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The initial communication is needed
to inform the general public of steps
they may take to reduce their exposures.
Repeating the information every 6 or 12
months is needed to remind
homeowners that they should still be
aware of potential problems. EPA agrees
with commenters that young children
and pregnant women should be targeted
and, therefore, is requiring water
systems to deliver information to
locations frequently visited by these
sensitive populations as outlined above.
Guidance to assist water systems in
implementing a successful public
education program can be found in “A
Primer: Developing a Community-Based
Pablic Education Program on Lead in
Drinking Water” (EPA, 1990i). Copies
will be available from EPA Regional
Cffices and State Health Departments.

In communities where a significant
proportion of the population speaks a
language other than English, public
education materials prepared for
distribution through print or electronic
media must be communicated in the
appropriate language. To further
facilitate the dissemination of public
information concerning lead and copper
in drinking water, the PWS should enlist
the support of local elected public
officials, the professional staff in local
departments of public health and
environmental protection, and members
of both the business and academic
communities.

6. Non-Transient, Non-Community
Water Systems

The proposed rule would have
required NTNCWS to publicly post
informational posters on lead in
drinking water in a public place, hold at
least one public meeting annuaily to
educate water consumers sbout lead in
drinking water to answer any questions
on the subject, and diatribute brief
informational pamphiets at least
quarterly.

Several commenters argued that
NTNCWS deliver water to different
customers than communiiy water
systems and that the public education
requirements were excessive, They
recommended substantial reductions in
these requirements, EPA agrees with
commenters thet NTNCWS deliver
water to people whaose exposure
patterns are different than community
water systems and has accordingly
modified the public education program
to better serve that constituency's
needs.

The final rule requires NTNCWS to
deliver the information contained in
§ 141.85(a) (1), {2}, and (4) of the final
rule within 60 days of exceeding the

lead action level. The information is
required to be delivered as follows:

{1) Posters hung in a public place or
common area in each of the buildings
served by the system.

(2) Pamphlets and/or brochures
distributed to each person served by the
NTNCWS,

NTNCWS are required to deliver the
materials at least once during each
calendar year in which the system
exceeds the lead action level for as long
as the lead action level is exceeded.

H. Lead Service Line Replacement

While the proposed rule did not
contain provisions that would have
required the replacement of jead service
lines, the preamble to the proposal
discussed in some detsil, angd solicited
comment on, a lead service line
replacement program that the Agency
was considering adopting. The program
adopted in the final rule resembles in
large part the program discussed in the
preamble to the proposal. The Agency
did not formaily propose lead service
line replacement because of difficulties
with quantifying on a national basis the
contributions of lead service lines 1o
lead levels at the tap, because of
difficulties in estimating changes in lead
levels after corrosion control treatment
and lead service line replacement, and
because of the potential risks associated
with partial pipe replacement,

While there continues to be limited
guantitative information regarding
contributions from lead service lines to
levels at the tap, EPA believes that a
lead service line replacement program,
&8 structured in the final regulation, will
be an effective meens for reducing
excessive lead exposures. As discussed
further below, the final rule requires
systems to institute a replacement
program if, after installing optimal
corroston control treatment (and when
applicable, source water treatment), the
aystem continues to exceed the lead
action level. Replacement of individual
lines in the system may be waived
where the lead concentration in the
service line sampie is below 0.015 mg/L.
EPA believes that the current lack of
extensive data should not delay
implementation of the lead service line
replacement program. This is because
information necessary to determine
levels at the tap attributable to lead
service }ines will be collected on a case-
by-case basis, and replacement of
service lines will occur where lines are

shown to contribute to elevated levels at

the tap.

1. Comments on Lead Service Line
Program

Numerous commenters supported a
removal program proposing different
ideas on how it should be implemented.
Some commenters suggested requiring
the removal of only those service lines
that contribute lead sbove a specific
level, such as 0.020 mg/L. Other
commenters supported the removal of
lead tines if the removal program was
extended over 20-30 years, while others
advocated removal as lead services are
encountered during routine replacement
of water lines.

Numerous commenters opposed
requiring lead service lines replacement
based on one or more of the following
beliefs; (1) EPA does not have the
authority to require replacement of lead
service lines that are not under the
water gystem's ownership or control; (2)
the costs derived from lead service line
replacement would outweigh the
benefits, especially considering that
water systems can only replace the
portion of the tine that they own/control
and that may vary from system to
syater; (3) other methods, such as
corrosion contral, public education, or
enforcing the lead ban, would be more
effective for reducing an individual’s
exposure to lead from drinking water
compared to partial lead tine
replacement; and (4) implementation
would be & burden because records do
not exist to locate Jead lines and
because monitoring lead lines will be
difficult,

2. Authority to Replace Service Lines

EPA acknowledges that ownership
and/or control of lead service linea is
often split between the public water
system and the property owner,
Depending on State law or regulations,
or local ordinances, some public water
systems control and/or own connections
up to the property line, others control
and/or own the service line and other
connections up to the building
(especially if the water meter is located
inside the building}, and still others
control and/or own the service
connections only up to the curh,

A recent survey conducted by the
American Water Works Association
(AWWA, 1989, 1890) indicates that there
are approximately 10 million lead
service connections currently in use in
the United States and that about 20
percent of all public water systems have
some lead service connections. The
actzal number of lead service lines as e
percentage of total service connections
varies from system to system. EPA
estimates, based on the AWWA survey,
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that the average length of a lead service
line is 42 feet. About 70 percent of
systems indicated that they own part of
the service connection, 20 percent
reported they owned no part, 9 percent
reported ownership over only the
goosenack/pigtail, and 1 percent
reported ownership over the entire
service connection. According to the
survey, ownership is determined in the
majority of systems by ordinance (72

_percent}, with about 10 percent
determined by informai agreements, 6
percent by contract, and 6 percent by
either building codes or building codes
and ordinance [EPA, 1980c).

A study discussed in the preambie to
the proposal evaluated the extent of
authority over gervice connections in
publicly owned water systems in
Boston, Chicago, Dallas, Denver, the
District of Columbia, Los Angeles, New
York, Pittsburgh, San Diego, and San
Francisco, and other investor-owned
utilities in various States. In the majority
of cases evaluated, the water syatem
was found to retain access to virtually
all property serviced by the system and
to reserve the right to perform work on
privately owned service lines {usually at
the expense of the property owner). To
varying degrees, most of the systems
alsa require property owners o meet
certain specifications relating to service
line locatlon, size, and material
cotapasition. For investor-owned
utilities, access to privately owned
sarvice connections is often restricied
by municipal erdinance.

The study concluded that to the extent
public water systems prescribe
standards for construction, repair, and
maintenance of service lines and
reserve the right of entry onto private
property to perform necessary work, it
could bs argued that the entire service
line is under the system's control.

As discussed in the preamble to the
proposal, requiring lead service line
replacement involves determining the
obligation of the public water aystem
where juriediction over the service line
is split between the water systern and
the user. Because the SDWA defines
"public water system” as including
“distribution facilities under the control
of the operator” (SDWA section
1401{41}, the Agency concluded thei it
had the avthority to hold public water
gystems respansible only for conditions
under their “control.” As nated above
and discussed in the preamble to the
proposal, where ownership is split
between the utility and the user, utilities
sometimea retain authority 1o prescribe
the standards for construction, repair,
and maintenance of service lines, and a
right of entry te perform work deemed

necessary (usually billing the user for
the work on its portion of the line).
Based upon this authority of public
water systems, the preambie to the
proposal discussed the option of
establishing a rebuitable presumption
that the entire lead service line was
owned or controlled by the water
system and, therefore, could be replaced
by the system. This presumption could
have been rebutted by the public water
systems’ citing appropriate legal
authority (such as local ordinances,
State statutes, or contractual provisions)
limiting its control or ownership.

As noted elsewhere in today's notice,
EPA believes its authority to impose
regulatory requirements on public water
sysiems extends only to those
distribution facilities under the control
of the system. Therefore, under the final
rule, systems replacing lead service
lines are required to replace the portions
of lines that are under their control.
Control is defined in § 141.84(e) of the
final rule as being indicated by one of
the following forms of authority:
authority to set standards for
construction, repair, or maintenance of
the line, autherity of the system to
replace, repair, or maintain the service
line, or ownership of the line. The final
rule includes essentially the same
substantive criteria for determining
control as was discussed at proposal,
including the “'rebuttable presumption”
procedure. The rebuttable presumption
assumes that the water system controls
and, therefore, can replace the lead
components up to the wall of the
building served (building inlet). As in
the proposal, this presumption could be
rebutted by the water systems by citing
local ordinances or State statutes, or in
the case of private systema, the contract
between the systems and their
customers, that limit the extent of
control of the water system.

EPA decided to include a definition of
“gontrol® in the final rule to explain
ciearly the extent of public water
systems' responsibilities under the lead
service line replacement program, The
statutory term, ‘‘control,” is not defined
in the SDWA, and the legislative history
does not contain any guidance as to
what Congress intended by the use of
this term. EPA believes that, in the
context of lead service line replacement,
it is reasonable to interpret “controi” to
include those authorities listed in
§ 141.84{e) of the final regulation. Water
syatema generally retain authority to
specify standards for construction,
maintenance, and composition of
service lines to be able to safeguard the
integrity of the distribution system and,
thersby tc ensure the delivery of safe

water to the consumer. Where a lead
service line is demonstrated to be
contributing to elevated lead levels at
the tap, such a condition is similarly
threatening the quality of the water
consumed by the public. The Agency
believes, moreover, that it ig reagonable
to interpret “control” as being presenfin
cages where a system has authority to
replace or repair or maintain the line
since lead service line replacement
under the final rule is a form of "repair”
or “maintenance” which is necessary to
prevent further exposures to elevated
levels of lead. Thus, EPA believes that
requiring public water systems to
replace problem lead service lines that
the systems “control” {as the term is
defined in the rule] is consistent with
the underlying purpose of the SDWA to
prolect public health as well as with
practices of the water supply industry
desjgned to maintain the integrity of
water distribution systems.

Systems that do not replace the entire
gervice line are required to submit to the
State within the first year of their
replacement schedule a letter
demonstrating that their control is
limited (see section VI{C){1} of the
preamble), so that States can review
whether the system's interpretation
correctly interprets relevant legal
authority (see § 141.90(e){4]). EPA
believes that atlowing States to review a
system's basis for contending that its
control is limited is important to ensure
that systems apply correctly the
reguiatory definition of control to the
specific facts of their system. In order
not to delay prompt implementation of
service ling replacement and not to
burden the States unduly, the final rule
does not require States to affirmatively
approve the system's interpretation of
its legal authority prior to
commencement of replacement.
However, the State may determine that
a system has incorrectly interpreted the
extent of its “control” over lead service
lines as the term ig defined in the final
rule. In these cases, the State is required
to make its determination in writing and
explain the basis for ita decision. The
system is then required to replace the
portion of the lead line under the
system's control as determined by the
State.

Where a system's contrel does not
exiend to the entire service line, the rule
requires systems to offer to replace the
portion of the line controtled by the
homeowner. The rule, however, does not
explicitly address how the costs of
replscing the homeowner's portion of
the service line should be allocated. In
the study discussed above, most cities
charged the customer for work on
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privately owned piping. Systems may
choose to incur the costs of replacing the
entire line and spread the costs across
the ratepayers, if the system believes
that this would be appropriate. The
incremental cost of replacing the
privately controlled portion of the
service line should not be substantial,
however, since the largest component of
the cost is the expense of mebilizing the
equipment and labor to the replacement
site, a cost that would be incurred by
the system anyway. Becauase this
provigion of the ruie does not impose
any additional costs upon the system,
and sysiems are required to replace only
portions of lines they control, the
Agency believes that the requirement for
systems to offer assistance with
replacement of privately controlled
service lines is an efficient and effective
means of maximizing the public health
benefits achieved by the rule.

EPA hasg also adopted a second
rebuttable presumption, discussed in the
preambie to the proposal, that lead
gervice lines must be replaced unless
they contribute iess than a specified
amount of lead, although, as discussed
below, the level requiring replacement
has changed.

3. Cost and Effectiveness of Lead
Service Line Replacement

EPA believes that corrosion control
will remain the primary method for the
majority of water systems to reduce lead
levels. Although corrosion control has
been shown ta be effective in
minimizing the corrosion of lead service
lines by “insulating’ the interior surface
of the lines, the chemical reactions
responsible for formation of these
protective deposits are reversible (aver
days-months) if the passivation layers
on the lines are not maintained. The
buildup of these protective films can
vary from one house to another
depending on plumbing age, physical
disturbances such as ground freezing or
nearby road repair, and the length and
diameter of the pipe.

a. Contributions of Service Lines lo
Lead Levels at the Tap. While corrosion
control can be an effective treatment for
preventing or stawing the disaclulion of
lead from lead service, in many cases it
will not be sufficient to reduce lead
levels below the action levels. Data from
Boston, MA, Bennington, VT, and Fall
River, MA, cities that contain relatively
large numbers of lead service lines,
illustrate that high levels that would not
be protective of public health persisted
despite significant reductions in lead
levels achieved with corrosion control
treatment. Results summarized in Table
7 also indicate that systems with lead
service lines have substantially higher

lead levels than those without. These
results further suggest that many
systems with lead service lings mey not
be able to reduce lead at the tap to
levels below the action level using
corrosion control alone. In addition,
Table 10 indicates that lead levels in
homes with Jead service lines compared
to homes without lead service lines, in
the same system, had higher lead levels.
EPA believes that the information
presented in Tables 7 and 10 suggests
that lead service lines can contribute
significant amounts of lead at
consumers’ taps.

TABLE 10.—AVERAGE LEAD LEVELS (MG/
L) By TyPE OF SERVICE LINE (EPA,
1590d)

First Fully
draw | fiushed
12 7
7 5
i8 16
k} 4
13 2]
5 4
15 7
7 5
1 1
i0 2
215 34
10 34
w0
1A
12
Suburb.| Non-Lgad ... -]

FO—First-draw, FF—fully flushed

b. Partial Lead Service Line
Raplacement. As discussed above, only
that portion of the lead service line
controlled by the PWS is required to be
replaced by the system. Many
commenters did not believe that
replacing only that portion of the lead
service line under their control would be
an effective method for reducing lead
levels at the tap and that replacing only
part of the service line could actually
increase the lead levels at the tap
because of the disruption of the
protective coating on the inside of the
pipe.

In practice, EPA believes that many
systems required to replace lead lines
will receive consent to remove any
privately controlled portions since it is
in homeowners’ interest to remedy
completely this source of lead in their
drinking water. In those cases where the
water system cannot obtain permission
to remove the entire line, EPA stili
believes there are benefits o partial
replacement.

Partial removal of a lead service line
will reduce the likelihood of exposure to
lead from drinking water because there
will be a smaller volume of water in
contact with the lead service line. For
example, a lead service line 40 feet in
length and 3/4 inch in diameter will
contain about 4 liters of water, and a
service line 20 feet in length and 3/4
inch diameter will contain about 2 liters
of water. If the lead concentrations in
the service line are the same (i.e., 0.020
mg/L), consumers are more likely to
consume water with elevated lead levels
from longer lines because a larger
volume of water will have elevated lead
levels, Data collected by Pocock (1980}
from over 2,000 homes in the United
Kingdom support the view that the
likelihood of elevated lead levels varies
in relation to the length of the lead
service line. The study found that within
pH ranges reflecting relatively low
corrosive water, tap water lead levels
were significantly related not only to the
presence of lead piping, but to the length
of the piping as well. These findings are
also consistent with Kuch and Wagner’s
(1983) mass transfer modeling, which
predicted the dependence of lead levels
on the length and diameter of a lead
pipe (i.e., higher lead with longer lead
pipe).

EPA shares the concern of
commenters that partial repiacement
could increase lead levels, but believes
that increased levels, if they occur, wilt
be temporary and wiil decrease over
time. One study cited in the proposal
{Britton and Richards, 1980) showed a
temporary rise in lead levels at the tap.
One week after service line replacement
the lead tevels were as low as 0.1 mg/L
and as high as 4.25 mg/L. Of the 10
samples collected, only one measured
(4.25 mg/1} was above 0.1 mg/L; two
were above 0.05 mg/L; and the
remajning seven were below 0.05 mg/L.
Two months after replacement, lead
levels further declined to concentrations
ranging from 0.05 mg/L to 0.2 mg/L. Four
months after replacement, lead levels
declined even further; 9 of the 10
samples were beiow 0.05 mg/L, and the
10tk was below 0.08 mg/L. The Agency
believes that the temporary rise in lead
levels indicates not only the presence of
lead materials in the distribution system
(i.e., service lines, probably lead pipe),
but alse poor corrosion control, As
noted by the authors, pH adjustment
had only recently been implemented in
the area and any passivation films on
the interior walls of the pipe were
probably thin. By the time replacement
would be required under the final rule,
gorrosion control will have been fully
implemented and should therefore
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reduce the potential for temporary
increases in lead levels. This provides
another justification for requiring lead
gervice line replacement only after
corrosion conirol treatment has been
optimized.

Data collected since the proposal from
Newport News as reported in the
American Water Works Association
report *Lead Service Line Replacement:
Benefit-io Cost Analysis” {(AWWA,
1990), indicate that replacement of
service lines can result in temporary
increases in lead levels. However, these
increases lasted only 1-2 weeks and
foliowed replacement of lines that
initially had low levels (indicating an
effective passivation film). Replacement
of lead service lines with lead levels
above 0.015 mg/L generally resulted in
decreased levels imunediately after
removal, followed by substantial
decreases after 2 weeks,

Newport News Waterworks began a
program in 1987 to replace existing lead
service lines in their sysiem. Sampies
were collected at the meter, before and
immediately after the service line was
replaged, and 2 weeks after the
replacement. The results in Tahie 11
indicate that of the nine locations
sampled, four sites had initial lead
levels above 0.015 mg/L, one site had
lead levels between 0.010 to 0.015 mg/L,
and four sites had lead levels below
0.005 mg/L. Immediately after removal
of the lead lines, the iead levels in three
of the four locations with initial lead
levels above 0.015 mg/L declined, and
all four locations showed substantial
reductions when sampled 2 weeks after
replacement.

TasLE 11.—LEAD LEVELS N HOMES BE-
FORE AND AFTER REPLACEMENT OF
LEAD SERVICE LINES N NEWPORT
News, VA (AWWA, 1990)

Lead levels (ppb)
Imrnadi- 1-2
Location Belore alely weeks
replace- atier after
ment replace- replace-
ment mant
4 28 ]
4 16 2
1050 8 4
2 106 2
4 10 4
37 44 <1
2350 45 i
76 66 13
13 27 -1

EPA conducted 2 study on the effects
of partial lead service line replacement
on seven homes in Oakwood, Ohio
(EPA, 1991c). First-draw samples and
service line samples were taken before

and after replacement. First-draw and
gervice line samples were taken (two to
four samples collected at each bome)
during a 1 week period before the
gervice lines were replaced, and follow-
up samples were collected over a 2
week period (one to three samples were
coliected at each home), after service
line replacement. Only that portion of
the lead service line owned by the water
utility, main to curb, was replaced, even
though four homes had lead service
materials from the main to the house,
The water system offered to replace the
section of the service line owned by the
homeowner, curb to house, but all four
homeowners declined the offer. The
results presented in Tabie 12 indicate
that the lead levels in service line
samples before and after replacement
were very similar, and were below 0.015
mg/L, with one exception. Even though
the results indicate very little change in
lead levels before and after service line
replacement and some increases in
some cases, these data are not dicectly
relevant to the replacement
requirements in the final rule since
levels at these lines were already below
the replacement level in the final rule of
0.015 mg/L and would not be required to
be removed under the final rule. These
data do appear to indicate, however,
that requiring replacement of lines
where tap levels are already low [ie.,
below 0.015 mg/1) might not result in
improvements in lead levels.

TasLE 12—LeaD LEVELS IN HOMES BE-
FORE AND AFTER REPLACEMENT OF
LEap SeRviCE LINES IN OakwooD, OH
{EFA, 1991c)

Lead teveis (ppb)

Location 1-2 Woaks
after

replacement

Before
replacement

-
L= IR I GO N A =)

To ensure that increased exposures do
not oceur because of partial line
replacement, systems are required to
notify affected residents that the system
is replacing the lead line and that the
potential exists for increased lead levels
during an interim period after removal.
Systems are also required to collect a
lead service line sample from the
consumer's tap within 14 days after
replacing the line to determine whether
any increase has occurred. The purpose
of collecting the follow-up sample is to

inform residents of precautions that may
be ngeded temporarily such as flushing
water at taps to avoid potential
increages in lead levels.

In conclusion, while partial
replacement could in some cases result
in transitory increases in lead levels at
the tap, EPA believes that such
increases will be minimized due to the
fact that effective corrosion control
should be in place by that time, and
because homeowners will be informed
of necessary precautions. Finally, even
if temporary increases 4o occur, EPA
believes that such concerns are
outweighed by the importance of having
ead levels reduced over the long term.
Except at extremely high exposure
levels not found in drinking water
(exceptions may occur where there is
stagnani water in a lead-lined water
cooler), lead is primarily of concern
because of its capacity to accumulate in
the body and resuit in chronic health
effects, rather than acute toxicity. Thus,
EPA believes that it is most important
that longterm exposures to elevated
levels due to lead service lines are
avoided, even if this can mean short-
term exposures in some cases to higher
levels immediately after partial
replacement.

¢. Current Repfocement Programs and
Cost. EPA estimates that about 8,300 of
the 15,000 water systems with lead
service lines will be required to replace
some lead service lines after corrosion
control has been ingtalled. Cosfs are
estimated to range from about $300 to
$1800 dollars per line depending on the
local circumstances and the replacement
method (EPA, 1991a). Most of these
expenses will be fixed costs associated
with mobilizing utility work crews and
preparing the site to replace the line.
Consequently, the costs of replacing
lead service lines of different lengths
will be comparable. The annual increase
in household water bilis for large
metropolitan water systems (over
50,004) is estimated to range from 32 to
$9 (EPA, 1991a). EPA believes that these
casts are reasonable.

Costs for lead gervice line
replacement could be substantially
lower in the future than those estimated
above with more widespread use of low
cost pipe replacement technology
currently available. This new technology
can pull pld pipes out without
excavaling entire streets. The only
constraint on the use of this technology
is that it cannot be used in clay soils or
“river rock.” EPA estimates that such
conditions exist in less than 25% of the
U.S. Assuming that such technology will
be used for replacement of 75% of the
problem lead service lines, annual
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heusehold costs estimated for jarge
systems would be reduced to as low as
<31 to $4 (EPA, 1991d).

Several cities cureently have programs
to accelerate the replacement of lead
service lines. Since the early 1960s San
Francisco, California. has replaced
about 10,000 lines, representing 95
percent of the lead service lines at a cost
of approximately $1200~1400/line. The
service line from the water main to the
water meter is replaced with
polybutylene, copper, or ductile iron,
depending on line diameter. In 1964,
Algon, Chio, began replacing each year
about 1,000 lead and galvanized steel
service lines from the water main to the
curb. In all of these cases, the service
line replacement was funded by
operating revenues paid by the
customers. Washington, D.C., has
replaced an estimated 500 service lines
with a program in which the city will
replace its portion of the lead service
lines provided that the building owner
pays for replacement of his or her
portion ([AWWA-RF, 1990).

EPA believes corrosion conirol will
reduce the leaching of lead from lead
service lines in many cases, but high
lead levels will peesist in some cases
and service lines wiil need to be
replaced. EPA believes that available
information suggests that the
replacement of lead service lines is
effective in reducing lead levels at the
tap and that the costs are reasonable for
large metropolitan water systems. The
technology to replace lead service lines
is available, and many cities across the
country have been implementing lead
service line replacement programs. The
Agency will, during the next 3 years, use
the data from these systems to assess
fully the effectiveness {i.e., in terms of
lead levels at ihe tap or other potential
effects) of the lead service line
replacement requiresnents in this
regulation, and consistent with this
review, make changes, if appropriate, to
the service tine replacement
requirements described below.

4. Final Replacement Program

The lead service line program
discussed in the preamble tc the
proposal would have required systems
to replace all tead service lines that
contribute measurable lead levels (i.e..
0.003 mg/L} after corrosion control was
implemented where the levels of lead in
5 percent of service line samples
collected at the tap exceeded 0.020 mg/
L. All tead services would have been
required to be replaced within 15 years
from the date the replacement program
was triggered.

