures borne by pulp and
paper industry from 1970 through 2002.3233 The survey requested information on each firm’'s capital
expenditures, including capital expenditures for pollution abatement. The questionnaire also asked firms to
separate their pollution abatement capital expenditures by media (air, water, and solid waste) and by the
type of mill (i.e., integrated or non-integrated).3* Finally, firms divided their pollution abatement capital
expenditures into those (1) for “sole-purpose” equipment (e.g., new secondary clarifier) and (2) incremental
pollution abatement costs for equipment that would have been purchased in the absence of environmental
regulations (e.g., incremental cost of kraft recovery furnace electrostatic precipitator upgrade that increases
particulate capture efficiency from 90 to 99.5 percent).

31 According to EPA (19974, p. 3-21), “A facility is projected to close if the salvage value exceeds the present value
of future earnings after increased pollution control costs.”

32 We use data from the NCASI survey because only 1 mill reported compliance cost data on EPA’s FY2011 survey
(see Nicholson et al. 2012, p. 1). This survey included the MACT Subpart S Risk & technology Review (RTR), the
MACT Subpart MM RTR, and the Kraft Pulp Mill NSPS (Subpart BB) Review. These reviews are required by the
Clean Air Act as part of the process of regulating emissions of HAPs.

33 Another potential source of data is the annual Pollution Abatement Costs and Expenditures (PACE) survey (U.S.
Department of Commerce, various years). The PACE survey collects facility-level data on pollution abatement
capital expenditures and operating costs associated with compliance to local, state, and federal regulations and
voluntary or market-driven pollution abatement activities. Because the PACE Survey was discontinued in 1994 and
was only conducted in two subsequent years (1999 and 2005), it cannot be used for the ex post portion of our
analysis.

34 An integrated mill produces at least 20 percent of its total pulp consumption from on-site wood pulping
operations (see NCASI 2003, p. 1).
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The 1998 to 2002 NCASI surveys collected information from firms that accounted for 84 to 94 percent of
wood pulping capacity and 68 to 79 percent of paper and paperboard capacity. From 1973 to 1986, the
NCASI survey found pollution abatement capital expenditures values for air, water, and solid waste pollution
abatement were approximately 4 percent higher than the PACE values for SIC 26 (Paper and Allied Products).
However, its values for 1988 to 1994 were approximately 15 percent higher than PACE. Unlike the PACE
survey, which assigned values for missing observations to be able to produce national estimates of pollution
abatement costs, NCASI treated missing observations as zero costs. Table 2.5 shows the NCASI pollution
abatement capital expenditure data for 1990-2002.%

Cost information on MACT Il and the implementation of a PM bubble strategy was provided by Abt
Associates / RTl International. These sources are supplemented with firm-level data found in the U.S.
Securities and Exchange Commission (SEC) 10-K form, which provides some firm-level data for ex ante and ex
post costs of Cluster Rule compliance, and data on mill closures during the implementation of the Cluster
Rule and MACT Il Rule. The SEC 10-K information on mill closures is augmented by the U.S. EPA (2001b,
Appendix B and 2006, Appendix), USDA (2005), the Pulp & Paper North American Fact Book (Miller Freemen
Publications 1998, and Paperloop.com 2000, 2002, and 2003) and internet searches.

2.4. Ex Post Assessment of Compliance Costs

2.4.1. Regulated Universe

According to EPA (19973, p. 2-1), of the 158 mills that used kraft, soda, sulfite, or semi-chemical processes at
the time of the ex post analysis, 155 were expected to incur pollution abatement costs as a result of MACT |
and MACT lll. In addition, 96 of these mills would incur additional abatement costs as a result of the new

35 The only other source of data was Selected Air Pollution Control Equipment (see U.S. Department of Commerce,
2000). This survey provided data on expenditures for particulate emissions collectors by selected industries
including pulp and paper and pulp mill operations. Unfortunately, expenditures on (1) gaseous emissions collectors
and (2) other types of industrial air pollution control devices were withheld to avoid disclosing data for individual
companies. These data show a 41 percent increase in 1998 expenditures on particulate emissions collectors
relative to 1997. Unfortunately, the survey was discontinued after the 1998 survey.
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Table 2.5. Pollution Abatement Capital Expenditures (NCASI)
(millions of 1995 dollars)

Year Water Air Solid Total Percent of Tc_)tal Capital
Waste Expenditures

1990 669 553 272 1,494 12
1991 765 542 214 1,521 19

1992 533 416 201 1,150 18

1993 354 289 131 774 14
1994 289 252 188 729 14
1995 309 219 97 625 12
1996 343 244 133 720 13

1997 305 142 105 552 12

1998 288 119 172 579 13

1999 340 294 65 699 17

2000 364 633 74 1,071 23

2001 170 287 72 529 12

2002 105 170 29 304 9

Note: current dollar value values are deflated to 1995 dollar values using the Engineering News
-Record Construction Cost Index (NCASI 2003, pp. A2-A3).

ELGs and pretreatment standards. This constituted the basis of the industry size when ex ante cost
estimates of the Cluster Rule and MACT Il Rule were generated. By 2001, EPA (2001b, Appendix B) estimated

133 mills would be subject to the MACT Il emission standards.>®

2.4.2. Baseline

It has been argued that some mills undertook pollution abatement actions in anticipation of the Cluster Rule.
The 1993 proposal used a 1992 baseline (see U.S. EPA 1997, p. 8-24), which was updated to mid-1995 for the
final rule. After the rule was proposed in 1993, “... a number of pulp mill owners and operators announced
plans to install new technologies at their facilities ..." (see U.S. EPA 1997b, 10-16). Some mills addressed
concerns about dioxin releases by installing extended delignification or 02 delig systems (see U.S. EPA 1993b,
pp. 4-5 to 4-7 and 4-12). Figure 2.1 shows the number of mills that installed their first 02 delig systems

36 As of 2004 (see U.S. EPA 2006, Appendix), 77 of the 96 mills subject to the new ELGs and pretreatment
standards reported bleached chemical pulp operations.
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Figure 2.1. Number of Mills Installing 02 Delig for First Time, by Year
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during selected time periods. It can be seen that over half of the mills that installed 02 delig did so by 1993.%7

Only 4 mills installed 02 delig during 1995-1997, the years prior to 1998, the year the rule was promulgated.

This trend was anticipated by Johnson (1995) when he observed the growth of 02 delig installations
stagnated in North America during 1993-1994 and few new systems were anticipated prior to 1997. In
addition to poor industry profitability, Johnson believed “... a strong industry stand that oxygen
delignification is not a required strategy to meet Cluster Rule objectives” was the other reason for the lack of
growth in 02 delig installations. Johnson concluded the “... industry position that ECF (full substitution)
bleaching alone will accomplish these objectives and the capital expenditures this avoids has dramatically
reduced the motivation for employing oxygen delignification.”

Unlike O2 delig systems, where we have a complete inventory of installed systems at mills subject to the ELG
provisions of the Cluster Rule, lack of data on extended delig systems precludes developing a complete
inventory of installed extended delig systems. Nevertheless, EPA (1993b, pp. 4-5 and 4-6) provided a list of
installed extended delig systems through 1994. In addition, BECA (2013b) provides a partial list of extended

37 U.S. EPA (1997b, p. 10-30) provides additional information on changes in mill use of 02 delig and extended
cooking between the proposal and final (mid-1995) Cluster Rule.
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Figure 2.2. Minimum Number of Mills Installing Extended Delig for First Time, by Year
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delig systems installed through 2013.%8 By combining the two sources, we compiled a complete list of mills
that were subject to the ELG provisions of the Cluster Rule and installed extended delig systems prior to
1995. In addition, BECA provides the minimum number of mills that installed extended delig systems starting
in 1995. It is worth noting that the last installation of an extended delig system on the BECA list occurred in
2003. Remembering the post-1994 information on extended delig systems is incomplete, Figure 2.2 shows a
dramatic decline in the installation of extended delig systems after 1997. While not included in Figure 2.2,
the Valdosta (GA) mill owned by Packaging Corp, the Jacksonville (FL) mill owned by Jefferson Smurfit, and
the Savannah (GA) mill owned by Union Camp were not subject to the ELG provisions of the Cluster Rule, yet
choose to install extended delig systems. This coincides with our finding that several mills not subject to the
ELG provisions of the Cluster Rule installed 02 delig systems.

38 EPA included three mills subject to the Cluster Rule — Alabama Pine Pulp mill in Clairborne (AL), Port Wentworth
(GA), and Quinnesec (M) - that were not on the BECA list, while BECA included the Mobile (AL) mill owned by
Kimberly Clark that was not on the EPA list.
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The first survey of ClO; substitution by U.S. pulp and paper mills was the 104 Mill Study conducted by NCASI
and the U.S. EPA (1990, pp. 8-10). Data was collected for 165 lines at 86 kraft mills in 1988. Of the 165 lines,
59 used no ClO; substitution. Of the lines employing ClO,, 99 lines used between 0 and 30 percent, 4 used
between 30 and 50 percent, 2 used between 50 and 70 percent, and 1 used more than 70 percent. In
addition, of the 18 lines at 16 sulfite mills only one used ClO, — at a rate of less than 5 percent. ClIO;
substitution increased rapidly in the following years. According to the U.S. EPA (1997b, p. 10-30), in 1992
(baseline of the Cluster Rule proposal) 6.6 percent of bleached papergrade kraft and soda mill production as
total ECF. By 1994, approximately 22 percent of all bleached chemical production was ECF (AET, 2002).3’9
This increased to 33.2 percent of bleached papergrade kraft and soda mill production in mid-1995 (see U.S.

EPA 1997b, p. 10-30).

While Table 2.5 shows higher pollution abatement expenditures during 1990-1994, we cannot determine
whether this reflected pollution abatement undertaken in anticipation of the Cluster Rule and MACT Il Rule
or was a reaction to local concerns about the undesirable by-products generated by pulp and paper mills.
Table 2.1 shows anticipated reductions in releases of key air and water pollutants as a result of the Cluster
Rule and MACT Il Rule. This is in addition to a substantial decline in releases of dioxins (TCDD) and furans
(TCDF) between the proposal (1992 baseline) and the final rule (mid-1995 baseline). The baseline releases of
TCDD declined from 70 grams per year in 1992 to 16 grams per year in mid-1995, while TCDF declined from
341 grams per year in 1992 to 122 grams to year in mid-1995 (see U.S. EPA 19974, p. 8-24 — there are slight
discrepancies between these mid-1995 values and those reported in Table 2.1). However, it has been
suggested the pulp and paper industry abstained from aggressive abatement efforts until the Cluster rule was
finalized (Ferguson, 1995). Ferguson’s hypothesis was supported by Maynard and Shortle (2001), who used a
double hurdle model and found the uncertainty associated with an irreversible investment (i.e., installing 02
delig, extended delig, or ECF) resulted in a value of waiting that led some bleached kraft mills to delay their
investment in cleaner technologies. In addition, Maynard and Shortle found “public pressure” variables were
statistically significant in explaining the adoption of cleaner technologies.

2.4.3. Methods of Compliance

Under the Cluster Rule, BAT involves switching to elemental chlorine free (ECF) or total chlorine free (TCF)
bleaching. The data in Table 2.6 show that from 1990 to 2001 there was a substantial switch to ECF
bleaching. Both Figure 2.3 and Table 2.6 reveal that approximately half the switch to ECF occurred prior to
1998, which is the first year the Cluster Rule was implemented for some mills. Among the mills covered by
the water provisions of the Cluster Rule, only the Samoa (CA) mill opted for TCF bleaching.

39 The Paper Task Force (1994, p. 5) found 22 percent of bleached chemical production in 1994 was traditional,
enhanced, or ozone ECF. Johnson (1994) reported that in 1994 between 20 and 25 percent of U.S. mills had no
ClO; substitution, while 10 to 15 percent of U.S. mills had 100 percent ClIO; substitution.
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Table 2.6. United States Bleached Chemical Pulp Production
(millions of tones; 1 tonne = metric ton = 1000 kg = 2204.62 Ib)

Year ECF TCF Other
1990 0.5 0.0 26.8
1991 1.6 0.0 25.6
1992 2.8 0.0 24.4
1993 4.0 0.2 23.0
1994 6.0 0.2 21.0
1995 9.1 0.3 17.9
1996 104 0.2 16.6
1997 13.3 0.2 13.8
1998 15.5 0.2 11.4
1999 18.1 0.2 8.9
2000 20.7 0.2 6.3
2001 25.9 0.1 0.9

Source: Alliance for Environmental Technology (2002)

Figure 2.3. Percent ClO; Substitution (1997-2005)

Percent ClO, Substitution

120

100

(o)
o

D
o

N
o

N
o

97 95 95 99

g5 87

61
55

1997 1998 1999 2000 2001 2002 2003 2004 2005 -

Year -

=¢= Percent ClO2
Substitution

Source: BECA (2013a)

38 -




Starting with 1997, BECA (2013a) provided us with information on the percent of ClO; substitution used on
lines at mills subject to the ELGs of the Cluster Rule. Weighting the percent of ClO; substitution by the
production of each line allows us to construct a weighted average of ClO; substitution for each year. It should
be noted that during 1997 to 2005, the number of active mills subject to the ELGs of the Cluster Rule declined
from 95 to 76.%° Figure 2.2 shows the weighted average of ClO; substitution for active mills increased from 55
percent in 1997 to 99 percent in 2005. In order to observe the variation in ClO; substitution among mills,
Figure 2.4 reports the percentage of active mills that fall in various ranges of ClO; substitution. While half of
active mills subject to ELGs undertook at least 50 percent ClO; substitution in 1997, only 28 percent
undertook 100 percent ClIO; substitution. By 2000, 91 percent of active mills had at least 50 percent ClO;
substitution, while 67 percent reported 100 percent ClO; substitution. In 2002, 90 percent of active mills had
100 percent ClO; substitution, and 95 percent of mills had 100 percent ClO; substitution in 2005. Although
Franklin (VA) reported 100 percent ClO; substitution in 2002, it along with two other mills that participated in
VATIP - Spring Grove (PA), Catawba (SC), and Franklin (VA) - did not permanently convert to 100 percent CIO;
substitution until 2005. On the other extreme, 20 percent of the mills undertook no ClO; substitution in
1997, which declined to 5 percent in 2005.4!

