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Executive Summary

The United States Environmental Protection Agency (USEPA) published a positive
regulatory determination for perchlorate in 2011 and is expected fo follow with a Notice
of Proposed Drinking Water Rute (NPDWR). In order to provide comments to inform
the regulatory process, AWWA requested that ARCADIS-US, Inc. (ARCADIS, formerly
known as Malcolm Pirnie, Inc.) update previous estimates of the potential regulatory
cost burden prepared by Maicolm Pimie {2008), as reported by Russell et al. (2009).

Russelt et al. {2009} reported an annual $164 million per year (2013 doliars) for water
systems to comply with a 4 ugft. perchlorate maximum contaminant level (MCL}. This
study assumed that all contaminated sources/entry points would be treated using
single pass ion exchange. The 2013 National Perchiorate Cost Update takes into
account other compliance strategies that water systems may consider, including
blending and source abandonment. For purposes of the 2013 update, California and
Massachusetls water systems with perchlorate concentrations above € and 2 pgit
respectively, are removed from this analysis based on the assumption that these
systems are in compliance with respective State MCl s or no longer in use,

The foliowing key conclusions from this 2013 update are consistert with the prior
assessment (Russell et al., 2069}

+ National compliance cosis for a perchiorate MCL ranging from 2 to 24 pg/l is
smalfer than estimated compliance costs for other drinking water regulations -
e.g., $120 million per year for a 4 ug/l. perchlorate MCL compared to $320
miion per year (2013 dollars) for the Arsenic Rule at 10 pg/L. '

= The relatively low national compliance costs reflect the smali number of pubiic
water systems (PWSs) expected to be affected by a potential MCL of 4 pgil.
{less than 3% based on 90" percentile perchiorate concentrations).

+« Since a small number of PWSs are carrying the cost burden, cost impacts to
individual systerns are significant, particularly for smali water systems
(estmated costs for systems serving a populafion of less than 500 are
approxirnately $3 per 1,000 gallons).

Some impacied PW$s may avoid treatment costs by abandoning high concentration
sources. However most, if not all, of these systems will eventually ihcur ¢osts fo
replace the lost water supply. This study demonstrates that opportunity costs for fost
water (source abandonhment) are comparabie to treaiment costs.
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1. Introduction and Background

The American Water Works Association (AWWA) conducted an assessment of the
national cost implications of a potential federal perchiorate regulation. The 2008 study
(Rusself et al., 2009) estimated the following:

1} the percent of water systems that could be impacted by a federal maximum
contaminant level (MCL) for perchlorate between 4 and 24 micrograms per liter
{ugil}, based on an analysis of data from the first Unregulated Contaminants
Monitoring Rule (UCMR1), and

2) the national compliance costs associated with those regulatory leveis,

Sinee the 2008 study was completed, the USEPA published a positive regulatory
determination for perchiorate (USEPA, 2011). Additionally, water systems in California
and Massachusefts have implemented perchlorate freatment strategies to comply with
their State MCLs - 6 pg/L and 2 ag/L, respeciively, California established an MCL of 6
ug/l in 2007 and Massachusetts set an MCL of 2 g/t in 2006. USEPA was
scheduled o propose a maximum contaminant level goal (MCLG) and MCL in
February 2013 but defayed action pending receipt of the Science Advisory Board
(SAB) report to the Administrator. The SAB report was submitted to the Administrator
on May 28, 2013 recommending that the Agency proceed with the development of an
MCL for perchiorate.

in anficipation of a Notice of Proposed Drinking Water Rule (NPDWR) for perchlorate,
AWWA requested that ARCADIS U.S., Inc. (ARCADIS} update the 2008 cost study fo;

»  Agcount for State compliance requirements within California and Massachusetts
in the projections of the percent of impacted water systems and associated costs
of a federal NPDWR.

+ Consider costs associated with source abandonment amd/or blending,
recogizing that some water systems may pursue those altemate compliance
strategies in lieu of freatment.

+  Conhsider compliance implications of a 2 pg/t. MCL, in additionto 4, 6, 12, 18 and
25 pgil. Occumrence and cost implications for a 2 pg/l MCL were not guantified
in the previous study since the ococumrence data generated by the first
Unregulated Contaminant Monitoring Rule (UCMRA1) is based on a sampling
method with a method reporting fimi (MRL) of 4 pg/L.

+ Adjust national compliance cosis to 2013 dollars,



2. Approach

The sarme general approach used in the 2008 cost study was applied in this update o
estimate the percent of impacted water systems and national compiiance cost
implications. Figure 2-1 illustrates tho steps. Table 2-1 highlights key differences
between the approaches used in this 2013 Update to the 2008 Cost Study.

ot

«HCMR1 data queried to identify PWSs with detectable fevels of perchlorate at
one or more entry point.

*Median and 90th percentile concentrations calculated for each entry point.

«CA and MA PWSs with perchlorate concentrations above 6 and 2 pg/t were
removed from the data set.

#Likely treatment strategies were assessed based on survey results.

+Capital and O&M cost curves were developad for each compliance strategy.

sCapital and O&NM costs were assigned for each contaminated source.

*National compliance costs to treat each contaminated source with &
perchiorate concentration exceeding 2, 4, 6, 12, 18, and 24 pg/L were tallied.

-~

Figure 2-1: Steps to ldentify the Compliance Costs for a Given Regulatory Lovel



Table 2-1: Comparison of Approach for 2008 Cost Study andd 2013 Update

Category 2008 Cost Study 2013 Update
Data: Set UCMRA1 UCMR1 for national projections;
CDPH data for comparison
Water Systems All impacter water systems Al impacted water systems, except
Ch and MA systems with
perchiciate above the Slate MCLs
Petentlat MCLs 4, 6,12, 18, 24 ugiL. 2.4,6,12,18, 24 ugll.
Compliance Strategles « Single pass lonexchange | « Single pass ion exchange
freat:nent at all kinpacted « Blending
sources
= Source abandonment

COPH - California Depariment of Public Heatth

2.1. Data Analysis

Perchlorate data included in the final UCMR1 database posted January 2006 on
USEPA’'s UCMR website (www USEPA govisafewater/ucmi/data.himl) were used to
estimate the percent and number of impacted Public Water Systems (PWSs) and
assoctated national compliance costs. Table 2-2 summarizes characteristics of UCMR1
data. Under UCMR1, all community water systemms (CWSs) and non-transient, non-
community water systems (NTNCWSs) serving water to more than 10,000 people
{large systems) were required to sampie all entry points to their distribution system for
perchlorate, Four quarteriy samples collected over one year wera requirad for surface
waters and two sampies collected over the course of one year were required for
groundwater sources. Samples were collected between January 1, 2001 and
December 31, 2003 and analyzed using USEPA Method 314.0 at a MRL of 4 [£]s/] I8

A randomly selected subset of CWSs and NTNCWSs serving less than 10,000 people
(small systems) were also required to sample for perchlorate (USEPA, 2001). A total
of 797 small systems monitored all entry poinis fo their distribution systems once
between January 1, 2001 and December 31, 2003.

' As reported in Brandhuber et al. (2009) some samples were coliected outside of the
specified date range, with samples collected as early as May 2000 and as late as
Qclober 2005.



Table 2-2; Summary of Occurrence Data Sources

Database UCMR1 CDPH MDEP
Gaosgraphic coverage All B0 states plus Califernia Massachusetts
territories and tribes
Pericd of record 2001 — 2003° 1867 — 2012 2000 - 2012
Systems Sampled All CWSs and AllPWSs All PWSs
NTNCVWSs serving »
10,000 people;
Subset of CWSs and
NENCWSs serving <
13,000 pecple
MRL 4 pgil 4 pgiL Data reportad at a 1
Bet, data are KA. MPL
available for lower
MDLs
Source water sampled | Treated drinking water' Raw ard freated Raw and treated
drinking water drinking water

! Untreated samples (SR sample code) ware included for some systems with no reatment
betveen the soUrce and the entry peint, pursuant to 40 CFR §141.40 {a){5)(Ii{B).

While LICMR1 directed analysis for perchiorate at the enfry points to the distribution
system, sampling unireated sources was aliowed at water systems with no treatment
between the source and distribution system.> As a result, some systems also reperted
data for untreated sources. Appendix A provides a summary of perchlorate data for
the different sampie codes included in UCMR1 (i.e., entry points, untreated samples).
This analysis was included to examine points set forth in the U.S. Chamber of
Commerce (2012) letter to USEPA which challenged the inclusion of data from
unfreated sources in any assessment of perchlorate occurrence. Based on the
analysis presented in Appendix A, afl sample codes were included in the assessment
of perchiorate occurrence and associated cost implications in this report 0 determine
impact of this data,

Califemnia Department of Public Health (CDPH) data were evaluated lo compare the
estimated number of Califommia water systems impacted af potential MCLs below the
current state standard (i.e., 6 pg/L) based on the CBFH versus UCMR1 database. As
illustrated in Table 2-2, the CDPH database includes perchiorate data at levels below

2 lbig,

* 40 CFR §141.40(a)(5)ii}B)




the 4 pg/ MRL. The COPH database also includes samples collected at all PW3s
within the state, facilitating a more comprehensive analysis of perchlorate detections in
water systems serving less than 10,000 people for Califomia systems.