The lzad service line replacement
program in the final rule is premised on

five principles: (1} Corrosion contro! can
reduce lead levels from Jead service
lines in some instances, but high lead
levels may persist after treatment; (2)
water systems should only be
eesponsible for removing that portion of
the lead lines they control; (3) a system
is triggered into a lead service line
replacement program if the system
exceeds the lead action level after
installing corrosion control and/or
source waler treatment; [4) a system is
not required to replace individual lead
gervice lines if the service line sample is
0.015 mg/L or less; and {5) water
systems must each year replace 7
percent of their total number of lead
gervice lines in place at the beginning of
the program (i.e., complete replacement
over 15 years). The first two principles
have been discussed in the previous
section. The final three requirements
and the rationale for the remaining
components are discussed below.

a. Criteria for Triggering Replacement
Program. All public water systems that
exceed the lead action level in tap water
samples after installation or
improvement of corrosion copirol or
source treatment (whichever treatment
is installed later), or during any
subseguent monitoring period, are
required to initiate a lead service line
replacement program. Cbviously, no
such program would be required in
communities where no lead service lines
have been used.

The Agency decided to use the lead
action level to trigger lead service line
replacement for consistency with other
components of the treatment technique
{i.e.. corrosion control for small and
medium systems, source water
treatment, and public education). Given
the technical complexity of this
regulation, and the large number of
water sysiems possessing varying
degrees of technical expertise subject to
these regulatory requirements, the
Agency believes it is extremely
important that the requirements be
easily implemented by the industry and
understood by the public. Use of a single
action level for all the regulatory
requirements helps achieve this
objective. Moreover, for reasons
expiained elsewhere in this preamble,
the Agency believes that use of 0.015
mg/L as a trigger for action will ensure
substantial public health protection.

After a water system is triggered into
ihe lead service line replacement
program, i is required to take three
steps: (1) Complete a materials
evaluation, if this has not already been
done, to identify atl homes or buildings
served by lead service lines, (2)
establish a replacement schedule for
replacing lead service lines, and (3)

replace atl lead service lines controlled
by the system except for those that do
not contribute more than 0.015 mg/L.
Water systems with lead service lines
may simply choose to remove them
without conducting any monitoring, This
could reduce the monitoring cosis for
systems, especially if a system believes
that lead levels from the service lines
are likely to exceed 0.015 mg/L.

b. Materials Evaiuation. One year
after a water system is triggered into the
replacement program, it is required to
submit io the State a revised materials
evaluation identifying the total number
of lead service lines in its distribution
system. EPA believes that 1 year is more
than an adequate period of time since
waler systems should have obtaired this
type of information either when they
were required to determine whether
their distribution system contained lead
or copper pipes (§ 141.42(d]}, or when
they established their sampling pool for
tap monitoring under this rule (see
§ 141.86(a)). EPA undersiands that some
cities may have very poor records of
lead service line location and may not
be able to initially identify each line.
However, systems are not required by
the final rule to provide this information
unti} 810 years from today (i.e., after
installation of corrasion conirol and/or
source water). Given this extended
period, EPA anticipates that even those
systems with poor records initially
should be able to locate their lead
service tines and that systems with
meonitoring results indicating that lead
service lines may be a probiem should
plan this work accordingly.

¢. Replacement Schedule. The lead
service line replacement program
discussed in the preamble to the
proposed rule would have required
replacement of 2l} lead service lines on
a schedule to be determined in each
system’s treatment plan, but in no case
more than 15 years. Some commenters
argued that the maximum period was
toc short and that lines shouid only be
replaced in accordance with system's
routine maintenance activities, EPA
does not believe it would be appropriate
to allow systems to replace lines as part
of normal maintenance since this could

- take as Jong as 50 years before all the

problem lead lines are replaced in some
systems. EPA believes that it is
necessary to accelerate the rate at
which systems would otherwise replace
lead service lines in order to ensure that
public health will be adequately
protected.

EPA received other comments arguing
that the maximum replacement schedule
discussed in the proposal was either too
short or too long. Commenters suggested
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alternative schedules ranging from 10
years to 30 years. While these
commenters disagreed with a maximum
15-year replacement schedule, they did
not articulate why it would be feasible
for systems to replace lines in a shorter
period of time, or why it would only be
feasible for systems to replace lines on a
longer schedule. Indeed, it is difficuit to
determine a uniform, national
replacement schedule applicable to all
public water systems because the
circumstances faced by systems can
vary substantially, depending upan the
number of lead lines in a system and
system size. EPA estimates that lead
service lines can comprise between 10
and 50% of the total service lines in
systems which have them, In some
sysiems, ihis percentage may be even
higher. Large systems with few lines
would be capable of replacing the lines
on the fastest schedule, whereas a
system comprised of a high percentage
of lead lines would take the iongest
period of time to compiete replacement.
A city like Chicago, which reguired use
of lead service lines until 1986, would
require the longest period of time to
feasibly replace all of its lead lines.

EPA considered alternative ways of
taking into account both system size and
the number of lead service lines in
establishing a replacement schedule.
One such alternative would have
required systems to replace the number
of lead service ines each year which
correspands to a fixed percentage of the
total number of lines {lead and non-
lead) in the system. For example, if 10%
of the total number of lines were
required to be replaced each year, a
system with a total of 10,000 lires and
5,000 lead lines would be required to
replace 1,000 lines per year (10% of
10,000), leading to replacement of ail
lines within 5 years. A aystem of the
same size with all lead lines would be
given a longer period of time (16 years)
to complete replacement under the
above scenario. While such an approach
wauld take into account the various
factors affecting the feasibitity of
replacement schedules for individual
systems, it can yield inappropriate
resulis in the case of the Jarger sysiems,
which may be required to complete
replacement on an inordinantly fast
schedule which would not be feasible
{e.g.. a city containing a total of 200,000
lines and 50,000 lead lines would be
required to replace all the lead lines
within only 2 and 1/2 years).

After considering the public
comments and the difficulties associated
with establishing a uniform replacement
requirement for all systems, EPA has
decided 1o retain the approach

discussed in the proposal of establishing
a maximum replacement schedule of 15
years for all systems. Under the
proposed rule, the exact schedule far
each system would have been
established by the State in each
treatment plan for the system. The final
rule does not provide for the
establishment of treatment plans, as
discussed above; the rule simply
requireg States, and EPA in states
without primacy, to place systems on &
replacement schedule shorter than 15
years where this is feasible. States will
be in the best position to assess the
factua) circumstances of each individual
system to determine the schedule which
the system can feasibly meet. In no case,
however, can a system take more than
the maximum 15-year schedule
contained in the final rule,

‘Water systems required to conduct a
lead service line replacement program
are therefore required to replace each
year at least 7 percent of the total
number of lead service lines with lead
concentrations above 0.015 mg/L. For
example, a system that has a total of
10,000 lead service lines would be
required, at a minimum, to replace 700
lead service lines per year {unless the
systems could demonstrate that specific
lines had concentrations less than 0,015
mg/L, as discussed below). Addressing
and, if necessary, replacing all lead lines
would, therefore, take 15 years unless
the State specified a shorter schedule.

d. Replacement of Individual Service
Lines. In the preamble to the proposed
rule, the Agency considered a lead
service line replacement program that
would have contained a rebuttable
presumption that all lead service lines
contribute measurable amounis of lead
to the tap and, therefore, should be
replaced. That presumption could bave
been rebutted if the system conducted
monitoring that compared a lead service
line sample with a fully flushed sampie
and found that the service line
contributed to no measurable increase
in lead levels at the tap. The Agency
continues to believe that a rebuttable
presumption that all lines shouid be
removed is appropriate, but has changed
the lead level at which systems will be
allowed to avoid replacing specific
service lines,

The proposal would have required the
replacement of a service line if it
contributed lead levels of 0.003 mg/L or
more. Several commenters stated that
this was unreasonable and that a higher
trigger level should be established. EPA
agrees that a higher trigger level is
appropriate and has selected 0.015 mg/L
for an individual line for three reasons:
{1} It is consistent with the lead action

leve} that iriggers the system into lead
gervice line replacement, as well as
other components of the treatment
technigue; [2) use of a low trigger level
may not reliably indicate whether the
source of the lead contamination is the
gervice line versus other components of
the distribution systers: {3} some data
indicates that partial replacement of
lines where the levels are already below
0.015 mg/L may not consistently reduce
those levels; and {4) replacing lines
where the level is above 0.015 mg/L
provides substantial public health
protection.

The first reason for requiring
replacement of only those lines
contributing abave 0.015 mg/L is
administrative simplicity. The lead
service line replacement program, as
well as public education. source water
monitoring, and corrosion control for
small and medium-gized systems, are
triggered by exceedance of the action
level of 0.015 mg/L at the 90th
percentile. The Agency believes that
uging the same number as a trigger for
removing lead service lines will be less
confusing to the public and the regulated
community and will enhance
expeditious compliance with the rule,
thereby improving the rule's
effectiveness in protecting public health.

The second reason for using 0.015 mg/
L as a trigger for lead service line
replacement is recognition of the
difficuities in ascertaining whether the
service line is actually a significant
source of lead contamination.
Determining the concentration of lead in
drinking water attributabie to service
lines on a case-by-case basis is
complicated by differences in interior
plumbing configurations and varying
lengths of lead service lines. EPA
believes that & trigger level as low as
0.003 mg/L {which is iower than the PQL
for lead], and even somewhat higher
values, would not provide a reliable
indication that the service line {as
opposed to other components of the
distribution system, such as interior
plumbing or brass faucets) was
contributing lead to tap levels. The
Agency believes it is appropriate to
have & reasonable degree of certainty
that the service line is, in fact,
contributing to elevated levels of lead at
the tap {after corrosion control and
source water treatment bave addressed
al} other sources of contamination
within the PWS’s control) before
requiring systems to incur the costs of
replacing the line. The higher the
amount of lead detected in a service line
sample, the greater certainty that the
line is the source of the lead probiem.
Also, as noted above, EPA conducted a
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study on lead levels before and after
partial pipe replacement which showed
incongistent results when the injtial
levels were below 0.015 mg/L. In sum,
given the uncertzinties agsociated with
determining whether low jevels of iead
in service line samples are attributable
to service line contamination and
whether replacement can further reduce
already low tap levels, the benefits in
terms of ease of implementation
associated with & consistent action
level, as well as the substantial public
health protection provided by an action
level of 0.015 mg/L (see discussion in
section IV(E}(2)(a), abave), the Agency
has selected 0.015 mg/L to trigger
replacement of individual lead service
lines.

Thus, under the final rule, the
rebuttable presumption in favor of
replacing lead service lines would
operate as follows. As discussed above,
a gystem is required to replace anoually
the number of lead service lines equal to
seven percent of the total number of
such lines identified in the system's
materials evajvation. The system may
seek to rebut the presumption requiring
replacement of this number of lines by
taking a service line sample at each site
acheduled for replacement. If the
conceniration in the service line sample
is less than or equal to 0.015 mg/L, then
the system is not required to replace
that individual line. However, the
syatem may count that service line
towerds the seven percent replacement
reqguirement which it is required 10 meet
that year, Thus, in effect, the rule
requires systems either to replace and/
or rebut the presumption for
replacement (by demonstrating that
levels are below 0.015 mg/L) for a total
of seven percent of its lead service lines
each year.

e, Discontinuing Replacement
Program. Under the final rule, water
systems can discontinue the lead service
line program if they can demonstrate
that the ieed levels in first-draw water
at the tap are beiow the lead action
level for two cansecutive 6 month
monitoring periods. It is conceivable
that systems, through improvement of
corrosion control or source water
treatment, or because they obtain an
alternative source of water that is
naturally less corrosive, can achieve the
action level even though they had
previously exceeded it. The Agency
decided to require systems to meet the
action level during the monitoring

periods conducted over the course of an
entire year in order to ensure that the
lower levels genuinely reflect a lowering
of lead levels and not normal variability
in lead levels at the tap. If a system
subsequently exceeds the action level
again during any single moniloring
period, then it would have to
recommence the replacement program.

{. Annual Letter Certification Process.
For each year of the lead service line
replacement program, each water
system must submit a letter certifying
that they have compieted replacement,
or monitored lead Jevels to rebut the
reptacement presumption, for at least
seven percent of their service lines. The
annual letter must include information
on the number and location of each fead
service line scheduled to be replaced
during the most recent year, the service
lines that were replaced, and the lines
where service line samples were
collected. The information must include
the lead concentrations and the date
and methods used to collect the
samples. EPA believes that this
information ig necessary to ensure that
the system is properly conducting the
lead service line program.

V. MONITORING
A. Analytical Methods

1. Analytical Methods for Lead and
Copper

The 1988 notice proposed the graphite
furnace atomic absorption technique
(GFAA) for conducting compliance
monitoring for lead and either the
GFAA, direct aspiration atomic
absorption technique (DAAA), or the
inductively coupled plasma (ICP)
technique for conducting compliance
monitering for copper. Neither the
DAAA nor the ICP technique were
proposed for lead becausze the method
detection limits for these two techniques
were too bigh. All of these analytical
methods were considered technically
and economically feasible. On October
19, 1990, EPA published a Federal
Register notice (55 FR 42409) soliciting
comment on several new methods for
lead and copper along with updates on
the methods in the proposal. The new
methods for lead and copper included &
new inductively coupled plasma mass
spectrometry (ICPMS) technigue and the
graphite furnace platform atomic
absorption technique (GFPAA). In
addition, the notice proposed analytical
methods for calcium, conductivity,
alkalinity, orthophosphate, silica, and

water temperature and updaied methods
for pH, which are discussed in section 6,
below.

Several commenters supported EPA’s
decision not to approve the DAAA or
the ICP technique for lead in the
proposatl. Other commenters expressed
concern that very few laboratories,
other than State labaratories, currently
had the analytical equipment or
capability to test for lead at the MDL or
PQL and that the costs for these lead
analyses would be excessive. EPA
received no substantive comments on
the new methods proposed in the
October 19, 1990, Federal Register notice
(55 FR 42409).

EPA is concerned that the increase in
the number of samples requiring
analyses may require certificatior of
more laboratories. Based on EPA’s most
recent Water Supply Performance
Evaluation Studies (WS #22 and 23)
EPA estimates that there are about 400
laboratories nationwide that currently
have the capability to analyze for lead
using the GFAA technique within #30 of
the Practical Quantitation Level {PQL).
However, a large majority of these
systems are not EPA. or State-certified
laboratories and some may need to
obtain certification before completing
analysis for lead. Because of this
concern, the final rule ts phasing in the
monjtoring requirements by system size
to ease the burden on analytical
taboratories and to allow some States
the opportunity either to expand their
current laboratory capacity or initiate a
program to certify independent
laboratories to analyze for lead (see
section C(1}{c) below for a discussion of
phased-in monitoring).

The cost for analyzing lead and
copper is estimated at about $15 per
metal per sample, with collection costs
of $20. The proposal estimated the cost
of analyzing lead and copper samples at
about 86 to $30 per metal per sample.
EPA changed its cost estimates based
on public comments, although contacts
with several school districts and
laboratories across the country indicate
that lead samples can be analyzed for as
low as $5. EPA concludes that the
analytic methods listed in table 13 are
both tecknicaily and economically
feasible for routine use in compliance
monitoring for lead and copper. These
methods are therefore designated as the
prescribed analytical methods for
conducting monitoring under the final
rule.



Reprinted by permission. Copyright © 2011, American Water Works Association.

Final Report:

Lead Service Line Replacemg{i
A Benefit-to-Cost Analysis

Prepared for
The American Water Works
Association

Sponsored by
The Water Industry Technical

Action Fund

Prepared hy

Roy F. Weston, Inc.

and

Economic and Engineering
Services, Inc.




Reprinted by permission. Copyright © 2011, American Water Works Association.

B

P

prmrm——



Reprinted by permission. Copyright © 2011, American Water Works Association.

LEAD SERVICE LINE REPLACEMENT

A BENEFIT-TO-COST ANALYSIS

Prepared for

A\ THE AMERICAN WATER WORKS ASSOCIATION

Sponsored by
THE WATER INDUSTRY TECHNICAL ACTION FUND

Prepared by.

ROY F. WESTON, INC.
. and
ECONOMIC AND ENGINEERING SERVICES, INC.




Pl s

Reprinted by permission. Copyright © 2011, American Water Works Association.

THE WATER INDUSTRY TECHNICAL ACTION FUND

This report was funded by the Water Industry Techmical Action Fund (WITAF). The
WITAF is administered by the American Water Works Association (AWWA) on behalf of

its five member organizations:

American Water Works Association
National Assoctation of Water Companies
Association of Metropolitan Water Agencies
National Rural Water Association

National Water Resources Association

This unigue coalition of water industry organizations combined forces in 1988 to create a
source of funding to gather technical information concerning the water industry. The
primary focus is to provide information to aid the U.S. Environmental Protection Agency

in the development of protective and practical Federal drinking water regﬁlations.

Copyrighte 1990
by
American Water Works Association
Printed in U.S.A.

ISBN 0-89867.555-3 Printed on recycled paper

1i

£

}
=
L

e



Section

1

Reprinted by permission. Copyright © 2011, American Water Works Association.

TABLE OF CONTENTS

Title

SUMMARY AND CONCLUSIONS

Introduction

Technical Approach

Findings and Conclusions

1.3.1 Benefit-to-Cost Analysis

132 Occurrence

1.3.3 Identification

1.3.4 Contribution

1.3.5 Cost

1.3.6 Benefits

1.3.7 Recommendations

OCCURRENCE OF LEAD SERVICE LINES/CONNECTIONS

2.1
22
2.3
2.4

2.5
2.6

2.7

Historical Lead Pipe Use

Purpose and Overview

Database Description

Technical Approach for Lead Materials Occurrence and
Ownership Evaluation

Service Pipe Characteristics
Occurrence of Lead Materials

2.6.1 Lead Connections

2.62 Lead Service Lines

2.6.3 Summary

Ownership and Jurisdictional Issues

IDENTIFYING AND LOCATING LEAD SERVICE LINES

3.1
32
33
3.4

3.5

Introduction

Objectives

Telephone Survey Description

Lead Service Line Identification Techniques

3.4.1 Use of Existing Records

3.4.2 Use of Subjective Judgment

3.43 Physical Inspection

Buried Pipe Detection Techniques

3.5.1 Description of Techniques
3.5.1.1 Ground Penetrating Radar
3512 Electrical Conductivity

iii

2-7

2-11
2-15
2-15
2-19
2-19
2-24

3-1
3-1

3-2
32
3-5

3-5
3-6
3-6
3-6



Section

3.6

3.7

38

Reprinted by permission. Copyright © 2011, American Water Works Association.

TABLE OF CONTENTS
{continued)

Title

3.5.13 Metal Detectors

3514 Resistivity

3.5.1.5 Magnetometer

35.16 Fiber Optic [nstruments
352 Applicability to Lead Service Line Identification
Case Studies
3.6.1 Washington, DC Case Study
3.6.2 Kenosha, Wisconsin Case Study
3.63 Philadelphia, Pennsylvania Case Study
Scenarios for Identification
3.7.1 Scenario 1
372 Scenario 1I
373 Scenario 111
374 Additional Identification Technique
375 Scenario Distribution
Utility Distribution

CONTRIBUTION OF LEAD SERVICE LINES AND
CONNECTIONS TO ELEVATED LEAD LEVELS
IN DRINKING WATER

4.1
42

4.3

4.4

Overview .

Impact of Water Quality on Lead Levels

42.1 Theoretical Discussion _

422 Lead Levels Measured for Various Water
Quality Characteristics

Geographic Distribution of Water Quality Characteristics

and Potential for Elevated Lead Levels

4.3.1 Technical Approach
43.1.1 National Water Quality Characteristics
43.12 Estimated Potential for High Lead

Levels

4.3.2 Discussion ,

Lead Material Contributions to Lead Levels in Drinking

Water '

441 Major Material Sources of Lead

442 Typical Lead Levels Associated with Material
Sources of Lead

iv

1K

3-10
3-12
3-14
3-14
3-14
3-14
3-15
3-15
3-15

.-..-..-—-I[.
i



T

4.5

4.6

LEAD SERVICE REPLACEMENT - SCHEDULING AND COST

5.1
52
5.3
5.4

5.5

Reprinted by permission. Copyright © 2011, American Water Works Association.

443

Impact of Replacement or Removal of Lead Service Lines

TABLE OF CONTENTS
(continued)

Title

Matrix of Lead Levels at the Tap
443.1 Approach
4432 Results

and Connections on Lead Levels

4.5.1
452

Estimated Impact on Lead Levels Based on Matrix

Utility Experience of Partial Replacement on
Lead Levels

Impact of Water Treatment on Lead Levels

4.6.1
4.6.2
4.6.3

Theoretical Discussion
Utility Experience with Corrosion Control
Sumnmary

Introduction

Obijectives

Baseline Conditions
Cost Saving Replacement Techniques

54.1
542
543

Historical Method
Pull-Through Technique
Hydraulic Pusher Technique

Cost for a Mandatory Replacement Program

5.5.1

552
553
554
555
5.5.6

Programmatic Costs

5.5.1.1 Scenario 1

5512 Scenario I1

5513 Scenario III

Replacement Costs

National Costs

Schedule of Replacement

Comparison of Mandatory Program to Baseline
Costs Including Lead Service Recycling

BENEFITS ANALYSIS

6.1
6.2
6.3

Introduction

Objective

Health Impacts of Lead Exposure

6.3.1

Lead Poisoning in Children

Page

430
4-30
4-38

4-40
4-40

4-44
4-46
4-46
4-50
4-59



Section

Reprinted by permission. Copyright © 2011, American Water Works Association.

TABLE OF CONTENTS
(continued)

Title

6.3.2 Reducing Lead in Drinking Water
6.4 Sources of Lead Exposure
6.5 Benefits of Mandatory Replacement Program
6.5.1 Health Benefits
6.5.2 Monetary Benefits
6.6 Benefit-to-Cost Ratio

BIBLIOGRAPHY
APPENDIX A - LEAD SURVEY QUESTIONNAIRES

APPENDIX B - ECONOMIC COST ANALYSIS

vi

T

o




Reprinted by permission. Copyright © 2011, American Water Works Association.

LIST OF TABLES
Table No. Title Page
1-1 Summary of Benefit-to-Cost Ratios 1-6
2-1 Results of Telephone Survey on Typical Service Line Lengths 2-13
22 Jurisdictional Categories by State from the AWWA-LIS 2-30
3-1 Water Systems Surveyed 33
3-2 Coverage of AWWA-LIS and Project Telephone Survey Distribution
by Population 34
3-3 Coverage of AWWA-LIS and Project Telephone Survey Distribution
by EPA. Region 3-4
3-4 Scenario Distribution by Population Category 3-16
3-5 Scenario Distribution of Contacted Systems 3-17
3-6 Extrapolated Nationwide Distribution by Population 3-18
3-7 Extrapolated Nationwide Distribution by Number of Systems 3-18

4-1 Comparison of Measured Lead Levels and Water Quality
Characteristics 4-7

4-2 Contribution of Lead Service Materials to Measured Lead Levels 4-19
4-3 Measured Lead Levels Representative of the Faucet Contribution 4-23
4-4 Measured Lead Levels Representativeé of Home Plumbing 4-25

4-5 Measured Lead Levels Representative of Home Plumbmg and
Faucet Contributions 4-26

4-6 Measured Lead Levels Representative of Lead Service Line

Contribution 4-28
4-7 Home Plumbing Measurements from Washington, DC 4-31
4-8 Summary of Home Plumbing and Faucet Contribution 4-33

vii




Table No.
4-9
4-10
4-11

4-12

4-13

5-2
5-3
5-4

5-5

5-7
5-8

6-1

6-2

6-3

6-4

Reprinted by permission. Copyright © 2011, American Water Works Association.

LIST OF TABLES
(continued)

Title
Summary of Faucet Contribution
Summary of Home Plumbing Contribution
Summary of Lead Service Line Contribution

Ulilities Contacted for Before and After Data Related to Lead
Service Line Replacement

Impact of Water Treatment on Lead Levels: Utility Experience

Summary of Nationwide Lead Service Lines and Connections by
Replacement Scenario

Summary of Programmatic Costs
Replacement Costs by System Size
Replacement Costs by Jurisdiction
Summary of National Costs for Scenario I
Summary of National Coéts for Scenario 'II
Summary of National Costs for Scenario I1I

Comparison of Mandatory Program to Baseline

Daily Lead Intake From All Sources Before and After Reduction

Program - National Averages (ug/day)

Daily Lead Intake From All Sources Before and After Reduction
Program - Population Exposed to Lead From Service Lines (ug/day)

Estimated Annual Monetized Benefits of Reducing Lead in Drinking

Water for Sample Year 1988 (1990 Dollars)
Summary of Benefit-to-Cost Ratios

Summary of Sensitivity Analysis

vidi

4-47

4-51

5-5

57

5-8

5-10
5-11
3-12

5-14

6-12

6-14

6-16
6-19

6-20



Figure No.,
1-1
2-1
2-2
- 2-3

2-4

2-5

2-6

27
2-8

2-9

2-10

2-11

2-12

2-13

2-14

2-15

2-16

Reprinted by permission. Copyright © 2011, American Water Works Association.