In response to EPA’s 2011 technology review survey (Spence and Bradfield 2011, p. 3), which included mills
not subject to ELGs, EPA found that in 2009 “...98 facilities reported pulp bleaching with 164 bleaching lines.
Elemental chlorine free processing was used in 104 bleaching lines, while TCF was used in 31 lines, and
processed chlorine free (PCF) was used in 22 lines. The remaining 7 lines utilized peroxide, sodium sulfate,
hypochlorite, chlorine, or a combination of these bleaching chemicals. Oxygen delignification was utilized on
42 of the ECF bleaching lines to reduce emissions and bleaching chemical cost and consumption.”

Two previous studies examined the effect of “chlorine” regulations on technological innovation. Snyder, et al.
(2003) conducted an econometric analysis of the effects of the Cluster Rule on the diffusion of technological
change in the chlorine manufacturing industry. Using plant-level data, their study focused on the diffusion of
a new, cleaner production process within the chlorine industry. Snyder, et al.’s results indicate that chlorine
facilities affected by the reduction in demand for chlorine resulting from the Cluster Rule (and the Montreal
Protocol) were more likely to close than were other facilities. This factor along with the adoption of new
technology at existing plants led to an increase in the share of chlorine plants employing a cleaner production
technology. Popp and Hafner (2008) used information on regulations affecting dioxins and patents from

40 For example, in 1997 information on CIO; substitution is unavailable for 2 of the original 96 mills — (1) the
Longview Fiber (WA) mill, which curtailed chlorine-based bleaching in March 1994 (see U.S. EPA 1997b, p. 4-5),
was not included and (2) no production was reported for the Peshitgo (WI) mill. In 1998, the Samoa (CA) mill was
added to the list of mills with no reported production.

411n 2005, the four mills that did not report 100 percent ClO; substitution undertook no ClO; substitution. These
mills were Somoa (CA), and three mills in Wisconsin: Park Falls, Port Edwards, and Rothschild. Because Somoa
(CA) employed TCF bleaching, ClO2 was not required. Park Falls, Port Edwards, and Rothschild were Segment B
papergrade sulfite mills and not required to monitor dioxin under the Cluster Rule (see U.S. EPA 2006, pp. 9-10 to
9-11).
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Figure 2.4. Extent of ClO; substitution, by percent of mills (1997-2005)
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Canada, Finland, Japan, Sweden, and the United States, to investigate the association between regulations
and patent activity. They found “substantial innovation” to reduce chlorine use in the bleaching technology
occurred as a response to the implementation of environmental regulations.

Summarizing the technology employed to meet the air provisions of the Cluster Rule is more difficult than
summarizing the technology used to meet the water provisions. The 2011 technology review survey (Hanks
et al. 2013) collected information on air pollution control devices (APCDs) installed at 98 kraft mills in 2009.
Of these mills, 67 were subject to both the air and water provisions of the Cluster Rule. Most mills reported
multiple emission units (i.e., sources of emissions) and multiple APCDs, sometimes more than one APCD for
an emission unit. Hence, summarizing when these devices were installed is challenging. In this paper, we
focus on the last year a mill installed or updated an APCD. These results are summarized in Figure 2.5.
According to the survey, only one mill reported no installed APCD. For the years prior to the Cluster Rule, 40
mills report their last installation/update prior to 1995, while 14 mills reported their last installation/update
during 1995-97. Thirteen mills reported their last installation/update during 1998-2001, which covers the
period for implementing the Cluster Rule. Finally, 29 mills reported their last installation/update during 2002-
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Figure 2.5. Number of Mills, by Year, of Last Installed or Updated APCD
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2011, of which 13 reported their last installation/update in 2002-2003. Of the 29 mills that reported their
last APCD installation/update during 2002-2011, 6 mills installed/updated at least one APCD during 1995-
2001.

2.4.3.1. Compliance Costs for MACT I and BAT/PSES

Our strategy for determining the ex post cost of the Cluster Rule is to identify the cost of inputs assigned to
pollution abatement — see Shadbegian and Gray (2005) and Pasurka (2008). Unfortunately, the NCASI survey
focuses on ex post costs of all environmental regulations. Therefore, determining the cost of a specific
regulation requires that we obtain data on pollution abatement costs before and after a regulation becomes

effective.*?

While the NCASI survey provides cost estimates for air, water, and solid waste abatement, it does not provide
estimates of the costs associated with the Cluster Rule. Hence, we construct a pre-Cluster Rule baseline level
of pollution abatement capital expenditures that allows us to identify the incremental capital costs of the

42 The data on pollution abatement costs prior to the new regulation is required to construct a baseline from which
the incremental costs can be calculated.
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Cluster Rule. Since the share of the abatement capital expenditures assigned to the Cluster Rule depends
upon the baseline, we construct three baseline scenarios.

EPA established a mid-1995 baseline for its economic analysis of the Cluster Rule and MACT Il Rule (U.S. EPA
199743, p. 4-1). Because we want to avoid the possibility of selecting an arbitrary base year in which capital
costs may be unusually high (low) which will result in underestimating (overestimating) ex post costs, we use
the average capital expenditures for air and water pollution abatement between 1995 and 1997 as our
preferred baseline. Since no additional regulations were promulgated on the pulp and paper industry
between 1995 and 2001, we assume all increases in air and/or water pollution abatement capital
expenditures during 1998 to 2001 relative to the 1995-1997 baseline costs reflect the incremental capital

costs of the Cluster Rule.*?

During 1998 to 2001, the time between the promulgation of the Cluster Rule and its compliance date, capital
expenditures for air and water pollution abatement were $2.5 billion (in 1995 dollars). Our preferred baseline
yields an estimate of $65 million in Cluster Rule water pollution abatement capital costs and $610 million in
Cluster Rule air pollution abatement capital costs during 1998 to 2001 (all values in constant 1995 dollars).
This ex post Cluster Rule capital cost estimate of $675 million is 55 percent lower than ex ante capital cost
estimate of $1.54 billion. We investigate the sensitivity of our results to the baseline year by repeating the
analysis using 1996 and 1997 pollution abatement capital expenditures as alternate baselines.*** Using
1996 and 1997 as the baseline yields ex post Cluster Rule capital expenditure estimates of $503 million and
$882 million respectively, which are 67 percent and 43 percent lower than the EPA ex ante capital

expenditure estimate.*®

One important caveat is that while most of the compliance dates for the Cluster Rule occurred on or before
April 15, 2001, compliance for two MACT provisions: bleaching systems in the voluntary advanced technology
incentives program (VATIP) (of which only 4 mills (see U.S. EPA 2006, p. 9-7) participated)47 and the HVLC
system compliance, were not required until April 15, 2004 and April 17, 2006, respectively (see U.S. EPA
1998b, p. 47). While we would prefer to include these MACT provisions in our analysis, the NCASI survey

43 For cases when capital expenditures during 1998-2002 were less than the baseline capital expenditures, we
assume no capital costs are associated with the Cluster Rule (i.e., ex post costs are nil).

441996 and 1997 are selected as baseline years because they are both prior to the promulgation of the Cluster
Rule. NCASI (see Paperloop.com 2003, p. 85) anticipated the pulp and paper industry would experience its highest
levels of capital expenditures associated with the Cluster Rule in 1999 and 2000.

45 Our results could also be sensitive to which mills are included in the NCASI survey, but since we have no access
to the underlying micro-data we cannot test this sensitivity.

46 NCASI estimates of air and water pollution abatement capital expenditures in 1993 and 1994 (in 1995 dollars)
are slightly higher than the 1996 value. Hence, if we include expenditures from 1993 and 1994 in the baseline this
will lead to a lower ex post cost estimate of the Cluster Rule.

47 The four mills participating in VATIP were Eastover (SC), Catawba (SC), Spring Grove (PA), and Franklin (VA).
Other over-complying mills were Oglethorpe (GA) which participated in the XL program and Samoa (CA) which
employed TCF bleaching.
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stopped in 2002. Unfortunately, we do not have any ex post cost estimates of these two MACT provisions to
adjust our ex post cost estimates. Therefore, our ex post cost estimate is biased downwards resulting in EPA’s
ex ante cost estimate appearing to be more of an over-estimate than we found.

2.4.3.2. Compliance Costs for MACT II

In order to meet the HAP metals standards of MACT Il, approximately 32 pulp and paper mills employed a
"PM bubble compliance alternative" strategy, which uses PM as a proxy for HAP metals (Nicholson et al.
2012, p. 15)48. The "PM bubble compliance alternative" gives mills the flexibility to set site-specific PM
emissions limits for each existing source in the chemical recovery area (i.e., recovery furnaces, smelt
dissolving tanks, and lime kilns), as long as the total emissions from all the existing sources are less than or
equal to the total of the promulgated emissions rates for each existing source.*” This improvement in the
efficiency of pollution abatement resulted in lower ex post pollution abatement costs. Although EPA
anticipated the PM bubble compliance alternative would improve the efficiency of pollution abatement, it
was unable to develop ex ante estimates of cost and emission reductions for this alternative because it could
not determine which mills would take advantage of the alternative or what limits the mills would set. The
limits mills set determined which, if any, of the emission units in the bubble would require upgrading and
which would be unchanged. Table 2.7 provides the EPA ex ante engineering estimates of MACT I, plus
BE&K’s ex post engineering estimates of the cost of complying with MACT I1.

The EPA ex ante cost estimates are based on projected compliance costs presented in the compliance cost

memorandum for the MACT Il rule (Holloway 2000).50 The ex ante capital expenditure estimate of $231

“8 Nicholson et al. 2012 final white paper is available upon request.

4 The mill-specific bubble limit is calculated based on the promulgated emissions standards (referred to in the rule
as reference concentrations or reference emissions rates) for each process unit and mill-specific gas flow rates and
process rates.

50 “The ex-ante costs for the MACT Il rulemaking were first developed on a model process unit basis (e.g., model
recovery furnaces, model SDTs, model lime kilns), with applicable control option costs developed for each model
process unit. ... These ex-ante model costs were then assigned to the individual process units at each mill in the
NCASI MACT survey database, based on whether the process unit was expected to be impacted under the control
option (i.e., whether or not available emissions data showed the mill to be above the emission limit in the control
option). ... The mill-specific ex-ante costs for each process unit type were then averaged, and those average costs
were extrapolated nationwide to determine nationwide ex-ante cost estimates for each process unit type...” (see
Nicholson et al. 2012, p. 4)
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anticipated ex ante (see Table 3.11). It appears that a number of viable MBr alternatives — either new
fumigants or new ways of applying existing fumigants — may have become available more quickly and
resulted in lower yield loss than initially anticipated. Using what ex post information we have on yield losses
associated with 1,3-D +PIC, for example, we find that the ex ante and ex post estimates of the loss in net
revenue may differ by 28-87 percent for the 2006 — 2010 growing seasons, all else equal. Likewise, it appears
that farmers who substituted away from methyl bromide did so without imposing large negative impacts on
production in prime California strawberry growing areas.

We also confirm the effect of California regulatory restrictions in limiting the use of various economically
competitive alternatives. For instance, adoption of 1,3-D + PIC has been slowed by township caps on its use.
Uncertainty about the effect of regulatory restrictions on the feasibility of some fumigant combinations
makes it difficult to precisely identify the extent to which yield losses may have differed from EPA’s ex ante
estimates. It is also worth noting that unanticipated complications after switching away from MBr, such as
new diseases, slowed the transition to alternatives, in particular 1,3-D+PIC applied via drip irrigation.

As previously mentioned, conclusions drawn from the ex post evaluation come with significant caveats. First,
we are limited to an evaluation of per acre costs. Second, we only have information on operating costs from
crop budgets designed to reflect a typical farmer. Third, yield losses associated with various MBr alternatives
are based on field trial research. Fourth, while we have detailed annual data on what fumigants farmers used,
we do not have information with regard to other management practices such as the type of tarp used. Fifth,
the prices of specific fumigant formulations are not publically available. Finally, it is analytically challenging to
evaluate the counterfactual: what would have farmers done if they had not received the same level of MBr
exemptions for the 2006-2010 seasons? To draw more robust conclusions, we would need these types of
detailed data.

102 -



Table 3.11: Summary of Findings -

Components of Cost Estimate

Source of Ex Post
Information

Assessment (Compared to Ex
Ante)

Regulated
Universe

Farm types

Strawberry acreage using MBr

USDA and CA PIP
data

Reasonable

Baseline Yields using MBr USDA data May be underestimate but
based on data for typical
farmer

Methods of MBr alternatives used (Types) | CA PIP data Reasonable but adopt faster

Compliance than assumed; no data on
some practices

Rate of application (Usage) USDA and CA PIP MBr application — slight
data under estimate

Compliance Direct, Fixed Cost

Costs One-Time -- --

Variable Cost
Direct, On- | Gross Revenues USDA + journal Strawberry prices —
Going Net articles + UN meta- | reasonable
Cost analysis Yield loss for MBr
alternatives — likely
overestimate
Operating Costs Crop budgets + Reasonable
CUE requests +
proprietary data
Indirect — missed market USDA data Inconclusive; also cannot
window evaluate quality trade-offs
Other Conventional strawberry CSC + USDA Reasonable

Opportunity
Costs

production loses to imports,
organic production

PER ACRE
NET COSTS

Likely lower than anticipated — driven by yield loss assumptions

TOTAL COSTS
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Appendix 3.1: Review of the Ex Ante Literature

The ex ante literature disagrees regarding the likely impact of banning methyl bromide on U.S. farmers and
the economy more generally. Initial studies tend to predict larger impacts than later studies in part because
they often evaluate an immediate and complete ban and assume no technological innovation over time. In
contrast, later studies tend to allow for the phase-out of methyl bromide over a longer time period and
account for the role of innovation. Another key difference across studies stems from assumptions regarding
Mexico’s ability to rapidly increase strawberry exports to the U.S. market. 1 (As a developing country,
Mexico does not have to fully phase out methyl bromide use until 2015. However, some researchers argue
that competition from Mexican imports will likely be limited due to little overlap in growing seasons, the
perishable nature of strawberries, and seasonal differences in prices.) We summarize the findings of the main
ex ante studies of the methyl bromide phase-out below.