The CDPH and Massachusetts Department of Environmental Protection (MDEP)
datasets were used to identify water systems within those states with perchlorate
detections for inciusion in a survey conducted for this study.

2.2. Evaluation of Impacted Water Systems

The final UCMR1 database was queried for all sowrce watersfentry points with a
detectable perchlorate conecentration. As meniioned above, mulliple samples were
coltected from each large system sample point during a 12-month period. To obtain a
single perchliorate concentration associated with each sample point, non-detects were
assigned a zero values and the 90™ percentile and median values were calculated for
the given sample point.  Both 90" percentite and median values were assessed to
obtain a range of the expected extent of perchlorate contamination.* Note that by
assigning a zero value to non-detects, the caicuiated 90" percentile and median
concentrations for sources with both detects and non-detects coutd be less than the 4
Ho/'L MRL.

All Calfornia water systems with 90" percentile or median perchlorate concentrations
above 6 ug/l were removed from the dataset used to assess national compliance
costs.  Similarly, Massachusetts water systems with 90™ percentie or median
perchlorate concentrations above the 2 pg/i State MCL were removed from the
analysis.

Design and average flows for each source were calculated based on the regression
equations developed by USEPA (2005):

4 As &n example, a sampie peint that was sampled two times over the course of one year had
one deteciable perchiorate concentration of 11.9 yg/l. and one non-detect. The collaction of two
samples suggests the sample point comelates {o a groundwater system. If a well was taken
offine after perchlorate was detected in the first sample, the 90" parcentile vaiue may be more
representative. On the other hand, if the parchiorate detection In the first sampla wera atiributed
1o analytical emer, the medlan value wouid be more representative. Brandhuber et al. (2009)
repoted that 47% of UCMR1 sampie locations had only ona detection.



Surface Waters:
Design Flow (MGD) = 0.36971[Population]” > 11000
Average Daily Flow (MGD) = 0.10540[Population] ®%1000

Ground Waters:
Design Flow (MGD) = 0.39638{Popuiation]” /1000
Average Daily Fiow (MGD) = 0.08428[Population] 1000

Population data retrieved from the USEPA Safe Drinking Water Information System
{(SDWIS) database for the 2008 cost study were used for the analysis of flow rates for
the contaminated sources in this 2013 cost update. Updated population data were not
used because it is not clear whether the sources included in UCMR1 samples are
those that would be used fo serve any increase in population at public water systems
(PW$s) since UCMR1 sampling was conducted. Design and average daily flow rates
were then estimated for each contaminated source/entry point by dividing the total flow
for the PWS by the total number of sources in the PWS under consideration. The
number of sources for each PWS was tallied based on the total number of sampling
paints included for that system during the UCMR 1 sampling effort.

2.2. Singla System Compliance Strategies and Costs

Comipliance strategies that can be considered fo reduce perchiorate concentrations
prior fo distribution include:

« Treatment using single pass ion exchange, regenerable ion exchange, reverse
osmosis, or biologica freatment;

= Blending; or,
=  Source abandonment,

The 2008 cost study assumed instailation of single pass ion exchange to reduce
perchlorate concentrations at all contaminated sources/entry points for a high end
estimate. The iow end estimate assumed 10% of contaminated sources would be
abandoned. Brandhuber et al. {2009) reported that 19% of water systems have taken
raw water sources off-line due to perchiorate detections based on their phone survey of
the 160 water systems with perchlorate detections in UCMR1. Six percent of water
systems (8 of 70 respondents) indicated that blending with other water is used fo
manage perchlorate concentrations at entry points to the distribution systems. Based
on these trends, the 2008 cost study was updated to assess altemate compiance
strategies in the tabulation of nationaf costs.



An electronic survey (Appendix B) was sent to water systems in California (84) and
Massachusetts {(11) with at least one perchiorate detection based on state data, to
sdlicit information on strategies implemented by these systems to comply with the
respective state perchiorate standards. For Calfornia water systems, perchlorate
detections were based on a 4 pgfk method detection limit (MDL). For Massachusetts
water systems, perchlorate detections were based on a 2 pg/l. MDL. Surveyed
systems in California inciuded several water service companies that provide water to
multipie systems throughout Califormia and nationally.

Based on the distribution of responses, contaminated sources/entry poinis identfied
from UCMR1 were assighed compliance strategies (i.e.,, treatment, blending, source
abandonment} using the Excel random number generator, The survey included
guestions regarding capital and operating and maintenance (O&M) costs associated
with respective compliance strategies. To supplement the survey responses,
engineering opinions of probable construction cost (OPCC) and annual operating costs
{life cycle costs) were developed for blending and source abandonment data for use in
the national compliance cost projections. The engineering opinions were developed
hased on installed costs for infrastructure (i.e., wells, pumps) implemented for a range
of system sizes across the U.S. All reported costs were adjusied to 2013 doflars using
the Engineering News Report (ENR) 20-Cities construction cost indices.

Best fit regression curves were developed using the Excel Wendiine function o
corelate capital and O&M costs for each compliance strategy to system flow rate. The
regression equations were then used to assign capital and O8M costs for each
contaminated sourcelentry point identified from the UCMR1 data (and omitting
California and Massachuselts water systems adready required to comply with
respective State MCLs).

2.3. Nafional Cost Projections

After assigning capital and O&M costs for each contaminated source/entry point, the
costs were tallied to identify total national costs for impacted water systems to comply
with a given MCL. The following steps were foliowed to tally the total costs:

1. Contaminated sourcasfentry points for small PWSs (<10,000 people served)
were separated from the data set. The capital and O&M costs estimated for
these contaminated source waters needed o be scaled up since only 797 out
of tens of thousands smaft PWSs nation-wide were sampled during the UCMR
sampling effort.

2. The identified scurces/entry points with 90" percentile or median perchiorate
concentrations above each potential MCL were tabulated for each size
category. For example, all contaminated sourcesfentry points for large PWSs



with perchlorate concentrations of & ug/l. or higher were tabulated to
determine costs associated with a perchlorate MCL of 6 ugit. Similar data
assessments were conducted for the small PWS data set. The total capital
and O&M costs associated with each perchlorate MCL and for each size
category were then summed.

3 The pation-wide costs assecialed with freating small PWSs for each potential
perchlorale MCL were estimated by multiplving the costs associated with
reatment for the 797 PWS sample-set by a factor of B5.4 (i.e., 68,036 smail
CWS and NTNCWSs nation-wide [USEPA, 2011], divided by 787 small PWS
respoendents for the UCMR sampiling effort).

4. The total nation-wide capital and O&M costs for each potential perchlorate
MCL were then calcuiated by summing the cosis for the large systems and the
factored cosis for the small systems. Amortized capital costs and net present
value O&M costs were calculated assuming 20 years of operaticn and for both
& 3% and 7% interest rate.

As with the previous study, water systems with contaminated sourcesieniry points with
design flow rates above 10,000 gpm were reviewed on a case-by-case basis io corfim
perchlorate contamination warranting inclusion in the national cost estimates. The
higher design fiow systerms were selected for analysis based on their greater
coniribution to national compliance cost estimates compared io smaller systems.



3. Percent of Water Systems Impacted by a NPDWR for Perchiorate

Table 3-1 summarizes the percent of water systems impacted by a NPDWR ranging
from 2 to 24 pgiL based on 90" percentile perchiorate concentrations. The statistics
ate shown for the 2008 Cost Study (Column A}, which included all water systems, and
for this 2013 update with Cailfornia and Massachusetts systems with concentrations
above the State MCLs exciuded (Column B),

The data show several trends:

*

Only a relatively small percent of water systerns would be impacted by a
perchiorate MCL ranging from 2 to 24 ugfl. For example, only 3% of water
systems would be impacted by a 4 g/l MCL accounting for California and
Massachusetis water systems that are already required to comply with State
tMCLs (Column B).

Where perchiorate occurs, it is present at low parts par billion eoncentrations
with less than 1% of PWSs impacted by a perchlorate MCL of 12 pg/l. or
higher.

At potential MCLs above 6 ugl, the percent of impacted systems estimated
for this 2613 Update is about two thirds that of the previous 2008 Cost Study,
reflecting omission of California water systems that are already required to
comply with the State MCL. At MCLs below 8 ug/L, the estimated percent of
impacted systems is similar in this 2013 Update (Column B) to the previous
2008 Cost Study (Column A) since both analyses include California water
systems with perchlorate ahove the given value (2 or 4 pg!i.).5

® But none above 6 Mg/L for the 2013 update.