LIST OF FIGURES

Title
Project Flow Chart
Occurrence Database Description: EPA Lead Product Use Survey
Occurrence Database Description: AWWA-LIS
Ownership Database Description: AWWA-LIS

Technical Approach for Occurrence: EPA Lead Product Use
Survey

Technical Approach for Occurrence: AWWA-LIS

Technical Approach for Estimating Total Nationwide Lead Service
Lines and Connections

Technical Approach for Ownership/Jurisdiction: AWWA-LIS
Schematic of Typical Service Line Characteristics

Percent of Connections in Survey Which Are Lead: EPA Lead
Product Use Survey

Percent of Connections in Survey Which Are Lead: AWWA-LIS

Nationwide Extrapolation - Estimated Total Number of Lead
Connections: AWWA-LIS

Percent of Service Lines in Survey Which Are Lead: EPA Lead
Product Use Survey

Percent of Service Lines in Survey Which Are Lead: AWWA-LIS

National Extrapolation - Total Number of Lead Service Lines:
AWWA-LIS

Results of the AWWA-LIS: How Ownership Is Determined and
the Number of Systems in Each Category

Results of the AWWA-LIS: How Ownership Is Determined and

the Percent of Systems in Each Category

ix

2-8

29

2-10
2-12

2-14

2-16

2-17

2-18

2-20

2-21

2-22

2-26



Reprinted by permission. Copyright © 2011, American Water Works Association.

LIST OF FIGURES

(continued)
Figure No. Title Page
2-17 Results of the AWWA-LIS: Service Line Jurisdiction and the
Number of Systems in Each Category 2-27 _
; 218 Results of the AWWA-LIS: Service Line Jurisdiction and the 5
Percent of Systems in Each Category 2-28 .
I 3-1 Methodology for Identifying Service Line Material 3-11 F
) 4-1 3-Dimensional Diagram for Lead Solubility - No Phosphate Added
Tonic Strength = 0.005, Temperature = 25°C 4-3
4-2 Relationship Between Alkalinity and DIC for pH Levels 6-8 ’
: Ionic Strength = 0,005, Temperature = 25°C 4-4
4-3 3-Dimensional Diagram for Lead Solubility - 1.5 mg/L PO, Added
lonic Strength = 0.005, Temperature = 25°C 4-6
4-4 Population Weighted Hardness Levels by State from the 1984
AWWA Water Industry Database 4-12
4.5 Population Weighted Alkalinity Levels by State from the 1984
AWWA Water Industry Database 4-13
! 4-6 Population Weighted pH Levels by State from the 1984 AWWA
h Water Industry Database 4-14
i ..
J 4-7 Estimated Potential Lead Solubility by State from the 1984
AWWA Water Industry Database 4-15
4-8 Service and Premise Piping Diagram ' 4-18
i 4-9 Typical Home Plumbing Characteristics and Total Mass from
Each Component - : 4-39
4-10 Water Use Scenario No. 1 Matrix for Lead Levels at the Tap 4-41
4-11 Water Use Scenario No. 2 Matrix for Lead Levels at the Tap 4-42
4-12 Mairix for Lead Levels at the Tap Assuming the Entire Service
Line Is Replaced _ 4-43



Figure No.
4-13

4-14

Reprinted by permission. Copyright © 2011, American Water Works Association.

LIST OF FIGURES
{continued)

Title

Matrix for Lead Levels at the Tap Assuming 30% of the
Service Line Is Replaced

Approximate Decision Tree for the Selection of Treatment
Options Among pH, DIC, and Orthophosphate Dosage

Summary of Annualized Costs
Summary of Annualized Costs (Including Salvage Value)
Pathways of Lead from the Environment to Man

Summary of Total Benefits

xi

4-49

5-13

5-16

6-11

6-18



Reprinted by permission. Copyright © 2011, American Water Works Association.

ACKNOWLEDGEMENTS

The authors would like to express their thanks to the members of the 1OC and Corrosion
By-Products Technical Advisory Workgroup for their encouragement and constructive review

comments:

Howard Neukrug - Chairman Philadelphia Water Department

Michael Schock US. EPA L
Louis A. Briganti Hackensack Water Company '
Doreen Bader , New York City DEP =
Charlotte Dery New York City DEP I
Ray Taylor California Water Service Co. -
Alan Hess So. Central CT Reg. Water Authority .
Todd B. Rodgers City of Loveland, Colorado
Darryl Brown Maine-Land Development Construction, Inc.

Also assisting in this project were the three utilities who agreed to be test cases:
Washington, DC (Cascz Vasaitis), Philadelphia, Pennsylvania (Norman Weintraub), and
Kenosha, Wisconsin (Bob Carlson).

Finally, special thanks are owed to the Project Officer, T. David Chinn, Assistant Director
for Government Affairs, American Water Works Association. His enthusiasm and attention

to detail contributed immensely to the quality of this report.

T

xii



Reprinted by permission. Copyright © 2011, American Water Works Association.

SECTION 1

SUMMARY AND CONCLUSIONS



Reprinted by permission. Copyright © 2011, American Water Works Association.

- ﬁ




Reprinted by permission. Copyright © 2011, American Water Works Association.

SECTION 1

SUMMARY AND CONCLUSIONS

1.1 INTRODUCTION

The objective of this study is to assess the benefit-to-cost relationship of the development
of a national lead service line replacement program. Regulations calling for a mandatory
program requiring public water supplies to replace lead service lines and connections that
are within their responsibility have been under consideration by the U.S. Environmental
Protection Agency (EPA) and Congress. This is despite the concerns that the actual extent
to which lead service lines contribute to levels of lead in drinking water is uncertain and
that the majority of lead service lines are the responsibility of water consumers and will not
be affected by such a program.

The benefits of a lead service line replacement program will be the reduction of lead
concentrations in water at the consumers’ taps and the accompanying reduction in exposure
to lead. The adverse health effects of high levels of lead in the blood of humans, especially
small children, infants, and fetuses, is well documented. Lead is pervasive in the
environment. Water is one of several routes of human ingestion (air, dust, food, and lead
paint exposure are others). Lead service lines and service connections are one source of
lead in drinking water. Lead was commonly used as a material for water lines because of
its availability, flexibility, and durability. Other sources include lead in source water that
15 not removed by treatment, bronze and/or brass fixtures, and lead solder joints in
customer plumbing. Lead in source water can be eliminated or reduced by appropriate
treatment. Leaching from other sources can be minimized by corrosion control techniques.
However, only the elimination of the contact with water from lead services, fixtures, and
solder can completely eliminate potential exposure. Water systems and customers are
gradually eliminating lead services over time. This study considers the costs and benefits
of an accelerated mandatory replacement program.

1.2 TECHNICAL APPROACH

The study was conducted in six tasks. These are shown in Figure 1-1 and are related to the
following objectives: ‘ :

'Y Task 1 -- Determine the occurrence of lead service lines on a national basis.

This includes estimating the number of lead service lines and connections,
their geographic location, and the jurisdiction and ownership of these service
lines and connections.
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e Task 2 -- Determine the means available to water utilities to locate and
identify lead services. To replace these services, utilities must be able to
specifically locate individual lead service lines and connections.

° Task 3 -- Estimate the contribution of lead setviges to elevated lead levels at
the tap, Lead services are one of several sources contributing to this problem
(others being fixtures, fittings, lead-based solder). The benefits of an
accelerated mandatory removal program depend on the contribution of these
lead services to elevated lead levels at the tap.

® Task 4 -- Estimate the costs of a mandatory replacement program gver time
and compare it to baseline conditions. An economic analysis was conducted

considering 10-, 15-, 20-, and 25-year replacement programs.

® Task 5 -- Conduct a benefit-to-cost analysis after evaluating the benefits of the
reduction in lead exposure because of the mandatory replacement program.

This includes evaluating the health benefits to be achieved by lead service
replacement and quantifying these benefits in monetary terms. The analysis
also is based on the differences in benefits and costs from the ongoing
replacement under baseline conditions.

° Task 6 -- Evaluate alternative national policy options. These included
replacement, treatment for inhibiting corrosion, nonmandatory options, and

combinations of these. These evaluations have been discussed directly with
AWWA; recommendations are to be provided in a separate memorandum.,

Lead in drinking water is a basic public health issue. Throughout this study, when it was
necessary to make assumptions, they were made on the side of public health. That is, they
were made in a way that maximized the benefit side of the service line replacement
qQuestion. '

Many data sources were used, but several proved to be particularly useful. As part of this
study, a telephone survey was taken of 35 utilities, and case studies of three utilities were
conducted. The 1988 American Water Works Association lLead Information Survey
(AWWA-LIS), which summarized data from over 1,000 water utilities, was most helpful.
The 1984 EPA Lead Product Use Survey provided important information; and the 1986
EPA report, Reducing Tead in Drinking Water: A Benefit Analysis, was used to derive
moenetary benefits. It is important to note that this last report was used. as a methodology
developed by and acceptable to EPA even though AWWA and the water industry have
questioned some of its determinations. Its use in this study does not imply any endorsement
of its findings by AWWA, the water industry, Economic and Engineering Services, and
WESTON.
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1.3 FINDINGS AND CONCLUSIONS

1.3.1 Benefit-to-Cost Analysis

In general, the study found that, if you had only one dollar to spend to reduce lead levels
in drinking water, lead service line replacement would not be the place to spend it. Service
line replacement, however, does have a place in a systematic program to reduce lead levels.
In the most common case where a home or property owner owns two-thirds of the service
line, the water supplier's most effective use of that doilar could be in providing water
treatment that will reduce lead leaching in the owner's line as well as in his brass plumbing
fixtures. Only when more cost-effective solutions have failed to meet public health
objectives should lead service line replacement on an accelerated schedule be considered.

This study has concluded that the benefit of a mandatory lead service replacement program
is very low relative to the cost, The benefit-to-cost ratio varies from about 0.025 to 0.020
for programs carried out between 10 to 25 years. A benefit-to-cost ratio of 1.0 or higher is
generally considered necessary to consider a program viable and worthy of implementation.

1.3.2 Occurrence

Lead service lines and connections were found to be most prevalent in the eastern and
upper-midwestern portions of the U.S. This study has estimated that approximately 6.4
million lead connections and 3.3 million lead service lines exist nationwide. Water utilities
with lead service lines typically own only a portion of these lines. Approximately 70% have
partial jurisdiction (usually main to curb line or curbstop, or about one-third of the service
line), while 20% have no jurisdiction, 9% have responsibility for the connection to the main
only, and 1% accept jurisdiction over the entire service line. Ownership is established most
often by a local ordinance (75% of the time), while other methods of establishing
jurisdiction include informal agreement, contracts, building codes, and utility rules and
regulations. In a mandatory lead service replacement program, water utilities would remove
only that portion under their jurisdiction, leaving the remainder for the customer to address.

1.3.3 Identification

Most water utilities do not have information that would allow them to readily locate those
service lines and connections that are lead. Even those systems with the best record-keeping
systems cannot locate alt of their lead services. It has been estimated that approximately
20% of the water utilities would be able to use a combination of their existing record
sources in combination with prediction techniques (such as geographic location, known lead
services on the same block, date of installation, maintenance records, etc.) to effectively
locate their lead services. Imspection within premises, such as by water meter readers on
their routine duties, would be used by approximately 57% of the systems to identify
potential lead services, even though the internal pipe material may not always match that
within the utilities jurlSdlCt}OD The remaining 23% of systems, unless they knew that they
did not have any lead services, would have to excavate to determine service material in
order to comply with a mandatory program, During this study, several other methods for

1-4
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identifying the material of buried pipe were found to be ineffective, including water
sampling.

1.3.4 Contribution

The contribution of lead services to the total level of lead exposure at the tap was assessed.
Although there has been a great deal of interest in the issue of lead in drinking water, only
a limited number of studies have evaluated the contribution from lead service lines. These
have been summarized with other sources of lead in a water quality matrix presented in
Section 4 of this report. Water qualities nationwide were categorized as having a lead
leaching potential of high, medium, and low. Lead levels associated with lead service lines
were also categorized as high, intermediate, and low. With the concurrence of the AWWA
Lead Subcommittee of the Inorganic Contaminant Technical Advisory Workgroup (I0C
TAW), this study has used the intermediate concentration of 10 ug/L lead to represent the
exposure concentration of lead to be ingested when drinking water that has been in contact
with lead service lines.

Reports in the United Kingdom (Britton and Richards, 1981) and data gathered in the
United States (Hulsmann, 1990) raise a concern that physical disturbance of lead service
lines can cause high lead levels. Investigations report that partial replacement of lead piping
can produce dramatic, short-term increases in water lead levels. Levels up to 4250 ug/L
have been measured. They hypothesize that particulate lead dislodged by physical
disturbance of the pipe as well as exposure of fresh metallic lead surfaces may be the causes
of the increased levels. There are enough data available to raise this issue to a high level
of concern, especially if lead service lines nationwide are 1o be disturbed and partially
removed. Many customers who are currently exposed to very low lead levels in noncorrosive
areas could be exposed to high lead levels on a short-term basis. Based on this concern,
EPA should be asked to investigate the potential for this problem before mandating a
partial replacement program nationwide. :

1.3.3 Cost

Examination of present utility practice shows that about 61,000 lead services are being
replaced each year without a mandatory program. This represents a baseline condition of
removing lead services over a 55-year period. The costs to be evaluated are those
associated with the acceleration of replacement beyond this baseline condition as part of a
mandatory program. Costs were determined for mandatory replacement programs occurring
over a 10-, 15-, 20-, and 25-year period, with the method of replacement being determined
by how the water uuht;es would be able to identify and locate their lead services. Costs
included programmatic costs (those related to finding the services and scheduling their
replacement), replacement costs (material, excavation, etc.), and excess excavations for those
occasions when an assumed lead service line turned out to be another material. Based on
investigation of disposal and recovery techniques, it has been evaluated that all of the lead
removed could be recycled by the lead smelting industry and a recovery-value has been
assumed. The present vaiue costs of the 10- to 25-year mandatory replacement programs
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1.3.6 Benefits

To maximize the public health benefits of such a mandatory program, the highest potential
exposure to the subject population was assumed. Thus, the benefits analysis proceeded
assuming that of a two-liter daily adult ingestion of water, one liter was from the first draw
in contact with plumbing fixtures in the home, and the second liter was from water in
contact with lead service lines. A child was assumed to ingest one liter of water daily, also
half being first draw and half in contact with lead service lines. Based on the study’s
determination of typical service lengths, jurisdiction, water quality, and this exposure, it was
determined that, the mandatory lead service replacement program would reduce an adults
lead intake from drinking water by 2.5 ug/day and a child’s by 1.25 ug/day. Drawing from
EPA’s derivation of monetary benefits from lead reduction this would be equivalent to
benefits upon the completion of the program of about §14 million annually, Comparing this
benefit to the 10-, 15-, 20-, 25-year time periods, over the period until the baseline
conditions would also remove all lead services, resulted in benefit-to-cost ratios (Table 1-1)
of between 0.020 to 0.025 for the accelerated mandatory programs.

1.3.7 Recommendations

Based on this study and utility experience with corrosion control, the water industry should
not support a mandate to accelerate the removal of all lead service lines nationwide.

Table 1-1

Summary of Benefit-to-Cost Ratios

Replacement Present Value Present Value Benefit-to-Cost
Program Costs Benefits Ratio
10 Year $5,114,000,000 $128,000,000 0.025
15 Year $4,436,000,000 $104,000,000 0.023
20 Year $3,860,000,000 | $ 84,000,000 0.022
25 Year - $3,369,000,000 $ 66,000,000 0.020

All costs are shown in 1990 dollars.
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SECTION 2
OCCURRENCE OF LEAD SERVICE LINES/CONNECTIONS

2.1 HISTORICAL LEAD PIPE USE

The use of lead piping to convey water has been common since Roman times. Its soft,
malleable qualities and its resistance to serious physical deterioration often made lead the
plumbing and piping material of choice when available. The detrimental effects to health
from lead leaching out of pipes were recognized at the end of the eighteenth century in
Wurttemberg, Germany, and by 1845 in the United States. A 1924 survey by Donaldson of
539 cities throughout the U.S. indicated that half were using lead or lead lined pipes. By
1940, most cities had stopped installing lead service piping; however, the desirable physical
qualities and apparent economic benefits of lead and lead-containing materials in plumbing
contributed to the continued use of lead in some areas of the United States into the 1980’s.
New installation of lead materials in plumbing systems has been banned since 1986.

22 PURPOSE AND OVERVIEW

The overall purpose of this portion of the study was to 1) document the location of lead
service lines and lead connections on a national basis, 2) assess how prevalent they are
within a geographic area, and 3) identify typical service line ownership characteristics. A
survey of potential data sources from the U.S. Environmental Protection Agency (EPA)
yielded little recent information on lead materials occurrence; however, several historica}
data sources were identified and reviewed, including:

* The 1988 AWWA Lead Information Survey (compieted by T. David Chinn,
P.E,, Assistant Director for Governmental Affairs, AWWA, Washington).

® U.S. EPA’s 1984 Lead Product Use Survey.

. Information gathered from two AWWA Research ‘Foundation projects:
Economics of Internal Corrosion Control (1989), and Lead Control Strategies
(1990).

. The 1987 AWWA Lead Information Survey (AWWA-LIS).

. District of Columbia Lead Study (1990).

. U.S. EPA’s Office of Drinking Water Lead Survey (1987).
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Review of these current data sources identified two major databases that provide the most
complete information on Jead services and lead gooseneck connection occurrence:

® The 1984 EPA Lead Product Use Survey (EPA Survey).
. The 1988 AWWA Lead Information Survey (AWWA-LIS).

A description of these two databases, the techaical approach used in determining occurrence
and ownership characteristics, and results of the evaluation are summarized below.

2.3 DATABASE DESCRIPTION

The EPA Survey was conducted by the Water Supply Branches of each of the 10 EPA
Regions. Questionnaires or telephone interviews of 143 public water systems in the United
States were completed. Information obtained included total number of service connections,
number of lead gooseneck connections, and number of lead service lines. Figure 2-1
displays the database information used from this survey.

In 1988, the American Water Works Association (AWWA) conducted a survey to obtain
information on lead service lines and connections in the United States. The survey was
accomplished by mailing questionnaires that asked utilities to specify whether they had lead
service lines or lead connections in their system and to estimate the number of lead
connections and/or feet of lead service line. They were also asked to describe their
jurisdictional authority over service lines. A total of 1,006 utilities, located throughout the
United States, responded to the AWWA Survey. Figures 2-2 and 2-3 display the database
information used for this survey, A copy of the survey form appears in Appendix A.1.

The distribution of utilities by population served for each of these surveys is as follows:

Population Number of Utilities’

Served EPA Survey AWWA-LIS
< 3,300 -- 241
3,301 - 10,000 - 251
10,001 - 50,000 25 317
> 50,000 118 191

el o

Although the AWWA-LIS has a much higher percentage of tilities serving less than 10,000
people than the EPA Survey, neither survey reflects the population distribution for all pubtic
water systems throughout the United States, which is heavily weighted towards very small
systems.
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The breakdown of total utility responses by EPA Region and the number of utilities with
lead materials were as follows:

Number of Utilities

States EPA Survey AWWA-LIS
Region  in Region Total Lead Matls. Total Lead Matls.

1 CT, ME, NH, 24 21 40 26
RI, VT, MA

2 NJ, NY 15 6 72 40

3 DE, MD, PA, 22 15 87 37
VA, DC, WV

4 AL, MS, KY, 16 - 111 41
FI., GA, NC,

-~ SC, TN :

5 IL, MN, WI, S 4 244 156
IN, MI], OH

6 AR, LA, NM, 9 4 63 16
OK, TX

7 IA, KS, MO, 23 12 81 - 56
NE - . '

3 CO, MT, ND, 12 3 65 36
SD, UT, WY

9 AZ, CA, HI, 2. 2 . 152 17
NV : ' -

10 AKX, ID, OR, 15 4 91 L 14
WA - ' - '

This equates to the following percentages of utilities with lead materials for each database:

Region EPA Survey, % AWWATIS, %
1 87.5 65.0

. 2 - 400 . 55.6
3 68.2 42.5
4 0 36.9
S 80.0 63.9
6 44 4 254
7 522 69.0
8 25.0 554
9 100 11.2

10

267 . . 154
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These percentages show relatively good agreement between the two surveys, with the
exception of Regions 4, 8, and 9 where the AWWA-LIS had a much larger number of utility
responses,

2.4 TECHNICAL APPROACH FOR LEAD MATERIALS OCCURRENCE AND
OWNERSHIP EVALUATION

Occurrence information was evaluated from each of the databases separately for comparison
purposes. Figures 2-4 and 2-5 present the approaches used to determine percent lead
service itnes and lead connections by state for each database. Total service connections for
the utilities in the AWWA-LIS were estimated based on population served since data on
total connections were not available from the survey., In addition, the AWWA-LIS
contained data on total footage of lead service line rather than number of lead services.
The total number of lead service lines for each state within the survey was estimated using
typical service line lengths, according to the following example calculation:

# of Lead Service Lines = Feet of Lead Service Liﬁe from Survey
Typical Length (Feet)/Service Line

These typical lengths are described in more detail in Subsection 2.5. The lead service line
occurrence evaluation discussed in Subsection 2.6 is based on these typical lengths.

Nationwide occurrence of lead service lines and lead connections was estimated using the
percentages for each state obtained from the AWWA-LIS. This database provided the most
recent and most complete source of information for extrapolation. Figure 2-6 displays the
approach used in estimating total numbers of lead service lines and lead connections.

The AWWA-LIS was also used to evaluate ownership and jurisdiction of lead service lines
and connections. The survey contained descriptions of jurisdiction over the service
lines/connections, which were categorized according to how much of the service line aver
which they indicated that they had authority. These categories were:

. Complete: The utility owns the service line from the main, including the
connection, all the way into the building or house. (The meter, then, is
usually inside the basement.)

o Partial: The utility owns a portion of the service line. In most cases, the
authority extends to the meter box or curb stop/control valve and includes the
connection to the main. Ultilities indicated their authority over the service
line normally extended to the right-of way or owner’s property line.

. Connection: The utility does not own the service line; however, they do own
the connection to the main, i.e., the lead gooseneck.

. Nothing: The utitity does not own the service line ¢r the connection beiween
the service line and the main. In essence, this indicated that they only own
the main. :
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Of the 439 utilities responding that they had lead service lines or connections in their
system, 411 provided descriptions of their ownership that could be placed in one of the
above categories.

In addition, 402 utilities provided information on how ownership was determined. The
major categories were:

Ordinance,

Informal agreement.

Contract.

Building code.

Some combination of these methods.

@ & O $ o

Figure 2-7 summarizes the approach used to evaluate ownership and jurisdictional
information.

2.5 SERVICE PIPE CHARACTERISTICS

Typical service pipe characteristics were determined based on review of existing information
from the data sources listed in Subsection 2.2 and through results of a telephone survey of
35 utilities conducted by WESTON. Table 2-1 contains a summary of the information
obtained during the telephone survey. Although it is difficult to determine specific
information from so few data, general conclusions can be inferred. Those utilities that
provided service line characteristics for older, more urban parts of their systemn generally
had shorter lines than the newer, more suburban areas. For those utilities in the telephone
survey which identified typical line lengths associated with older parts of their city, the
average main-to-curb distance was 13 feet. For the remainder of the utilities, this distance
was 25 feet. In order to determine the total service line length, the curb-to-house distance
was added to this main-to-curb tength. For the utilities that provided curb-to-house lengths,
the average total length for service lines was between 50 to 58 feet. For the utilities that
provided a curb-to-meter distance, the total length was estimated based on an assumption
that the meter was located in the house when the curb-to-meter length was greater than 20
feet. For the remainder of utilities from the telephone survey that provided curb-to-meter
lengths of 1 or'\2 feet, the curb-to-house distance was estimated to be 30 feet. Using this
approach, the average total service line lengths were 48 feet for older, more urban areas,
and 73 feet for other utilities that provided an average lengths for their system. Figure 2-8
is a schematic of typical service line lengths based on the average main-to-curb and curb-to-
household lengths for both urban and suburban systems. The typical main-to-curb distances
provided by the telephone survey indicate that utilities with partial jurisdiction over service
lines may control only 25 to 30 percent of the total length.
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The average service line lengths were also used to identify typical service lengths by region
to be used in estimating total lead services from the AWWA-LIS data. Based on
information obtained in the telephone survey, the following typical service line lengths were
used for each EPA Region:

Region Tvpical Length Used
1,3,4,5,6,9,10 50 feet
2 60 feet
78 75 feet

The typical lengths were then used to calculate total number of lead service lines for each
state. Estimating total lead service lines from the AWWA-LIS in this manner is highly
sensitive to the assumptions used for typical service lines. Using shorter typical iengths will
increase the number of estimated lead service lines, whereas longer lengths will decrease
the number.