Spreen et al. (1995) produce an extensive report on the impacts of a methyl bromide ban on Florida fruit and
vegetable growers. The authors build a partial equilibrium model of the U.S. winter vegetable market,
allowing Mexico and Texas to act as alternate suppliers, and extend a Florida grapefruit model to evaluate
the effects of a ban. The impacts analyzed are predicated on a complete and immediate national ban of MBr
use, the substitution of methyl bromide with the next best technology available as of 1993, and no
improvements in technology over time.*?! The report finds that planted acreage would decrease by 43
percent as a result of the ban. Florida strawberry production would decline by almost 70 percent, while
tomato production in Florida to supply the winter market would decline by 60 percent. The total economic
impact of a ban for the state of Florida alone was estimated to be about $1 billion (including an export
multiplier). A previous study by USDA (1993) found that banning methyl bromide would result in an economic
loss to all U.S. farmers of $800 million - $1 billion. The lower estimate was predicated on the availability of a
substitute (i.e., Vorlex) that was later withdrawn from the EPA registration process. Tomatoes, peppers, and
strawberries were expected to face the largest impacts. The report notes that a phase-in of the ban would
substantially reduce predicted losses.

120 Signatories to the Montreal Protocol agreed to a certain level of payment into a multilateral fund when
they ratified the agreement. Noting that most countries have complied with promised payments into the
fund, Decanio and Norman (2005) find that the cost-per-ton of ozone depleting substances declined by
almost $600 per year purely as a function of time (2-4 percent per year) after controlling for factors such as
project scale and sector.

121 5preen et al. (1995) discuss the known alternatives to MBr, including 1,3-D, metam sodium, and changes
in production practices such as changes in the size of the crop bed (which initial studies showed could, alone,
reduce MBr use by 33 percent), more frequent crop rotation, and changes in the formulation of MBr and PIC.
It is unclear which of these is included as an alternative to MBr and whether the options available vary by
crop in the models.
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UNEP (1997) updates the Spreen et al. (1995) analysis to consider the role of learning. When relatively small
improvements in technologies are incorporated into the model (through smaller impacts on yields), the
researchers find that crop production decreases by far less than originally predicted (e.g., a 22 percent
decline in U.S. tomato production instead of 60 percent). Cost impacts also are mitigated: Spreen et al (1995)
estimated a loss in revenues to farmers of almost $625 million, while the UNEP analysis lowers the loss in
revenues to $300 million.

VanSickle et al. (2000) combine a full-year version of the model for winter vegetables used in Spreen et al.
(1995) with new information to re-evaluate the impact of a MBr ban on the 1993-1994 season. They note
that research has yielded better information on alternatives than was available in the mid-1990s. Their
results indicate that impacts would be largest for strawberry farmers with almost $200 million in lost
revenues. The authors predict that strawberries will no longer be grown in northern California and that
production in southern California will decline slightly, while production in Florida will increase. In aggregate,
this results in about a 10 percent decline in California’s share in the U.S. strawberry market. The authors do
not account for the possibility that Mexico could enter the strawberry market in seasons where it has not
previously done so. In total, growers in the United States are expected to see an aggregate loss of revenue of
$264 million with some areas of the country — such as South Carolina and Texas - benefiting slightly and
California and Florida being most heavily impacted (each experience about a $218 million loss in revenues).
Consumer surplus is expected to decline by about $110 million as a result of lower production and higher
prices.

VanSickle and NaLampang (2002) use this same model to estimate the impact of phasing out methyl
bromide, as opposed to an outright and immediate ban (the focus of Van Sickle et al. 2000). In particular,
they evaluate the model’s ability to correctly predict the effect of the 50 percent reduction in MBr use
between 1991 and 2000 as required by the Montreal Protocol. Once they have confirmed the broad accuracy
of the model with regard to production trends, they use it to project the impacts of a further reduction in use
between 2000 and 2005 (when complete phase-out is to have occurred). They find that the largest impacts
are expected in the strawberry market, where the authors predict that production will decline by about 20
percent and revenues will decrease on net by about $140 million. When comparing these results with the
older Van Sickle et al. study, they find that the phase-out delays a substantial portion of the impact
associated with an outright ban. They also note the use of new technologies that enable farmers to maintain
the effectiveness of MBr while using less of it per acre.

Lynch (1996) also examines the impact of a U.S. ban on methyl bromide for growing strawberries and
tomatoes on consumer and producer surplus, based on the assumption that in 2001 methyl bromide
production and imports will cease. She builds a regionally disaggregated model with fixed proportions
technology'?? that treats prices as endogenous. She finds that a ban on methyl bromide use for growing

122 This technology assumption allows the author to assume away any cross-price elasticity between crops so
that the price of a commaodity is a function only of its own quantity. It is a typical assumption applied by
Spreen, VanSickle, and others when they use a fixed proportion or Leontief cost curve.
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strawberries would result in a decline in U.S. producer welfare of about $314 million and U.S. consumer
welfare of about $70 million. Mexican producers would benefit by about $90 million. Mexican producers are
expected to increase methyl bromide use, but by a relatively small amount compared to what was used by
U.S. growers. It is also worth noting that the impacts on the strawberry markets depend to some degree on
what is assumed about Mexico’s ability to respond to U.S. demand. If Mexico cannot adjust quickly enough,
then the author expects much higher agricultural prices.

Ferguson and Yee (1997) examine the short-run effect of a ban on methyl bromide use on farmer net
revenues and consumer surplus due to changes in production costs and yields. They find that a ban will
result in gains to growers that did not rely on methyl bromide prior to the ban, a mix of losses and gains to
growers that use methyl bromide that varies by crop based on the price elasticity of demand, and the
availability and cost of MBr alternatives. As with previous studies, cross-price elasticities are assumed to be
zero. Imports were accounted for in the case of three crops where it was deemed possible that they could
increase in the short term: strawberries, tomatoes, and tobacco. Relying on USDA production, price, and
acreage data for 21 different crops and demand elasticities from the literature, they estimate an annual
increase in production costs of $26 million, almost a third of which is borne by tomato growers.'?3 In
aggregate, the authors estimate a short-term welfare loss due to banning methyl bromide of S1 billion due to
reduced production and changes in prices. The authors point to the wide variation in welfare effects by crop
as justification for a gradual phase-out of methyl bromide instead of an outright ban. Peppers, tomatoes, and
strawberries all rank in the middle with regard to the estimated economic effect of methyl bromide use on a
per pound basis (ranging from about $19 - $30 per pound). 1%

Carpenter et al. (2000) conduct detailed crop-specific analyses for the National Center for Food and
Agricultural Policy (NCFAP) to evaluate the economic impacts of banning MBr use in agriculture immediately.
They begin by surveying the literature to identify the next best feasible alternative to methyl bromide from a
suite of known technologies. Estimated yield and costs effects of switching to this alternative are used as an
input into a regionally disaggregated, fixed proportions economic model to estimate changes in producer and
consumer surplus. Consumer surplus declines by $160 million due to higher prices and lower availability of
particular fruits and vegetables, with 75 percent of the decline stemming from strawberries. The model does

123 They also note that yield declines are expected to be particularly large for fresh strawberries and
tomatoes due to the limited availability of good substitutes for MBr.

124 Deepak et al. (1996) evaluate the economic impact of a MBr ban on the winter market in the United States
for six major fresh vegetables, including tomatoes and peppers. They focus on the effects of the ban on
Florida farm revenues, accounting for competition from Mexico and, to a limited extent, Texas. Using fixed
proportions technology on the supply side, they build a spatially explicit mathematical programming model
to solve for acreage planted, and market clearing prices and quantities. A MBr ban was simulated through a
loss in yield. Results suggest that a ban would eliminate or reduce production of several commodities in
Florida with Mexico making up much of the difference in lost supply. For instance, the authors project that
tomato acreage in Mexico would double as a result of the ban. The authors estimate that revenues of Florida
farmers will decline by 53 percent, while prices will increase by 1 - 11 percent depending on the particular
wholesale market.
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not predict much of an acreage response for many producers: Higher prices allow many growers to remain
profitable in spite of increased costs. On net, producers see a decrease in revenues of about $77 million. The
USDA (2000) points out that impacts in the NCFAP study are likely overstated to some degree — particularly as
one goes further out in time - because the authors assume that there are no improvements in technology, no
new MBr alternatives available than those currently on the market, and no exemptions granted going
forward. Even with possible overstatement of impacts, the USDA (2000) notes that the estimates of the
impact of a MBr ban by Carpenter et al. (2000) are substantially lower than earlier estimates by the USDA
(1993). The USDA (1993) estimated that banning methyl bromide use would result in $1 billion in impacts for
pre-plant uses, while Carpenter et al. (2000) estimated impacts for pre-plant uses of $400-5450 million.

Carter et al. (2005a) examined the short-term impact of the MBr ban on California strawberry farmers. Since
fresh strawberries are perishable, they assume that supply in a given season is fixed and cannot be easily
shifted into the processed strawberry market. Thus, to estimate the impact of the ban the authors only need
to know the expected reduction in strawberries harvested due to changes in yield and acreage, and the price
elasticity of demand. The authors evaluate a wide range of yield and acreage changes based on interviews
with farmers and field trial data, but consider the most likely scenario to be a decline in acreage of about 10
percent (over about a five-year period) and a decline in yields of 10-15 percent. Using a range of price
elasticities from the literature that range from -1.2 to -2.8 (with a “best” estimate of -1.9), they estimate that
industry revenue would decline by 6 — 17 percent. When the full distribution is taken into account, revenue is
estimated to decline by about 12 percent, on average (with a 90 percent probability that the loss is between
4 and 21 percent). These estimates do not account for the possibility that farmers use land previously
dedicated to strawberries to grow other crops, which would result in some additional revenue.

Carter et al. (2005a) also note that California competes with Florida and Mexico during the winter months,
but that by mid-March only California continues to supply fresh strawberries to the U.S. market due to
warmer temperatures that affect fruit quality in these other regions. How these markets interact is an
important consideration for estimating the national impact of a ban, particularly since California has its own
process for registering MBr alternatives. If Mexico can completely compensate for the decline in domestic
production, then strawberry prices would remain unchanged (instead of increasing), which would increase
the impact on U.S. strawberry farmers (but impact consumers less). The authors see such a dramatic increase

in Mexican exports as unlikely.

Norman (2005) examines the costs to U.S. strawberry growers of switching to MBr alternatives without any
exemptions, arguing that farmers will face much smaller net costs as a result of the ban than what growers
have suggested in their critical use exemption requests based on production costs alone. For instance, the
critical use exemption nomination for California strawberry growers for the 2006 growing season estimated
an overall loss of $1,600 to $4,000 per hectare due to lower yields and higher production costs. Norman
notes that this translates to 20-57 percent of net returns if market effects are not taken into account.
However, she finds that limited price responsiveness by consumers means that much of the cost of the ban
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will be passed on in the form of higher prices.?> Using price elasticities from the literature, Norman (2005)
finds that producers are expected to pass along about 75 percent of the increase in the cost of fumigation to
consumers, reducing farmer losses to $400 - $1,000 per hectare or 5 — 14 percent of net revenues.’?® She also
points out that with an increase in the cost of fumigation, growers will seek to substitute toward other inputs
to further reduce the cost of the ban (e.g., while many papers start from a fixed proportions supply curve,
this may not be a valid assumption). Similar to Carter et al. (2005a), Norman (2005) argues that competition
from Mexican imports will likely be limited. She points to several reasons why this is expected to be the case:
little overlap between U.S. and Mexico growing seasons, the perishable nature of strawberries, and seasonal
differences in prices. Norman finds that seasonal variations in strawberry prices are much larger than the
additional costs from phasing out MBr use, making it likely that U.S. farmers will retain a competitive
advantage during the peak domestic growing season.?’

Goodhue et al. (2005) evaluate whether California strawberries qualify for a critical use exemption according
to the criteria in the Montreal Protocol (i.e., lack of available alternatives would cause a significant market
disruption and/or no technically or economically feasible alternatives that also meet health and safety
standards). In evaluating the economic impacts of no longer using methyl bromide, the authors considered
three alternatives: 1,3-D, chloropicrin, and metam sodium.?® They do not evaluate possible changes in crop
production practices, such as more integrated pest management techniques or conversion to organic
production.'?® Data were taken from field experiments that generated material and weed control costs for
methyl bromide and its alternatives. As a result, differences in application costs and effects on yields are not
considered. The effect of changes in demand for methyl bromide substitutes on fumigant prices and of costs
on total strawberry acreage are also not considered, though the authors acknowledge that these types of
effects are likely. Whether an alternative is technically feasible will vary by soil type, climate, and other
factors, but for this analysis the authors assume growers have identical production costs to conduct a break-
even analysis under different yield loss assumptions. In other words, they evaluate how much price and/or
acreage would need to change for farmers to break even using a given methyl bromide alternative. They find

125 Decanio and Norman (2005) note that demand is fairly price inelastic for most fruits and vegetables.

126 Norman (2005) calculates that a cost increase of $2,800 per hectare would translate to a price increase of
about $0.50 annually for the average U.S. household. However, price increases are most likely to occur during
months when imports from Mexico are less available, which is also when strawberry prices tend to be the
lowest.

127 1n addition, Mayfield and Norman (2011) point out that Mexico consumed less MBr than it was allowed
under the Montreal Protocol in 2008. Mexico plans to expedite its phase out such that MBr is no longer in
use by 2012, three years earlier than required, by switching to methyl iodide.

128 While not analyzed, they note that methyl iodide and propargyl bromide could be competitive alternatives
in the future if they are successfully registered in the United States and California.