Table 3-1: Estimated Percent of Water Systems Impacted by a Potential
Perchtorate MCL'

Potential Percent of Impacted Systems
MCL 2008 Cost Study’ 2013 Update®
Al sample codes All sample codes
Column A Column B

2ugil 4.1% 3.8%
4ug/l 34% 3.0%
8ug/l 2.3% 1.4%
12ug/t 1.0% 0.6%
18ugil 0.5% 0.3%

24 ugil. 0.3% 0.2%

'Based on 90" percentile perchiorate concentrations
? Galjfornia and Massachusetts systems included for alf potential federal MCLs

Catifornia systems with perchiorate above 6 pg/L excluded: all Massachusetts
systems excluded

Figure 3-1 conirasts the percent of impacted water systems based on median versus
90™ percentile perchlorate concentrations calculated for each sampling location, The
median and 00" percentite perchlorate concentrations provide an estimated lower and
upper bound in the absence of site-specific information for the sample points. As
expected, the percent of water systems impacled based on median perchlorate
cohcentrations is lower than the percent based on S0™ percentile values.

10



W 50th Percentite
& Median

Fercent of $ystems Impacted

0% - _ . B B . .

2 4 3 12 18 24
Potential Perchiorate MCL (pug/t)

Figure 3-1: Percent of Water Systems Affected by a NPDWR

Figure 3-2 represents the estimated number of impacted systems for potential federal
MCLs ranging from 2 to 24 pg/L, based on 90" percentile perchiorate concentrations.
The estimated number of impacted water systems was tallied by factoring in the subsat
of small systems included in UCMR1 sampling. Given data limitations associated with
the small subset of water sysiems sampled, this number is considered to be a very
rough estimate,

Based on the estimates, approximately 620 water systems would be impacted by a
perchlorate MCL of 4 pgi discounting California and Massachusefts water systems
already required to comply with State MCLs. The number of water systems drops by
haif at € pg/l and then is exponentially lower for progressively higher MCLs. These
estimates are comparable to those presented in Brandhuber et al, (2009). Differences
are attributed to the disparate approaches used to account for non-detects and
intlusion of California and Massachusetts systems in the Brandhuber et ai. (2009)
study.

#
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00 o B | BCA systems impacted by a NPDWR

i #PWSs from 48 states impacted by a NFDWR
500 -
400 +
300 -

200 wfem

# of Systems Impacted

2 4 6 12 18 24
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Figure 3-2: Estirmated Number of Water Systems Impacted by a NPDWR for
Perchiorate (Based on 90" Percentile Perchiorate Concentrations)

An estimated 130 Califomia water systems would be impacted by a 2 pg/l. MCL and
120 water systems would be impacted by a 4 pg/l. MCL based on UCMR1 data. In
comiparison, the California Department of Public Health (COPH) website reports that a
total of 91 California water systems have perchlorate detections above the 4 pg/L MRL
based on COPH data collected between 2006 and 2011 at a 4 pg/L MRL. Differences
in the number estimated from UCMR1T (Figure 3-2) and the number of impacted
Califomia water systems reported on CDPH website are atiributed o the difference in
the data sets {different data range, number of systems sampled) and analysis method
{detections versus caloulated 90™ percentile and median perchicrate concentrations),

12



4, Compliance Strategies for impacted Water Sysiems and Costs

An electronic survey was sent to 95 water systems in California and Massachusetts
with at least one perchioraie detection based on state data (CDPH and MDEP
databases; Table 2-2). Table 4-1 summarizes the water systems invited to and
responding o the survey. Table 4-2 lists the number of responses by system size,

Table 4-1: Summary of 2013 Swvey Responses

Water System No. # Invited io Total Number / Percent
Survey Responding to Survey

California Water Systerns B4 37/ 44%

Massachusetfts Water Systems 11 3/27%

Table 4-2: Number of Responses by System Size

Population Sarved {System Size) # of Survey
Responses

Less than 500 (Very small) 2

501 — 3,300 {Smail) 5

3,361 - 10,000 (Medium) 1

10,001 — 100.000 {Large) 24

Mora thesn 100,000 8

4.1. Survey Responses on Compliance Strategies

Twenty-one {21) of the forty (40) water systems that responded to the survey indicated
that they have implemented at least che of the following three strategies to comply with
the State MCL for perchlorate:

» Trestment - 12 surveyresponses
+ EBlending — 12 survey responses
» Source Abandonment — 4 survey responses

Cf the twelve systems indicating treattvent was implemented to reduce perchiorate
concentrations, eleven systems had installed single pass ion exchange. One water

13



system reported the use of reverse osmosis. No survey respondents reported the use
of regenerable ion exchange or biological treatment ® These results are consistent with
trends reported in Russell et al, {2009) where California water sysfems were
preferentially implementing singie pass ion exchange, with some systems switching
from regenerable ion exchange fo eliminate discharge of perchiorate-laden brine,

Some water systems indicated they have implemenied more than one compliance
strategy. Other waler systems indicated that no compliance strategy hasg been
implemented; these systems had perchlorate concentrations helow the State MCL
based on water quality data provided in response to the survey.

Figure 4-1 illustrates the number of water systems implementing the different
compliance strategies by system size. The very small and small systerns reporied
blending to comply with State MCLs, whereas larger systems used a range of
strategies {i.e., freatment, blending, source abandonment) {0 meet State MCLs. The
results, based on the limited data set, suggest that small systems will seek alternate
solutions, if available, o minimize the capital and O&M cost burden associated with
installation of ireatment systems.

Based on the reported strategies implemented (i.e, 28), a distribution of compliance
sirategies was assumed fo assign associated costs for the impacted sourcesfentry
points wentified from UCMR1 data. Treatment using single pass ion exchange was
assumed for 43% of the perchlorate impacted sources, compliance via blending was
assumed for 43%, and source abandonment was assumed for the remaining 14%.

® As of the date of this 2013 Cost Update, one water system has Instalied biological freatment to
reduce perchlorate concentrations in Its source waler. The system Is scheduled o bagin
serving biolcgically treated water to the distribution system this year (2013).
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Figure 4-1: Survey Responses on Compliance Strategies Implemented
4.2. Single System Conceptual Compliance Costs

Capital and Q&M cost curves were developed for each compliance strategy {i.e.,
freatment, blending, and source abandonment} based on reference cost data (Russell
et al., 2009; Kennedyldenks, 2004), survey responses, and engineering OPCCs and
life cycle costs. The complete set of cost curves is provided in Appendix C. Survey
results used to develop the cost curves are presented in the following paragraphs.

4.2.1. Single Pass lon Exchange Cosls

Figure 4-2 shows the capital costs for single pass ion exchange reporied by survey
respondents for deslgn capacities ranging from less than 50 fo 5,000 gallons per
minute {gpm). Costs are also shown for the previous 2008 Cost Study and a
Kennedyldenks {2004} study conducted to support development of the California MCL,
adiusted to 2013 dolars.

Capital costs reported in this survey were generally a littie fower than the costs
developed for the 2008 Cost Study and in the Kennedy/Jenks study. The survey only
requested approximated capital costs for single pass ion exchange with no details
requested on cost inclusions, whereas the 2008 Cost Study capital cost curve was
developed hased on costs for full-scale systems with all inclusions to construct, start-
up, and commission single pass ion exchange treatment. Capital costs for both the
2068 Cost Study and the KennedylJenks Study (2004} include indirect construction
costs such as engineering and design. Since the survey responses were less defailed
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regarding cost inclusions, a capital cost curve was developed based on the 2008 Cost
Study, updated to 2013 dollars, as represented by the line in Figure 4-2.

o 7.0 - A Kennedy/lenks Study 2004
5 || @ AwwA/MalcolmPirnieStudy 2008
2 oo b
6.0 -1} & AWWAARCADIS 2013 0 e -
—Linear {AWWA/Malcolm Pirnie Study 2008}
§ yi= 736.35x + 4630.2
b R W T B S
2
o
= 30
= :
o :
lg 20 &
‘&* ¥ & A
o 2000 /000 6000 8000 10000

Flow Rate (gpm)

Figure 4-2: Capital Cost Curve for Single Pass X Treatment {in 2043 doliars)

Recent resin costs were also reviewed to assess whether costs associated with the
first fill of resin may explain the lower cosis reported in this survey compared fo the
2008 Cost Study and Kennedy/Jerks (2004). The updated quotes for perchlcrate
selective resins are equivaient to cited costs at the time of the 2008 Cost Study, in
2013 dotlars.”

Surveyed water systems were also asked to provide annuat O&M costs for single pass
ion exchange trealment and indicate the major items confributing to those costs.
Based on survey responses, primary cosis to operate a single pass ion exchange
system include resin replacement (8 of 12 respanses), energy (7 of 12 responses), and
laboratory analysis (2 of 12 responses), The reported annual O&M costs were in range
of those developed for the 2008 Cost Study, escalated to 2013 dollars, based on fuil-
scale operating costs (Appendix C).