2.6 QCCURRENCE OF LEAD MATERIJALS

The information used in this occurrence analysis reflects only the information c¢dntained in
each of the databases. Although information is shown statewide, in some instances very
little data were available for a particular state, This is true for North Dakota, Rhode Island,
Oklahoma, Montana, Vermont, Alaska, and Idaho.

2.6.1 Lead Connections

Results of evaluating lead connection occurrence information from the EPA Survey and the
AWWAC-LIS can be seen in Figures 2-9 and 2-10, respectively. These figures depict the
prevalence of lead connections in each survey. Geographically, the AWWA-LIS information

_indicates that lead connection occurrence is higher in the eastern and upper midwestern

regions of the United States. When comparing the two surveys, the percentage of lead
connections for each state either remained the same or were higher for the AWWA-LIS
data. The exceptions are the higher percentage of lead cornections in the states of Idaho,
Massachusetts, and New Mexico in the EPA Survey. This is most likely because the utilities
that were surveyed in these states varied between the two databases, and the utilities in the
EPA Survey contained more lead connections.

Nationwide occurrence of lead connections was extrapolated from results of the
AWWA-LIS. The geographic distribution of lead connections is shown in Figure 2-11.
Significant numbers of lead connections occur in the upper mid-west, east, and many of the
states bordering the Gulf of Mexico. Also, the estimated number of total lead connections
for the state of Washington is as much as 30,000 higher than surrounding states in the
western U.S,
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2.6.2 Lead Service Lines

Resuits of evaluating lead service line occurrence from the EPA Survey and the AWWA-LIS
are presented in Figures 2-12 and 2-13. These figures depict the percentage, or prevalence
of service lines that are lead based on the total number of connections in each survey. In
general, both databases exhibit a higher percentage of lead materials in the eastern and
upper midwestern regions of the United States. As with lead connection occurrence, a
comparison of the two databases indicates that the percentages either remained within the
same range or became higher in the AWWA-LIS. In comparing lead service line prevalence
between the two surveys, the states of Minnesota, lowa, Indiana, Virginia, New Jersey, New
Mexico, and Massachusetts all exhibited higher percentages of lead service lines in the EPA
Survey than what was estimated in the AWWA-LIS. For the states of Minnesota, Jowa,
Indiana, and Virginia, the AWWA-LIS contained a significantly higher number of utilities
and is probably more represeritative of these states as a whole than the EPA Survey. The
utilities representing the states of New Jersey, Massachusetts, and New Mexico were similar
in number between the two surveys; however, the utilities included were not the same,
accounting for the discrepancy in lead service line percentages. Generally, states with higher
numbers of lead service lines exhibit even higher lead connection occurrence.

Nationwide occurrence of lead service lines was extrapolated from resuits of the
AWWAC-LIS Survey. The geographic distribution of lead service lines is shown in Figure
2-14. Lead service lines occur in greater numbers in the midwestern and northeastern half
of the United States, particularly around the Great Lakes region.

2,6,3 Summary

In general, both databases exhibit higher percentages of lead materials in the eastern and
upper midwestern regions of the United States. Based on the technical approach described
previously, the total number of lead connections and lead service lines in the United States
is estimated at:

Lead Connections - 6.4 Million
Lead Service Lines - 3.3 Million

Sensitivity of Assumptions

These estimated numbers are dependent on and highly sensitive to the assumptions made
for (1) typical service line length, and (2) the total number of connections for each state.
For example, varying the typical service line lengths by plus or minus 20% will impact the
estimated number of lead service lines by the following percentages:

% Change in Change in Estimate
Assumption of Typical of Total Number of
Service Line L ength Lead Service Lines
- 20 % 4.1 million (+24%)
+ 20 % : 2.7 million (—18%)
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By decreasing the assumption for typical service line length, the total number of tead service
lines estimated will increase. This is a result of using the following equation to estimate
total lead service lines:

# Lead Service Lines = Feet of [ead Service Line from Survey
Typical Length/Service Line

Adjusting the assumption for total service connections in each state will impact the estimates
for both total lead service lines and lead gooseneck connections. Total service connections
were estimated using the total population served by public water systems and assuming that
3 people were served per connection, i.¢.:

Total Service Connections = Population_Served
3 People/Connection

Changing the assumption of number of people served per connection by plus or minus 20
% (3.6 or 2.4 people per connection) would change the estimate of total lead service lines
and lead connections by the following percentages:

% Change in Assumption of Change in Estimates of

# People/Connection Lead Service Lines Lead Conpections
— 20 % (2.4 per connection) 4.1 million (+24%) 8.0 million (+25%)
+ 20 % (3.6 per connection) 2.7 million (—18%) 5.4 million (—16%)

Using an assumption of fewer people per connection (2.4 rather than 3 or a change of —20
%) will increase the total number of connections estimated. This will also increase the
estimates of total lead service lines and lead goosenecks because they are based on the total
connections multiplied by the percentage of connections which have either a lead gooseneck
or a lead service line.

Adjusting both the typical service line length and the assumption for number of people
served per connection will impact the estimate for total number of lead service lines as
follows: '

% Change in Assumptions :
# People per - Typical Service Change in Estimate of

Connection " Line Length Lead Service Lines
+ 20 % + 20 % 2.3 million (—30%)
+ 20 % - 20 % 3.4 million (+30%)
-20% - 20 % 5.1 million (+55%)
~ 20 % +20% . 3.4 million (+ 3%)

This analysis demonstrates the sensitivity in the estimates of total lead service lines and lead
goosenecks ta the assurmptions made to arrive at these numbers. Other estimates are, or
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will be, available for comparative purposes. The U.S. EPA has estimated that there are 4 .4
million lead service tines in the United States (U.S. EPA, 1988). The American Water
Works Association is in the final stages of completing a database of the water industry,
which will also provide information on the number of lead services and connections. This
database will contain information from approximately 450 utilities throughout the United
States and specifically requested information on lead materials.

2.7 OWNERSHIP AND JURISDICTIONAL ISSUES

The method of determining ownership of service lines was evaluated from the AWWAL-LIS,
Figures 2-15 and 2-16 display the categories for ownership determination, the number of
utitities in each category, and the percentage of the total. The majority of utilities indicated
that an ordinance, or ordinance in combination with either a building code, contract, or
informal agreement, was the method of determining ownership of service lines. Eight
utilities listed some other method for determining ownership, such as standard details, state
law, or tariff. The number of utilities in each category is:

Owmnership Category # of Utilitigals % of Total
Ordinance (alone or.in 308 76.6
combination with other

methods)

Informal Agreement 38 | 9.5
Contract 25 6.2
Buildmg Code 13 . 3.2
Rules and Regulations 10 2.5
Other ' 8 2‘.0

The results of categorizing the descriptions of jurisdiction are contained in Figures 2-17 and
2-18. While the vast majority of utilities listed some form of partial jurisdiction, i.e.,
jurisdiction of the service line to the meter, curb stop, right-of-way etc., 20% of the utilities
in the AWWA-LIS indicated they had no authority over the service line. The following
table summarizes the percentage of utilities from the AWWA-LIS in each category:

Jurisdictional Category % _of Utilities

Complete 1.0
Partial . : 69.8
Connection 9.2

- None - ' - 200
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Table 2-2 contains a state breakdown of jurisdictional issues obtained from the AWWA-LIS.
All the utilities that indicated they had complete jurisdiction over the service line (from the
main to the house) were from EPA Region 5; however, this Region aisc contained a large
number of utilities with no jurisdiction over the service line. Region 6 also contained a
relatively large percentage of utilities with no authority over any portion of the service line.

2-29




Reprinted by permission. Copyright © 2011, American Water Works Association.

Jurisdictional Categories by State from the AWWA-LIS

Table 2-2

MHumber of Wililics

State Nothing Conncction Cnly Partiat Complere Totals
CT l 3 5 k4
ME 2 2 4
NH 1 3 4
| 1 1
YT i 1 2
MA 1 t 2 4
REGION | - TOTAL 3 7 i4 24
NI 4 4
NY 8 1 25 M
REGION 2 - TOTAL 3 1 29 338
DE
MD 2 2
PA 4 i 12 17
VA 11 i1
DC 1 1
wy . 4 4
REGION 3 - TOTAL 4 1 30 35
AL 1 F4 !
M5 2 2 4
KY 1 4 5
FL 1 7 8
GA 1 ]
NC 3 3
sC 3 3
TN 2 [ -4
REGION 4 - TOTAL 2 5 2% 35
IL 5 113 21
N 8 11+] 1344
W1 3 1 30 36
IN 4 3 i% 26
Mi 4 i9 24
OH 2 % 22
REGION 5 - TOTAL 2 i 114 148
AR 1 3 4
LA 1 2 3
NM L 1
OK 1 t 2
T 5 5
REGION 6 - TOTAL ¢} 4 14 15
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Table 2-2
(continued)

Number of Usilitics

Stale Nothing Ceanection Culy Partial Complete Tatals
4 11 ] 17
Ks H 7 g
MO 7 1 3 13
NE o7 9 16
REGION 7 - TOTAL 25 2 2 54
<O 7 1 7 L5
MT 4 1
ND 1 1 2
SD 5 t §
oT 1 4 $
WY 3 2 5
REGION 8 - TOTAL 17 2 15 34
AZ 2 2
CA t 3 7 1%
RI v
NV 0
REGION 9 - TOTAL 1 3 9 i3
AK o
i 0
OR 2 $ 7
WA 1 2 3
REGION 10~ TOTAL 0 3 7 LG
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SECTION 3

IDENTIFYING AND LOCATING LEAD SERVICE LINES

3.1 INTRODUCTION

To conduct an effective lead service line replacement program, a water utility must be able
to identify the pipe or connection material and the specific location of these services so that
they can be efficiently excavated and replaced. A utility’s ability to replace lead services
depends upon a utility’s ability to find those lead services. For example, the most desirable
identification method is a database that lists each customer’s address and the service
material. In practice, however, these data are rarely available to the utility because
recording tha-material used for customer services has not always been done. Most water
utilities have no direct records linking service type and location; these utilities must rely on
indirect predictive methods and/or employ a program of direct observation by meter readers
or other employees.

This section describes the potential methods that water utilities can use to identify and
locate lead service lines. A total of 35 utilities were surveyed via telephone to obtain their
estimates of the number of lead service lines and to assess their ability to locate them. Also
described in this section is the current state-of-the-art equipment for locating buried pipe
and an assessment of the ability to determine material type by using this equipment.
Additional information on identification and location techniques was obtained by visiting
the three case study utilities: Washington, DC (population served: 650,000); Kenosha, WI
(90,000); and Philadelphia, PA (1,690,000) and investigating their records management
systems. Finally, the information obtained was used to create three typical scenarios for
identifying service materials that we believe would be used by utilities (see Subsection 3.4).
All utilities contacted during this task were placed into a category based on various factors,
including condition of service records and whether or not the utility was metered. The
distribution of the sample (see Tables 3-4 through 3-7) was compared to that of all systems
throughout the country, thus generating an initjal list of the country’s current ability to
identify, locate and replace lead service lines.

3.2  OBJECTIVES
The objectives of this task were to:

» Determine water utilities’ recordkeeping methods by conducting a telephone
survey of systems across the country known to have lead services.

° Estimate the percentage of lead services that cannot be identified by assessing
the ability of systems to specifically identify their services.

@ Document techniques for locating buried pipe and identifying pipe material.
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. Determine how utilities would carry out a replacement program by evaluating
all potential identification techaiques.

) Identify three case study utilities and make a detailed assessment of their
identification and location methods and determine how they would conduct
a replacement program.

3.3 TELEPHONE SURVEY DESCRIPTION

To evaluate the ability of water utilities to identify and locate specific lead service lines and
connections and the cost of such a process, the project team conducted a telephone survey
of 35 systems across the country. The 1988 AWWA Lead Information Survey (AWWA-LIS)
was the source of utility contacts.

A questionnaire was prepared and administered to each contact. Its main purposes were
to determine the level of information available for identifying lead service lines and
counections and to obtain additional information on replacement costs and service line
characteristics. Appendix A presents the questionnaire used in this study. Table 3-1 lists
the 35 contacted utilities.

Care was taken to ensure that the utilities contacted were representative of the 439 systems
which responded to the AWWA-LIS and indicated the presence of lead service lines and/or
connections. Table 3-2 compares the population distribution of the utilities contacted for
the Project Telephone Survey with the AWWA-LIS. Table 3-3 compares the geographic
distribution of utilities contacted for both surveys.

34 LEAD SERVICE LINE IDENTIFICATIQON TECHNIQUES

The findings of the project telephone survey and the three case studies indicate that there
are a limited number of options available to a water system in attempting to specifically
identify which customers have lead service lines. None of the water systems investigated
were aware of any viable sophisticated techniques for identifying a lead service line. All
would have to rely on: 1) the use of existing records of service line installation; 2) a
subjective judgment based on the age and general locale of the particular address; 3)
physical inspection of the service line; or 4) a combination of the above.

3.4.1 Use of Existing Records

Some water systems have maintained detailed records of service line installations. These
records usually contain, at a minimum, the address and date of installation of the service
line. They often also contain an indication of the material used. If this is the case, a water
system can easily identify the original service line material at a particular address. If the
records are incomplete, (and all systems examined had some data gaps), the service lines
for which the material is known can be used to statistically determine the probability of
other addresses in the system having a lead service line. Computerization of manual paper

3-2
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Table 3-1
Water Systems Surveyed

Location

Population
Category

EPA
Region

Fair Haven, VT
Winona, MS

Falls City, NE
Crossett, AR
Willmar, MN
Fairmont, MN
North Ogden, UT
Allouez, WI

El Centro, CA
Norwich, CT
Wheeling, WV
White Plains, NY
Cape Girardeau, MO
Kenosha, WI
Clarksburg, WV
Morgantown, WV
Marion, OH
Elmira, NY

Green Bay, WI
Mission, KS
Clearwater, FL
Virginia Beach, VA
Philadelphia, PA
Washington, DC :
Seattle; WA

San Francisco, CA
Salt Lake City, UT
Lansing, MI
Peoria, IL
Madison,\ WI
Sioux Falls, SD
Flint, MI \

Gary, IN

Des Moines, IA
Independence, MO

O O L N N N T - N - - U\ R UV R SL IR SS PR PR FS SR U IR S SR USRS (R O

qqmmmmmmm\o’ammm&qmmmmwmqmmr—-\ommmmc\qaw

Population Categories:

1: 25-3,300 customers

2: 3,301 - 10,000 customers

3: 10,001 - 50,000 customers
4: > 50,000 customers
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e Table 3-2

Coverage of AWWA.LIS and Project Telephone Survey
Distribution by Population

Population Percent of Systems
Category Served AWWA-LIS Project Survey

1 < 3,300 20 3

2 3,301 - 10,000 24 9

3 10,001 - 50,000 31 26

4 > 50,000 25 62

Table 3-3
Coverage of AWWA-LIS and Project Telephone Survey
Distribution by EPA Region
No. of Utilities Percent No. of Utilities Percent
EPA Reporting Lead of Contacted of
Region  (AWWA-LIS) - Total (Project Survey) Total
1 26 6 2 6
2 40 9 2 6
3 37 8 6 17
4 41 9 2 6
5 156 36 11 31
6 16 4 1 3
7 S6 13 5 14
8 . 36 8 3 9
9 17 4 2 6
10 14 3 1 3
Total 439 ‘ ' Total 35
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data records would generally be required to carry this out and the development of a
predictive technique would require follow-up inspections or excavation for verification.

3.4.2 Use of Subjective Judement

Water utilities that do not maintain such detailed records of their service lines often stil}

have an intuitive "feel" for their system. Often this is due to previous experience replacing

entire sections of main {n particular areas of the system, Usually, the older sections of the

system are known, and these can usually be given a higher probability of lead service.

i Although this technique may not be able to identify the service material for specific
addresses, it can be used to focus attention on those areas most likely to have lead service
lines.

3.4.3 Physical Inspection

Finally, some utilities have no means of identifying lead service lines, either at specific
addresses or by general area. These utilities must rely on a physical inspection of the
-service line. There are two basic means of accomplishing this: 1) excavating at the service
line or 2) observing the line where it enters the customer’s home. A simple way of doing
the latter, for those systems with inside meters, is to have meter readers examine the line
as part of their duties. A major drawback of this method is that the pipe material identified
is the portion which typically belongs to the homeowner and which may differ from the
utility’s portion.

A final possible identification technique is the use of water quality sampling. However,
relying on the homeowner to correctly collect a water sample representative of water
standing in the service line would be highly unreliable. Using water system personnel to
collect the samples would decrease, but not eliminate, this problem, but would also greatly
increase the cost of such a program. Finally, depending on the specific local water quality
conditions, a lead service line may ngt be contributing any lead into the water, It is
extremely difficult to collect a sample that can pinpoint a lead service line. Thus, although
it may be possible to identify some lead service lines, water quality sampling would not be
allow pinpointing all lead service lines. '

3.5 BURIED PIPE DETECTION TECHNIQUES

All of the above techniques require a water system to have on hand certain information or
to perform lengthy and possibly costly physical investigations. Therefore, a study was made
of existing technology to determine if it was possible to identify service line material in the
field without excavation and without entering the customer’s home,

Water utility system files are probably the most cost-effective means of locating lead service

lines. In many cases, however, there is insufficient data to locate lead services; therefore,

physical methods must be used to ascertain the presence of buried lead pipes. Service lines

cannot be directly examined without access to the customer’s premises and/or excavation. .
" Therefore, the use of remote sensing techniques would be of substantial benefit.
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An investigation of the following geophysical methods was conducted:

Ground Penetrating Radar.
Electrical Conductivity.
Metal Detectors.
Resistivity Survey.
Magnetometer Survey.
Fiber Optic Instruments.

8 & & @ & @

Each method was researched to determine its effectiveness and expected accuracy in
locating and identifying buried lead pipes.

3.5.1 Description of Techniques

3.5.1.1 Ground Penetrating Radar

Ground Penetrating Radar is a surface interface radar which transmits an electromagnetic
pulse into the subsurface. The time the pulse takes to travel from the antenna to the buried
object and back to the antenna is dependent on the depth of the object and the properties
of the media through which the pulse travels.

This method can be used to determine the location of a buried metal object, but cannot be
used to obtain information on the nature of the metal object. The depth of radar
penetration is very site specific. This depth is reduced if water or fine-grained materials are
encountered. In some cases the radar pulse and penetration may not exceed three feet.

3.5.1.2 Electrical Conductivity

The instrumentation consists of a transmitter coil that radiates an electromagnetic field,
which includes current loops in the earth, and which acts as a conductor.

Electrical conductivity is mostly used to find lateral and vertical variations of soil in the
subsurface, to locate buried materials, and to determine the presence of plumes and
distribution of contaminants in groundwater.

Metals are of much higher conductance and are readily visible because of the higher

currents generated. Unfortunately, the differences in conductivity of lead, copper, and iron
are not large enough to furnish a characteristic profile for each material.

An alternative electrical conductivity method consists of directly measuring the electrical

conductance of the pipe. This requires access to two points in the service line either by
excavation or by entry to the residence.
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3.5.1.3 Metal Detectors

The metal detector responds to changes in electrical conductivity caused by the presence of
metallic objects, both ferrous and nonferrous. The magnitude of response from a metal
detector is a function of several variables including target to sensor distance, target size, and
type of metal.

Among the various types of metal detectors, the detector used for locating buried drums
may also be used for locating utilities, but, in general, these detectors have been found to
be insensitive to buried objects of small cross-section.

Based on a survey of over 20 leading metal detector manufacturers in the country, the
permeabilities of lead and copper are too similar to distinguish between the two with any
degree of certainty by metal detectors presently on the market. Additional research, and
a market for the product, could result in metal detectors capable of identifying and locating
buried lead pipe.

3.5.1.4 Resistivity

This method provides similar data as using the electrical conductivity method. It measures
the electrical resistivity (or its inverse conductivity) of the subsurface or geohydrologic
section,

The limitations of this method are similar to those of the electrical conductivity method.
In this case, the differences in the electrical resistivity of lead, copper, and iron are not large
enough to furnish a characteristic profile for each material.

3.5.1.5 Magnetometer

The magnetic method detects variations in magnetic susceptibility within the subsurface
environment. The magnetometer is commonly used to locate ferrous metals. The response
is proportional to the mass of the ferrous target.

Magnetometers detect only ferrous metals such as underground iron pipes or tanks. They
do not respond to nonferrous metals such as leac and copper, and will not distinguish
among them.

3.5.1.6 Fiber Optic Instruments

A fiberscope is comprised of a light source unit, an eyepiece, and a flexible probe containing
optical fibers that transmit the image. Fiberscopes have been used as inspection tools in
boiler tubes and to verify remedial work such as pipe linings. Commonly used to acquire
information on the condition of pipelines, fiberscopes provide a practical way of visually
inspecting inaccessible pipelines without having to cut a short sample of pipe.
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Fiberscopes have been used in the water industry {0 inspect water mains. Access to the
mains is gained by feeding the scope through a hydrant. It is possible to apply this method
to determine the service line material, although the scope would be required to negotiate
sharp bends in a small diameter space. External inspection is also a possibility. A small
hole could be quickly bored next to the service line, giving the scope a chance to view the
outside of the pipe. ‘

Several difficulties arise when attempting to apply fiberscopes to water systems:

. Requires steering through hydrant to main and then to 3/4" connection
service line for internal inspection.

e Requires negotiation of severe bends in cases where access via the water
meter is possible.

° Involves the risk of damaging the service line when excavating for external
inspection.
. Requires disruption of service for internal inspection because few fiberscopes

~are able to withstand the main’s pressure.

3.5.2 Applicability to Lead Serﬁge Line Identification

After investigating the various methods of buried pipe detection and identification
techniques, it was determined that none of the methods are currently able to discern a lead

service line from another buried metallic object, especially in an urban or suburban setting.
The typically deep location of the services (3 to 5 feet) and the proximity of other buried

utilities combine to exceed the current state-of-the-art in detection techniques.

Several manufacturers of metal detectors indicated that it is theoretically possible to develop
an instrument of suitable power and material distinction capabilities if there were 2 large
enough market to justify the research and development costs. Such a market could exist if
a nationwide lead service line and connection replacement program was ordered. However,
the uncertainty of the amount of research required and the cost of development does not
allow for considering such devices as part of an anticipated mandatory replacement program.

3.6 CASE STUDIES
3.6.1 Wagshington, DC Case Study

This water utility serves a major metropolitan area on the east coast of the United States,
providing water to approximately 650,000 people. The utility purchases its water wholesale,
and is responsible only for its distribution and storage. There are approximately 126,000
single-family residential service connections in the system. Average daily demand in 1989
was 181 million gallons per day (mgd).
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The utility maintains an extensive database of service line installation information. At the
present time, this information is recorded on paper records, some dating back to the late
1880s. Information on the records, called tap cards, includes the address of the service line
installation, the date, a geographic reference known as the square, the service line diameter,
property owner and instatler name, location and size of main, and location of curbcock.
There 15 no specific place on the tap card to record the service line material. However, for
an extended period of time from the mid-1920s to about 1970, the installer of the service
line usually made some indication of pipe materiai somewhere on the tap card.

As part of an ongoing project, information from the tap card file has been input into a
computer database. The ultimate goal of this project is to determine the number and
geographic distribution of lead service lines throughout the system, Information taken from
the tap cards included the address, date, square, service line diameter, and service line
material when available. The final database consisted of information on 126,099 service
lines. Some of these service lines, however, had been abandoned or were no longer in use
for residential service.

Once the basic tap database had been established from the tap card file, other sources of
information were used to enhance this data and to fill in any gaps in the data.

. Meter Relocation Program. The utility has an ongoing meter relocation
program intended to move meters from inside customers’ homes to curbside.
The crews performing this work record the service line material, both on the
utility side as well as the homeowner side. This information on service line
material was used to update the information already in the computer database
for the particular address.