129 The authors view the opportunities for switching to organic production as limited, due to the substantially
higher hand weeding costs, lower yields, and land and planting requirements to qualify as organic. In
addition, large shifts into organic production would inevitably have price effects.
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that for the most likely yield declines (10-15 percent), prices would have to increase by 13 — 23 percent for
profits to be unaffected, while acreage would have to decline by 13 — 34 percent.

Finally, Carter et al. (2005b) evaluate the impact on strawberry farmers of additional buffer zone restrictions
and notification requirements for MBr fumigation put into place in California in 2001.23° While not a study of
the impacts of a national MBr ban, it is indicative of the way farmers may adapt to use restrictions. The
authors find that for some acreage farmers no longer grew strawberries and instead switched to less valuable
crops. Farms that bordered non-agricultural uses were most affected — they had larger amounts of acreage
where strawberries could no longer be grown (assuming application rates and other factors remained
unchanged). Smaller fields lost a greater proportion of acreage due to buffer zone restrictions. Using UC-
Davis crop budgets combined with expert opinion and surveys of growers, the authors estimated short-run
impacts. The buffer zone requirements lengthened the amount of time it took to fumigate a field, delaying
harvest and reducing production. Fumigation costs were estimated to increase by about 40 percent due to
additional labor and equipment requirements. The authors estimated a loss to the strawberry industry due to
inability to fumigate certain pieces of land. Finally, growers that relied on bed fumigation instead of flat
fumigation were required to establish larger buffer zones due to higher application rates. This resulted in
some switching from bed to flat fumigation by farmers (flat fumigation is about $1,000 per acre more
expensive).

130 EPA finalized new restrictions on the use of many fumigants as part of the re-registration process,
including buffer zone requirements and lower maximum allowable application rates to protect air quality and
the health of workers and nearby residents. Noling et al. (2010) point out that these new requirements are
likely to spur a greater transition into less permeable plastic mulch, which allows for lower application rates
without compromising fumigant effectiveness. Most of the new requirements take effect in 2010-2011. See
VanSickle et al. (2009) for a discussion of the impacts of these new buffer-zone requirements on Florida
strawberry farmers.

113 -



Appendix 3.2: The Role of the Stockpile

Agricultural users that receive a critical use exemption can also rely on the MBr stockpile. While EPA tracks
the draw-down of the stockpile and the overall amount of methyl bromide used for critical and non-critical
uses, it does not know which specific users purchase from it. Figure V-Al shows declines in the stockpile from
2003 to 2010. Experts note that, as critical use exemptions decline and the stockpile is drawn down, they
expect MBr shortages and markedly higher prices in some regions (Noling et al. 2010; Goodhue et al. 2010).
Due to a paucity of data, we are not able to say what role the stockpile played in fumigant decisions for
California strawberry growers for the 2006 — 2010 seasons.

Figure 3.A1: U.S. Methyl Bromide End-of-Year Stockpile (in metric tons): 2003 - 2010
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Source: EPA website. http://www.epa.gov/ozone/mbr/otherreginfo.html
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Chapter 4: National Primary Drinking
Water Regulation for Arsenic

On January 22, 2001, EPA published new National Primary Drinking Water Regulations for Arsenic (the
“Arsenic Rule”). EPA used sound science and the best available information to estimate the costs associated
with the rule in its benefit-cost analysis. The purpose of this paper is to examine how EPA’s ex ante cost
analysis of the Arsenic Rule compares to an ex post assessment of costs. This is not an evaluation of how well
EPA conducted the ex ante analysis at the time of the rulemaking, but rather it is an examination of the key
drivers of compliance costs in an effort to make an informed judgment as to whether ex post costs are higher
or lower than the estimates of ex ante costs for this Rule. We are interested to see if actual costs diverged
from ex ante costs and, if so, what factors caused this divergence (e.g., changing market conditions,
technological innovation, etc.) as described in Chapter 1 of this report.

This case study is organized as follows. Section 4.1 describes the 2001 Arsenic Rule and the types and size of
water systems that were expected to be affected. Section 4.2 summarizes the methods EPA used to produce
ex ante compliance costs for the final rule by water system type and size (humber of people served). Section
4.3 describes sources of information available to conduct an ex post cost assessment of the Arsenic Rule.
Section 4.4 presents a very limited comparison of ex ante and ex post compliance costs using data from a
limited set of demonstration projects designed to show the effectiveness of various treatment technologies
at reducing arsenic levels. And lastly, Section 5.5 summarizes the analytic challenges we faced in conducting
an ex post cost assessment for this Rule.

4.1. Impetus and Timeline for the Regulatory Action

The 2001 National Primary Drinking Water Regulations for Arsenic lowered the Maximum Contaminant Level
(MCL) for arsenic in drinking water from 50 micrograms/liter (ug/L) to 10 pg/L. The rule applied to 54,000
Community Water Systems (CWSs) and 20,000 other systems known as Non-Transient Non-Community
Water Systems (NTNCWSs) that serve non-residential communities (e.g., schools, churches). Water systems
had to comply with this standard by January 23, 2006. EPA estimated that approximately 3,000 CWSs and
1,100 NTNCWSs would initially not meet the 10 pg/L standard and would need to treat their drinking water
to reduce the arsenic levels. Of those systems affected, 97 percent were considered “small systems” serving
10,000 people or fewer.
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The Arsenic Rule was particularly important in that it was the second drinking water rule in which EPA used
the discretionary authority afforded by §1412(b)(6) of the Safe Drinking Water Act to adjust the MCL to a
level above that which is technically feasible if the benefits do not justify the costs. While the Agency initially
proposed an MCL of 5 pug/L, EPA ultimately set the drinking water standard for arsenic at 10 ug/L, concluding
that this level maximized health risk reduction at a cost justified by the benefits (US EPA 2001).13! The
technically feasible level for arsenic removal from water was established at 3 pg/L.

4.2. EPA Ex Ante Cost Estimates

The costs associated with the Arsenic Rule include: 1) the costs to water systems to comply with the
standard, including treatment costs, monitoring costs and administrative costs of compliance and 2) costs to
States to implement and enforce the rule. The total annual costs of the rule were estimated at
approximately $181 million, with treatment costs comprising the bulk at about $177 million. The total costs
to CWS were estimated at approximately $172 million, 98 percent of which were expected to accrue to
systems serving populations of 1,000,000 people or less. Costs for NTNCWS were estimated to be $8.1
million.132

The cost implications for households were dependent on the size of their community water system. For
households served by small community water systems (those serving fewer than 10,000 people), the annual
increase in cost was expected to range between $38 and $327. For those served by community water
systems that serve greater than 10,000 people, the estimated annual household costs for water were
expected to increase from $S0.86 to $32. The disparity in household costs between systems sizes was due to
economies of scale, with larger systems able to spread the costs they would incur over a larger customer
base.

4.2.1. Main Components of Ex Ante Compliance Costs

4.2.1.1. Identification of Best Available Treatment Technologies

EPA’s ex ante compliance cost estimates for the Arsenic Rule required the identification of the “Best Available
Technologies” (BAT) effective at removing arsenic and bringing water systems into compliance with the MCL.
In the Technologies and Costs for Removal of Arsenic from Drinking Water (EPA, 2000), the various arsenic
removal technologies under different conditions are described. These technologies include
coagulation/filtration, greensand filtration, activated alumina, ion exchange, and membrane processes such

131 Based on the available science at the time, EPA quantified and monetized health benefits associated with the
rule included expected reductions in bladder and lung cancers with estimates ranging from $140 to $198 million
(51999). However, a number of health outcomes associated with arsenic exposure remained unquantified,
including cancers of the kidney, skin, and prostate, endocrine disorders (e.g., diabetes) and other cardiovascular,
pulmonary, and neurological effects.

132 EPA also estimated total annual treatment costs by system size across CWS and for NTNCWS systems by
NTNCWS system service type (see USEPA 2001, Chapter 6).
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as reverse osmosis. In addition to the traditional arsenic removal treatment technologies, alternative
technologies still in the experimental stages such as sulfur-modified iron, iron filings, iron oxide coated sand,
and granular ferric hydroxide are discussed. Included in the discussion of each technology are ways to
improve the effectiveness of the technology for the removal of arsenic. The impact on arsenic removal
efficiencies from factors such as pH, arsenic oxidation state, and the effect of competing ions are also
discussed for each technology. As a result of this assessment, the following technologies were identified by
EPA as BAT:

Modified Lime Softening

Modified Coagulation/Filtration

lon Exchange

Coagulation Assisted Microfiltration
Oxidation Filtration (Greensand)
Activated Alumina

In addition to these centralized treatment technologies, EPA identified point-of-use (POU) devices as
appropriate for small systems to achieve compliance with the arsenic MCL. POU involves treatment at the
tap such as a water fountain or kitchen sink. However, the Safe Drinking Water Act requires that POU devices
be maintained by the public water system which means additional recordkeeping and maintenance costs.
The POU treatment options considered were:

® POU Reverse Osmosis
®  POU Activated Alumina

Cost equations and the resulting cost curves for both capital and O&M costs for each of these technologies
are presented in the Technologies and Costs for Removal of Arsenic from Drinking Water (EPA, 2000) and
serve as major inputs to EPA’s estimation of compliance costs. The capital cost curves are a function of the
system design flow (mgd, million gallons per day) while operating and maintenance (0&M) cost curves are a
function of the average flow (mgd) of the system. Some of these technologies generate wastes that require
disposal or pre-treatment (e.g., pre-oxidation or corrosion control) in order to be effective. The associated
costs of waste disposal and pre-oxidation were included in the costs of treatment when relevant (See
Appendix 4.2).133

With the best available technologies and their unit costs defined, EPA employed different methods to
estimate compliance costs for each of three different system categories: NTNCWSs, CWSs serving 1,000,000

133 EPA’s economic analysis of the arsenic rule captured only the predicted costs of the federal regulation and did
not account for disposal costs resulting from state regulations that are more stringent than federal requirements.
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people or fewer, and CWSs serving more than 1,000,000 people. In the Economic Analysis (EA), EPA used a
Monte Carlo Simulation model (the Safewater XL model) to estimate compliance costs for the CWSs serving
1,000,000 or fewer people and a deterministic spreadsheet analysis to assess compliance costs for the
NTNCWSs. EPA estimated compliance costs individually using system specific information for the very large
systems (those serving more than 1,000,000 people) with baseline levels of arsenic expected to exceed the
10 pg/L MCL. Total national compliance costs were then calculated by summing the compliance costs for the
three system categories. Each methodology is discussed in more detail below.

4.2.1.2. Community Water Systems (systems serving 1,000,000 people or fewer)

To estimate compliance costs for this size category of CWSs, EPA used the Safewater XL model. The model
uses a combination of individual system data and distributional data (e.g., arsenic occurrence, number of
entry points per system) to estimate costs. The data required for Safewater XL include a list of all water
systems, system source type (groundwater or surface water), population served by the system grouped into
one of eight size categories (<100; 101-500; 501-1,000; 1,100-3,300; 3,301-10,000; 10,001-50,000; 50,001-
100,000; 100,001-1,000,000), and flow rate of the system. These data are available from EPA’s Safe Drinking
Water Information System (SDWIS) which contains data on all public water systems as reported by States and
EPA Regions. Additionally, the model contains probability distributions of the data for the number of entry

points per system and the concentration of arsenic in untreated water. 134

EPA estimated the number of entry points for each water system and its corresponding population size
category using data from the 1995 Community Water Supply Survey. Arsenic occurrence data are based on
EPA’s “Arsenic Occurrence in Public Drinking Water Supplies” report (US EPA 2000b). Mean arsenic
distributions for each system were estimated by sampling from observed data for actual systems with the
same water source type in eight geographic regions of the country. Each system was assigned a random
concentration from the arsenic occurrence distribution. The arsenic concentration for each system was then
distributed (preserving the assumed mean) across each of the entry points in the system so that each entry
point had its own assumed arsenic concentration.

The Safewater XL model then compared the arsenic concentration at each entry point to the 10 pg/L MCL
standard. Entry points with predicted arsenic concentrations above the MCL were assumed to reduce the
site concentration to 80 percent of the MCL, while entry points with predicted arsenic concentrations below
the MCL were assumed not to employ any treatment. 3> For those entry points that required treatment, the
Safewater XL model used a series of decision trees to assign a treatment technology to the entry point
appropriate for the size and type of system.'3® Each decision tree assigned a probability to the application of

134 Entry points are points at which water enters a water system’s distribution network; in general, groundwater systems have
more entry points than surface water systems and larger systems have more entry points than smaller systems.

1355afewaterXL calculates the percent reduction in arsenic concentration required to reduce the site concentration to 80
percent of the MCL standard (this is a safety factor that includes a 20 percent excess removal to account for system over-
design).

136 OW created sixteen decision trees: two source types for each of the eight group sizes.
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a specific treatment technology at a given entry point, with the probability dependent on the source water
type, population size, and effectiveness across options based on the amount of arsenic requiring mitigation.
Using the design flow and average flow of the system and the cost curves and equations developed in the
Technologies and Costs for Removal of Arsenic from Drinking Water (EPA, 2000), capital and operating and
maintenance (O&M) costs at the site level were calculated for each treatment technology. A system’s
compliance cost was then determined by summing across the treated entry points in the system. By
performing this analysis for each system expected to violate the MCL, EPA calculated a national estimate of
compliance costs for CWSs.

4.2.1.3. Non-Transient Non-Community Water Systems

For the NTNCWSs, EPA estimated compliance costs using a deterministic spreadsheet rather than the
Safewater XL model. Similar to the methodology employed for the CWSs described above, the spreadsheet
relied on the SDWIS data for information on the number of systems affected and the population served and
used the same arsenic occurrence distribution developed above. Based on the design flow of the system,
one of two treatment technologies was selected: (1) point of entry activated alumina or (2) centralized
activated alumina. Point of entry activated alumina was selected for NTNCWSs with design flows less than
2,000 gallons per day and the centralized active alumina was selected for all other systems. Capital and O&M
costs were calculated based on the treatment technology selected and the design and average flow of the
NTNCWS.