T Based on information provided by three resin manufaciurers for this study, perchiorate selective
rasin: costs average $250 per cublc foot for an initlal fill. Resin replacement costs range from
$265 to 350 for fumkey service, Including resin disposal.
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4,2.2. Blending Costs

Table 4-3 summarizes capital investments required for blending to comply with state
perchiorate MCLs, based on 12 survey responses. Installation of a new pump and
improved instrumentation and conirol were the most common improvements
implemented for blending. Of the five respondents indicating a new pump was
installed, only one aiso indicated & new well was driled. Based on follow-up
interviews, the pumps instailed at the other systems were installed to transfer other
watet supplies (i.e., other wells or puirchased water) to the well production facility to
enable blending. Storage tanks were added at one of these water systems to further
facliitate blending.

Table 4-3: Capital invesiments Required for Biending

Capital investment # of Responses
New Weil 1
Maw Purmp 5
Improved Instrumentation & Cenirol &
Additional Storage 1
Inline Mixers 1
Chloraminailon Station 1
Corrasion Confrol Chemicals 1
None — Already Bland for VOCs 1

Six water systems provided estimaied costs associated with capital investments
necessary o facilifate blending. The costs (Appendix C} covered a broad range,
refiecting the variation in capital investments required for blending depending on site
specific conditions {e.g., avallable water supply, availabie infrastructure, perchiorate
concenirations). To reflect that variafion, low and high end capital costs for blending
were developed for this study {Table 4-4). The low end costs assume instaliation of
new inline mixers, improved instrumentation and control {I&C}, and 0.5 mile of piping o
convey & low perchlorate water supply for mixing. The high end cosls assume
installation of a new well, pump, piping and improved 1&C.
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Table 4-4: Estimated Conceptual Capital Costs to Facilitate Blending'

Line item System Size Assumptions
200gpm | 500gpm | 2,000 gpm | 5,00C gpm | 8600 gpm
New Well $500,000 | $,200,000 | $2,600,000 | $6,400,000 | $8,800,000 | Based on instafled
{Inct. pump costs for wells
and site varying in depth
piping) from 300-ft to
1,200f and in
varying geology
inline Mixer $5,000 $10,000 $21.000 $35,000 | $45,000 Based on vendor
fuotes for 2,000
and 5,000 gpm
mixers
Transmission | $100,000 { $260.000 | $660,000 | $1,100,000 | $1,300,000 | Assumes 0.5 mile
Main piping designed for
4 ft per second
Improved Minimum cost estimate assumes three signals at $1,000 per signal, plus $10,000 for an
1&C online perchliorate snalyzer,
Maximum cost estimate is based on 15% of equipment costs.
Low End $120,0600 | $280,000 | 3680000 | $1,100,000 | $1,400,000 New inline
Cost mixer, 0.5 mile
piping, and
improved |&C
required
High End $580,000 | $1,400,000 | $3,200,000 | $7,400,000 | 310,200,000 New well, pump,
Cost additional piping
and improved
1&C required
Notes:

¥ Al costs In 2013 dollars. Costs are order of magnitude and will vary depanding on site specific conditions
inciuding welt depth, geology, piping distance and materials, efc, Costs include indirect
construction costs suich as engineering, construction management, permitting, and eontingency.
Water systems indicated labor (2 of 12}, energy {5 of 12}, and laboratory analyses (5 of

12) contribute most to O&M costs associated with blending. Based on these
responses and reported conceptual level O&M cost, an O&M cost curve was
developed for blending operations (Table 4-5).
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Tahle 4-5: Estimated € onceptual Annual O&M Costs from Blending

O8M Line System Size Assumptions
ftem
200gpm | 500 gpm { 2,400 gpm | 5,000 gpm | 8000 gpm

Labor $25.000 $25,000 $25.000 $25,000 | $25,000 Based on 1 hour opsrator per
day ($504r), 0.5 hour
mechanical tachnician {$55/hr)
per day, 2 hour operator
sampling sach week

Anahytical $15,200 $17,600 $22 400 $24.80C | $29.600 $200/sample; weekly analysis in
biended watsr supply; monthly
sampling in sach scurce

Energy $2400 %6,000 $24,000 553,000 | $94.500 Additonal energy to boost
biended water 50 feet;
$0.10/Kwh; friction [osses are
not included

Estimated $52,000 $58,000 $81.000 $118,000 | $150,000

Tetal Annual

Q&M Cost

Survey responses aiso indicate opporiunity costs associated with blending. Four of
twelve water systems indicated that blending cannot be used to consistently achieve
the target finished water perchlorate coricentration without reducing source water
prociuction rates. Of those, three indicated that water is purchased from a wholesaler to
make up the difference in their raw water supply to meet demands. Five of fwelve
water systems indicate additional strategies witl need to be implemented in the future
to achieve target finished water perchiorate concentrations.

4.2.1. Source Abandohment Costs

Table 4-8 lists sirategies and associated capital investments reported to meet
demands following abandonment of a perchlorate-contaminated source. Two of four
water systems reporiing that their perchiorate-contaminated source was abandoned
indicated instaliation of a new well o meet demands. One system reporied instalfation
of & fransmission main to convey purchased water io meet demands. The fourth
system indicated the cumrent supply is sufficent to meet demand (without the
abandoned source), but that replacement water or treatment would be recuired in the
fulure. This response demonstrates opportunity costs associated with jost water from
abandoning a perchiorate impacted source.
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Table 4-6: Strategics Implemented to Meet Demands following Source
Ahandonment

Capital investment ¥ of Responses
New Well 2
Transmission Main to Convey Purchased Water 4

Based on the survey responses, capital cost curves for source abandonment were
developed assuming a new well would be instalied {o meet demands. Capital costs
were esfimated for well decomissioning, installation of a new well, and an additional 0.5
mile of piping to convey the new source to the distribution system (Table 4-7). Annual
O&M costs were estimated assuming additional energy to pump from a deeper well
(300-ft deeper) andfor to convey water a greater distance, additional iabor for
monitoring and reporting, and for perchlorate laboratory analysis (Table 4-8).
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Table 4-7: Estimated Concaptual Capital Costs due to Abandonment of
Perchlorate Impacted Sources'

Line item System Size Assumptions
200 gpm $00 gpm 2,000 gpm | 5,000 gpm | 8,000 gpm

Decommission $26,000 $33,000 $44.000 $54,000 | $59.000 Assumes average well

cid well depth of 450 feet. Estimate
for 2,000 and 5,000 gpm
assumes two wells
requiring decommissioning |

Mew well (Incl. $500,000 | $1.200.000 | $2.800,000 | $8,400,000 | $8.800.000 Based oninstaited costs

pumg and site for wells varying in depth

plping) from 300-ft to 1,200-% and
in varying geology

Transmission $10G,000 | $260,000 $660,000 | $1,100,000 | $1.320.000 Assumes new well

mairy installed within 0.5 miles of
digtrlbution system

Improved 130 $13.000 $13,000 £13,000 $13.000 | $13.000 Minimum cost sstimate
assumes three signals at
$1,000 per signal and
$10,000 for an online
perchicrate analyzer

Estimated $640,000 | $1,500,000 | $3,500,000 | $7,600,000 | $10.000,000

Cupitat Cost

* All costs in 2013 dollars. Costs are order of magnitude and will vary depending on site specific conditions
including well depth, geology, piping distance and materials, ete. Costs inciude indirect
constuction costs such as engingering, construction rmanagement, permitting, and contingancy.
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Table 4-8; Estimated Conceptual New Annual O&M Costs due to Abandonment
of Perchiorate impacted Sources

System Size

Q&M Line Assumptions

Ham 200 gpm 500 gpm | 2,000 gpm { 5,000 gpm | 8,000 gpm

Labor $20,00C $20.000 $20,000 $20,006 | $20,000 Basad on 1 hour operatar per
day {$50/hr) for increased
menitoring/reporting

Analylical $15.200 $17.600 $22.400 $24.8CC | $29,600 $200/sample; weekly analysis in
blendad water supply; monthly
sampiing In each sougce

Energy $14,200 $35,000 $142,000 $354,000 ; $850,000 Assumes new well Is 360-1
deeper than previous well and/or
requlres additional pressurs for
greater conveyance disiance;
$0.10&Wh: friction losses are
not included

Estimated $459,000 $72,000 $184,000 $400,000 | $500,600

Total

Annuat

Q&M Cost

Costs were aiso assessed for installation of a transmission main to convey purchased
water, Assuming purchased water costs at $600 per acre-feet,? total NPV source
abandonment costs are estimated to be higher than for construction and operation of a
new well. Since two survey respondents indicated instaliation of a new well versus one
water system purchasing water, the capital and operating costs for a new well were
used in the national compliance cost proiections. Water sylems would fkely select
whichever strategy is most cost-competitive to replace jost water from the abandoned
source under their site-specific conditions.

? Nationat average wholesale municipal water cost was assumed to be 75% of the Metropolitan

Water District of Southem California costs (~ $800/acre-ft,

hiip: v miwdhZe. comimwdh2o/pagesfinancelfinance 03 bty In lieu of a reported national

average. The AWWA and Raftalis Survey (2012) was reviewed but does not differentiate

wholesale from retait water costs.