° Street Replacement Program. Under this program all service lines along a
street are replaced when the street is being redone. Service line materials are

recorded and used to update the database.

. Lead Service Line Replacement Program. Under this program lead service

lines {utility portion) are replaced as they are discovered. This information
is useful not only in identifying what were existing lead service lines, but also
in accounting for service lines that have been replaced.

. Meter Location Program (Project Locator). Several years ago the utility

undertook a major effort to locate all water meters in the system (i.e., inside
or outside the house) prior to beginning their meter relocation program.
When the meter was inside, the service line material could be identified and
was recorded. This information was added to the database, but kept separate
from other information on service lins material, since it could document only
the customner portion of the service line.

The completed tap database was then used to determine the number and distribution of

lead service lines in the system. First, the addresses which had an indication of service line
material, either lead or nonlead, were examined. In this case, almost two-thirds of the
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126,099 addresses had an indication of service line material. Thus, the number of "known"
lead and "known" nonlead service lines could be determined.

For the remaining addresses that had no indication of service line material, a statistical
approach was used. It was believed that the use of lead service lines in the system was
prevalent in the early part of this century and basically ended around 1950. Also, it was
known that entire blocks of homes often had their service lines instailed at the same time
by the same contractor. Thus, if one of these was known to be lead, there was some
probability that most or all would be lead. Listings of lead service line installations by date
and geographic area were done for "known" lead and "known" nonlead service lines. These
breakdowns were then used to calculate the number and distribution of lead service lines
among the addresses that had no indication of service line material.

From this work, a methodology was developed for the utility to follow in determining
whether or not a particular address had a lead service line. This methodology is illustrated
in Figure 3-1.

3.6.2 Kenosha, Wisconsin Case Study

The Kenosha Water Utility serves a total population of 90,000, which includes wholesale
service to other surrounding districts. The utility draws its water from Lake Michigan and
has a purification plant on the lake’s shoreline. The average daily demand in 1989 was 40
mgd. '

The utility has documented in their main system files a total of 24,000 service line accounts,
from as early as 1894. In addition to this file, there are four other independent files where
information on the service line is stored:

. The main file cards contain the address, with a system map page number, the
service line diameter, and date of permit.

. The streets and avenues file lists (between two cross-sireets), the main size
and date installed. It also indicates if 2 main has been replaced and the date
of replacement.

* The services per year file is set up by year, starting in 1946 to today. It lists
the number of services installed in a particular year, the service line diameter,
the pipe material, and costs of installation.

. The service line retirements file is recorded since 1946. It lists the number
of service lines that were "retired" in a year, the service line diameter, the
pipe material, and costs information.

» The maintenance file was set up by address in 1978. It describes in detail the

nature of the repair, the service line pipe material, and if replaced, the
material used to replace the original line.
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A database of service line installation information has been set up on a mainframe
computer and is currently used only for billing purposes. The goal is to computerize all
system data files. The address, the account number, the date of permit, service line
diameter, and billing information are currently stored in the database. The pipe material
is not indicated.

The water utility owns the main and service line up to the city right-of-way line. The
property owner owns the service line from the curb-stop to the building and all interior
plumbing. The meter is owned by the utility and Jocated within one foot of the basement
wall on the interior side.

In general, the mains are located offset from the center with respect to the street right-of-
way, and the average length of a service line from the main to the curb-stop is 30 feet and
from the curb-stop to the meter is 45 feet. All service line connections are currently
metered and they are inspected once a year. Additionally, there is an on-going maintenance
and building inspection program.

The main system files indicate that the last lead service connection from the main to the
curb-stop was installed in 1946. Since the utility ownership stops at the curb-stop, there is
no pipe material information on the service lines from the curb-stop to the meter.

In response to concern over lead in water, last year the utility published an article in the
newspaper and offered to do free lead testing of the water for their customers. The utility
received at least 700 responses attributed to the notice (which included services known to
be lead), and first-draw water samples at the customer taps were tested for lead. The water
quality results (available on a personal computer in dBASE III), indicate that three samples
exceeded lead levels of 50 ppb. About 10 of them were between 20 and 50 ppb and the rest
were lower than 20 ppb. However, comparisons of lead levels at the tap for lead services
before and after replacement are not available.

Presently, there is no proactive lead replacement program. The general policy is that lead
service lines are replaced as they are encountered, either during maintenance work or at
customer’s request. The typical replacement costs incurred by the utility, including
pavement repairs, are $1,500 per service line. Replacement done from the main to the
curb-stop is at no charge to the customer.

3.6.3 Philadelphia, Pennsylvania Case Study |

The Philadelphia Water Department serves a total population of 1.69 million which includes
other wholesale water customers. The utility draws and filters their water from the
Delaware and Schuykill Rivers.

The utility has documented in their system files a total of 500,000 active service line
accounts, from as early as 1840. There are two file systems.

e The main file cards. "Ferrule® records are indexed by address in alphabetical
order. They contain the date and number of the original permit, house
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number, pipe material, and service line diameter. Whenever maintenance is
performed on a line, the "Ferrule" card is updated which, in turn, indicates
that the information has been transferred into a database.

o A database of service line maintenance and newly installed lines has been
implemented on a microcomputer, but is currently used only for billing
purposes. The on-going project was initiated in 1985, and the goal is to
computerize all system data files. The database maintains information on
78,398 accounts. Each record contains the account number, permit nember,
address, installation or repair date, service line size and pipe material, main

size and depth, main location, curb-stop location, sidewalk width, and street
width.

The water utility owns the main and the meter. The property owner owns the service line
from the main to the curb-stop, from the curb-stop to the building, and all interior
plumbing.

The utility manages 3,200 miles of mains with an average 500 services per mile in the older,
more densely populated areas. The main replacement program currently replaces
approximately 12 to 18 miles of main per year.

The mains are offset from the center with respect to the street right-of-way. The average
length of a service line, from main to curb-stop, is 15 feet and 40 feet from curb-stop to
meter. All service line connections are currently metered and inspected approximately once
a year. Meters are typically located within two feet of the basement wall on the interior
side.

The main system file cards indicate the presence of cast iron mains with lead goosenecks
dating as far back as 1840. It is believed that lead service connections from main to curb-
stop were phased out in the 1940’s. There is no pipe material information on the service
line from curb-stop to meter.

Philadelphia Water Department authorities estimate that the percentage of lead service lines
remaining in service varies between 25% and 33% across the system. An estimated 50%
of the original lead services have been replaced with nonlead material.

A water quality monitoring program was initiated by the utility in response to concern over
lead in water. Approximately 200 randomly selected first-draw water samples (which
included services known to be of lead) were tested for lead. For first-draw water samples
collected from the lead service line, lead levels ranged from 15-25 ug/L.

Since the lead service lines are privately owned, there are no city-sponsored programs for
the general replacement of lead service lines. The general policy is that lead service lines
are replaced at the customer’s request or, if necessary, during maintenance work.
Replacement lines are of copper. Typical replacement costs incurred by the customer,
including pavement repairs, are approximately $1,300 per service line.
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There is, however, an on-going replacement program of lead goosenecks and service lines
at main-service line connections. These are replaced whenever encountered during
maintenance procedures and water main re-Jays. The replacement is done up to the curb-
stop at no cost to the customer.

Currently, the system data does not permit the specific identification of lead services. If a
mandatory replacement program were implemented, additional information would be
required. This could be collected by pipe inspection during meter readings, main re-lays,
gooseneck replacement, or by conducting a customer survey.

3.7 SCENARIOS FOR IDENTIFICATION

After completing the telephone survey and examining the findings of the three case studies,
two scenarios for identifying lead service lines as part of a mandatory replacement program
were developed. A third scenario, for those systems with no ability to identify lead service
lines other than through excavation, was also considered.

3.7.1 Scenario |

Water systems which fit this scenario would be able to identify the service line material for
most, if not all, of the addresses in their systern. The scenario is characterized by an existing
recordkeeping system in which data on the service line materials are maintained. If the
records are incomplete, the probability of a lead service line existing at a given address can
be assigned based on the distribution of the service lines with known material. (A test
excavation program would be necessary to verify these probabilities.) A computerized
database, while not absolutely necessary in small systems, would certainly facilitate this sort
of program. Case Study 1 would fit this scenario. .

3.7.2 Scenario I1

Water systems in this scenario would rely on meter readers or internal inspection of the line
entering the customer’s premises to identify service line material, since no other data
sources exist. Because meters are typically read two to four times per year (and not all
addresses can be accessed every time), it is expected that a program of this type could take
over one year to complete. In addition, meter-readers would need to be trained to identify
different pipe materials, and a procedure for recording and maintaining these data would
have to be established. Finally, the identification of service line material would be valid
only for the customer’s portion of the line. The utility’s portion may not always be the same
material, and lead goosenecks may exist with a variety of service line materials. Case
Studies 2 and 3 would fall under this scenario.

3.7.3 Scenario 11t
Those water systems which have little or no data on service line installations, are not

metered, and would not choose to enter into a program of gaining entrance to private
property to inspect the customer’s service at point-of-entry, would fall under this scenario.
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These water systems would have to rely on service line excavations to identify service
material.

3.7.4 Additional Identification Technique

One other possible technique for identifying lead service lines was considered but not used
in the final scenarios. Water quality sampling was rejected as being too costly and
unreliable for service line identification purposes.

3.7.5 Scenario Distribution

The 35 systems which were part of the telephone survey on the case studies were segregated
into the three replacement scenarios. A summary of the scenario distribution by system size
is given in Table 3-4,

3.8 UTILITY DISTRIBUTION

The distribution of the 35 contacted water systems (32 by phone survey plus 3 case studies)
across the three replacement scenarios was used as a guideline for determining the number
of water systems throughout the country that would fall into each replacement scenario
(Table 3-5). The percentage of systems in each scenario was adjusted to account for the
likelihood that systems of all sizes could be found to fit each of the scenarios. For example,
1 of 35 contacted systems had a population less than 3,300 persons, and it fell into Scenario
IIi. It would be inappropriate to say, however, that all of the water systems serving less than
3,300 persomns throughout the country also fell into Scenario IIIL

The mechanism for adjusting the national distribution of water systems into the three
replacement scenarios was to use the percentage of systems in each size category that are
metered. This allowed for placing an appropriate percentage of systems into Scenario III
(which by definition are nonmnetered) and into Scenario I (for systems with populations less
than 3,300 persons). The number of systems in Scenario I was determined using the results
of the 35 contacted systems for the larger population categories ( > 10,000 ) with the
assumption being that the smaller population categories ( < 10,000 ) would have a
corresponding smaller number of systems with the capabilities needed for Scenario I. The
final nationwide analysis of water systems into the three replacement categories is given in
Table 3-6 by population and in Table 3-7 by number of water systems.
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Table 3-4

Scenario Distribution by Population Category

Scenario

System Size City, State I II 01
< 3,300 Fair Haven, VT 1

% in Scenario 0.00% 0.00% 10000%%
3,301- Winona, MS 1
10,000 Falls City, NE 1

Crossett, AR 1

% In Scenario 0.00% 100.00% 0.00%
10,001- Willmar, MN 1
50,000 - Fairmont, MN 1

North Ogden, UT 1 o
- Allouez, WI 1

El Centro, CA 1

Norwich, CT 1

Wheeling, WV 1

White Plains, NY 1

Cape Girardeau, MO 1

% in Scenario 11.11% 88.88% 0.00% {

i

> 50,000 Kenosha, WI 1

Clarksburg, WV 1

Morgantown, WV 1

Marion, OH 1

Elmira, NY 1

Green Bay, WI 1

Mission, KS 1

Clearwater, FL 1

Virginia Beach, VA 1

Philadelphia, PA 1

Washington, DC 1
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Table 3-4
(continued)

Scenario

System Size City, State I I1 [1I
> 50,000 Seattie, WA 1
(continued) San Fransico, CA 1

Salt Lake City, UT 1

Lansing, MI 1

Peoria, IL 1

Madison, WI 1

Sioux Falls, SD 1

Flint, MI 1

Gary, IN 1

Des Moines, [A 1

Independence, MO 1

% in Scenario 31.82% 68.18% 0.00%

Table 3-5
Scenario Distribution of Contacted Systems
Percent of Systems Contacted
' Scenario

System Size % Nation I 11 441
< 3,300 11% 0.00% 0.00% 100.00%
3,301-10,000 11% 0.00% 100.00% 0.00%
10,001-50,000 24% 11.11% 88.88% 0.00%
> 50,000 54% 31.82% 68.18% 0.00%
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Table 3-6

Extrapolated Nationwide Distribution
by Population

Total Extrapolated Population
Population {Million)
Served Scenario
System Size (Million) I\ IT I
< 3,300 252 03 60 189
3,301-10,000 24.0 12 10.8 12.0
10,001-50,000 54.8 4.3 34.1 16.4
> 50,000 122.3 36.2 775 8.6
226.3 42.0 128.4 559
Table 3-7

Extrapolated Nationwide Distribution
by Number of Systems

Extrapolated Number of

Total Number Systems by Scenario
System Size of Systemns I IT I
< 3,300 Sé,283 523 12,548 39,212
3,301-10,000 4,210 211 1,895 2,105
10,001-50,000 2,534 197 1,577 760
> 50,000 _ 619 _183 _ 392 __43
59,646 1,114 16,412 42,120
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SECTION 4

CONTRIBUTION OF LEAD SERVICE LINES AND CONNECTIONS
TO ELEVATED LEAD LEVELS IN DRINKING WATER

4.1 OVERVIEW

The purpose of this section of the study was to evaluate the contribution of lead service
lines and/or goosenecks to measured lead levels in drinking water. The specific subtasks
were:

® Evaluate the impacts of water quality parameters on lead levels.

L Examine lead levels at the tap before and after lead pipe excavation or
replacement.

° Tabulate water quality data as it relates to lead solubility by geographic
area.

® Estimate potential lead reduction with effective water treatment.

° Develop a matrix table(s) for lead summarizing the major factors that

influence lead levels at the tap.

The following discussion contains information on water quality impacts on lead levels, an
evalnation of the estimated geographic distribution of water quality characteristics and the
potential for lead leaching, material sources of lead and their relative contribution to
measured ‘lead concentrations, impact of replacement or removal of lead service lines
and/or connections on lead levels, and the potential impact of water treatment on lead
levels.

4.2 IMPACT OF WATER QUALITY ON LEAD LEVE
4.2.1 Theoretical Discussion

The most important factors influencing lead levels in drinking water are: 1) the water
quality characteristics, 2) the sources of lead in the system, 3) the physical properties of the
piping system, 4) the sample collection procedures, and 5} stagnation time, i.e., the length
of time the water has been standing in the pipe. The following discussion focuses on the
water quality characteristics considered to have the greatest impact on lead levels. These
parameters are pH, alkalinity, dissolved inorganic carbonate (DIC), and orthophosphate.
These chemical characteristics are very much interrelated, and a change in one will directly
or indirectly change the form or effectiveness of the others. Other parameters may also be
importaut; however, the basic research to establish their relationships to lead solubility has
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not been done. A discussion of these important water quality characteristics, their
relationship to various tead containing materials, and to lead levels in drinking water is
presented below,

pH. pH is probably the most important water quality characteristic in lead mobiiization and
its control. pH is the negative logarithm (base 10) of the hydrogen ion concentration. On
the pH scale of 0-14, a value of 7 represents a neutral condition (at 25°C). The effect of
pH on lead solubility is very strong. Figure 4-1is a 3-dimensional solubility surface of tead
solubility in a systerh containing only DIC and H,O (Schock & Wagner 1985; Schock 1985).
In practice, lead levels in the field are often lower than computer model predictions though
laboratory experiments produce levels that are very close to predicted values. These
differences are likely caused by a multitude of factors including the impact of temperature
on solubility and dissolution rates and the presence of protective films on the pipe which
may not contain lead compounds.

Alkalinity. Alkalinity is defined as the capacity of water to neutralize acid. It is typically
expressed in terms of mg/L of CaCO,. Waters with low alkalinities, <25 mg/L as CaCO,,
have very little capacity to neutralize acids; waters with high alkalinities, >100 mg/L as
CaCO,, have a greater capacity to neutralize acids. Generally, soft, low mineral waters will
have low alkalinities and harder, more mineralized waters will be associated with higher
alkalinities, although there are certainly exceptions.

Dissolved Inorganic Carbonate. DIC is a parameter that has not been commonly used by
most water supply professionals; however, its impact on lead mobilization has been well
documented. The level of dissolved inorganic carbonate (DIC) is an important parameter
in lead solubility. DIC is the total concentration of all dissolved inorganic carbonate species,
including carbonic acid H,CO,® {where H,CO;° = H,CO,®* + CO,(aq)}, bicarbonates,
carbonates, and complexes and ion pairs such as CaHCO,*, CaCO,°, MgCQO,°, MgHCO,*,
PbCO,°, Pb(CO,),? plus others. The formation of effective carbonate films (usually one of
the solid "basic lead carbonates,” mineral names "hydrocerussite” or “plumbaonacrite”)
depends on both DIC and pH levels.

DIC can be calculated from total alkalinity, pH, temperature, and ionic strength. The
predominant factors are total alkalinity and pH. Figure 4-2 displays the relationship
between DIC, alkalinity, and pH for a water with an ionic strength of 0.005 and a
temperature of 25°C. Figure 4-1 illustrates that the effect of the interrelationship between
pH and DIC on lead solubility is extremely important. The predicted absolute minimum
lead solubility point is at a pH of 9.8 and DIC concentration of approximately 4.8 mg C/L
for a model where hydrocerussite is the controiling solid. This would translate into a total
alkalinity of approximately 28 mg CaCO,/L (depending on the temperature and ionic
strengths used for the DIC to alkalinity conversion). The exact point of minimum lead
sotubility will change with various differences in assumptions of equilibrium constants,
solubility constants, and the presence of other complexing agents or competing actions in
real systems. Figure 4-1 also shows that systems with high DIC are theoretically capable of
dissolving as much or more lead as systems with less DIC at lower pH values.
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FIGURE 4-1 3-DIMENSIONAL DIAGRAM FOR LEAD SOLUBILITY - NO
PHOSPHATE ADDED
IONIC STRENGTH = 0.005, TEMPERATURE = 25°C
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Qrthophosphate. Orthophosphate have been found to be quite effective at reducing lead
solubility. Lead forms several orthophosphate solids that are even less-soluble than basic
lead carbonate over a wide pH range. The formation of lead orthophosphate fiims depends
on the DIC concentration, as well as the pH, temperature, and orthophosphate
concentration. Figure 4-3 depicts a typical 3-dimensional diagram of lead solubility with
orthophosphate added assuming the formation of Pbs(PO,);OH to control lead. A
comparison of Figures 4-1 and 4-3 indicates that the range of optimum pH levels for lead
reduction is lower and much wider if orthophosphate are present.

422 ad Levels Measured for Various Water Quality Characteristics

Several utilities around the country have initiated volunteer lead monitoring at the
customer’s kitchen tap. Most of these surveys collected 1 liter standing samples at the tap
for lead levels, pH, and in some cases, alkalinity, hardness, or phosphate levels. Table 4-1
summarizes the results of several of these studies which correlated water quality
characteristics with measured lead levels.

pH. The majority of surveys related pH and alkalinity to first flush lead levels collected at
the kitchen faucet, and therefore does not necessarily correlate to lead levels measured from
lead service piping. Most studies (AWWSCo, Karalekas 1976, Frey 1989) found that at
lower pH levels, higher lead levels were measured. This observation is in agreement with
the theoretical impact which pH has on lead solubility, i.e., lower pH levels can potentially
cause increased lead levels.

Alkalinity. The correlation between measured lead levels and alkalinity was not as straight
forward in the studies listed in Table 4-1. In the American Water Works Service Company
study, alkalinity exhibited no influence on lead levels at the tap. Monitoring completed by
the South Central Coannecticut Regional Water Authority (SCCRWA) showed a decrease
in lead levels with increasing alkalinity when evaluating lead levels for all pH ranges. When
measured lead levels were categorized by both pH and alkalinity however, no correlation
was noted.

Dissolved Inorgani¢ Carbonate, DIC was estimated for both the Nova Scotia study
(Maesson 1985) and the five cities in the Karalekas study (Karalekas 1978). The finished
water quality characteristics from Providence, RI (pH = 10.1, DIC estimated at 3 mg C/L)
in the Karalekas study, were closest to the predicted minimum tead solubility pH and DIC
concentration (9.8 and 4.8 mg C/L), and standing lead levels measured here were also the
lowest.

Qrthophosphate. The AWWSCo study found sigunificantly lower average lead levels when
zinc orthophosphate inhibitor was used for corrosion control, than when no inhibitor was

used,
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FIGURE 4-3 3-DIMENSIONAL DIAGRAM FOR LEAD SOLUBILITY -
1.5 mg/L PO, ADDED

IONIC STRENGTH = 0.005, TEMPERATURE = 25°C
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4,3 GEOGRAPHIC DISTRIBUTION OF WATER QUALITY CHARA RISTICS AND :
POTENTIAL FOR FLEVATED LEAD LEVELS

4.3.1 Technical Approach ;

The purpose of this subtask was to obtain nationwide water quality data, specifically pH, ;
alkalinity, and hardness, in order to:

° Estimate and display typical water quality characteristics geographically. ¢
* Determine an estimated potential for lead solubility based on these
i parameters.

A more detailed discussion of the approach for nationwide water quality characteristics and
potential for lead solubility follows.

T

) 4.3.1.1 National Water Quality Characteristics

P

The following national surveys of water quality data were reviewed:

: :‘ . “Chemical Quality of Public Water Supplies of the U.S. and Puerto Rico,"
" U.S. Geological Survey, 1962.- *

i @ "Public Water Supplies of the 100 Largest Cities in the US " US.
- Geological Survey, 1962.

. "Corrosion in Water Distribution Systems,” Patterson, 1981. 2
. AWWA 1984 Water Industry Database (AWWA-WIDB).

I The 1984 AWWA-WIDB was found to be the most recent and most complete set of finished
water quality data for utilities in the United States, and was used to estimate water quality :
i characteristics geographically. The total number of utilities in the AWWA-WIDB which t _
i contained finished water quality data was approximately 400. The number of utilities by
EPA Region are: S
# Utilities ;
18
38 g
43 i
62
73 i
36 3.
26
17 i
72 i
16

%

—_ D
NN NN RV IS -
=
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Data on firushed water hardness, alkalinity, and pH levels for each utility were entered into
a database, and each of the parameters were population weighted to arrive at one value for
each state. Results of this analysis are displayed in Figures 4-4 through 4-6.

4.3.1.2 Estimated Potential for High Lead Levels

Using theoretical lead solubility relationships for fresh lead pipe (Figure 4-1), three
categories indicating the relative potential for lead solubility were developed based on pH,
DIC, and the calculated theoretical lead level which results. These potential categories are:

Potential for Lead Solubility pH DIC, mg C/L
High <8 <5
<8 , 5-30
<8.5 >30
Intermediate 8-8.5 <30
8.5-10.5 >30
Low 8.5-10.5 <30

A category for pH levels greater than 10.5 was not included in this evaluation since the
theoretical solubility relationships and corresponding solids formations have not been
adequately developed. DIC levels were estimated from the population weighted pH and
alkalinity values for each of the states in the nationwide water quality evaluation described
above. Each state was then placed in one of the three potential solubility categories
depending on the pH and DIC level. These results are shown graphically in Figure 4-7.

4.3.2 Discussion

While the 1984 AWWA-WIDB provides the most recent finished water quality data for
utilities nationwide, several items should be kept in mind when evaluating Figures 4-4
through 4-7: '

. The statewide estimates of pH, alkalinity, hardness, and potential solubility
used in this evaluation are based on finished water quality data as
reported in the AWWA-WIDB. These characteristics may change in the
distribution system, and those chemical changes, along with the physical
characteristics of the specific piping system (i.e., diameter, length, surface
area of exposed lead source, flow) and the protocol for collecting samples
will ultimately determine the lead levels measured at the tap.

» The categories for potential lead solubility are based on a simple system
contaim'ng only DIC and water. The interrelationship of other constituents
in the water, their scale-forming pr0pert1es and the presence of inhibitors
is not taken into account.
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¢  This analysis is meant only as an estimate of the location of water quality
characteristics which might cause a higher potential for lead leaching to
occur, and is based only on those utilities which provided data to the
AWWA-WIDB. For some states in the AWWA-WIDB, data from only
one or two utilities were available.

. Finally, the population weighting of the parameters ensures that utilities
serving larger populations will be more heavily represented in the final
average than those serving smaller populations. It is entirely possible that
a utility with a relatively small service population could have a high
potential for lead solubility using the technical approach described;
however, a larger utility with a low potential would outweigh their impact
in the overall average.