4.2.1.4. Community Water Systems (systems serving populations of more than
1,000,000)

For each of the nation’s 25 largest drinking water systems — those serving more than 1,000,000 people, EPA
developed individual compliance cost estimates using system specific information including entry point water
quality parameters, system layouts, design and average flow, and treatment facility diagrams. 37 The
resulting estimates were sent to each of the utilities for review and approximately 30 percent submitted
revised cost estimates or additional arsenic occurrence data. EPA revised the cost estimates for those
systems using these additional data. Of the 25 drinking water systems, three were expected to exceed the
arsenic MCL —those located in Houston, Los Angeles and Phoenix. The cost estimates developed for these
three systems accounted for approximately 2 percent of the total compliance costs estimated for the Arsenic
Rule.

137 Some sources of these data included the Information Collection Rule, the Community Water Systems Survey, the Association
of Metropolitan Water Agencies Survey, the Safe Drinking Water Information System, the American Water Works Association
WATERSTATS Survey as well as discussions with system operators.
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4.2.2. Main Sources of Uncertainty in Ex Ante Cost Estimates

Ex ante analyses are subject to many challenges and uncertainties. Selection of the most effective mitigation
strategy depends on conditions that are specific to each system. Source of water (e.g., groundwater versus
surface water), size of system (population served), and water quality conditions vary across systems. Water
quality parameters such as pH, iron, sulfate and even the type of arsenic have implications for the
effectiveness of a given treatment technology. However, EPA lacked information on exactly which systems
would be out of compliance with the new MCL and relied on modeled outcomes. EPA based its cost
estimates for these systems on predicted mitigation strategies. Over 90 percent of compliance costs were
derived from, a regulatory cost model, SafeWater XL. Modeled outcomes by design introduce uncertainty.

Location may also affect the choice of mitigation strategy. Proximity to neighboring drinking water systems
or other alternative sources of water may favor blending or abandonment of the problem source. Further,
waste streams containing arsenic resulting from the use of some technologies may be considered hazardous

waste and subject to disposal regulations 132

, with some states imposing their own requirements in addition
to federal regulations. These waste disposal restrictions may further constrain the choice of technologies and
ultimately affect the associated costs. In addition, some states may require pilot testing before the
installation of a treatment technology, increasing the costs of compliance with the new MCL (EPA, 2006).
Technological innovation or regulatory or technical constraints could result in water systems using different
treatment technologies for arsenic removal than the BATs listed by EPA. The SafeWater XL Model is not able
to capture these potential exogenous factors that may influence how a water system will reduce their arsenic

concentration.

4.3. Information Available to Conduct Ex Post
Evaluation

4.3.1. Ex Post Literature

Prior to and after promulgation of the Arsenic rule, a number of studies reviewing EPA’s ex ante cost
estimates were prepared — some in general support of the Agency’s estimates (e.g., Gurian, NDWAC 2001)
and others contesting them (e.g., Bitner et al., 2001, Frey et al. 2000). Shortly following the promulgation of
the rule, EPA engaged NDWAC in an extensive, independent review of EPA’s cost analysis. In spite of the
interest the Arsenic Rule generated at the time, our search of the literature identified only two studies that
have made comparisons of ex ante and ex post costs of compliance with the arsenic rule: Gurian et al. (2006)
and Hilkert Colby et al. (2010).

Gurian et al. (2006) presents some limited comparisons of EPA’s ex ante cost estimates and realized ex post
cost estimates for the Arsenic rule. Specifically, using information from the first round of EPA demonstration

138 See http://www.epa.gov/nrmrl/pubs/600s05006,/600s05006.pdf
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projects reported in Chen et al. (2004), they make comparisons of ex ante and ex post capital costs for small
systems. A number of the demonstration projects utilized iron-based adsorptive media, an emerging
technology at the time that was not a BAT in EPA’s economic analysis of the rule. Plotting the realized capital
costs for the 12 demonstration projects against EPA’s cost curves for ion exchange and activated alumina,
considered the best options for small systems at the time the rule was promulgated, they find that in 10 out
of 12 cases capital costs for the demonstration projects fell below the 1999 estimates. While the
demonstration projects do provide seemingly good news related to costs experienced by small systems to
mitigate their arsenic levels, Gurian et al. caveat their results by noting potential biases embedded in the
demonstration project cost estimates (e.g., biased vendor bids, tendency toward treatment technologies
rather than non-treatment solutions, availability of additional expertise in devising a solution, etc.).

Gurian et al. also present the results of a small survey of six large water systems conducted in 2003 in which
they ask about the progress each has made in coming into compliance with the new arsenic MCL. Rather
than compare these realized costs with EPA ex ante estimates, however, they make comparisons with pre-
regulatory estimates derived and presented for these same six systems in Frey et al. 2000.

Hilkert Colby et al. (2010) perform a somewhat more comprehensive comparison of ex ante and ex post costs
in their paper looking at costs of arsenic mitigation in the state of California. With help from the California
Department of Public Health, they contacted the 43 systems in the state using treatment technologies to
mitigate arsenic levels in drinking water. Each system was asked to report on cost and performance metrics
for the technologies installed, including capital and O&M costs. They compared these reported costs with
those of 13 EPA Demonstration projects from Rounds 1 and 2 that use Adsorptive media (specifically
Bayoxide E33). In addition, they compare the realized costs with EPA’s affordability threshold (i.e., the total
annual household water bill considered affordable) as well as the available expenditure margin for a revised
MCL (i.e., the remainder of the threshold amount after subtracting off estimates of annual household water
bills) reported in the economic analysis.

Although they find that the median annualized costs for California systems fall within the expected household
cost for compliance with the Arsenic Rule of $0.01-55.05/1,000 gallons (2008S), they report that 22 percent
of the systems had annualized costs that exceeded these amounts; 19 percent had costs greater than EPA’s
expenditure margin; 15 percent had costs greater than EPA’s affordability threshold for drinking water.
However, in making these comparisons, they admit their assumption that the treatment technology in
operation at each location is used to treat all water sources on the property. This assumption could result in
an overestimate of costs as “not all the water for the system requires arsenic treatment.” They also find that
compared to California systems using similar technologies, the selected EPA demonstration sites reported
lower median and maximum annualized costs. Specifically, compliance costs among systems in California
employing similar technologies were $0.09/1,000 gallons higher than the 13 selected EPA demonstration
projects, with the demonstration projects enjoying somewhat lower labor costs but higher media
replacement costs than California systems.
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4.3.2. Data for Evaluating Costs Ex Post

We explored several source categories for ex post cost data including publicly available data on water
systems and arsenic contaminant levels, EPA’s Office of Research and Development (ORD) Demonstration
Projects, consultations with industry compliance experts as well as information provided by state authorities
and associations in areas known to have levels of arsenic in drinking water exceeding the MCL. Each of these
source types and the data uncovered in each category are described below.

4.3.2.1.  Publicly Available Data

Working with Abt Associates, we identified ten sources of publicly available data collected on levels of
contaminants in U.S. drinking waters and four potential data sources on compliance costs.’® The potential
sources on arsenic contaminant levels in drinking water and ambient levels are as follows:

Safe Drinking Water Information System (SDWIS)

Arsenic Occurrence and Exposure Database (AOED)

Consumer Confidence Reports (CCRs)

National Tap Drinking Water Database (NTWQD)

EPA’s STORET Data Warehouse — arsenic ambient levels

National Water Information System (NW!IS) — arsenic ambient levels

National Water-Quality Assessment (NAWQA) Program — arsenic ambient levels
Community Water System Survey (CWSS)

National Contaminant Occurrence Database (NCOD)

National Environmental Public Health Tracking Network

Although not specific to arsenic, potential sources of compliance cost data include:

e Drinking Water Infrastructure Needs Survey and Assessment (DWINSA)
e Community Water System Survey (CWSS)
e Drinking Water Cost Rate Data

A detailed description of each database can be found in Appendix 4.1.

A considerable amount of basic operating information on public water systems appears to be available from
SDWIS and CWSS. These data potentially could be combined with arsenic occurrence data from USGS’s NWIS
and NAWQA, EPA’s NCOD and STORET as well as compliance cost estimates from EPA’s DWINSA. However,
the 2007 DWINSA collections information is on the systems’ anticipated capital improvements and associated
needs to meet the new arsenic standard, so the focus is on anticipated projects not on actual strategies
employed. Still, the data may be useful in identifying small systems that had to address the new arsenic
standard, the treatment projects planned by those systems, and the anticipated capital cost of those

139 “Background and Data Sources for Five Selected Rules,” memo from Abt Associates to Nathalie Simon, August
17, 2010. Note that this list was later augmented with additional information by EPA.
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projects. Because the focus of the DWINSA is on capital projects, O&M costs associated with those projects
would not be captured, not to mention some non-treatment options.

Even using the data collected in the various arsenic occurrence databases and DWINSA, gaps still remain in
the publicly-available data that prevent us from being able to produce a robust estimate of the realized costs
of complying with the Arsenic rule. These gaps include mitigation strategies pursued by each system out of
compliance with the new arsenic standard and the costs associated with installation and operation of these
technologies (O&M costs and capital expenditures).

4.3.2.2.  ORD Demonstration Projects

In October 2001, EPA embarked on a project to help small community water systems (<10,000 customers)
research and develop cost-effective technologies to meet the new arsenic standard. As part of the Arsenic
Rule Implementation Research Program, EPA’s ORD conducted three rounds of demonstration projects that
applied full-scale, onsite demonstrations of arsenic removal technology, process modifications and
engineering approaches for small systems.

EPA funding in combination with additional funding from Congress provided support for the three rounds of
demonstration projects from 2005-2007. Treatment technologies were selected from solicited proposals.
EPA conducted 50 arsenic removal demonstration projects in 26 states in the US. Treatment systems
selected for the projects included 28 adsorptive media (AM) systems, 18 iron removal (IR) systems (including
two systems using IR and iron addition (IA)) and coagulation/filtration (CF) systems (including four systems
using IR pretreatment followed by AM), two ion exchange (IX) systems, and one of each of the following
systems: reverse osmosis (RO), point-of-use (POU) RO, POU AM, and system/process modification. Of the 50
projects, 42 were community water systems (CWS) and eight were non-transient non-community water
systems (NTNCWS).

The report “Costs of Arsenic Removal Technologies for Small Water Systems: U.S. EPA Arsenic Removal
Technology Demonstration Program” (Wang and Chen, 2011) summarizes the cost data across all
demonstration projects grouped by the type of technology. Total capital costs and operating and
maintenance (O&M) costs are presented for each treatment system. Capital costs are broken down by
equipment, site engineering, and installation costs. Factors affecting capital costs include system flow rate,
construction material, media type and quantity, pre- and/or post-treatment requirements, and level of
instruments and controls required. The O&M costs for each treatment system are broken down by media
replacement, chemical use, electricity and labor.

Although the number of projects and types of treatment technology represented is limited, the ORD
Demonstration projects provide detailed information on the capital and O&M costs associated with select
arsenic mitigation technologies. However, due in part to the goals of the program and the use of emerging
technologies, a number of biases may be present in the data. Arsenic treatment technologies, especially
iron-based adsorptive media were in a developmental stage at the start of the Demonstration program. As
such, vendors were still developing an understanding of the effects of various aspects of water quality on
their technologies as well as techniques for mitigating these impacts. In addition, the price point for the
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adsorptive media was not well-established and, because of the speed at which EPA needed to implement the
demonstration program, there may not have been sufficient time to negotiate the most competitive media
prices. Generally, little to no pilot testing was conducted at Demonstration sites to optimize the design and
installation of the technologies at a given facility prior to the selection of a technology and its
implementation. On the other hand, vendors wishing to establish their technologies as cost-effective
alternatives may have offered EPA more appealing prices. Again, because the goal of the program was to
demonstrate the effectiveness of various alternative treatment technologies, non-technological treatment
alternatives were not considered and are therefore not represented in the data. However, because of the
detailed nature of the data, they nevertheless provide useful information for this exercise.

4.3.2.3. Compliance Assistance Engineering Firms

Water systems needing to respond to new standards often hire engineering firms to aid in designing and
installing appropriate water treatment systems. This was the case with some systems needing to comply
with the Arsenic Rule. As such, compliance assistance engineering firms have information on the capital cost
of projects that they support and may have professional judgment-based estimates of the operating and
maintenance costs required for the installed equipment.'® Depending on the geography covered by a
particular engineering firm, it may have access to the cost information for projects in one or more states.

With assistance from Abt, we identified and contacted seven engineering firms as potential industry experts:
Malcolm Pirnie, Wright-Pierce, Farr West, Black and Veatch, CH2MHill, Brown and Caldwell, and Brady
Associates. To guide the collection effort, we prepared a detailed template that captured inputs to the cost
estimate methodology used by the Office of Water as well as a separate document with more general
questions on the assumptions and cost estimate framework (See Appendix 4.3). Of the seven, two
engineering firms, Malcolm Pirnie and Wright-Pierce, provided information on the technologies used by
water systems they assisted and the associated compliance costs as well as providing responses to the
general questions.14% 142

Specifically, Malcolm Pirnie provided information on the technologies used by water systems and the costs
incurred to comply with the Arsenic Rule for projects on which they worked. In addition to answering
guestions designed to collect feedback on the assumptions and cost estimation equations used by EPA to
estimate the costs of treatment technologies, Malcolm Pirnie provided cost information for seventeen water
systems located in California and Arizona ranging in size from 0.4 mgd (million gallons per day) to 6 mgd. The

140At the outset of the process for engaging engineering firms in this effort, firms indicated that they may have
information and insight on the costs of installing treatment technologies at specific water systems, but would
usually not have information on the operation and maintenance costs for those installations.

141 Malcolm Pirnie provided technical support to EPA during the development of the Technology and Cost
Document for the Arsenic Rule.