4.3. Comparison of Capital, O&M, and NPV Costs for Compliance Strategies

Figures 4-3 to 4-5 conftrast the conceptual capital, O&M, and total net present value
{NPV) costs associated with the perchlorate compiiance strategies (i.e., treatment
using single pass ion exchange, blending, or source abandonment) implemented for
different system sizes, Capital costs are estimated to be highest for blending {high end
eosts) and source abandonment, primarily reflecting the cost associated with installing
a new well (assumed depth). Capital costs for single pass ion exchange are estimated
to be lower than the cost fo install a new well for blending / source abandonment.
Single pass ion exchange consisis of stationary vessels and the first fill of resin.
Additonal costs may inciude pre-treatment (eg, pH adjustment), land acquisition,
instaliation of a new building. These additive costs were included in the national
compliance projections following the same approach as the 2008 Cost Study, but are
not reflected in Figure 4-5 since they are not expected to be required at all systems.
Note that engineering and design costs are included in the full-scale costs used fo
deveiop the cost curve (Figure 4-2).

O&M costs are estimated to be highest for single pass ion exchange tfreatment for all
system capacities evaluated (Figure 4-4). The higher O&M costs for single pass ion
exchange reflect resin replacement and disposal costs. G&M for blending and source
abandonment are expected to be significantly lower unless purchased water is used (in
which case capital costs for these options wauld be lower). Energy for biending is
assumed to only require 50-ft booster pumping capacity, whereas energy for sowrce
abandonment assumes pumping to draw water from a 300-ft deeper well than from the
abandoned source.

Total net present value costs (20 year fife-of-service, 3% discount rate) are highest for
single pass ion exchange treatment across all system sizes evaluated. NPV costs for
blending {high end} and source abandonment are in range of the estimated costs for
freatment. Some water systemns may be able to blend andfor abandon sources with
lower near-term capital and Q&M costs. However, the high end estimate for blending
and cost estimates for source abandonment reflect opportunity costs associated with
these compliance strategies, even i initial capital invesiments can be deferred in the
near-ierm.
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5. HNationat Compliance Cosis

National compliance costs were updated from the 2008 Cost Study by assuming 43%
of iImpacted sources/entry points with perchlorate concentrations above 2, 4, 6, 12, 18,
and 24 pgA would install single pass ion exchange freatment, 43% would blend, and
14% would abandon perchiorate impacted sources, based on 2013 survey responses.
Capital and O&M costs associated with the assigned compliance sirategies were
calculated based on estimated flows for the contaminaled scurces/eniry points using
the cost curves developed based on survey responses anhd engineering opinions
{Appendix C). California sources/entry points were omiited for potential federal MCLs
of & yg/L and above and ali Massachusetts sources/entry points were omitted from the
national cost projections because the Massachusetts MCL is 2 ug/k.

Figure 5-1 shows total conceptual annualized costs for potential federal MCLs ranging
from 2 to 24 pgil based on a 20 year life-of-service and a 3% discount rate, Tabulated
cost data (capital, annual O&M, NPV} at both a 3 and 7% discount rate is provided in
Appendix D. Low end cost estimates are derived from perchlorate occurrence based
on median concentrations for each source/enfry point and assuming blending can be
accomplished with exisiing sources (i.e., no new wells). High end cosis are based on
90" percentile perchlorate concentrations for each source/entry point and assuming
new wells are required for blending. At a 4 pg/l MCL, total conceptual annual costs are
estimated to range from $40 o 120 million (Figure 5-1). The significant range refiecis
uncertainties regarding impacted systems (i.e., based on either median or 90"
percentile perchlorate concentrations) and the site specific compliance costs (e.g.,
blending costs may be much lower if water systems can use existing sources rather
than davelop a new well). Even at the high end of the range {i.e., $120 million per year
for a4 pg/l MCL), national compliance costs for a perchlorate MCL are less than half
of those estimated for the Arsenic Rule (e.g., $320 million per year for at 10 pgil in
2013 dollars) reflecting the refatively small percent of waler systems expected to be
affected by a perchlorate regulation.

Russell ef al. (2008} estimated a $160 million per year total annual national compliance
cost to comply with a 4 pg/L MCL (in 2013 doltars), compared to $120 million per year
estimated in this 2013 update (Figure 5-1). The difference reflects costs already
incurred by California and Massachuselts systerns required to comply with state
standards (estimated $30 million per year), and slightly lower total costs for blending
and source abandonment, which were not considerad as potential compliance opfions
in the previous study. As indicated in Section 2, the compliance costs for California and
Massachuselts systems with perchiorate concentrations above the respective State
MCLs were excluded for the purposes of this updated national cost assessment,
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Figure 5-1; Total Conceptual Annuatized National Compliance Costs fora
Perchiorate MCL — 2013 Update (3% discount rate, 20 vear life-of-service)

The totat cost of compliance for an MCL of 4 ug/L is estimated to be $2.2 billion dollars
{$1.1 bitlion in capital and $1.2 billion total NPV in operating costs) based on the go*
percentile perchiorate concentrations and operation of the systems for 20 vears at a
3% discount rate (Table 5-1). In comparison, the estimated compliance cost for an
MCL of 24 yg/t is much lower at approximately $0.08 billion. The significanily lower
cost for the higher perchiorate concentration reflects the small number of PWSs that
woulld be affected at that regulatory levet {Figure 3-2).
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Tabkle 5-1: Total Conceptual National Capital, Annual Q&M and NPV Compliance
Costs for a Perchiorate MCL — 2043 Update (based on oo™ percentife perchiorate

concentrations, 3% discount rate, 20 year life-of-service)

Potentiat Capital Annualized Annual O8&M Total C&M Taotal Total NPV
MCL Costs Capited Costs ($ MiflionsAyr) {NPV) Annuelized Cost (& Mifions)
(ugill) | ($ Millons) | ($ Millionsh) {$ Millions) {$ Millions/yr)
2 $1,100 $73 378 $1,200 $190 $2,200
4 $850 57 61 $910 $120 $1,800
6 $450 $320 $24 $360 $54 $810
12 $180 $12 310 3150 $22 $3an
18 347 $3 $3.6 $54 $6.6 $100
24 $36 $2 33 $45 88 $61

Table 5-2 shows total anhual costs by system size for MCLs ranging from 2 fo 6 ug/L.
Per system costs were calculated by dividing the estimated total anmual cost for a
given size category by the number of systems impacted and the average design flow
for thal category. The data show substantial costs for small water systems to
implement perchiorate compliance strategies, with concepluat costs above $3 per
1,000 gallons for very small systems (systemis serving < 500 pecple}. These restlis
indicate that while the fotal national compliance costs for 2 federal perchlorate MCL are
low relative fo other NFDWRs, the cost burden would be primarnily placed on a small
number of water systems. The highest cost burdens are estimated to be for small
water systems due to economides of scale associated with freatment options,
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Table 5-2: Impact of System Size on Per System Costs for a Potentiai MCLs at 2,

&, and 6 pag/l
System Size Number of Systems Impacted' Total Apnual Per System
20 Parcentile Modian Cg:;f;z?;%e Cost
Perchlorate Perchicrate Interest Rate) {$/1,000 gal)
very Small 256 256 $67-72M $3.2-34
Smal 286 266 $i4—-19M $0.29-0.28
Medium 174 171 $38 M $0.34-0.35
 Large §7 63 $16-35 M $0.06-0.12
Very Large 53 38 $29-650M $0.03-0.04
Total 823 _ 784 $103-149 | $0.03-34
| 4 pgiL MCL — T T T
Very Seall 256 171 $44-72M $3.1-34
Small 85 85 $5.1=-87 M $0.32-D60
Medium 171 a5 $13-38M $0.24 - 0.35
| _Large 71 46 $10-3CM $006-0.13
Very Large 38 26 $15- 32 M $0.02—0.03
_ Total 822 413 $48 - 117 $0.02-3.4
Very Smatl 171 85 $23-40M $28-32
Smaf 85 i $0 - 9.7 M° $0.60
Medium a5 85 $12-13 M $0.22-0.24
| Large 41 24 $6— 18 M $0.07 -0.13
Very Large 10 4 $4 11 M $0.04
Total 392 159 $24 - 56 $0.04-3.2

' Number of impactad systems serving less than 10,000 people was talied by fazloring ¥n the subset of smalt
syslems included in UCMR1 sampling {e.g., 68,036 CW$ and NTNCWS nationwide divided by 797 systems
senving less than 10,000 pecple sampled in UCMR1). Given data limitations essociated with the smafl subset of
waler systems sampled, this number is considered fo be & very rough osisnate,

2 Renge is not reported, since the difference in the fow end ($38.2 miffion} and high end cost estimate ($368.3
million) is regligibte when rounded to two significant digits.