Figures 4-4 through 4-6 display the results of population weighting the hardness, alkalinity,
and pH levels from the AWWA-WIDB. The hardness evaluation, Figure 4-4, displays
relatively soft waters along the eastern seaboard, the southeast, and the extreme northwest
portions of the U.S,, while the center of the country is generally higher in hardness. These
results are very similar to a geographic distribution of hardness completed by the U.S.
Geological Survey (USGS 1964). The USGS used finished hardness levels for 600 water
utilities throughout the U.S. Differences in the two surveys can probably be attributed to
the inclusion of different utilities in each database and the changes in water treatmeat which
may have occurred over the past 25 years.

The geographic distribution of alkalinity, Figure 4-5, displays low values (< 45 mg/L
CaCO,) for the east coast, particularly the extreme northeast, and for the northwest. The
remainder of the country fell predominantly into the two higher alkalinity categories.
Concerning pH, no noticeable geographic pattern could be determined from the pH level
distribution (Figure 4-6) throughout the U.S,

When each of the states was categorized for potential lead solubility, the extreme northeast
and northwest regions of the U.S. were evaluated as having a high potential for lead
solubility. It can be noted that actual historical monitoring in the northeastern portion of
the United States has also exhibited high lead level measurements.

44 LEAD MATERIAL CONTRIBUTIONS TO LEAD LEVELS IN DRINKING WATER

4.4.1 Major Material Sources of Lead

Based on the review of available literature on potential lead sources, lead service piping,
lead plumbing, lead goosenecks, high lead solders, and household plumbing fixtares are the

most likely material contributors to high lead levels at the tap. These sources are described
in more detail below.

4-16
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Lead Pipe. Lead service lines are common in water distribution systerns in the U.S. Lead
service pipe has a useful life expectancy of much greater than 50 years, therefore, many of
these pipes will be in operation well into the future. Lead pipe has also been used for
plumbing inside homes.

Lead Goosenecks. A gooseneck or pigtail is pipe that connects the service line to the
distribution main (Figure 4-8). Lead goosenecks have also been widely used because lead’s
malleable qualities were suited to the wide variety of shapes required to connect the service
pipe to the distribution main.

Tin-Lead Solder. A common use of lead in water piping systems in addition to lead service
pipes has been lead-based solders that are used to join copper pipes. The percent ratios of
lead to tin for commonly used plumbing solders are usuaily 50:50 and 60:40. Premise piping
containing lead solder that is two years old or less is of particular concern as the iead
leaching rates from newer lead solder are considerably higher than in older solders
(AWWSCo, 1988). The 1986 Amendments to the Safe Drinking Water Act prohibit the use
of lead solders which contain more than 0.2 percent lead. Alternative lead-free solders such
as tin/antimony are readily available, several of which have been used for many years.

Brass Fixtures and Fittings. Brass is a copper-zinc alloy commonly used in potable water
systems and is found in valve parts, faucets, and some water meters. Lead is found in
brasses in the 0.1-12 percent range (Uhlig, 1948), however, the brasses most commonly used
in household fixtures contain between 1.5 to 7.5 percent lead.

4.4.2 Typical Lead Levels Associated with Material Sources of Lead

Several studies have focused on the relative contribution of various lead sources to
measured lead concentrations at the tap. A summary of results from these studies is
presented in Table 4-2. Many collection protocols were designed to evaluate a one liter -
standing sample, which would be representative of both the faucet (brass fixtures) and the
household plumbing (lead solder). However, for those cases where the protocol was
designed to segment these two components, the faucet lead concentration was higher than
the home plumbing concentration. Several of these studies were further analyzed to
evaluate water quality characteristics (i.e., potential for lead solubility) in relation to lead
material contributions. This information is summarized for each potential lead material
source in Tables 4-3 to 4-6. The studies included in these tables were chosen because they
were either specifically designed to evaluate a particular lead source, or the information
could be evaluated based on the collection protocol used.

For the faucet contribution, most studies evaluated a standing 125-mL sample at the tap

(Table 4-3). Two studies which evaluated lead leaching from faucets under controlled
environments were also included. The studies which identified home plumbing contributions

4-17



Reprinted by permission. Copyright © 2011, American Water Works Association.

(8861 ‘VdAS)
WVAOVIA ONIJId ASTNTHd ANV ADIANAS

{dej 1w poi3eon) mdung sury eopusg = %
v
V

8-+ HANDIA

Wdung del »

Hdusg g =
Oﬂr__.lﬂ [ ]

1481} Uepg 23pusg -

Bugiid sewrg -
npag -
Sh ok -
Yoy, I Ag PYe 0 SR1N0Y Lo ,

‘aa-b By s Qﬁ-\O

il » Q‘
]
of.«a_ J\
. . .f._sqn

i,

4-18



Reprinted by permission. Copyright © 2011, American Water Works Associafion.

i

U1} 2I1ALSS
Jo 2anEssaIdar Igem

% 7 0 % QU IMAIIG g ‘SPOYIRT SROTIBA
% 8 % L % %€ Jurqunyd dv) 18 @dwes

PIO2SNO} pue toonsg T 0001 Furpumis gsnyy w11
$< $-7 7>

(s1eaf 98y osrop)

71430 Q7 UBl 1218310 ${aa]
PRI YuIA SN JO &

UTY FITATDE

13076 2 Alag pea) U 000! pua] woy £weng

{a2r0qw jo

Finqinnid UONIAUIQUIOY) T Q00T

6 6 L4 PoYsnoy pue roneg ¥/N MUIP ISNY PN

9 4 [ Furquingd proyasnoy TW 0001 W 0001 13N

de) w o1diues

4 9 14 wonig ool . upuers ysny 1811y
»ddo) “A[RD) ase|q

(Burquing ] owop Jo odA 1}
7N T[RAST PR ddBIaAY

(6961 A=1d)
£3A3Ng UOTIBUWIIG)T]

Pl YMMY L861

(oDsMMY)
"07) 99LAI3G SHIOM
131944 UEIIBULY

f)nsaYy Jo aarmusasday AWNJOA [oo0y01g
nonR[on odureg

Lrmnyépms

LS

S[3AY] PRI} PAINSBIYN 0F STELIDIBIA 301AIIS P8I JO UONDQLITUGD)

b JqEL

(¥ s i)

et

raneEd

4-19



Reprinted by permission. Copyright © 2011, American Water Works Association.

o [ b i [

R [

J— [

01

139
TN T[aART pwon) 2JRIoAY

oot
SHE

L
L4
7w TS[@A] pra] 290I9AY

-a3uayr armaradwn

® 13w pRIA20])

UL POIATIG wungy | sofdwes | Fururopy Apeg,
vrapy gy | sanutl § 10 pogsnyd
Furqund PSULI SBM IDUIEIE0D
PIOY2SNOH pUB yaonw wendy | 12ye epdwes Snpuwg
3uwyo

aur] 921Alag S ErAl sammiadwa) [1HUn gsnpg
1Ny W gzt Buipums ynyg w1
23usya

ol 90TAI0S qu g7l sumeizdway maun gsnig
Poameyg T eTl Bmpums ysny w21y

PRIFRI0D VA

{o£61 s3]
SSHRA I[TATOWOS
‘>¥priqure) ‘vorsog

Fmpmg

udredwey
Avedwiony 1omp
SIGU] URION

4-20

¥t 1 mepy T 0001 s Q[ JOJ pRysnfy

87 -1 > o1 Binqunid piogasroy T GO0l Fapy may
g IaAncIuB A
M- L 81 1onsg RERTAl Buipuns ysny iy (amAD)
aduny 3TvIoAY NS IR,
F7Er s[@av] pea] IPAROOUBA INI83IL)
snsay 70 oAnEwasadoy Py 1e0n01g Tamniems |
| vonafo) Idueg ¥

\ (ponurjuoD)

¥ AqBL




Reprinted by permission. Copyright © 2011, American Water Works Association.

/30 5 O S5I) TV 2Tam
sawoy osoy) wosy dey s 1w serdures Jurpung

00sZ
09
A

173N '5[3AT] pee]

g > £l
9 06
g > 94

3303pIAcIq pI0JPag AON
<1 o1 ¢ >
81 Lt I
Ll #! ot

wwneyy yanosoquepy podadpug

7730 's[2A] pue] SdvidAY

HIPUISO0N) PUs]

uIBpy
SUTY 99TAI2G

Fmquingg 2woy pes eneg

wgAl
WL 9AIRg

Fuqueng awoH puw @00y

YO 1919 I pRIIS[[0D
ssdweg sy3ouss0od
PRO] T SAWOY 2211 WOy
sadwes yBrusaso Turpumg

sMN0LW g J0] PRSTL
23uvy2 arnpwradurn
¥ un paysnyg

Funpuwms ysay wng

neMINg 118AL PURROZ

(8161 swamare3)

1SU3UION 24) T
SHUM [ RIBASG

sinsay

Jo aatmnasarday

awnfo
uonao[oy) sdweg

josowig

AnmnsApmig

4

{(panuyjuod)
v *1qBL

T R e | o e

4-21




e S B ? | . ~
sssss z siii .,..rII: rz.tL» Gl PO PRp— I S [ [

‘payaBal sum NI2Us5003

PESL il 30MU03 _

€L ) Io3em Tuun dm je Ty
sa[duIvs 2AINIOSUGD ‘awn _

/N T3AST) peDY 98RlaAY $I2u25000) PRV o 09 Srpumis Inoy ¢ Jayy | neaIng I19wp pueiuad o 5
o [

) |

~r |

nmsay 10 sanmuossadoy swnpeA josori LyoryApmg m

ooy 2plweg

t
(panur1uoy) I
b AqeL i

|

Reprinted by permission. Copyright © 2011, American Water Works Association.

T T T



Reprinted by permission. Copyright © 2011, American Water Works Association.

{1730 57 = sFwusay ied)

Helpaauug GOl - Ot Ief - 501 ¢ - £¢ reg-1'9
sarepy de nmumrouD

(15000 3u) (1800w Bw) sun], Smpong Axq 1 (5861 s1oprvD)
3790 souvy |eav] pET) FSSUPINH fd pLIBTA Fdae] 103 11 MIO-VIIsn

FIMPAIUf L& 1! 98

(100 Jw)

He T §Z1 duy 1v Sompong TN poE|Iog

L) 14 08 nrI o6

(T1600¥y 30} ureooe) oy
IR F|RAY pRY] 28WIPAY BENIPI ] Rrd W gz 4w 10 Fuzpomg 4 "whedowgn
{o9¢ ~ &

gy oS v 9T &9

27g manovTes
(1w Jw} {1800 3w) (gMAD) .
CRIETTR] nd LG I
1790 “S|eAY] pex] 23uEsAY SNSRIV PdRISAY T e dw1 3w Suipting JIAROOTY A AT
219IpIINiY A {g°¢ o1qr ], 20%) (OIS MMY)
(Bmqumgd 1addos) "0} INAITE VIO,
“1f8N0 TE[3AT] PRI QARIDAY mouws Toa (0L dex 17 Bmipung I ULy
Arprqniog pery snmpe 0203014

[enuzog aop Lr082100)

sinesy

EIMGIIINITYYY £3URY IO

NPIL CONINIOT jdureg

Luqnnydpmeg

UONINGLIFT0O) JIINE,] 3N} JO IANBIUISIAAIY STPAY] ped] PAINSBIA]

€ 91qEY,

gy’ sy Ay N N

4-23



e BelaE o EIRD O Lo el e Ben  caied bzl dewmr renad deeese wmezcd

Reprinted by permission. Copyright © 2011, American Water Works Association.

07 9 3 LEE - 9%l 00 - 0% ¥ Of -0'8 LIE Q1S
WP O] ¥ 91| . 9Lo-Le g0f - 51T YE-CL T1E 20S
FHEPIILI2HT & 2] LTS ] 9LE - STT Y6-¢tL S0 g
~0 < £l SR -8 S - 78 1'6-18 . oL Mg
FHIRIPILL O] 1 L SEL - o0t o0 - 90t 58-£9 ToE g
“Suqumpy
PRTMANAIVEY "STFREL MIN
KA1 s[diues
N R TAl Fro3q Tt sdooT wdig
F1RIpA O] 114 78 gTT-900 90 - 9°0E F6-6'9 ’ Tot g
M7 L1 [FA g€~ 62t Fig - E5T £l -6 1€ 215
SHIpSmIa L or w-9 S0t - ST1E 98 -%L Q1g oty
Rl el | 1% ¥ Se-1 QLE - §TE FE-tL 0% Mg -
Aepouud] & . FA| rl -0t T A B A 1'6-1% $0% g o3
-
avipe o3 {1/£00vs %)
T SRR pey TRw umeS BETEETIY Rl “Fuiqun| (1 vy von(ddng
13dder) ‘moonw] sMaN 1WA, THIRT §)
‘raalea Hdwwe Aaamg ST
T g7 sserq Qi adoot adig SING WU
Ainrgnies pro] GO A 1050)018
|viuzog ot Lofnry ey SR £y T2 anpaxeld oona|ed Hdures Lnnnyfprus

(panunuod)
£-¥ JqEL




Reprinted by permission. Copyright © 2011, American Water Works Association.

e
e e

o1 - 1)

rtu2tag sof K1eSaen

nnExyg

sonsuoITary) Axjwnd) Jorem

2npasoNd uonsajtesy sidweg

awpanuao] e £ P12 [02
opdunes Tur gr[ 0Ny
7790 (A5 gE] F9BIAY nd T 058 dm v Furpuerg Aw ‘povog
Pywipaas 2 (1) e
Ll g [ 4 o0 £[ddng saanf NOL
alrIpoMIaINg L't 61 A )
LEl ] 6 9t 'L Addng raary repag
(@ 9og) P21991105 | (586¢ 1% 30 memdwegsy)
CT/E00rD 3w} opduer auogHed 1y v CIhEeg
Rd dn 1v Smping ‘W3] Piem IR
(82 -1)
at ¥ 2t z9
O H IPANODUR A
(e 3w} 116000 5} PorR]|00 {aman)
[THE T ne s[dTowe W g7t oy PENIG 1V
ady NSPAIdTICUD THIINY I ] dn 3r Suipoing JAANOITYA 1)WY
{Ruiqum)d 12ddod)
INerpantista] 9 Lobl (e (o5 MM Y)
[ ¥ 3lqu], 20¥) apdinws T QO] J9E ) ANIALIS ENTOM
78N \2AT] BT SOFIOAY o s 19 1 dwy 1 Bmpong BT BEIIOTY
it} o] 0L-09 +1 Niaromes
93y £ CR-69 9% s3puawe)
yaH 0L-09 #1 uoisog (rouqrqy ou)
PIFULI FEM (OLGT seRaerey)
AT ¢ 190 1) T/ 00%) fw) Fommued 1ae 3Bppques
1480 “[2avy pE dTeasay Ha FEIUPIEH L] e T dw v Sopumig | ofjluouneg Teortog
Angignjog pyen amjos joa0eld

Lignndpmg

suiquin]g sWIOY JO 2ATIBIUIS3IdaY S[PAY] PBYY PIINSBIIA

Pb 2qEL

aimeny

SR pomme wam ity

s Kby

4~25



Reprinted by permission. Copyright © 2011, American Water Works Association.

Liad  weeams

—_ - | - r el _rtrq_nl,il | W i e ad i mans o
mary $> o oz vor 32uaptA0L]
LEL | 9% (4] 44 ot projog manN
a3y L1 o £ <9 Ll e
Ll ¥l 3] 9 £ ginorequeiy
LE ot 81 a1 L vods¥pug
(8158 sospwrey)
(ye0ova 3 {TE00% Jw) *E'() WRITVON
A E[AT] pRT] JavIoAY F9TUPIVH Tl dwn e 2darss Surpung ) AN [RIADE
MIPOTISTO] 0T o < $8>~ 08
AEipouts3i] vy o< 08> -5L
SHIpoIMNIT 12 g < eL>-0L
2| ETpIURIMU] [ o< OL>-59
Nl vN oE< 9>
t1/€00% 3m)
750 TR pEe] STERAY iy nd
epomraT oy of > $8>-0%
213MpamNG] r'T o > o3> -¢L
SITPILIAI] vE ot > $L>-0L
931y 95 o> oL>-5y
L) t of > 9> (vmHDD5)
GOIEToOItY 138
(vt0oeD Fu) remordsy menIevney
fié w7y dw 1w Supumig Penmasy qnog
AL s o< g <
1L R IR RS L | o oE > 2 <
LSRR €1 €< -2
IHpIEUNT 8 0§ > -4 {onqryoy ou)
Suyqun|d 15ddon (0I5 MMY)
UrEo0wD 3m) Juaqvamba M s29007 001 fmeduson 90108
TR HEATY pro] oFToAY hrey Hd FEN e B dey ju Surpomig | opos 191w DvouomY
Aiqrgngos pro] snmop Tos0ard
ruag 20) 132190 sy EINEUIINED AN INTA Anpasorg voneNoe sfdureg fnnnyApmig

SUONNGLIINOY) 130N¥y pue Juqunyg 2woy] Jo SANRIUISAITIY S[IAY] PEY] PIINSBIA

S SlGelL

4-26



Reprinted by permission. Copyright © 2011, American Water Works Association.

Svipamrnu] U4 o 26 L
(17e00eD 3} (g0 ul)
ToupIEy A3 dn 1 adures Binpumg AL DT
REH 74 zt ol 9
_ (e0omo By {(Tgoow Fm) ¥§61 01 1jing #2300
I PAT] pu] F0RIAY FEAUPARY] me T dm v 3dmre Jopung HO ‘povuog|’
IR o I'r $'L LR
(17 Fu) CIre00vD dun
umies Timneny Rd My dey 1# 215w Furpong I} POOMIADD
DIV IPR IS iL 801 2.1 29 i
(12007 £9 01 7 woy)
(eoo fom)  (Jgooe) fu) patrea watun Sarpuws)
EREg = 12y 1 det 1w apdsm Surpung NV ‘exveqneg
TR [ [
Y3 2z1 2 peorgs
{18000 fuy (€861 171> swyapuioy)
Ha dv1 1% ofdmer Smpang VN ‘UoIsog
Angignjog pe ELLTLTY jo201014
wnusiog 20) Kodauy nmasy ENRLNITINGD AP INTA, . unpesag Gonzefoy Hdeg A Apms

(panunuod)
S-p S4EL

4-27



Reprinted by permission. Copyright © 2011, American Water Works Association.

8 oL-09 HFIA2I00Y
L] Oy 9¢ 08~69 Bpuqury
¥ 0L-0% B0y
{ofowgy amersdmoy (96T semarwy)
(1e0o*D 3m) ¥ Jinm paapngg) YW “atinomog
Tf8n ‘134277 pro] oFwsoay meuprvy Hd file] e D . du1 v Bowpuwyg | “aSpugme) ‘sowoqg
2 Ipouno] 9| 601 OfT £'¢ "EOUL] FOLAITN PYI] Yilw $EOTIVIO| T
{3%ueqa omyursdas) Jo) POTERY Tem
(1700w Fur) (T/e00%) o) Buiqumyd 2p1rat Jo owWR{eA PHFIINNT (L8361 V4D
T30 "apaar| pua] 28msay Aoy nupy Hd TU 005 yr de1 > 1w ojdwvs Fmponyg T "oFeamsy
| ¢ oT oy o aNIPIACEd
a3y 06 ¥Z EAl ¢t PIOpEg MIN
a3y st £ oz ey wEneys
qdy if 9 I ] qEnoloqrrely
LR S T 21 81 UL vodoSpug
(a%orys arniwrsdursy (BLET svayRIwy)
/500D Ju) t1eoD1D Jul} * fnom pogsngg) | g7y weOqUON 2 m
/3N 512427 pea] 2dnisay " EROUPIEE] wd duy 1e Roppaerg ENL (TEIALYG
TIPS 6 {¢° ¥ aqe} o028} EITAMMY)
U] 91N WO} 07 DMAEYS EOM
140 F12AY] PEITF] ATCIINY FNOWY fila i &poanp spdures Burpoyis 2, TESLSIOY
Anpgn|og pey STOTHOA [o20kIg

Tuoteg toy Ko8awn

L

ey

SAUEUNININLD AWy TNvA

SINPIBOES TOIIFFI0D 2dueg

Ammndparg

UOHRGLIIUO,) JUY] IVNAIIG PEIY JO JANBIUSAAIY S[9AY] PBY] PAINSEIA]

9-v dqe],

4-28




Reprinted by permission. Copyright © 2011, American Water Works Association.

0 o't 84 FRN0H £ FUL-SOL
;A pavIIaIUY k4| B4 ovO0H 96 PI'L - 50°L
77 ‘To Ay Hd aav
SIFIPAWING] o9 Z14 ool . .
BT e | 6 T1# noH . .
FIWEpIUST] 9% L¥ 3T00YH - .
F1¥IpII O] [ X 9 $N0H . .
SEHIPIILIT( 8 Cif sEnyH " " uswmaav|day o1 soud wonw sopdweg
£2UT] 301AT9G PYFT il THNOH L
ARIpINUFN 69 it 73P0H L9€ - 68T BUL-S0°L (Pa1sum o3 pey Fosquinid
0._._.__3 o_ﬁ_ _um FElL LY MO Jnrnjor
(1re00%y Tw) priemEe? [oom papmpd) | {0661 TN Vo)
osnoH AUy Ay HI 1Ay T 057 - dv] w Sopong HO ‘poomae0
(2861 vaa)
Moy 1> 05 06’ 11 OW "o g
PN
svm 93urgy rmwsdua ¥ aayr (1961 Y4
21tpITIITg s %] dn g1 y¢ dures Soipovig A splsasinery
: TS UNTA)) hoG-_
PO 210J3q ‘g3m1[ 3I|AIE PRI
@ 00Tes0) Sjdwne 7
‘pa1aorep ~Somyo wnvssdma (Rs1 vamd
iy 4] £y hadti1d 9yv dn 3x opdum Sojpowng VN "wouog
Anpgnpog pes] aumie A ’ 100001
e Jof Lro8ney By L b SEI RS ALy JEATH ¥y B ETL EEY anpazoad SonIIe]) Adarg Liqunydps

A R o AN sty

(panuyuod)
9-F dqEL

=29



Reprinted by permission. Copyright © 2011, American Water Works Association.

(Table 4-4) were based on samples collected imumediately after a small volume of standing
water was collected at the tap. The relative ages of the home plumbing could not be
identified, however, All of the studies listed in Table 4-5 were based on a standing 1-liter
sample at the tap, with the exception of the Massachusetts and Milwaukee data where total
volume was not given. These 1-liter samples would be representative of both the home
plumbing and the faucet. In order to evaluate the contribution of lead service lines, several
monitoring protocols were identified where samples were either indicative of the service line
or were taken directly from the service line. These studies are listed in Table 4-6. The
sampling protocols for most of these studies relied on detecting a temperature change at the
tap to determine when water from the service line should be colfected. Only the AWWSCo
sampled directly from a lead service line.

4.4.3 Matrix of Lead Levels at the Tap

In order to evaluate the contribution of lead source materials to lead levels at the tap and
to possible human ingestion of lead in drinking water, a matrix for lead ingested in drinking
water was developed. This matrix was based on assumptions for typical plumbing
characteristics, water quality characteristics (i.e., lead concentrations), and water use
patterns.

4.4.3.1 Approach

Typical Plumbing Characteristics. The typical home plumbing scenario used in this
evaluation was a single family residence with a lead gooseneck, lead service line, copper
plumbing in the home with 50:50 lead:tin solder, and a brass faucet. The typical service line
and gooseneck used in the matrix evaluation were based on the service line characteristics
gathered in Section 2.4. A total service line length of 48 feet was used to represent older,
more urban service areas. Lead goosenecks are typically 2 to 4 feet in length; therefore, a
conservative 4-foot length was assumed for the matrix.

The diameters and lengths for the home plumbing characteristics in the matrix were derived
from actual measurements of four houses in the Washington, DC area, These home
plumbing measurements consisted of the piping distance from the basement wall to just
under the kitchen sink, plus the length of piping directly under the sink to the faucet. The
measurements for length of plumbing from the basement wall to under the kitchen sink

ranged from 27 to 54 feet with diameters of 3/4 inch or 1 inch. The length of plumbing

measured directly underneath the sink ranged from 2 feet to just over 3 feet with diameters
of 1/2 inch. One home had both 3/4 inch and 1/4 inch piping underneath the sink. A
summary of the actual measurements, and the average values are displayed in Table 4-7.