142 |nternal review of this document raised concerns about the potential bias associated with capital cost estimates
provided by engineering firms in that they might capture other capital improvements unrelated to arsenic
mitigation.
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treatment technologies for these systems included three ion exchange (l10), one reverse osmosis (RO) and
one point-of-use reverse osmosis (POU-RO), one activated alumina (AA), five granular ferric oxide (GFO),
three granular iron media (GIM), one iron-enhanced media and one blending plan

Wright-Pierce provided cost information for two water systems which used greensand filtration as the
treatment technology. The two water systems are located in Maine — one in the town of Lisbon and the
other in the town of South Berwick. The Willow Drive Pump station in the South Berwick water district serves
a population of 3,280 while the Moody River Road Filter plant located in the Lisbon water district serves a
population of 6,250.

4.3.2.4. Independent Associations

We considered independent associations of water systems, including national, regional or those covering
specific types of water systems, as potential sources of information for this effort. To support their own
initiatives, we expected that these associations might sometimes collect information on compliance
strategies and costs from their members. Based on this possibility, we asked Abt to investigate whether
these associations would be able to share information relevant to our study.

With Abt’s assistance, we identified and contacted the following four independent associations: the
Association of Metropolitan Water Agencies (AMWA), the American Water Works Association (AWWA), the
National Rural Water Association (NRWA), and the Association of State Drinking Water Administrators
(ASDWA). For the most part, these associations did not have detailed information readily available on the
compliance strategies pursued by their constituents. Nevertheless, discussions with these associations
yielded references to other entities that could have the necessary information.

Specifically, AMWA, an organization of large, publicly-owned metropolitan drinking water systems, provided
some anecdotal information on the costs of compliance with the arsenic rule for their constituents and,
further, suggested we contact the Association of California Water Agencies (ACWA). ACWA is the largest
state-wide coalition of public water agencies in the country, with nearly 450 public agency members.
Collectively, ACWA’s constituents are responsible for 90 percent of the drinking water delivered in California.
ACWA had conducted a member survey on compliance with the Arsenic Rule for a different initiative that
occurred before our project launched. ACWA was able to share some of the findings of that survey with us
and pointed us to peer-reviewed publications they had sponsored using the data collected (Hilkert Colby et
al., 2010).

Even though AMWA and ACWA did not provide actual cost data, they both alleged that the costs of
complying with the new arsenic MCL were higher than EPA had estimated in its economic analysis, with
AMWA reporting that the majority of systems relied on iron-based adsorptive media -- a technology that was
not yet demonstrated under field conditions at the time the arsenic rule was promulgated and therefore not
considered in the EA (correspondence with Erica Brown, AMWA 2011). AMWA also indicated that a number
of the technologies included in the EA -- activated alumina, ion exchange, greensand filtration, and reverse
osmosis -- are not widely used by utilities needing to mitigate arsenic levels. Further, they claimed that there
have been a number of reports of system failures due to poor design, misrepresentations by vendors
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regarding the effectiveness of their technologies, the application of technologies inappropriate for specific
systems, and the application of systems that are too complex for small systems to maintain.

ACWA, on the other hand, contended that EPA’s EA failed to account for additional compliance costs
imposed at the state level as a result of California’s laws regulating the characterization, generation and
disposal of hazardous waste residuals resulting from the arsenic removal process (correspondence with Abby
Schneider, ACWA 2011). According to ACWA, more stringent requirements in California related to the
management of arsenic residuals were a key driver in the selection of treatment technologies and often
resulted in significantly higher compliance costs in California.'*

In addition, ACWA found fault with EPA’s assumption regarding the use of point-of-use (POU) devices by
small systems (those serving 500 or less service connections (ACWA 2011)). In California, use of this
technology is no longer an option for long-term, permanent treatment of arsenic due to stricter state
regulation. Effective December, 2010, POU devices are allowed in CA for a 3-year period in public water
systems serving 15-200 service connections. However, these temporary systems need to be replaced with
another treatment technology following that period, resulting in higher compliance costs for the small water
systems in that category. ACWA did not provide actual cost data to substantiate their claims.

Other independent agencies, specifically NRWA and ASDWA, were helpful in identifying other potential
sources of ex post information. Specifically, they suggested that we reach out to individual state agencies
with systems known to have exerted a great deal of effort to mitigate arsenic levels in response to the
revised MCL. In particular, they suggested we reach out to agencies in Arizona, California, Nevada, New
Mexico, and Michigan.

4.3.2.5. State Agencies

Forty nine State agencies and one tribe have primary enforcement responsibility (e.g. primacy) under the
Safe Drinking Water Act and, as such, have state-level information on the number of water systems that had
to take compliance actions in response to the Arsenic Rule. Specifically, these agencies tend to track the sizes
of the systems in question, in addition to general compliance strategy information (i.e., how many systems
complied; how many systems installed treatment equipment; and how many opted for non-treatment
compliance strategies). Although some state agencies may even have specific information on the arsenic
treatment technologies installed, they typically do not have information on their associated costs as tracking
costs is outside of their purview.

Through Abt’s contact with independent agencies discussed above, we identified five states -- Arizona,
California, Michigan, Nevada, and New Mexico — where significant effort was exerted and/or much difficulty

143 EPA’s economic analysis of the arsenic rule captures only the costs of the federal regulation, not the costs of
more stringent state regulations.
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was experienced in mitigating arsenic levels in response to the new MCL for arsenic. Initial contacts with
these states yielded another 4 states with similar experiences, namely Maine, Ohio, Texas and Washington.

Before proceeding with our data gathering efforts, we compared the list of nine states against those
identified in two studies on arsenic occurrence — a study by United States Geological Survey (USGS) and a
study by Natural Resources Defense Council (NRDC). Each of these studies was carried out prior to the
effective date of the Arsenic Rule. The USGS study evaluated arsenic concentration data from ground water
sources, a subset of which were located in public water supply sources. The NRDC study examined arsenic
compliance monitoring data from ground and surface water community water systems in 25 states that
supplied the relevant data. Based on the state-level arsenic occurrence information in the USGS study and
the NRDC study, 32 states were identified where the water treatment systems were likely to have had ground
water or surface water arsenic levels above the proposed MCL when the Arsenic rule was promulgated (“high
arsenic”). We confirmed that all nine states identified through contact with state agencies and independent
associations appeared on the “high arsenic” list in at least one of these two studies.

With Abt’s assistance we contacted each of the nine states and sent them both a list of general questions
related to compliance with the Arsenic MCL as well as a detailed template to give them a sense of the
information we were seeking. Abt asked the contacts to provide as much of the information contained
therein as they could about their state’s experience in complying with the Arsenic MCL. Although none were
able to provide cost information, we received responses regarding the types of treatments installed from 4 of
the 9 — Maine, Michigan, Nevada and Washington.

Maine’s Drinking Water Program in the Department of Health and Human Services provided some
information in response to our inquiries about what transpired in the state in response to the new arsenic
MCL but did not otherwise answer the general questions provided. In their response, they indicate that
Maine’s arsenic compliance issues revolved around public water systems using groundwater and provided
some detail on the types of media installed at the various systems needing to mitigate their arsenic levels.
These are summarized in Table 4.1 below. Each of the 82 systems listed serve a population of less than
10,000 people, with 78 of the 82 serving populations of less than 1,000. As shown, the majority of systems
(67 percent) employed adsorptive media. Anion exchange, installed at 15 percent of systems, was the
second most popular compliance technology employed. They also offered, however, that adsorptive media
did not last as long as originally estimated by vendors, resulting in more frequent media replacement.
Connecting to municipal water systems and installation of new wells accounted for another 6 and 5 percent,
respectively.
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Table 4.1: Arsenic Mitigation Strategies Employed in Maine

Type of Treatment Number of Systems Percentage of Systems Needing to
Mitigating Arsenic Levels Mitigate Arsenic Levels

Adsorptive Media 55 67
Anion Exchange 12 15
Combination of Adsorptive 2 2
Media/Anion Exchange
Reverse Osmosis 2 2
New Wells 4 5
Connected to Municipal Water 5 6
System
Blending Sources 1 1
Unresolved 1 1
TOTAL 82 99"

*Does not sum to 100% due to rounding error

. According to Michigan’s Department of Environmental Quality, 116 systems in Michigan needed to
mitigate their arsenic levels. Like Maine, the majority of these systems serve populations of less than 10,000
people, with 96 of the 116 (or roughly 83 percent) serving populations of less than 1,000. Sixty-three of the
systems (or 54 percent) opted for the installation of some sort of technology with most utilizing either iron-
based adsorptive media, coagulation/filtration or manganese dioxide/greensand process (See Table 2.2).144
An additional 23 systems (20 percent) found new sources of groundwater and 9 (or 8 percent) connected to
municipal water systems. Although we do not know the extent of this problem, a major issue in Michigan
involved the disposal of arsenic laden backwash water from arsenic removal systems. Because of the high
levels of arsenic in the backwash, disposal options were limited, especially for those systems that did not
have access to a sanitary sewer. Even so, industrial pretreatment, bio-solids or NPDES concerns of the
wastewater treatment facility often precluded systems from utilizing the sanitary sewers for disposal of
backwash. Even though Michigan did not provide any cost data to substantiate this statement, they contend
that disposal of backwash “in many cases doubled the cost amount of original arsenic removal system.”

Nevada’s Division of Environmental Protection (NDEP) provided responses to the general questions
we provided as well as providing some statistics on their Public Water Systems (PWSs). As of December
2010, a total of 326 PWSs were subject to the Arsenic Rule in Nevada with a total of 105 reporting levels
greater than 10ug/l. Of these, 75 were community water systems while the remaining 30 were Non-

144 Michigan did not provide detailed information regarding the frequency with which each specific technology was
installed.
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Table 2.2: Arsenic Mitigation Strategies Employed in Michigan

Type of Mitigation Number of Systems Percentage of Systems Needing
Mitigating Arsenic Levels to Mitigate Arsenic Levels
Installation of Treatment 63 54
Technology
New Wells 23 20
Connected to Municipal Water 9 8
System
Blending Sources 1 1
Unresolved 14 12
Other 6 5
TOTAL 116 100

Transient Non-Community Systems. Although 62 of the 105 (or 59 percent) achieved compliance by
December 2010, 64 systems were granted state exemptions along the way allowing them more time to
comply, with 34 of the 64 receiving additional state extensions. NDEP reported that, as of December 2010, a
total of 43 of the 105 have not yet achieved compliance. As in the other states, adsorptive media figured
prominently in the treatment strategies employed especially among systems without access to a sanitary
sewer for disposal of backwash. They also offered that Nevada has a pilot testing regulation in place that
may serve as something of a deterrent to the application of new innovative technologies. Essentially, it
requires that any technology that is not proven successful under similar water quality scenarios must be
subject to pilot testing prior to being implemented. As a result proven technologies may get an advantage
over alternative technologies since they may be approved without a pilot test.

In their responses to our general questions, Washington State’s Office of Drinking Water
(WODW) (within its Department of Health) provided some information on the mitigation strategies utilized in
the state as of 2009. Although adsorptive media figured prominently among the strategies employed (25
percent) as in the other states, the most widely used strategy was oxidation/filtration (33 percent). Non-
treatment options (including abandoning a contaminated source, drilling new wells, etc.) represented
another 17 percent of the mitigation strategies utilized with blending not far behind at 14 percent.

WODW also noted that the volume of water that could be treated by adsorbents was “greatly over
predicted.” As a result, some water systems using this technology have not had the financial resources to
replace the media once exhausted.

In addition, they allege that state rules may have influenced the choice of technologies pursued in that the
state requires that treated water samples be collected on a monthly basis to test for the efficacy of
treatment. This monitoring requirement and issues regarding access to treatment devices “have been
significant barriers to implementation of POU treatment for community water systems” although the issues

were not defined in more detail by the state.
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4.3.2.6. Summary of Potential Sources of Cost information

Unfortunately, the data available to compare ex post and ex ante costs are very limited. Comprehensive cost
information for the treatment technologies installed or other mitigation strategies pursued by water systems
affected by the Arsenic Rule is not available. Instead, this case study makes use of ex post cost data from
EPA’s ORD Demonstration Projects. A total of 50 systems across the U.S. are captured by these data—8
NTNCWS and 42 CWS. These data represent less than one percent of the NTNCWS and less than 2 percent of
the CWSs initially expected to exceed the new standard. These data also reflect costs of treatment
technologies and do not capture the frequency of use or the costs associated with non-treatment options
such as blending or source switching. While we did obtain cost information for another nineteen water
systems from two engineering firms (Malcolm Pirnie and Wright Pierce), we have opted to not compare the
reported realized costs with ex ante cost estimates since we cannot verify that the reported costs are specific
to arsenic mitigation and do not capture costs associated with other unrelated activities (e.g., control of
other contaminants, system improvements, system maintenance, etc.).

Although the states and independent associations provided interesting information on arsenic mitigation
strategies employed and related shortfalls, they did not provide the detailed cost information required to
make a comparison with ex ante estimates. That said, the information relayed to us through the states and
associations reveals an interesting story and suggests some potential reasons why ex ante and ex post costs
would diverge. For instance, state regulations governing disposal of backwash contaminated with arsenic
had implications on the ex post costs.

4.4. Ex Post Assessment of Compliance Cost

4.4.1. Regulated Universe

All public water systems, which include publicly- and privately-owned CWS and NTNCWS, could potentially be
affected by the Arsenic Rule. In addition to being classified by the number of people served by a water
system (system size), public water systems are also classified by their water source: surface water vs. ground
water. EPA primarily used a December 1998 freeze of SDWIS to characterize the universe of water systems
that could potentially be affected by the Arsenic Rule. At the time of the rulemaking, there were a total of
63,984 public/private ground water systems and 11,843 public/private surface water systems that could be
potentially affect by the rule. Most of these systems were CWS — 54,352 — while the remaining 20,255 were
NTNCWS. The majority (greater than 90 percent) of the CWS serve fewer than 10,000 people.