 Within the subset of small systems sampled, none had median perchiorale concentrations ahove 8 g/t
howewver, if all small CWS and NTNCWSs across the ULS. wene sampled, & small portion would be expecied to
have perchlorate datections based on COFH data.
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6, Discussion

As with any attempt to assess the national costs associated with a potential drinking
water regulation, the accuracy of the cost estimate is dependent on the information
available to develop those costs (e.g., contaminant occumence data, selection of
appropriate lechnologies, and capital and O8M costs for a given treatment process,
eit.). Assumptions must be made due to the magnitude of the sludies (ie.
contaminated sources cannot be evaluated on a case-by-case basis) and the likely
ahsence of data required for precise evaluation of costs, Data limitations and
assumptlions expected to have the biggest impact on the cost projections are
discussed below,

6.1. Qceurrence Data

UCMR1 is the most comprehensive set of national perchlorate data (Brandhuber &t al.,
2008). However, the database has several significant limitations that can impact
accurate  assessment of perchlorate occurrence, particularty at the lower
concentrations that could be considered for a Federal MCL.

+ UCMR1 samples were collected January 200% to December 2003.
Perchiorate data collected since 2003 have shown decreased concentrations
in some sources as a result of remediation efforis. For example, perchiorate
concentrations decreased more than 90 percent since 1998 at one of the
Colorado River infakes for the Metropolitan Water District of Southem
California due to the success of upstrearn remediation effors (MWDSC, 2012).
Perchlorate concenfrations at the infake have consistently remained at or
below 1 pg/L in the Last year.

+ Only 800 CWSs and NTNCWSs serving iess than 10,000 people were
tequired fo monitor. Those 800 water systems account for less than 2% of the
total number of CWSs and NTNCWSs threughout the United States. The
USEPA and the State regulatory agencies carefully selected the small systems
to attempt to provide a representative distribution of samples. However, a
review of perchlorate occurrence in small systems across the state of
California (based on CDPH data) suggests the UMCR1 subset was too small
to capture a representative profile of perchlorate occurrence in smalt systems,
Parchiorate was not detected at median or 80™ percentile concentrations
abave 2 pg/L in any of the 48 Cdlifornia water systems serving less than
10,000 people sampled under UCMR1. In comparison, 200 systems serving
less than 10,000 people sampled under CDPH's monitoring program (which



included all systems) showed 90" percentile perchiorate concentrafions above
2 pgit.}

+« UCMR samples were analyzed at a MRL of 4 pg/l. A review of the CDPH
data indicate that sample analysis at lower MDLs reveal more widespread
occurrence of perchlorate than can be estimated based oh UCMR1 data (or
CDPH data at a 4 pg/l. MRL), If EPA considers a NPOWR for perchiorate at
or below 4 pg/l, limitations of the UCMR dataset will hinder accurate cost
projections associated with a draft MCL. Recognizing these limitations, this
cost assessment assessed occurrence and associated compliance costs at a
2 pgfl MCL based on the methodology described as a reference point for
further conskderation.

6.2. Compliance Cost Estimates

Table 8-1 highlights site-specific factors that could impact the estimated system costs
associated with each compliance strategy considered in this study, and the overall
accuracy of the national cost projections. A robust set of full-scale capital and C&M
costs for single pass ion exchange freatment is availabie from the survey conducted for
this study, the 2008 Cost Study (Malcolm Pimie, 2008}, and the Kennedy/Jenks study
(2004). This data set includes full-scale costs for mare than fwenty waler systems
covering a range of design capacities and source water quality. Inherently, the data
account for some of the site-specific variability expected o influence costs, particularly
available infrastructre and water quality. =~ Research suggests that nitrate
concentrations have a stronger impact on perchlorate breakthrough than the influent
perchiorate concenfration {since perchiorate is present at pg/L, compared to mg/L for
nirate; Russe ef al, 2008). Perchlorate breakthrough at 80% of the influent
concendration occurred at 170,000 bed volumes for a water with nitrafe at 13.5 mg/L as
nitrogen (and influent perchlorate at 12 pg/l), compared to 240,000 hed volumes for
water with nitrate at 7.3 mg/L. as N {and influent perchiorate at 23 ugih). Other water
guality parameters also impact pre-reatment requirements.

Survey resuits indicate that site specific costs for biending can vary significantly
depending on available water supply and infrastruciure. The available water supply
and infrastructure will significantly impact costs associated with blending and
opportunity costs associated with source abandonment. Costs developed for this study
did not account for the impact of water rights, For example, the State of Texas is
subject to the rule of capture; grountdwater rights are subject to land cwnership above
the aquifer. To extract additional groundwater, a water systern may reed o buy

® Systemns serving less than 500 people were excluxed from the assessment since some of
these systems appear fo be TNCWSs that would not be impacted by a federal MCL, because
they are only required to comply with nitrate and coliform standards,
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additicnal land {adding to the total cost) and submit permit applications and fees for the
additional groundwater rights.

Cosis t0 develop a new well 1o meet water demands for blending or source
abandonment vary significant depending on the geology and the aquifer depth. A
number of facters ¢an Impact the cost of transmission mains required to convey the
new supply to the water system (e g, distance, right-of-ways, pipe material).

Energy costs were assumed to be $0.10 per kilowatt hour {kWh} for the O&M cost
estimates. This rate compares to a May 2013 commercial average cost of $0.18 per
kWh (ElA, 2013); however, costs are variable across the U.S. Energy cosis are
projected fo increase in the future, impacting associated O&M costs for different
compliance strategies.

Table 6-1: Factors Influencing Compliance Costs

Compliance Stratagy Factors Infiuencing Costs

X Treatrment + Land and Infrastructure requirements (e.g., building, plping)
« Water quality, particularly nitrate concentrations

« Parchlorate treatment geal

+_Power costs

Blending = Avsgilable water supply and infrastnucture
« Water rights and replacement water cosls

+ Quatity of any replacement water supply
+ Power costs

Bource Abandonment » Available water supply and infrastructure
« Water rights and replacement waler cogts
= Quality of any replacernent water supply

+  Power costs

As with the 2008 Cost Study, source water monitoring costs were not included in the
cost evaluation.  An initial round of monitoring will likely be required following
promulgation of an MCL to determine if water system sources are contaminated and
require treatment.  Subsequently, water systems may be required to monitor on an
annual of friennial basis. CDPH estimated monitoring costs associated with their
determination to regulate perchiorate {CDPH, 2007). The estimated annual monitoting
costs were 2% of the lotal conceptual annuallzed treatment costs. Assuming a similar
proportioning of monitoring to treatment costs at the national level, the omission of
monitoring costs in this sfudy is not expected to significantly affect the accuracy of the
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calculated compliance cosis. However, i should be noted that for the small systems,
the additional costs for monitoring could have an additive impact on rates.

6.3. Ground Truthing

In the 2008 cost study, several parameters with importance in the defermination of
compliance costs were evaluated for accuracy via an assessment of these parameters
for a subset of water systems. These parameters included: the number of sources for
a given water syatem, the population size, and estimated design and average flow for a
given sourcel/entry point.

Water systems with contaminated sources/entry points with flows greater than 10,000
gpm were alsc evaluated on a case-by-case basis since these sources/entry points
contrbute most to national compliance cost projections. The perchliorate
concenfrations and characteristics of these systems were reviewed in this update to
assess previous conclusions regarding whether the systems should be included in the
cost projections. Recent consumer confidence reports {CCRs) were downloaded from
water system websites to review perchlorate concentrations. Based on the data and
responses, the same approdch was taken in this 2013 cost update for the systems with
eniry point flows greater than 0,000 as the 2008 Cost Study, with one exception. One
water system was known to have abandoned a § miillion galion per day wellfield used
to provide water during peak summer demands following detection of perchiorate in the
wells. For this 2013 update, estimated capital and O&M costs the system could incur if
it needed to replace the lost water from the abandoned supply were included in the
nationai cost projections {based on conceptual costs shown in Tables 4-7 and 4-8),
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7. Conclusions

The previous cost study (Russell et al., 2009) was updated to assess the extent of
perchlorate occurrence in PWSs throughout the United States taking into account
current compliance with Califomia and Massachusetts MCLs. Trends are generally
consistent with the earlier study and indicate the following:

+ The estimated annual costs for PWSs to comply with a 4 ug/L are $120 million
per vear, compared to $320 millien per year for the 10 pg/L Arsenic Rule
{adjusted to 2013 dollars).

+ At the lowest assessed MCL (2 pgiL}, the net present value of a perchlorate
regulation is estimated to be $2.2 bilfion (based on 90™ percentile perchlorate
concentrations, 3% discount rate for 20 year service iife). In confrast, the NPV
compliance cost is estimated to be $0.08 billion at the highest evaluated MCL
(24 pgl), illustrating the wide range in national compliance costs depending
on how EPA reguiates.

« The cost burden would be primarily placed on a small number of systems. An
estimated 3.8 and 3.0% of PWSs will be impacted by a 2 ug/l. and 4 ug/t.
perchiorate MCL, respectively. if State MCLs were not already in place, the
percentage of water systems impacted by a 2 ug/L and 4 ug/L MCL would be
4.1 % and 3.4%, respectively.