The home plumbing measurements used in the matrix were based on these average
measurements.
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The typical plumbing characteristics used in the matrix evaluation are summarized below:

Major Material Typical Plumbing Characteristics
Source of Lead Diam., in. Length, ft. Vol.. L
Brass Faucet - - 0.10

Home Plumbing

Under Sink 0.50 27 0.10

Basement Wall

to under sink 0.75 41.0 3.56
TOTAL 3.66
Service Line 0.75 48.0 4.17
Gooseneck 0.75 4.0 0.35

Water Quality Characteristics. The measured lead levels for various lead material sources
listed in Tables 4-3 through 4-6 were used to estimate typical lead concentrations for three
categories of potential lead solubility. Actual standing lead levels measured for lead service
line, faucets, and home plumbing contributions were bracketed according to their
corresponding water quality characteristics, i.e., high, intermediate, and low potential
solubility. In addition, the data from several 1 liter standing samples which represent a
combination of both the faucet and the home plumbing were included in the evaluation of
individual faucet and home plumbing contributions.

Faucet and Home Plumbing Contributions. Individual faucet and home plumbing
contributions from 1-liter standing samples (from Table 4-5) were calculated by assuming
that the faucet contributed 33 percent of the lead in a one liter sample. This was the
percentage of lead determined from the AWWSCo survey 10 be contributed by the faucet.
The calculated values are shown in Table 4-8, and the ranges are summarized below:

Category for - Range of Calculated Contributigns, ug/L
Potential Solubility Faucet Home Plumbing
High 3.3-422 0.7 - 95
Intermediate 6.6 - 254 1.5 -57
Low* 16.5 37

*Note: Only one value for the Low Category.
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Table 4-8

Summary of Home Plumbing and Faucet Contribution

Calculated
Category For Potential [ Actual Average Lead Calculated Faucet Home Plumbing
Lead Solubility Levels in | Liter Contribution ** Contribution **
Sample, ug/L * {ug/L) (ug/L)
High 1 33 0.7
5.6 18.4 4.2
10 33.0 1.4
14 46.2 10.4
17 56.1 6.2
76 250.8 56.6
128 422.4 95.3
46 151.3 34.2
25 82.5 18.6
Intermediate ] 26.4 6.0
13 42.9 9.7
5 16.5 3.7
3 i6.5 37
3.4 11.2 2.5
2.4 7.9 1.8
4.0 13.2 3.0
2.3 7.6 1.7
2.1 6.9 1.6
4.4 14.5 33
2.0 6.6 1.5
35 1i5.5 26.1
77 254.1 51.3
40 132.0 29.9
Low <5 168.5 3.7

* From Table 4.5

** Assuming Faucet Contributes 33% of Lead in a | Liter Sample
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These calculated values were then used along with actual data representing faucets and
home plumbing (from Tables 4-3 and 4-4), to estimate typical lead level contributions from
these sources. The actual average lead levels from faucets in the surveys were measured
from 100~ to 125-mL standing samples at the tap. The actual home plumbing values were
measured from a standing sample collected at the tap after a small volume of water had
either been wasted or collected to determine the faucet contribution. Tables 4-9 and 4-10
contain the values used to estimate the faucet contribution and the home plumbing
contribution, respectively. These tables contain both actual average lead levels measured
from faucets and home plumbing, and the calculated fauncet and home plumbing
contributions from one liter samples. The average value for faucet and home plumbing lead
levels for each potential lead solubility category was calculated as follows:

Category for Average Value, ug/L
Potential Solubility Faucet Home Plumbing
High 1115 24.5
Intermediate 38.1 9.8
Low 239 3.7

Lead Service Line and Gooseneck. Measured lead levels from samples representative of a
lead service line (Table 4-6) were categorized according to potential lead solubility category.
These values were then averaged to arrive at an estimate of the lead levels from the service
line and the gooseneck. Table 4-11 contains the values used to estimate the lead service
line contribution. Following is a summary of the range of lead concentrations measured
from lead service lines:

Category for Range of Lead Average Lead
Potential Solubility Levels, ug/L Levels, ug/L

High 8- 121 55.6

Intermediate 5- 15 8.7

Low <1-6 35

Estimated Lead Levels for Matrix. The average values described above for each of the
major material sources of lead were used to estimate lead levels for the matrix. A final
summary of these estimated lead concentrations used in the matrix evaluation is as follows:

Category for Estimated Lead Concentrations (ug/T)

Potential Home Service

Lead Solubility Faucet Plumbing Line
High 112 25 56
Intermediate 38 10 9
Low 24 4 4
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Table 4-9

Summary of Faucet Contribution

Category for Potential Actual Caleculated Faucet Summary Stalistics
Lead Solubility Average Lead Levels* Coniribution** {ug/L)
(ug/L) (ug/L).
High 50 3.3 Avg. = 111.5
18.4 Max. = 422.4
33.0 Mip, = 3.3
46.2 Std, = 125.0
56.1 Med. = 53.1
250.8
422.4
" i51.8
82.5
Intermediate 12 26.4 Avg. = 38.i
15.4 42.9 Max, = 254.0
25 16.5 Min. = 6.6
17 16.5 Std. = 55.8
42 11.2 Med. = 16.0
10 1.9
22 13.2
T 7.6
17 6.9
16 14.5
6.6
115.5
254.1
132.0
Low 4 16.5 Avg. = 239
71 Max, = 71.0
13 Min. = 4.0
15 Std. = 23.9
Med. = 15.0

* From Table 4.3
** From Table 4.8
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Table 4-10

Summary of Home Plambing Contribution

*  From Table 4.4
*# From Table 4.8

4~36

Category for Potential Actual Cziculated Home Summary Statistics
Lead Solubility Average Lead Levels* | lumbing Contribution* {ug/L)
(ug/L) (ug/L) !
High 53 0.7 Avg. = 24.5
10 4.2 Max. = 95.3
9.5 7.4 Min. = 0.7
11.8 10.4 Std. = 26.9
6.2 Med. = 10.4 =
56.6 ‘
953
342 -
18.6 ;
E
Intermediate 5 6.0 Avg. = 9.8 i
37 9.7 Max. = 57.3
3.8 3.7 Min, = 1.6 [
2.4 37 Sud. = 14.3 i
2.5 Med, = 3.7
1.8
3.0 i
1.7
1.6
33
1.5
26.1 -
57.3 -
29.8
i
{
Low 37 Avg. = 37 !
E
_
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Table 4:11

Summary of Lead Service Line Contribution

Category for Potentiat

Average Lead Levels®

Summary  Statistics

Lead Solubility (ug/L) {ug/L})
High 1t Avg. = 35.6
37 Max. = 121.0
18 Min., = 8.0
90 Std. = 44.4
104 Med. = 37.0
i21
3
Intermediate 9.2 Avg, = 8.7
15 Max. = 15.0
5 Min, = 5.0
- 8.9 Sd. = 2.8
5.8 Med. = 4.9
9.8
8.6
9.9
6.0
Low 6.0 Avg. = 35
<1 Max. = 6.0
Min. = L0
Std. =

2.3

*

From Table 4.6
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These values were then used to calculate lead mass contributions from the typical home
plumbing scenario. Figure 4-9 displays the total mass of lead and percent of total mass
contributed by each component using these lead concentrations and plumbing characteristics.

Water Use. Two different water use scenarios were evaluated to estimate adult human
ingestion of 2 liters of drinking water from the kitchen tap. Both scenarios assumed a
continuous flow rate of 1.75 gpm at the tap. This flow rate was estimated from a range of
0.5 - 3.0 gpm. The high end of this range was arrived at by using the National Association
of Corrosion Engineers’ (NACE) recommendation that a maximum design velocity of 4 fps
(2.9 gpm) be used for Type K copper tube (commeonly used in household applications) to
prevent erosion of the pipe materials. The low end of the range was established in order
to prevent particulate matter from accumulating in pipe loop experimenis (AWWARF
1990).

The first water use scenario assumed that eight 250-mL samples would be ingested with a
10 second flush between each sample. Plug-flow was assumed in order to carry the lead
contributions from each lead component through to the outlet. This is probably not a
reasonable assumption, however, there is little information available to equate the effect of
mixing on lead levels at the tap or lead contributions from particular material sources.
Water use scenario #1 is an extremely conservative estimation which increases the impact
of the lead service line-on the total mass of lead ingested. It is highly unlikely that someone
would drink 2 liters of water, all of which has been in contact with a lead source material
overnight. This scenario is presented merely as an example of the type of analysis which can
be performed in order to estimate the amount of lead ingested in drinking water. The
contribution of various lead material sources to the total mass of lead ingested is dependent
on the water use pattern estimated (i.e, volume ingested, volume of water flushed in
between drinking water samples), the lead concentrations estimated for each material
source, and how these concentrations change due to mixing and short stagnation times in
the pipe or faucet.

The second water use scenario assumes that a 1-liter first flush standing sample at the tap
and a l-liter volume directly from the service line would be ingested. This is also an
extremely conservative assumption; however, it relates to both the sample-collection protocol
in the proposed regulation as well as the impact of removal or replacement of ali or part
of the service line, This scenario was carried through to the remainder of the lead service
line replacement benefit-to-cost analysis.

4.4.3.2 Results
A matrix for total lead ingested was completed for each of the two water use scenarios.

These matrices combined the following assumptions to arrive at total lead ingested in a
2-liter sample:
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® A typical home plumbing scenario consisting of a lead gooseneck, lead
service line, home plumbing with 50:50 lead solder, and a brass faucet.
The diameter, length, and total volume characteristics for these lead
material components were also estimated.

@ Estimated lead concentrations from each of the lead material components;
for three potential tead solubility categories.

@

Water use assumptions to arrive at the total mass of lead ingested in a two|
liter sample.

\

The matrices for water use scenatios #1 and #2 can be seen in Figures 4-10 and 4-11, f
respectively. The mass of lead contributed from the lead service line for each scenario is ™

as follows: E
Category for Potential Mass from Lead Service Line, ug
_Lead Solubility Scenarig #1 Scenario #2 .
1 High 42.5 56
I Intermediate 6.8 9 |
Low 3.0 4

These mass contributions represent a percentage of the total mass of lead ingested from all
lead sources related to drinking water, The percentages vary from 35 to 53 percent for !
water use scenario #1, and from 40 to 62 percent for water use scenario #2.

s

4.5 IMPACT OF REPLACEMENT OR REMOVAL OF LEAD SERVICE LINES AND
CONNECTIONS ON LEAD LEVELS

e

In order to evaluate replacement or removal of lead services and/or goosenecks, the matrix
for ingested lead was used to determine a theoretical percent reduction in lead. Both the
impact of removing the entire service, or a portion of the service are discussed. Actual field

data gathered both before and after lead service lines was also summarized. These results 1§
are discussed below.

PR

"4.5.1 Estimated Impact on Lead I_evgl‘s Based on Matrix

Using water use scenario #2, the total mass of lead ingested from 2 liters was estimated for
high, intermediate, and low potential lead solubility categories, respectively. Replacement
of the lead gooseneck would have no impact on lead ingested under this scenario.

Replacement or removal of the entire lead service line would however, reduce these mass |

amounts, Figure 4-12 presents the matrix for lead levels at the tap after the entire lead
service line has been removed.
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Percent reductions in total fead mass ingested for each potential lead solubility category
would be:
Reduction in Total Mass of Lead Ingested Due to
Replacement of Entire Lead Service Line

Potential Lead Total Mass Total Mass % Reduction in
Solubitity Category  Before (ug) After {ug) Total Lead Mass

High 89.7 337 62
Intermediate 21.8 12.8 41
Low 10.0 6.0 40

These reductions would be less if only a portion of the service line were removed. In order
to evaluate the impact of partial replacement, it was assumed that the percentage of service
line replaced would equal the same percentage reduction in the lead mass contributed by
the service line. Figure 4-13 displays the lead matrix assuming that 1/3 of the service line
has been replaced. Percent reductions in total lead mass ingested would be:

Reduction in Total Mass of Lead Ingested Due to
Replacement of 30% of the [ead Service Line

Total Mass
Potential Lead Total Mass  After 30% % Reduction in
Solubility Category Before (ug) Replaced (ug) Total Lead Mass
High 89.7 72.9 18.7
Intermediate 21.8 191 12.4
Low 100 - 8.8 12.0

4.5.2 Utility Experience of Partial Replacement on Lead Levels

Very little data exists on the impact of lead service line or lead gooseneck replacement on
lead levels measured at the tap. While the estimated impact of partial lead service line
replacement would be a decrease in lead levels as described above, there is the potential
for immediate, short term increases in lead concentrations. Britton and Richards observed
high lead concentrations from both first draw and random daytime samples after partial lead
pipe replacement (Britton and Richards, 1981). The lead concentrations rose to a maximum
of 4,250 ug/L after replacement, but eventually decreased to the prereplacement levels of
less than 50 ug/L. More recently, a study on partxculate lead was completed in which 8 lead
service lines were removed, placed in a pipe rig, and sampled during the stabilization period
(Hulsmann, 1990). The disturbance of the internal corrosion layer was found to have
significantly increased lead concentrations, and these higher lead levels were caused by
particulate lead. Higher lead level concentrations after lead pipe replacement or
disturbance are most likely due to both the increase in particulate lead from disturbance of
the pipe films and the corresponding surface of pipe exposed to electrochemical corrosion.
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Several utilities were contacted to determine if they had lead level measurements at the tap
before and after removal of lead materials (Table 4-12). None of the utilities listed had
collected this type of data. One east coast utility was contacted which had collected this
type of data. The Newport News Waterworks supplies water to over 350,000 customers in
an area of Virginia which encompasses three cities and major portions of two counties. In
1987, they initiated a program to repiace existing lead service lines in their system. Samples
were collected at the meter, both before and just afier the lead service was replaced, as well
as a few weeks after replacement. One of the streets in this program exhibited the following
lead level results:

Lead Levels, ug/L

Location Code Before After 2 Weeks After
7 4 88 1
10 4 16 2
11 1050 6 4
14 2 106 2
16 4 10 4
18 37 44 <1
19 2350 45 6
21 76 66 13
25 13 27 6

The utility believes the high lead levels in the *before” samples resulted from disturbance
of the passivation layer during excavation. The services were exposed prior to sampling.

In several instances, the samples collected immediately after replacement were higher than
samples taken before. Significantly lower lead levels were measured at these locations after
a two week period however. An ongoing study being completed by the U.S. EPA in
Cincinnati is currently evaluating data from seven houses in the Midwest where portions of
lead service lines were replaced (EPA Cincinnati 1990). Several service line samples were
taken both before and after a portion of the lead service line was replaced. Samples were

collected by drawing 3 consecutive 250-mL samples from the tap after flushing a calculated -

volume of water representing the home plumbing. The difference in before and after
replacement lead levels was not found to be statistically significant, however.

In summary, there is enough data available to raise this issue to a high level of concern,
especially if lead service lines nationwide are to be disturbed and partially removed.

4.6 IMPACT OF WATER TREATMENT ON LEAD LEVELS
4.6.1 Theoretical Discussion

Many systems that have elevated lead levels can significantly reduce lead levels by simply
treating the water to raise pH. A change in solubility of lead of a factor of approximately
ten from pH 6 to 7 would not be improbable, depending on the water composition. Sizeable
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Utilities Contacted for Before and After Data Related

Table 4-12

to Lead Service Line Replacement

City State
Mission Kansas
Willmar Minnesota

Falls City Nebraska
Seattle Washington
Fairmont Minnesota
Cape Girardeau Missouri
Winona Mississippi
Sait Lake City Utah
North Ogden Utah
Kenosha Wisconsin
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changes could be obtained for different combinations of solution chemistries and pH ranges
(particularly below a pH of about 8 or 8.5). The best range for lead solubility reduction
would appear to be Dissolved Inorganic Carbonate (DIC) concentration of approximately
1 to 8 mg C/L in the pH range of 8.8 to 10.

It is not possible to devise a fool-proof approach for selecting the best treatment scheme for
a given water system. There are simply too many complicated chemical and physical
interrelationships that exist and there is a lack of laboratory and field experience to
document theoretical models. Even though there are some limitations that must be
considered, Figure 4-14 is an initial suggestion of a sequence of decisions that provides
guidance for the selection of treatment alternatives. The levels of DIC and pH presented
in Figure 4-14 for decision points are approximate, and will require revision as the
understanding of lead solubility mechanisms increases. The driving philosophy behind
Figure 4-14 is that the chemical models can provide a useful qualitative guide of water
chemistry impact, but that the levels of adjustment to be made should be determined
through feedback from the specific pilot test and monitoring progrars.

The strategy outlined by Figure 4-14 starts with a division of water systems into those
containing two levels of DIC. A concentration of 2 mg C/L is chosen as an approximate
minimum value for enough DIC present to provide some pH buffering at the pipe surface
and the ability to form a protective film of basic lead carbonate. The value of 15 mg C/L
as an approximate upper limit was chosen based on what was obviously a deterioration of
protection observed in laboratory experiments.

Utilities with waters containing "too much" DIC could use pH adjustment to reduce lead
solubility, but in that case, DIC must be removed through some process such as stripping,
ion exchange, or lime softening. Conceivably, even after some DIC removal and pH
adjustment, lead solubility could still be too high. Also, the effect of the ultimate pH on the
calcium carbonate precipitation potential must be anticipated, so that softening could be
used, if mecessary, to prevent excessive scaling. For high alkalinity and probably high
hardness systems, Figure 4-14 does not include an explicit iterative loop for cycles of DIC
removal and subsequent pH adjustment. It is implicitly contained in the system reevaluation
option.

A second choice for systems with high alkalinity or limited pH adjustment latitude would
be the direct application of orthophosphate to the system. Some pH adjustment may be
necessary, and the potential for calcium orthophosphate or calcium carbonate precipitation,
especially in hot water, must be taken into account, before the orthophosphate dosing
program is initiated. Some softening might be necessary in certain hard waters. The
selection of pH 7.6 in Figure 4-14 is an estimate of what would be necessary to get the most
lead solubility reduction from orthophosphate in systems with moderate to high DIC, based
on theoretical predictions.
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Systems containing a low, but adequate level of DIC, 2 to 15 mg C/L, could choose to either
go with pH adjustment or to use orthophosphate. Orthophosphate addition can be effective
at high DIC levels and will do more to reduce lead solubility in high DIC situations than
most other water quality alterations, short of major decarbonation or pH adjustrment.
Because carbonate complexation raises lead solubility in systems with high DIC, lower lead
solubility levels generally can be obtained in the water with lower DIC. At very low DIC
levels, such as less than approximately 1 mg C/L, the optimum pH for lead orthophosphate
film formation is approximately 8. As the orthophosphate dose is increased, the optimum
pH slowly decreases, but it remains above 7 for virtually all but the highest DIC
concentrations and orthophosphate doses that would ever be encountered. Figure 4-14
presumes the addition of orthophosphate in higher concentrations at a pH of around 7.6 to
be more desirable than lower concentrations of orthophosphate dosed at a higher pH, based
on the assumption that the selection of orthophosphate addition is most likely to be made
by systems trying to avoid a pH of approximately 8 or above.

Systems containing extremely low levels of DIC would require supplementation of carbonate

through the addition of such chemicals as sodium bicarbonate or sodium carbonate.
{

4.6.2 Utility Experience with Corrosion Control

Several utilities have instituted corrosion control treatment, but few have designed,
implemented, and evaluated their programs specifically for control of leaching from lead
containing materials, Table 4-13 provides a summary of several historical treatment
programs and it contains information on programs designed to reduce tap lead levels, as
well as programs where this reduction was a beneficial side effect of general cerrosion
control. Four of these treatment programs are described in more detail below.

Seattle. WA. The Seattle Water Department (SWD) provides drinking water for
approximately 1.2 million people. The major supplies are the Cedar and Tolt Rivers from
the Cascade mountains, which are low pH, soft surface waters. After comprehensive studies
of internal corrosion in their water system were completed, SWD initiated a corrosion
treatment program. The goal of this program was to modify the characteristics of both
supplies to reduce corrosion and related aesthetic and economic problems, while
maintaining a high level of overall water quality.

Water treatment to increase the pH and alkalinity to control corrosion was initiated in 1982.
This treatment included addition of calcium oxide (1 to Z mg/L} at both the Cedar and Tolt
supply, and sodium carbonate addition (9 mg/L) on the Tolt supply. In order to measure
the effect of treatment on metals leaching, SWD established a monitoring program, the
‘Residential Water Quality Monitoring Program" or RWQM. Sampling sites were chosen
throughout their service area with an equal number from both the Cedar and Tolt supplies.
Approximately half the sites were chosen at random and half were chosen based on
customer complaints of rust stains, yellow water, and metallic taste. Overnight standing and
flushed tap samples were drawn. Results from the monitoring can be seen on Table 4-13.
Reductions in standing tap lead levels were 61 percent to 68 percent, and cadmium, copper,
and zinc levels were also reduced significantly after treatment was initiated.
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Boston, MA. Boston, Massachusetts purchases drinking water from a surface water supply
owned by the Metropolitan District Commission. Prior to 1976, treatment consisted of
chlorination and ammoniation. Chemical characteristics of the finished water prior to
distribution were approximately:

pH 5.8-6.8
Alkalinity 8 mg/L CaCO,
Hardness 12 mg/L. CaCO,

Extensive monitoring at home taps revealed that 15.4 percent of samples had lead levels
above 50 ug/L (Karalekas 1976). Boston initiated lead corrosion treatment in June 1976
with addition of zinc orthophosphate. The initial dosage was 13 mg/L which was
maintained for several weeks before it was lowered to 3.2-4.5 mg/L for the remainder of
the six month period that it was tried full scale. Lead levels during this period were almost
all above 50 ug/L and increased algal growth was observed in distribution system reservoirs.
Boston stopped this treatment when these results indicted that addition of orthophosphate
alone was ineffective in reducing tap lead levels and produced undesirable side effects.

In 1977, Boston initiated a pH adjustment program with addition of 14 mg/L sodium
hydroxide. This treatment raised the pH and alkalinity levels to 8.5 and 12 mg/L as CaCO,
respectively. Samples taken at the same home taps over a five year period indicated a
significant reduction in average lead levels after the sodium hydroxide treatment was
initiated (Karalekas 1983). Average lead levels were reduced from an untreated level of 128
ug/L to 35 ug/L after treatment. In Boston’s case, the increase in pH levels as measured
at the plant appears to be directly responsible for reducing lead concentrations at the tap.
Also, average pH levels measured at consumers’ taps demonstrated that lower pH levels
resulted in a concurrent increase in measured lead levels.

Portland, ME. The Portland Water District supplies drinking water to approximately
160,000 customers (46,000 service connections) in the Portland, Maine area. The major
water supply is Sebago Lake, which is supplemented by three well systems. In April 1984,
chemical addition of zinc orthophosphate was started, at an initial dose of 1 mg/L. Liquid
caustic was also added to raise the pH level to a 74 to 7.6 range. A maintenance dosage
of 0.3 mg/L was started in June and continued until September, 1984. The decision to stop
orthophosphate treatment was based on excessive zinc levels in wastewater sludge which
would prohibit land spreading. Although tap lead levels were not measured prior to
treatment, standing copper levels were measured at five sites several times before and after
treatment. Results indicated that treatment reduced standing copper levels by 36 percent
to 72 percent, ' :

In July, 1986, the Portland Water District began addition of caustic to raise the pH to 3.3
and again evaluated standing copper levels from the same five sites. Reductions in standing
copper levels ranged from 61 percent to 85 percent. The lead levels measured at six sites
(494 samples) after this treatment averaged 15.4 ug/L.
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Addition of zinc orthophosphate was started again in June, 1988 at an initial dose of 1 mg/L
for two months, and then a maintenance dose of 0.4 mg/L. Caustic was also added to adjust
the pH to 7.4. Of the 6 sites sampled almost daily over the next 2 month period, lead levels
increased in three of the sites and the overall average from all sites was higher than with
caustic alone. The average lead level measured was 24 ug/L. The Portland Water District
has since discontinued the zinc orthophosphate treatment since caustic treatment alone was
more effective in reducing lead levels.

Covewood Lodge, NY. Covewood Lodge is a resort in upstate New York. The resort
contains several cabins and a central lodge which are served by low pH, low alkalinity
springs as their major water supply. In 1981, a bafiled limestone contactor was placed in
one of the springs and its effectiveness in reducing corrosion was evaluated over the next
few years (Letterman 1986). The limestone contactor was a packed bed of crushed
limestone which measured 0.6 x 0.6 x 1.2 m. The entire unit was placed in the spring and
the effluent served the entire west side of the resort. The raw water passing through it
dissolves the calcium carbonate, resulting in an increase in pH, calcium ion, and alkalinity.