Recall that the Arsenic Rule was promulgated in 2001 but water systems had until 2006 to meet the new
MCL. Looking at the SDWIS summary data for these years, it appears that the size of the regulated universe
has decreased from the 1998 baseline. While the differences are not substantial, decreases are apparent for
both CWSs and NTNCWSs. In 2001 there were a total of 53,783 CWSs and 20,095 NTNCWSs while in 2006
there were a total of 52,339 CWSs and 19,045 NTNCWSs. Most of the decreases in both years were for
systems that serve 500 or fewer people.
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4.4.2. Baseline Information

EPA relied on MCL compliance monitoring data from 25 states to develop an estimate of national baseline
arsenic occurrence in CWS and NTNCWS (U.S. EPA, 2000b). When EPA was developing the Arsenic Exposure
and Occurrence Database (AEOD), they examined other arsenic data sources but each database had
limitations. Some of the databases contained old arsenic samples that were considered obsolete while others
were used as comparisons for the AEOD. Ultimately, EPA used the state compliance monitoring data
voluntarily submitted to EPA from 25 states for several reasons. First, for many of the states, the data
collected were representative of almost every ground and surface water CWS in the state in addition to many
NTNCWSs. The data sets also contained multiple samples from the individual systems that showed how
arsenic levels varied over time or across locations within the system.

EPA then used statistical techniques to estimate the arsenic concentration levels at CWSs and the percentage
of those systems that would have one source above the various MCLs. While less than one percent of surface
and groundwater systems were predicted to have an arsenic concentration greater than 50 ug/L, 27 percent
of groundwater systems and 10 percent of surface water systems were predicted to have an arsenic
concentration greater than 2 ug/L. From that, EPA estimated the number of water systems expected to
exceed various MCLs.

In their development of the baseline arsenic concentrations, EPA examined other databases such as the
National Arsenic Occurrence Survey (NAOS), the United States Geological Society (USGS) ambient ground
water arsenic databases, the National Inorganics and Radionuclides Survey (NIRS), and the Metropolitan
Water District of Southern California Survey (Metro). However, each database had a drawback. For example,
the NAOS and NRIS were not useful because they did not provide arsenic concentrations within the range
being considered by EPA for the arsenic MCL. The Metro database only had information for the larger public
water systems (those serving greater than 10,000 people). The USGS database was the most comprehensive,
collecting samples from 20,000 locations across the U.S. However, some of the samples were taken from
wells used for research or used by agriculture and industry. While the USGS database provided significant
information, the samples were not collected to inform the development of a national estimate of arsenic
concentrations in drinking water supplies. However, EPA used these databases as comparison tools to check
the arsenic concentrations predicted by the AEOD (U.S. EPA, 2000b). To the best of our knowledge, EPA has
not updated the AEOD.

4.4.3. Methods of Compliance

In the Economic Analysis (EA) for the Arsenic rule, EPA presented estimates of unit costs and national system
treatment costs separately for three system categories: small and large CWSs and NTNCWSs.**> In order to
obtain these estimates, EPA made assumptions about the number and types of systems that would need to
treat their water; the type of treatment technology they would adopt; and the cost of installing and

145 The economic analysis was prepared by Abt Associates, Inc., for the Office of Water and is available here:
http://water.epa.gov/lawsregs/rulesregs/sdwa/arsenic/upload/arsenicdwrea.pdf. (US EPA 2000a).
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operating that technology. Ultimately, the actual compliance methods chosen by water systems depend not
only on their arsenic concentrations and the size of the system but also on location specific characteristics
(e.g., iron levels in the water, pH, etc.), treatment methods already in use, and availability of alternative
water sources.

At the time of the Arsenic Rule making, iron-based adsorptive media was in the pilot and research phase, so it
was not identified as a BAT nor was it included in EPA’s compliance forecast for the cost analysis. However,
the technology’s effectiveness has since been demonstrated by EPA and others, water systems can and have
used iron-based adsorptive media for arsenic mitigation. Non-treatment options such as blending, turning
off wells with high arsenic levels and drawing water from another area in the aquifer with low arsenic levels
were also used and are not considered in the EA.

While we were interested in collecting information on the treatment technologies used by water systems and
their costs, we also wanted to know whether new or modified treatment technologies have been used to
meet the arsenic standard. In particular, we were interested in determining if treatment technologies have
changed since the Arsenic Rule was promulgated. As evidenced by the technologies selected for the ORD
Demonstration Projects and responses from the compliance experts, states, and independent associations to
our inquiries, iron-based adsorptive media emerged as the preferred treatment technology for mitigating
arsenic contamination. In particular, Malcolm Pirnie indicated that adsorption to granular iron media (GIM)
has been widely used at wellheads and in POU treatment systems. They also indicated that Granular Ferric
Hydroxide or variations of this media have been used frequently.

Even though the four states that provided us information stated that the majority of their systems utilized
iron-based adsorptive media, certain BATs were also used. In Washington, oxidation/filtration was the most
used technology. This technology was also used by some systems in Michigan. Anion exchange as well as
coagulation/filtration were used by systems in Maine and Michigan. As the states indicated, factors affecting
use of adsorptive media include how the residuals or backwash water will be disposed and the frequency and
cost of media replacement. Systems that did not have access to sanitary sewers to dispose of backwash
containing arsenic residuals generated from BATs tended to use adsorptive media.

In addition to treatment technologies, Malcolm Pirnie asserted that non-treatment options such as blending
with low or arsenic free water, turning off wells with elevated levels of arsenic, or selective well screening to
draw water from regions of the aquifer with low arsenic level were also widely used. Malcolm Pirnie
provided data on one utility in Central Arizona that used a blending plan. The total treatment capital cost
reported by this utility was $15,000. The states also indicated that systems used non-treatment options that
included blending, finding new sources of groundwater and connecting to municipal water sources.

Wright Pierce, on the other hand, indicated that they did not think treatment technologies have changed
since the Arsenic Rule was promulgated. However, their responses indicated that they were most familiar
with greensand filtration. The pilot testing for their two systems showed greensand filtration to be the best
technology for removing arsenic. Wright Pierce did indicate that innovation has occurred within greensand
filtration — their two systems used Pureflow high rate media which allowed for a higher filtration rate and
fewer filters.
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4.4.4. Compliance Costs

The national cost estimates associated with the Arsenic Rule include the costs to the water system to meet
the new standard and the costs to the States to implement and enforce the rule. In this section we focus on
the method EPA used to estimate compliance methods used by systems and their associated costs. As
discussed earlier, EPA considered the following centralized BATs:

Modified Lime Softening

Modified Coagulation/Filtration

lon Exchange

Coagulation Assisted Microfiltration
Oxidation Filtration (Greensand)
Activated Alumina

as well as the following POU treatments (treatment at the tap) for smaller systems:

® POU Reverse Osmosis

e  POU Activated Alumina
Cost equations and the resulting cost curves for both capital and operating and maintenance (O&M) costs for
each of the BAT technologies are presented in the Technologies and Costs for Removal of Arsenic from
Drinking Water (EPA, 2000) and serve as major inputs to EPA’s estimation of compliance costs in the EA. The
capital cost curves are a function of the system design flow (mgd, million gallons per day) while O&M cost
curves are a function of the average flow (mgd) of the system. Some of these technologies require pre-
treatment (e.g., pre-oxidation or corrosion control) in order to be effective and/or generate wastes that
require disposal. The associated costs of waste disposal and pre-oxidation were included in the costs of
treatment when relevant.*® In the EA a treatment train consisted of the technology along with any pre-
treatment and disposal required by that technology. Capital and O&M costs as well as any treatment or
waste disposal costs for each treatment train are presented in the EA to show the range of costs across the
different treatment trains to achieve the MCL assuming different initial arsenic concentrations.

The Safewater XL model was used by EPA to estimate compliance costs for individual systems. Using
statistical methods, sites within a system were assigned an arsenic concentration and for sites where this
concentration is higher than the MCL, a treatment train was assigned to the site based on the size and type of
system. Capital and O&M costs were calculated for the treatment train selected for this site. By summing
across treated sites, a system’s compliance cost was estimated.

To the best of our knowledge, the majority of the BAT’s listed by EPA were used by systems to comply with
the arsenic MCL. However, as evidenced by our discussions with compliance engineering firms and states,
there was widespread use by systems of iron-based adsorption media as a treatment technology. It also
appears systems were able to use a non-treatment method to comply by blending finished water with a

146 Appendix A presents the assumptions and cost curves used by EPA in the EA to estimate the costs of these BATs.
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source that had low arsenic levels. Unfortunately, we do not have enough data to opine on the cost-
effectiveness of adsorptive media compared to the best BAT choice for site remediation.

44.4.1. ExPost Compliance Costs

For the ex post assessment, we focus on the water system information and treatment technology costs
reported by the ORD Demonstration Projects. Using these data, we make some general comparisons with
the ex ante cost estimates. First, we consider the realized capital costs reported for each of the systems and
plot these against the predicted values generated using EPA’s cost curves. In so doing, we compare ex post
costs for these systems with the predicted values. As we have access to cost information for all of the
demonstration projects, this is an extension of the work presented in Gurian et al. (2006).

Second, using information on the design flow rate for each of the systems, we estimate a pseudo ex ante
estimate using the cost curves derived by EPA for that given technology. We then compare this estimate
with the realized costs reported for each system. In this way, we attempt to determine how well the cost
curves performed. Because cost curves were not developed by EPA for all of the technologies represented in
the data, we are limited in the comparisons we can make with this methodology.

We also present the water system information and treatment technology costs reported by the two
engineering firms: Malcolm Pirnie and Wright Pierce. However, we do not make comparisons with ex ante
cost estimates since it is possible that capital and O&M costs for other activities conducted concurrently with
the arsenic mitigation are intermingled. For example, construction costs provided by the engineering firms
for some systems may include the costs of upgrades to increase the capacity of the system or replacement of
existing equipment that are unrelated to the Arsenic Rule but are performed while the system is installing a
technology to reduce arsenic. However, even with the addition of the data on these nineteen systems from
Malcolm Pirnie and Wright Pierce, our data remain too limited to draw robust conclusions on whether EPA
over or under-estimated costs associated with specific technologies.

4.4.4.2. Total Reported Capital and O&M Costs

For the 28 water systems that selected adsorptive media (AM) technology, seven systems
were NTNCWS and 21 systems were CWS (there are 28 water systems because Klamath Lake has three POU
AM systems). Arsenic concentrations ranged from 12.7 to 67.2 pg/L across the sites. Arsenic removal
capacity of AM is highly dependent on pH. Most AM absorb arsenic more effectively at a pH value of 5.5 to
7.5, with adsorptive capacity increasing as pH decreases. Adjusting the pH value of the water can increase
the adsorptive capacity and lower the operating costs but the additional pH control equipment increases
both the complexity of the system as well the capital cost of the system. Source water pH values ranged
from 6.9 to 9.6 across the sites. Source waters at seventeen sites had a pH value greater than 7.5, and seven
of these 17 sites adjusted the pH value of the water. Table 4.3 summarizes design flow rate, average flow
rate, total capital and O&M costs for the 28 water systems.

Of the 50 demonstration sites, eighteen sites used Iron Removal (IR)
or Coagulation/Filtration (CF) as the main treatment technology. Iron removal or oxidation filtration
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processes involve passing water through a greensand filter to remove iron and arsenic. Four of the eighteen
systems that used IR also followed treatment with adsorptive media (AM) to remove iron and arsenic. The
four systems primarily used IR as protection against fouling the AM with iron. Table 4.4 summarizes the
location, technologies, design and average flow rate, total capital and O&M costs for the IR/CF water
systems. Two of the eighteen sites were Non-transient Non-Community Water Systems. Arsenic
concentrations in source waters ranged from 11.4 to 84.0 ug/L.

Table 4.5 summarizes the location, technologies, flow rates, total
capital and O&M costs on two systems which use lon Exchange (IX), one system which used Reverse Osmosis
(RO), and two point-of-use (POU) demonstration projects. At the Klamath Falls site, eight POU AM units were
installed under a sink or inside a drinking water fountain in eight college buildings. At the Homedale site,
POU RO units were installed in nine homes. Arsenic concentrations in source waters ranged from 18.2 to
57.8 ug/L. The presence of co-contaminants in source waters influenced the selection of treatment
technology for the different sites.