« In particuiar, compliance costs are estimated to be as high as $3 per 1,000

gallons for very small systems (systems senving < 500 people) that are unable
to benefit from economies of scale.

+ impacted systems may avoid treatment costs by blending or abandoning high
conceniration sources; however, the opportunity costs are comparable to
freatment costs.
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Appendix A: Evaluation of Samples with Sample Code SR or Untreated Water
Sarmple codes included in UCMR1 are as follows:

EP — Entry point o the distribution system

SR — Untreated water collected at the source of the water system facility

MD, MR, and LD — Distribution system locations at the midpoint (MD), maximum residence time (MR),
and location where the disinfectant residual is lowest {LD).

UK — Not definitively known

Table A-1 summarizes the number of detections for the different sample codes. Of the forty-four (44} water
systems with perchiorate detections in untreated sources (i.e, SR sample cades), thirty-seven (37} are
California systems already required to comply with the State MCL (Table A-2). Based on that analysis, all
sample codes were included in the analysis of perchiorate detections and associated cost implications:

+ Most detections with SR sample codes are CA systems that de not coniribute to the nafional cost
projections;

» Removal of SR sample locations is inconsistent with the exception ouflined in 40 CFR §141.40
{@)(5)(ii}{B). Furiherif these sources are currently untreated but have perchlorate above a potential
MCL, the water systems would be required to treat the source in response to a national primary

drinking water regulation for perchlorate and thus should be included in analysis national
compliance costs,

Table A-1: Summary of Perchiorate Detections by Sample Codes

Sample Code # Samples with # Sample Locations # PWS with Detections
Detections with Detections

Al Codas 647 387 160"

EP 348 230 123

SR 288 152 44

MR, MD, LD 0 o 0

UK 11 B 3

! Sgveral PWSs had perchlorate detections at more than cne type of sample location; thus a sum of the PWSs with
detections for the different samples codes is maore than the number of PWSs with detections without driling down by
sample code.
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Table A-2: Water Systems with Detects at Untreated Scurces (N = 44)

40

Total #of |#of SR #of EF Sample Location Type Max
Sample [sample {sample |with Highest Max perchiorate at
PNSID State Points locations {locations [Perchlorate Cone perchlorate |SR sample
CA1910017 CA 12 iz SR 4.2
CA1910022 CA 3 2 3 6.2
CA 1910063 CA & 3 15
CA151.0087 CA 14 9 : 6.7
CA1510124 CA 12 12| SR 35
CA1910x126 CA 22 22 SR 12
CA1510143 CA 4 4 SR 8.9
CA1%10167 CA 9 9 SR 5.42
CA 1510205 CA 1 1 7.2
CA3010038 CA 2% 20 4.4]:
CA 3010046 CA 14 12
CA 3010052 CA 19 18
CA3010054 CA 3 3
CAZ310009 CA 17 16
CAB3L0016 CA 14 1t
cAZ3lon CA 12 ik
CA3310031 CA 43 42
CAZ310057 CA 25 15
CA3310038 CA 4 46
CA3310034 CA 4 4
CA3410004 CA 9 7
CA3610004 CA 20 16|
CA3610012 CA 12 B
CA3610013 CA 3 3
CA 3610014 CA 16 14
CA3610018 CA 43 35
CA3610025 CA 12 15
CA3610034 CA 22 2
CA3610037 CA 40 18
CA3610038 CA 12 12
CA3610039 CA 48/ 47
CA3610041 CA 35 33
CAZ610043 CA 14 14
CA3610057 CA 9 7|
CA3TI0006 CA 4 3
CA3510012 CA 45 33
CAS010017 CA 6 5
FL2360200 FL ] 4
M3528616 NM i2 12
NY 2000000 NY 25 25
NY2902824 NY 10 8
NY2202826 NY 5 5
NY2902845 NY 15 9
NY5110526 NY 499 59




Table A3 compares the estimated percent of water systems impacted by potential MCLs ranging from 2 to
24 pg/t with and without untreated samples (SR sample codes) included. The estimated percent of water
systems are slightly lower for potential MCLs of 2 and 4 pg/L if untreated water samples are exciuded from
analysis. Af higher potential MCLs, exclusion of untreated samples has minimal impact, This trend refiects
that most of the untreated water samples are for Califomia systems that would be omitted from analysis and
compliance considerations at potential federal MCLs at or above the 6 |ig/L state MCL.

Table A-3; Estimated Percent of Water Systems Impacted by a Potential Perchiorate med!

Percent of Impacted Systems
Potential 2013 Update? 2013 Update?
McL Al sample codes Excluding untreated samples
{ER sample code)
2ugll 3.8% 3.0%
4 ugiL 3.0% 24%
6 ug/t 1.4% 1.4%
12 ug/l 0.6% 0.6%
18 ug/L 0.3% 0.3%
24 ugit 0.2% 0.2%

'Based on 90™ percentiie perchlorate concentrations
“Catlifornia systems with perchlorate above 6 pg/t. excluded; ail Massachusetts systems excluded
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Government Affairs Office
© 1300 Eve Stroet NW

Suite ?01w
American Water Works %‘32‘3;‘“@“5 20005
Association F 202 628.2846

Who: Malcolm Pirnie/ARCADIS on behalf of AWWA
Government Affairs Office

What: Understanding Perchlorate Compliance
Strategies

This survey is part of an Amenican Water Works Association (AWWA) project to understand
unpacts to water systems associated with a pending National Prirnary Drinking Water Regulation
(NPD'WR) for perchlorate. The results of tlus survey will support AWWA comment developed for
the NPDWR and inform stakeholders of potential implications of an impending perchiorate
regulation,

You are receiving this survey based on results from California or Massachusetts sampling data
indicating your water system had at least one sample with detectable levels of perchlorate.
AWWA is specifically interested in iusight you can provide on compliance strategies you may
have implemented to respond to your State maximum contaminant level (MCL). The information
you provide will assist AWWA i representing you and other water systenis in 1is conunent
developed for the NPDWR.

As you complete this swvey, you will find it helpful to have your most recent perchlorate
monitoring results at hand, as well as cost information for any compliance strategies you may
have implemented. In the absence of recent perchlorate data collected for state compliance, please
refer to your UCMRI1 perchiorate results,

The suivey should not take more than 30 minutes to complete. You can either complete the survey
electrontcally, by clicking the Ik provided below, or complete the attached Word version of the
survey and mail electronically or by hard copy to Caroline Russell, 1717 W. 6% Street, Suite 210,
Austin, TX 78703, caroline russell@arcadis-us.com, 512-527-6082. If you think someone else in
your utility would be better able to complete the survey, please send me an email with your

question or concers. You may also contact Kevin Morley at kiporlev@awwa.org or 202-326-6124
with any questions regarding the survey.

Respondents completing the survey by Friday, January 4% will be entered into a drawing to win a
free Kindle Fire! Less than 100 utilities ave part of this survey, 50 your chances are good. Thank
you for your time!

(EDITORIAYL NOTE - Pink highlighting pertains to questions only asked if the preceding question
triggers the question).
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Naue

Title

Enail

Telephone

Address

Please enter yowr public water system ID (PWSID). If you do not know it, please enter the system

name, city, and state.




What population does your PWS serve?

] Less than 500
(1501 —3.300
[[13.301 - 10,000
310,001 to 100,000
[ 31060,00F to 500,600

[0 More than 500,000

How many entry points to the distribition system does your system have?

] Noue
'y
Mz
3
4
O Gther

What are your water sources?

) Growndwater
] Surface water
] Mixture of groundwater and surface water
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How many swrface water sources have detectable levels of perchilorate based on your most recent
State compliance data (in lien of State compliance data, please refer to UCMR1 results)?

{ None

{1

02

03

4

1 Other (Number of intakes: )

Please list maxinwan perchlorate concentration detected:

What is the source of this data (State compliance or UCMR1)?
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How many groundwater sources have detectable levels of perchlorate based on your nzost recent
State compliance data {in hen of State compliance data, please refer to UCMR1 results)?

{7} None

01

2

33

4

[ Gther (MNumber of wells: )

Please list maxinnun perchlorate concentration detected:

What is the source of this data (State compliance or UCMRI)?

‘What is your target finished water perchlorate concentration in parts per billion (ppb)? (if non-
detect, Hst the reference detection limit) ppb
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Which strategies have you implemented to reduce perchlorate concentrations? (please select all
that apply:)

M Blending (if this box is checked, please answer question 9 to 13)

[ Sonwce (e.g., well) abandomnent (if this box is checked please answer questions 14 to 19)
[ Treatment (i.e., ton exchange, biological treatinent, reverse osmosis) (if this box is checked
please answer guestion 20to0 ., )

O Cther

H1]

What is the average flow in gallons per minute (gpin) at the entry point in which blending is used
to reduce perchlorate concentrations in the finished water? gpm
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1t

Can blending be vsed 10 consisiently achieve the target finished water perchlorate conceptyation
without reducing source water production rates?