Table 4.6 summarizes the location, treatment technology, design
flow rate and total capital costs provided by Malcolm Pirnie. Six of the facilities used BAT options to reduce
arsenic levels — three ion exchange, two reverse osmosis, and one activated alumina. Seven of the utilities
used some form of an adsorption technology while one utility choose blending, a non-treatment option.
Capital costs are actual costs incurred by the utilities. Although we only report either actual or median total
capital costs, when available, Malcolm Pirnie did break down capital costs by treatment equipment and
materials, waste disposal equipment and materials, construction, land, engineering, bench and pilot testing,
permitting, and other. Malcolm Pirnie provided O&M costs for a few facilities but because it was unavailable
for most facilities, we do not report O&M costs here.
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Table 4.3. Summary of ORD Adsorptive Media Demonstration Sites -

State | Demonstration Technology Design Average Total Total O&M
Location (Site ID) Flow Flow Rate Capital Costs ($/kgal)
Rate (gpm) Costs (S)
(gpm)
ME Wales (WA) Iron Modified Media 14 10.4 $16,475 $22.88
(alumina based) $10.44
$5.52#
NH Bow (BW) Iron Modified Media 40 41 $166,050 $5.11
(silica based)
NH Goffstown (GF) Granular Ferric Oxide 10 13 $34,201 $2.34
NH Rollinsford (RF) Granular Ferric Oxide 120 82 $131,692 $3.59*
VT Dummerston Iron Modified Media 22 6.1 $14,000 $10.86
(DM) (alumina based)
CT Woodstock (WS) | Titanium Oxide Media 20 16.4 $51,895 | no estimate**
CcT Pomfret (PF) Iron Modified Media 15 9.6 $17,255 $7.67
(resin based)
MD Stevensville (SV) | Granular Ferric Oxide 300 207 $211,000 $S0.61
OH | Buckeye Lake (BL) | Granular Ferric Oxide 10 Ondemand | $27,255 | no estimate**
Ml Brown City (BC) Granular Ferric Oxide 640 564 $305,000 | no estimate**
IL Geneseo Hills Granular Ferric Oxide 200 32 $139,149 | no estimate**
(GE)
SD Lead (LD) Iron Modified Media 75 71.5 $87,892 $0.98
(resin based)
X Alvin (AL) Granular Ferric Oxide 150 129 $179,750 $S0.61
X Bruni (BR) Granular Ferric Oxide 40 40 $138,642 | no estimate**
X Wellman (WM) Granular Ferric Oxide 100 91 $149,221 no
estimate**
NM Anthony (AN) Granular Ferric Oxide 320 260 $153,000 $S0.75
NM Nambe Pueblo Granular Ferric Oxide 160 114 $143,113 | no estimate**
(NP)
NM Taos (TA) Granular Ferric Oxide 450 503 $296,644 | no estimate**
AZ Rimrock (RR) Granular Ferric Oxide 45 31 $88,307 $0.86
AZ Tohono O’odham | Granular Ferric Oxide 63 60.1 $115,306 | no estimate**
Nation (TN)
AZ Valley Vista (VV) Iron Modified Media 37 36 $228,309 $2.47
(alumina based)
OR Klamath Falls
(KF)?
(a) Iron Modified Media 30 Ondemand | $55,847 | no estimate**
(resin based)
(b) Granular Ferric Oxide 60 On demand | $59,516 $5.37
(c) Titanium Oxide Media 60 Ondemand | $73,258 | no estimate**
NV Reno (RN) Granular Ferric 350 275 $232,147 $5.69
Hydroxide
CA Susanville (SU)? Iron Modified Media 12 9.3 $16,930 $12.06
(alumina based)
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State | Demonstration Technology Design Average Total Total O&M
Location (Site ID) Flow Flow Rate Capital | Costs ($/kgal)

Rate (gpm) Costs ($)
(gpm)

CA Lake Isabella (LI) Iron Modified Media 50 23 $114,070 | no estimate**

(resin based)
CA Tehachapi (TE) Zirconium Oxide 150 79.3 $76,840 $1.16
Media

2@Non-Transient Non-Community Water Systems

# associated with three replacement media types: A/l Complex, GFH, and CFH

* Estimated Cost— did not replace media

** No estimate of total O&M but estimates of media replacement costs, electricity, chemicals and labor costs
are provided.

Table 4.4. Iron Removal (IR) and Coagulation/Filtration (CF) Systems

State Demonstration Technology Design Average Total Capital Total
Location (Site ID) Flow Rate Flow Rate Costs O&M
(gpm) (gpm) ($) Costs

($/kgal)
IN Goshen (GS)? IR + AM 25 15.2 $55,423 $2.90
IN Fountain City (FC)? IR 60 47 $128,118 $2.26
MN Sauk Centre (SC) IR 20 4 $63,547 $0.36
uT Willard (WL) IR+ AM 30 9.3 $66,362 $1.93
W Delavan (DV) IR 45 20 (max) $60,500 $0.26
IL Waynesville (WV) IR 96 84 $161,560 $0.65
MN Climax (CM) IR/IA 140 132 $270,530 $0.29
PA Conneaut Lake (CL) CF 250 153 $216,876 $0.46
MT Three Forks (TF) CF 250 206 $305,447 $S0.18
MN Sabin (SA) IR 250 231 $287,159 $0.43
OH Springfield (SF) IR + AM 250 89 $292,252 $0.33
MN Stewart (ST) IR+ AM 250 190 $367,838 $0.16
M Sandusky (SD) IR 340 163 $364,916 $0.27
WI Greenville (GV) IR 375 285 $332,584 $0.55
DE Felton (FE) CF 375 263 $334,297 $0.31
Ml Pentwater (PW) IR/IA 400 350 $334,573 $0.17
WA Okanogan (OK) CF 550 538 $424,817 $0.18
LA Arnaudville (AR) IR 770 335 $427,407 $0.07

@Non-transient Non-Community Water Systems
IA = supplemental iron addition; AM = adsorptive media; CF = coagulation/filtration using iron salts and direct
pressure filtration, not conventional coagulation-sedimentation-filtration.
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Table 4.5. Other Arsenic Treatment Technologies: lon Exchange (IX), Reverse Osmosis (RO), and Point-of-

Use (POU)
State Demonstration Technology Design Average Flow Total Capital | Total O&M
Location (Site ID) Flow Rate Rate Costs Costs
(gpm) (gpm) ($) ($/kgal)
ME Carmel (CE)? RO 1,200 gpd | 0.8 (permeate); $20,542 $12.89
1.2 (reject)
OR Klamath Falls (KF- POU AM NA NA $1,216
POU)3
ID Homedale (HD) POU RO NA NA $31,877.50 $201.50/yr
(total)
ID Fruitland (FL) IX 250 157 $286,388 $0.62
OR Vale (VA) IX 540 534 $395,434 $0.35

2 Non-Transient, Non-Community Water System
AM = Adsorptive media; NA = not applicable

Table 4.6. Median and Reported Values of Design Flow Rate and Total Capital Costs to Meet the Arsenic
Standard by Treatment Technology for Select Systems in California and Arizona (Malcolm Pirnie)

Type of Value Treatment Design Flow Total Capital
Technology Rate (mgd) Costs (S)
Median Adsorption (10) 3.6 $1,423,440
lon Exchange (3) 5.76 ANR
Reverse Osmosis (1) 1.44 Less than $240,000
Reported Reverse Osmosis (1) POU $400
Activated Alumina (1) 0.86 Less than $1,575,000
Blending Plan (1) 4.18 $15,000

ANR = available but not reported because we cannot verify that the reported costs are specific to arsenic -
mitigation. -
(#) Either number of facilities used in the median calculation or the number using a treatment technology. -

In addition, Wright-Pierce provided cost information for two water systems in Maine, both of which used -
greensand filtration as the treatment technology. The Willow Drive Pump station in the South Berwick water -
district serves a population of 3,280 and has a design flow rate of 0.792 mgd. Capital costs associated with -
this project were reported as S1, 329,798 in 2003 and O&M costs of $52,906 per year. The Moody River -
Road Filter plant serves a population of 6,250 with a design flow rate of 1 mgd. Capital costs associated with -
this project were reported as $2,582,326 in 2005 and O&M costs of $69,609 per year. -

Our only source of pre-regulatory cost information is the cost curves developed in EPA’s “Technologies and -
Costs for Removal of Arsenic from Drinking Water” (US EPA 2000c). At this time we use only one source of -
post-regulatory costs: ORD Demonstration Projects. A significant share of the post-regulatory cost -
information from the ORD Demonstration Projects is on iron-based adsorptive media, a technology that was -
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still in the research and pilot stage at the time the Arsenic Rule was promulgated. However, as we have
learned iron-based adsorptive media were used by many systems to reduce arsenic levels.

To compare ex ante costs with our limited ex post cost data, we plot our ex post cost data against the capital
cost curves used by EPA for treatment technologies recommended for smaller systems — activated alumina,
ion exchange and greensand filtration. The capital costs from the ORD Projects are plotted in Figure 4.1 and
Figure 4.2.1%7 To keep the graphs visually simple, Figure 4.1 plots the capital cost data for the demonstration
projects that had a design flow rate between 0.01 mgd and 0.5 mgd while Figure 4.2 plots the data for
projects with a design flow rate greater than 0.5 mgd. The results are mixed. In 42 out of 49 demonstration
projects, realized capital costs are below the 2006 cost curve estimates for at least one of the three
technologies.'*®

Figure 4.1. Capital Cost Comparison by Design Flow Rate (0.01-0.5mgd) — EPA Cost Curves vs. ORD
Demonstration Projects
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147 Total capital costs for the ORD demonstration projects were converted to 2006 dollars from the year of
construction using the Engineering News Record Construction Cost Index. See appendix for cost curve equations in
$2006.

148 Two POU ORD projects did not provide design flow rate so they are not included on the graphs.
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Figure 4.2. Capital Cost Comparison by Design Flow Rate (0.5-1.2 mgd) — EPA Cost Curves vs. ORD
Demonstration Projects
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4.4.5. Comparison of Technology Costs

This section presents the actual capital costs and O&M costs compared to predicted costs obtained using the
EPA cost curves for two BAT compliance options: lon Exchange and Greensand Filtration. 1*° Before
presenting these comparisons, there are a few points to note. First, there is more uncertainty surrounding
operating cost estimates than capital cost estimates because of the difficulties in separating incremental
activities related to rule compliance from general operating activities. Second, and most importantly, we do
not have enough cost data to draw robust conclusions about whether EPA over or under-estimated

149 We only compare the ORD projects that used a BAT. We do not compare the projects that used a combination
BAT and non-BAT (e.g., iron removal (IR) and AM) or a technology that was in the same class but a variation of a
BAT. For example, we do not compare ORD projects that used coagulation filtration (CF) to EPA’s BAT because EPA
assumed modified coagulation/filtration and not new installation of the technology. Also Greensand filtration is
the only form of IR or CF that was a BAT. Although similar, other IR technology used by the demonstration projects
was not a BAT.
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technology costs. We present the cost comparisons for these technologies here to simply illustrate the
evaluation we could make if we had more data on ex post technology costs.

lon Exchange. Table 4.7 presents total capital costs (CapEx) and total O&M costs (OpEx) for the two ORD
Demonstration Projects that used lon Exchange (IX). Using the design flow rate and average flow rate of the
systems, we use EPA’s cost equations for IX reproduced in Table A5 in the Appendix 4.2 to predict the capital
and O&M costs for this technology (EPA Estimate). Column 5 represents the percentage error between these
EPA estimates and the realized costs reported by ORD Demonstration Project sites. A positive (negative)
percentage error means that the EPA estimate was higher (lower) than actual costs incurred by the individual
system.

The EPA estimates of capital costs were mixed. For the smaller system, as measured by design flow, the EPA
estimate was lower than the actual cost of the project and higher than the actual cost of the project for the
larger system. For both projects, EPA’s cost curves predicted lower O&M costs than the actual project costs.

Greensand Filtration. Two community water system ORD Demonstration Projects used Greensand filtration
(GF) as a treatment technology. Table 4.8 presents total capital costs (CapEx) and total O&M costs (OpEx) for
these two systems. Using the design flow rate and the average flow rate of the systems, we use EPA’s cost
equations employed in the EA for GF (see Appendix 4.2) to estimate the capital and O&M costs for this
technology (EPA Estimate). Column 5 represents the percentage error between the EPA estimate and the
costs reported by ORD Demonstration Project sites. A positive (negative) percentage error means that the
EPA estimate was higher (lower) than the actual project costs for those systems. In the case of the GF
technology, one ORD Demonstration Project had capital costs that were slightly higher than the EPA estimate
(-1 percent) while the other had capital costs that were significantly lower than projected (69 percent). For
both projects, predicted O&M cost were slightly lower than the realized cost.

4.5. Overall Implications and Study Limitations

As the introduction and the literature survey (Sections | and 1ll) make clear, even the most credible analysis of
compliance costs (done before implementation) will vary from actual costs for a large number of reasons.

For example, in the case of arsenic, innovation, impossible to forecast, may have reduced the costs. Or, the
number of water systems exceeding the standard could be larger or smaller than predicted before the rule.

This case study was particularly challenging in that the systems affected by the new arsenic standard are
heterogeneous. In addition to the heterogeneity of sites, it is also challenging to distinguish costs
attributable to compliance with the Arsenic Rule from costs incurred by systems as a result of complying with
other regulations or to meet other needs of the system. For example, some treatment technologies, such as
ion exchange, are capable of removing other contaminants (e.g., uranium) in addition to arsenic. The portion
of the treatment cost attributable to arsenic compliance can be difficult to distinguish from the cost of
contaminants being removed for other regulations. Additionally capital costs may also include costs
associated with other projects unrelated to arsenic treatment, including upgrades that increase the overall
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Table 4.7. Cost Comparisons — lon Exchange (2006S$)

Design Flow/Average ORD Project Costs EPA Estimate % Error
Flow (mgd)
CapEx 0.36 $311,988 $275,245 -12%
0.78 $411,632 $477,021 16%
OpEx 0.23 $55,735 $34,180 -39%
0.77 $102,258 $43,180 -58%
Table 4.8. Cost Comparisons — Greensand Filtration (2006$) -
Design Flow/Average ORD Project Costs EPA Estimate % Error
Flow (mgd)
CapEx 0.14 $150,692 $149,082 -1%
0.36 $196,150 $332,473 69%
OpEx 0.12 $26,767 $19,341 -28%
0.22 $33,457 $27,139 -19%

capacity of the system or replace existing equipment at the treatment plant. Because systems may perform
other types of maintenance projects concurrent with their response to the Arsenic Rule, it can be difficult to
isolate the costs attributable to the rule. These factors all add to the analytic challenge of how to evaluate
the costs faced by systems affected by the Arsenic Rule.

With no comprehensive or even representative data on costs or mitigation strategy selected, our options
were limited. Short of conducting a survey of community water systems to gather information on treatment
methods used and the costs associated with those methods, we found no other means of collecting the
necessary data. Instead, we relied on limited information collected from compliance engineering firms and
EPA demonstration projects which have their own potential biases. For example, the ORD projects rely on
emerging technologies that were not entirely understood by the vendors. In addition, the price point for the
adsorptive media was not well-established and, because of the speed at which EPA needed to implement the
demonstration program, there may not have been sufficient time to negotiate the most competitive media
prices Generally, little to no pilot testing was conducted at demonstration sites to optimize the design and
installation of the technologies at a given facility prior to the selection of a technology and its
implementation. On the other hand, vendors wishing to establish their technologies as cost-effective
alternatives may have offered EPA more appealing prices. Again, because the goal of the program was to
demonstrate the effectiveness of various alternative treatment technologies, non-treatment alternatives
were not considered and are therefore not represented in the data. However, because of the detailed nature
of the data, they nevertheless provided useful information.
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