[JYes

[INo

Ifne, please list all strategies to nweet demands (please select all that apply:)

[ Pwrchase water from wholesaler via tie-int
O Purchase and haul water

M Use stored water
M Giher

What capital investments, if any, were required to facilitate blending?

MNew well
[ New pump(s) {inchuding upgrades from fixed rate to variable frequency drives)
[ Improved instrumentation and controf {e.g., PLC, SCADA)

{0 Additional storage
[ Cther
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12b

What was the approximate capital cost and year incwrred?

Capital cost

Year incured

13-a

What is the approximate annual operating cost {inchuding cost of lost water) fo facilitate blending?

13-b

Which #tems contribute most to operating costs? (please select top two line jtems)

[ Llabor

[1L.aboratory Analyses
M Energy

{JLost water

1 Other:

14

Do you anticipate incorporating any additional sirategies {e.g., well abandonment, treatment) to
aclieve target finished watey perclorate concentrations in the future?

[1¥es

FiNo




| QUESTIONS 15TO20".

i5

How imany sources have been abandoned?

™M
M2
13
14
COther (Number: 1}

16

What is the cuonmlative average flow in gallons per minute (gpm) for sources that had to be
abandoned? gpm

17

Please list all strategies to meet demands with contaminated sources out of service (please select
ail that apply:)

[ Aleernate supply developed (e.g.. iew well, use of surface water)
[ Pauchase water from wholesaler via He-in
[} Purchase and haui water

O Other
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18-

What capital investments, if any, were incosporated to augment the supply from alternate sourcas?

FINew well

1 New punp(s) (including upgrades from fixed rate to variable frequency drives)
{]Improved instrunentation and control {e.g., P1.C, SCADA)

{71 Transmission main for altermate sonrces

1 Additional storage
1 Gther

18b

What was the approximate cost of those capital investmiens and year incunred?

Capital cost

Year incinred

19-a

What is the approximate anmal operating cost {including cost of lost water) associated witl: the
strategies employed to meet demands with contaminated sources out of service?
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i9b

Which items contribute most to anmal costs associated with wel abandonment? (please select top
two line items)

{1 Lost water
[ Parchased water

{1 Operatiing costs for new supply
{1 Other:

26

Do you anficipate incorporating any additional strategies (e.g.. blending, treatiment) to achieve
target finished water perchlorate concentrations in the fihuye?

1Yes

ONe

Which treatment processes have been implemented? (please select all that apply:)

[ Single pass ion exchange
[ Regenerable ion exchange
[JReverse esnosis

[ Bwlogical treatment

] Other:
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22 What is the destgn flow for the treatment system?
23 What was the approximate capital cost for the treatment system and year of construction?
Capital cost
Year constucted
24 What is the average flow for the treatment systemn?
23 What is the average annual operating cost for the treattnent system in 2012 dollars (batipark)?
26 Which are the two major items contributing to operating cosis? (please check two boxes)

[ Resin / menrane replacensent
[T Eneray

[} Labor
[ 1Censamables {chemicals)
1 Cther:

[ Other:




27

What is your disinfectant? {please select all that aply)

Primary Secor
Chiorine O 1
Cliloramines M| O
Chlorine dioxide O O
Ozone 3 G
uv 0 a
Other: [ O

276

Is chiorine supplied as:

[ Bulk hypochlorite
[OChlorine gas cylinders
[ On-site chlorine generation (please list type of generator)

[ Other
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27

Are nieasired perchiorate concentrations higher in finished watetr than i sotirce water?

[ Yes (please explain in the comment box)}
INo

Comunent;

Are you willing fo participate in a tiore demailed survey and/or phone interviews?

OYes

CINo

Thanks for your titne completing this tmportant survey!
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Appendix C — Cost Curves for Compliance Strategies

€.1. Single Pass lon Exchange Conceptual Cost Curves
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Figure €-1: Conceptual Capital Costs for Single Pass IX Treatment

$1.40 * AWWA/MPE study - 2008
$1.20 & B AWWA/ARCADIS Update - 2013
u m——Trendiine - 2008 Study
£ $1.00
E
§ $0.80
i
L $0.60
=5
§ $0.40 T m— e
) ) -y *
$0.20 3
S- ¥ ¥ 3 ¥
0 2000 4000 6000 4000 10000

Average flow {gpm]

Figure ©-2: Conceptual C&M Costa for Single Pass IX Treatment

C.2. Biending Conceptual Cost Curves
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Figure C«: Conceptual O&M Costs for Blending

£.3. Source Abandonment Conceptual Cost Curves
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Table D.1. Estimated Cost to Treat Al Sourees Contaminated with Perchiorate
— a0 percentile Perchiorate Concentration and 3% Discount Rate

Annualized

Potential MCL {ug/L)| Capital Costs Capital Annual Q&M NPV Q&M Annualized Cost Tatal NPV
2 $1,080,000,000 | § 73,000,000} 5 78,000,000 | $ 1,160,000,000 | § 151,000,000 | $2,240,000,000
4 $ 850,000,000 | 8 57000,000) % 61,000,000 S  ©10.000,000 | S 118,000,000 | $1,760,000,000
6 $ 450,000,000 | $ 30,000,000 | S 24,000,000 ] $ 360,000,000 { $ 54,000,000 | $ 810,000,000
12 $ 180,000,000 | $ 12,000,000 | $ 10,400,000 | $ 150,000,000 | 5 22,400,000 | $ 330,000,000
18 $ 47,000,000 | 5 3000000] S 3600,000] 6 54,000,000 | $ 6,600,000 | $ 101,000,000
24 S 36000000fFS 2000000]| S 3,000000]|S 45,000,000 | 5 5000000 | $ 81,000,000

Table D.2. Esfimated Cost to Treat All Sources Contaminated with Perchlorate

~ Median Perchiorate Concentration and 3% Discount Rate

Potential MCL {pg/L] |Capital Costs  {Annualized Capital |Annual 08&M NPV O8M Annualized Cost |Total NPV
2 $560,000,000 { 5 38,000000{$  §6,000,000 { & 980,000,000 | $ 104,000,000 | $1,540,000,000
4 $260,000000 | & 17,000,000} 5  29,000.000 | $ 430,000,000 | $ 46,000,000 | $ 650,000,000
6 $140,000,000 | & 9,400,000 [ § 15,000,000 ) S 220,000,000 | $ 24,400,000 | $ 360,000,000
12 $ 12,000,000 | $ 810,000 [ 1,500,000 | S 220000001 S 2,310,000 | $ 34,000,000
18 5 4,000,000] $ 270,000 | § 620,000 | 5 9,200,000 | % 830,000 | $ 13,200,000
24 $ 1,100000] S 70,000 | $ 180,000 | S 2,700,000 | $ 250,000 ] § 3,800,000




Table D.3. Estimated Cost to Treat All Sources Contaminated with Perchiorate
- 90" Percentile Perchiorate Concentration and 7% Discount Rate

Anmnualized
Potential MCL (ug/L}| Capital Costs Capital Annual O&M NPV OB Annualized Cost Total NPV
2 $1,080,000,000 | 5 102,000,000 ] 5 78,000,000 | $ 830,000,000 | S 180,000,000 | $1,910,000,000
4 $ 850,000,000 5 80000,000] S5 610000001 % 650,000,000 | § 141,000,000 | $1,560,000,000
6 $ 450,000,000 | $ 42,000,000 $ 24,000,000 ] § 250,000,000 | 5 66,000,000 | § 700,000,000
12 S 180,000,000 | $ 17000,000] S 10,400,000 | S 110,000,000 | § 27,400,000 | § 290,000,000
18 S 47,000,000 | $  4,400,000{ S5 3,600,000 | 5 38,000,000 | 5 8,000,000 | $ 85,000,000
24 5 36,000,000 5  3400000]$ 300000035 32,000,000 | § 6,400,000 | $ 68,000,000
Table D.4. Estimated Cost to Treat Al Sources Contaminated with Perchlorate
~Median Perchlorate Concentration and 7% Discount Rate
Patertial MCL {ugfl.i Capital Costs |Annualized Capital JAnnual O8M NPV 08w Annualized Cost | Total NPV
2 556,000,000 | & 53,000,000 | 5 66,000,000 | $ 700,600,000 | $ 119,000,000 | $1,260,000,000
4 $260,000,000 | $ 25,000,000 | 5 29,000,000 | S 310000000 | § 54,000,000 | $ 570,000,000
& $140,000,000 1 % 13,000,000 | 5 15,000,000 | 5 160,000,000 [ 5 28,000,000 | $ 300,000,000
12 S 12,000,000 | 5 1,100000] $ 1,500,000 | 5 16,000,000 | 2,600,000 | & 28,000,000
18 S 4000000 ] 8 3800001 S 620,000 | S 6,600,000 | S 1,000,006 | & 10,660,000
24 $ 1,100,000 | 5 100,000 S 180,000 | $ 1900000 | S 280,000 | 5 3,000,000
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