Twenty-three samples were taken over a two year period to evaluate the effectiveness of the
limestone contactor in reducing lead levels measured at the tap. Three cabins were involved
in the testing, one which was supplied by untreated water and two receiving water from the
contactor. Lead levels from the cabins with treated water were significantly lower than
those receiving untreated water.

In addition to the contactor, a wound fiberglass, ion-exchange type column containing
limestonre particles was used to treat water at two cabins. The lake supply was extremely
acidic (pH = 4.6) with negligible alkalinity. Use of the column caused the pH to be
increased to approximately 7.0 and lead levels at the tap were reduced by 15 percent to 42
percent.

Although both the spring and lake supplies were still relatively corrosive after treatment
with the contactor and column, there were significant reductions in lead levels measured at
the tap.

American Water Works Service Company (AWWSCo). District 230, in Davenport Iowa,

is a member district of the AWWSCo. They began corrosion control treatment in May 1988
using zine orthophosphate at an initial passivation dose of 0.3 ppm for 2 weeks, 0.6 ppm for
two more weeks, followed by a control dosage of 1.0 ppm (as phosphate). Tap samples
were collected from 9 sites both before and after treatment was initiated. Results indicated
a significant reduction in lead levels (87.5 percent) after treatment was started. Districts 340
and 130 of the AWWSCo system also evaluated lead levels both before and after zine
orthophosphate treatment and found similar percentage reductions (87.5 percent and 91
percent, respectively). o
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4.6.3 Summary

The theoretical basis for effective water treatment to reduce lead levels as well as tap water
quality data associated with various chemical treatments for corrosion control have been
summarized. Lead levels and other corrosion by-products indicate that in some cases,
substantial reductions in metal leaching can be achieved by proper adjustments to water
chemistry in water systems. It is also abundantly clear that corrosion control is an art and
not an exact science. Based on the available literature, lead level reductions have ranged
from O percent up to 95 percent or more, but a more typical range is from 35 percent up
to 75 percent. Sometimes treatments have actually increased the potential for leaching of
lead. The most common treatments used are pH and alkalinity adjustments and
orthophosphate inhibitors. Higher lead level reductions due to treatment were generally
seen in very corrosive waters, where initial lead levels were very high. In some instances,
lead levels measured were still relatively high when compared to the proposed regulatory
levels even though a large percent reduction may have been reported. Thus, white water
treatment can reduce tap lead levels significantly, it may not always reduce the levels to
meet a level of 10 to 20 ug/L in first flush samples from the tap.
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SECTION 5
LEAD SERVICE REPLACEMENT - SCHEDULING AND COST

5.1 INTRODUCTION

The national costs for implementing an accelerated mandatory lead service replacement
program have been developed based on the cost information available from the 1988
AWWA Lead Information Survey (AWWAC-LIS), this study’s utility telephone survey, and
the three case studies. This cost information has been analyzed to determine its variation
by utility system size and geographic location. Methods for water utilities to respond to a
mandatory program were evalvated and found to be dependent upon how a utility would
be able to locate the lead services within its system.

Costs for three different methods by which water systems could carry out the program were
calculated; these correspond to the three identification/location methods described in
Section 3. For each of these methods, both programmatic costs (those additional costs
incurred by the utilities to locate and schedule services for replacement) and actual
excavation and replacement costs were developed. Not surprisingly, the ability to accurately
locate lead services minimizes the number of nonlead services that would be excavated in
attempting to find all the lead services. Based upon information from our three case
studies, we have estimated the number of erroneous excavations that would be expected to
occur under each replacement method.

The implementation of the mandatory replacement program has been scheduled over four
different completion periods (10, 15, 20, and 25 years). These have been compared to
ongoing replacement practices, which are considered to be baseline conditions. The
potential for using cost-saving techniques has been evaluated, but is limited due to the
nature of lead service lines. The quantities of lead accumulated by this program have been
estimated, and there is a strong potential for cost recovery through recycling.

52 OBJECTIVES
The objectives of this task were to:

° Evaluate the baseline conditions of ongoing water utility lead service
replacement practices.

® Investigate the potential for use of innovative cost-saving replacement
technmiques. |
e Develop national costs for an accelerated mandatory lead service replacement

program. Such costs would include the additional programmatic costs
necessary for the water utility industry to identify and locate lead services and
to schedule, mobilize, and carry out the program.
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necessary for the water utility industry to identify and locate lead services and
to schedule, mobilize, and carry out the program.

. Provide cost estimates for programs to be completed over 10-, 15-, 20-, and
25-year periods.

* Compare the accelerated program to baseline conditions using 50 percent and
90 percent completion dates.

o Determine the impact of removed lead services if they are recycled, disposed
of, or stockpiled.

5.3 BASELINE CONDITIONS

The AWWACLIS of more than 1,000 water utilities nationwide provided information on the
actual replacernent of lead service lines occurring annually. Based on the information

provided by AWWA-LIS, and extrapolating to the water industry nationwide, we have -

estimated that 61,000 lead service lines are presently being replaced each year. In Section
2, we have estimated the total number of lead service lines nationally as 3,350,000, If the
present rate of replacement is maintained, a 55-year period would be required for complete
removal of lead service lines.

There are two major considerations that might significantly alter the present rate of lead
service line replacement:

. The emphasis and concern now being placed upon lead exposure and the part
that service lines may have in the total exposure will probably accelerate the
rate of replacement, even without a mandated program. In fact, many of the
water systems contacted in the case studies or in the telephone survey
indicated they are already proactively stepping up replacement efforts.

. As lead services continue to be replaced, the remaining services will be less
frequently encountered and more difficult to find.

These two factors will, to varying degrees, counteract each other; therefore, until the present

replacement rates can be tracked more closely, it would seem reasonable to consider them
as representing baseline conditions.

5.4 COST SAVING REPLACEMENT TECHNIOQUES
5.4.1 Historical Method
For years, the accepted method for replacing a service line was to excavate along the entire

length of the line, remove the old service line, and install 2 new pipe. This often meant
digging up a major portion of the roadway, and, of course, required costly roadway repair.
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To avoid this, water utilities in recent years have used two alternate methods to replace
service lines. These methods do not require extensive excavation.

54.2 Pull-Through Technigue

First, an excavation is made at each end of the service line. Typically, this is at the
corporation stop at the main, and at whatever point the utility’s ownership of the service line
ends (usually at the curb-stop). The service line is then disconnected at these two points.
Next, a new service line is connected to the old service line, and the old line is pulled out.
As the old line is removed, the new line is pulled in behind it. The new line is then
connected at both ends, and the service restored.

The success of this method depends on the type and condition of the old service line, as well
as local soil conditions. For lead service lines, a modification to the basic pull-through
technique is suggested. In this case a metal cable is first inserted through the length of the
service line and attached to the new pipe length. Then, as the cable is pulled through, it
will remove the old line, as well as pulling in the new pipe. The cable prevents problems
arising from the lead pipe breaking apart. |

5.4.3 Hydraulic Pusher Technique

In cases where the pull-through technique will not work, utilities may make use of a
hydraulic pusher. This is a device which is placed in the excavation at one end and, as its
name implies, pushes a new length of pipe through to the excavation at the other end of the
service.

5.5 COST FOR A MANDATQRY REPLACEMENT PROGRAM

The ability of water utilities to identify and locate their lead services (both service lines and
connections) will have a significant impact on the cost of implementing a mandatory
replacement program. In Section 3 the water utilities across the nation were divided into
three scenarios as to how they would be able to locate lead services to be replaced.

o The first group consisted of those systems whose information, data sources,
or knowledge of their systems and customer services would allow them to
identify and locate services by address.

2 The second group would be metered systems where, over a period of time,
likely services could be located by visual inspection at the meters. Also
included would be nonmetered systems who would choose to gain entrance
to private customer’s premises to inspect pipe material at the point-of-entry.

o The third group would be unmetered systems where, unless a system was

known not to include lead services, determination of the material of a service
line could be made only by excavation.
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The distribution of the nation’s water systems into these categories was provided in Section
3. By using the same procedures described in Section 2 to show the occurrence of lead
services nationally by state, the distribution of lead services by system size and by these
three scenarios is shown in Table 5-1 for lead service lines and lead connections. Thus,
about 17 percent of the lead services are considered located in systems categorized in
Scenario I, 55 percent in Scenario II, and 28 percent in Scenario III

5.5.1 Programmatic Costs

In the course of carrying out a mandatory lead replacement program, water utilities would
incur certain costs related to locating and identifying lead services, as well as scheduling and
mobilizing the replacement program. These costs will be dependent on the utility’s size and
its ability to locate lead services. The three scenarios for identifying lead services described
in Section 3 will be used as the basis for estimating programmatic costs.

5.5.1.1 Scenario I

Water utilities in Scenario I are considered to have good records of where lead service lines
and/or lead connections are located. Based on the three case studies as well as the
telephone survey, however, it appears that even those utilities that have data on service line
material often do not have it in a form that is easily accessed for use in a replacement
program. Also, the records may be incomplete or outdated. For this reason, a
programmatic cost has been included for these systems to produce a computerized database
of service line material by address, as well as to develop "predictive” techniques for those
addresses for which the service line material is unknown. The predictive technique would
be based on an analysis of the addresses for which the service line material is known in an
atternpt to identify factors, such as installation date, or geographic area, which would
indicate a high probability that a lead service was located at a particular address.

The cost to computerize service line records and to develop a predictive technique has been
estimated based on one of the case study utilities that has undertaken such a program. The
cost for this large (> 50,000 person) utility was approximately $300,000. The development
of the predictive technique, including a 3-month data entry effort, took approximately 9
months. Since smaller systems would have to deal with a much smaller set of data, the cost
of such a program would be significantly less. For this study, the cost for the smallest
systems was estimated at $10,000 per system. The costs for intermediate size systems were
extrapolated in a linear fashion between the $10,000 per system and $300,000 per system
figures.

Since this predictive technique could not be expected to be 100 percent accurate, utilities
in Scenario I would be likely to undertake a study to determine the validity of the technique.
Thus, a programmatic cost has been added for Scenario T systems for such a verification
program. The cost of such a program was again based on the experience of the case study
utility, who carried out 120 test excavations, and was estimated at $60,000 per system for
large utilities. This cost is primarily the cost of the test excavations to verify the validity of
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the predictive technique. The cost for a verification program for smaller utilities would be
significantly less. It has been estimated at $5,000 per system for the smallest utilities, with
intermediate size utilities estimated between the $5,000 per system and $60,000 per system
figures.

The final programmatic cost for Scenario I systems was to re-evaluate the predictive
technique based on the results of the verification program, and to develop a cost-effective
service replacement schedule. Utilities of all sizes would be required to take this step with
slight differences in cost based on system size. The costs for this re-evaluation and
scheduling step are primarily staff labor and bid preparation and ranged from $2,500 per
system for the small utilities to $10,000 per system for the largest systems.

5.5.1.2 Scenario II

Water utilities which fall under Scenario H would rely on meter readers to identify lead
services. Since this should involve little or no extra work on the part of the meter reader,
the only programmatic costs to be incurred by these systems are the data eniry of the
information collected into a computer database and the scheduling of replacements. There
would be no verification program necessary as there is with the Scenario I systems.

The data entry work can be expected to be spread over an entire year, at least, as the meter
readers make their way through the system. The cost will differ with system size, ranging
from $3,500 per system for small systems to $5,000 for the largest utilities, based upon the
amount of data that needs to be processed.

The cost of scheduling will also vary with system size. The cost of scheduling lead
replacement was estimated at $1,250 for small systems and at $5,000 for large systems.

5.5.1.3 Scenario 111

Programmatic costs for water utilities in Scenario Il are minimal. These utilities are not
metered and have no way of identifying the locations of lead services without excavation.
Therefore, the only programmatic cost considered is the scheduling of excavations. The
same costs were used as for the Scenario II systems.

The per system programmatic costs were then multiplied by the number of systems in each -

scemario to get a total programmatic cost for the mandatory lead replacement program.
Table 5-2 summarizes these costs by system size and replacement scenario.

5.5.2 Replacement Costs

Three sources of information were used to develop the costs applicable for replacing
services:
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o The AWWA-LIS questioned utilities on the cost of replacing service lines. At
this time, the question of jurisdiction was not brought out and the survey
represents the cost of replacing service lines in general rather than specifically
representing the utility’s portion of the service line (which is typically under
the street surface and thus more expensive to replace).

® The second source was the telephone survey conducted by this study. Because
we are specifically dealing with the potential of a mandatory replacement
program requiring the utility to replace the portion of the service under its
jurisdiction, we specifically directed our questions to those costs.

° The third source of data was the three case study utilities with whom we
discussed at length factors affecting replacement costs.

The AWWA-LIS provided the most substantive volume of information as it included over
1,000 systems. It was analyzed to determine whether replacement costs varied significantly
by system size or geographic location. There was a consistent difference between
replacement costs when examined by systems of population below and above 10,000. This
pattern did not change by using more population categories. Table 5-3 shows the
replacement costs by size of the systems reporting. All costs are reported in 1990 dollars,
using ENR cost indices to account for annual inflation between 1988 and 1990.

Table 5-3

Replacement Costs by System Size

Replacement Average Replacement
System Cost System. Cost
B Size ($/f0) ‘ Size ($/1t)
< =3,300 33.66
, < 10,000 $33.51
3,301 - 10,000 33.44
10,001 - 50,000 44,70
>10,000 $42.61
>50,000 40.43

As expected, the telephone survey, which specifically related to the utility’s portion of the
service line, and thus would generally relate to that portion of the service lines under the
street surface, resulted in higher per foot costs than those in Table 5-3. The phone survey
data, primarily in the >10,000 population category, yielded costs of $61.85 per foot from
those systems with jurisdiction to the curb-stop or curb-line. Assuming nationwide a typical
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service line of 60 feet (between the 48 feet urban and 73 feet suburban reported in Section
1), and a utility jurisdiction tength of 20 feet (between the 25 feet suburban and 13 feet
urban mid-street to curb reported in Section 1), the cost per foot for service line
replacement is shown in Table 5-4.

Table 5-4

Replacement Costs by Jurisdiction

Overall Main to Curb to
System Cost Curb Cost House Cost
Size (§/ft)* ($/ft) ($/ft)
< 10,000 3351 48.64 25.95
> 10,000 42.61 61.85 32.99

*Frbm Table 5-3.

Except for the far-western states where lead services occur infrequently, there was no
discernible pattern of replacement costs. Cost data for EPA Regions IX and X show lower
replacement costs than for other parts of the country; however, as shown in Section 2, very
few lead services occur in these regions. Therefore, no geographical variation was used in
the cost analysis.

5.5.3 National Costs

Based on the distribution of lead services presented in Table 5-1, the programmatic costs
described in Subsection 5.5.1, and the replacement costs in Table 5-4, the national costs by
replacement scenarios can be developed. These costs for the three scenarios are presented
in Tables 5-5 through 5-7.

5.5.4 Schedule of Reglacem_ent

The previous estimates of lead services replacement are based upon 1990 costs and do not
reflect the time necessary to implement replacement. The actual implementation of a
mandatory replacement program will occur over a significant period of time, and in the case
of the first two scenarios will require completion of the identification/location portions of
the program before replacement can begin. The actual costs related to the benefit-to-cost
analysis are also the difference between the accelerated replacement program and the
normal "baseline” replacement. For purposes of evaluating the impact of the replacement
program over time and to compare it to the ongoing baseline replacement effort, the
replacement costs are presented for 10-, 15-, 20-, and 25-year periods. -

Figure 5-1 presents the total costs of the previously described accelerated replacement
program over the four completion periods with the normal baseline replacement subtracted
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out, They range from $5.1 bi)lion for the 10-year accelerated program to $3.4 billion for the
25-year program. These costs are based upon a 5% annual inflation rate and a 10%
discount rate over these periods. A year-by-year comparison of the annualized costs and the
adjustment for baseline conditions for the four completion periods are shown in Tables B-1
through B-4 in Appendix B.

5.5.5 Comparison of Mandatorv Program to Baseline

Table 5-8 compares the four different mandatory replacement programs to the present
baseline replacement at 50% and 90% completion.

Table 5-8

Comparison of Mandatory Program to Baseline

Program 50% Completion 90% Completion
10-Year Mandatory 5.5 Years 9.1 Years
15-Year Mandatory 8.0 Years 13.6 Years
20-Year Mandatory 10.5 Years 18.1 Years
25-Year Mandatory 13.0 Years 22.6 Years
Baseline 27.5 Years 49.5 Years

5.5.6 Costs Including Lead Service Recycling

Under RCRA (Resource Conservation and Recovery Act) regulations, the cost of operating
an ultimate disposal site for metals wastes has risen sharply, and the number of sites
available has been decreasing. As a result, pressure to reduce unproductive consumption
and discharge of heavy metals has increased dramatically.

By design, these factors have created a strong economic incentive for conservation and
recovery, and recent federal legislation has further increased the urgency of the situation.
A bill signed into law on November 1984 increased the pressure on avoidance of land
disposal of wastes categorized as hazardous, including metals. This legislation is expected
to escalate costs for disposal of metals, and it is likely that a steady reduction in the quantity
of residuals generated for ultimate disposal will be required.

There are essentially three approaches which can be taken to evaluate the recovery potential
of a metal such as lead:

o Straightforward economics is best illustrated by existing plants with recycling
and recovery systems in operation.
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o The United States Bureau of Mines has provided a list of Secondary Lead
Smelters in the United States.

® The Pennsylvania Department of Environmental Resources supplied 2 list of
smail alloyers, battery recyclers, and lead smelters around the country.

According to the U.S. Bureau of Mines, primary lead is produced in very few countries in
the world, the largest producers being the United States and Morocco, In this country, most
of the available lead is obtained from recycling. Large smelters produce 35% of the
available lead from battery recycling with the total capacity of the industry being
approximately 900,000 metric tons per year. Small size smelters produce 28% of the
available lead from scrap recycling, with a total capacity of 30,000 tons per year.

The world-wide market prices for lead fluctuate between 10 to 25 cents per 1b. Three
battery manufacturers and smelters were contacted for prices they currently pay for lead as
a raw material, their plant capacity to recycle, and the general procedures they implement
when buying lead. One of them, Exide Corporation, is, in fact, the largest lead acid battery
manufacturer in the world, with three manufacturing plants in the states of Pennsylvania,
Texas, and Indiana. They recycle nearly 100% of the lead they buy and have an
approximate total capacity of 170,000 metric tons per year. The prices they pay for lead
vary between 10 and 30 cents per 1b. Their only requirement to accept the raw material is
that the pipe length should be less than 40 feet and in batches of up to 5,000 Ibs. They
predict their maximum capacity could go up to 1,000 tons per day.

Figure 5-2 presents the total costs of the four replacernent programs (10-, 15-, 20-, and 25-
year) including a reduction due to the salvage value of lead. The salvage value of the lead
service lines and goosenecks was calculated using a value of 10 cents per tb. The low end
of the price range was used conservatively and to account for any costs incurred in
transporting the lead. The quantities of lead generated by the lead replacement program
appear to be such that they can be absorbed into the recycle market. These costs range
from §5.1 billion for a 10-year accelerated replacement program to $3.4 billion for a 25-year
program. A year-by-year comparison of the annualized costs, adjusted for salvage value and
baseline conditions for the four completion periods, is shown in Tables B-5 through B-8 in
Appendix B. - '

The previous analysis has considered the replacement of those lead services under the
jurisdiction of the water utilities. For comparative purposes, the cost of total lead service
replacement, regardless of jurisdiction, can be estimated. This would involve considering
the costs in Table 5-4 and applying them over the entire length of the service line. The
estimated cost of the equivalent 10-year total replacement program would be $14.1 biilion
and for the 25-year program would be $10.0 billion. This represents a total replacement
cost of between 2.8 to 2.9 times the evaluated jurisdictional replacement program.
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SECTION 6
BENEFITS ANALYSIS

6.1 INTRODUCTION

The health benefits of the replacement of the lead services impacted by the accelerated
mandatory replacement program will be evaluated and compared to the costs of
implementing the program. In making this comparison, the approach to determining
benefits will be to assume maximum benefits. This will be done by assuming those people
benefiting from replacement will have previously been receiving the maximum possible
exposure to lead from drinking water in contact with lead services,

For this purpose, for homes having lead services we have assumed a two liter daily
consumption of water for adults, one liter of which is from a first draw of water and the
second liter has been in overnight contact with lead services. It is extremely unlikely that
any individoal will ever take in water in this manner but it represents a worst possible case
lead exposure from drinking water. It will be further assumed that the liter of water in
contact with the lead service line will have a 10 ug/L lead concentration. This was
determined as the intermediate contribution from service lines (see Section 4), A child’s
consumption will be one-half that of an adult, also assumed to be 50 percent first draw and
50 percent in contact with lead services. Thus an adult’s consumption of lead from drinking
water in contact with lead services will be 10 ug/day and a child’s will be 5 ug/day.

Based upon the occurrence and jurisdiction data presented in Section 1, 70 percent of water
systems are responsible for partial jurisdiction (usually main-to-curb and about 30 percent
of the service line); 20 percent have no jurisdiction over the service line; 9.2 percent are
responsible only for the service connection; and 1 percent are responsible for the complete
service line. Based upon this breakdown, and assuming 100 percent compliance with a
mandatory replacement program for services under the utility’s jurisdiction, about 22.5
percent of the lead service in place would be removed. Optimistically using a 25 percent
removal, this would mean that the replacement program would reduce the consumption of
an adult exposed to lead from a lead service line by 2.5 ug per day and that of a child by
1.25 ug per day. It is the benefits of this lead consumption reduction that will be evaluated
and compared to the costs of the mandatory replacement program.

6.2 OBJECTIVE

The objectives of this task are to:

Review available lead exposure health effects studies.

Perform an independent analysis of health benefits.

Evaluate increases in health risk due to different sources of lead.
Quantify the impact on health of replacing portions of lead services.

P @ 3 b
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¢ Calculate reduced lead exposure in relation to reduced risk.

6.3 HEALTH IMPACTS OF LEAD EXPOSURE

The purpose of this subsection is to briefly review the available literature on the health
effects of lead.

The Agency for Toxic Substances and Disease Registry (ATSDR) has made available a draft
version of its Toxicological Profile for Lead which provides a comprehensive examination
of the toxicologic information available for lead. Included are discussions of the sources of
fead in the environment, the potential for human exposure, and the health effects associated
with short- and long-term exposure to lead, as well as epidemiologic evaluations that allow
for a determination of the levels of significant exposure to lead. In addition, this document
presents overviews of the physical-chemical properties, the production, use, and disposal of
jead and lead compounds, and the fate of these compounds on release to the environment.
Finally, an update of the regulatory status of lead is presented, including current and
proposed maximum permissible levels of lead in air and drinking water.

6.3.1 Lead Poisoning in Children

This subsection provides an overview of the ATSDRs The Nature and Extent of Lead
Poisoning in Children in the United States: A Report 10 Congress. This document is an
extensive review of the sources of lead exposure, the numbers of individuals involved and
the extent to which they are exposed, and recommendations for reducing this exposure.

Childhood lead poisoning is still recognized as a significant health problem in the United
States, and as a health problem that is preventable. During early childhood development,
the central nervous system is especially vulnerable to lead exposure. Severe levels of
exposure to lead have produced coma, convulsions, and even death, in children while lesser
exposures have been found to produce delayed cogpitive development, reduced IQ scores,
and impaired hearing. Exposure to lead can also produce toxic effects in the kidneys, and
may affect heme synthesis in red blood cells, and the regulation of vitamin D.

Exposure to lead is uniquély characterized in that most often it is expressed in terms of the
internal concentrations produced by external (environmental) exposure. A number of
formulae have been developed to equate the level of environmental lead exposure to the
internal concentration potentially produced. These internal levels are commonly expressed
as micrograms of lead per deciliter of blood (ug/dL). Significant levels of exposure have
been determined for a wide range of health effects. In 1985, the Centers for Disease
Control considered 25 ug/dL (with a concurrent elevation in erythrocyte protoporphyrin)
to be the level of early toxicity. In 1986, the World Health Organization identified 20 ug/dL
as the maximum acceptable limit, and the U.S. EPA determined that 10 to 15 ug/dL may
be associated with the onset of adverse health effects.
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It is estimated that 1.5 million black and white children in Standard Metropolitan Statistical
Areas (SMSAs) of greater than 1 million residents are exposed to lead levels producing
blood-lead concentrations above 15 ug/dL. In SMSAs of less than 1 million residents, it is
estimated that 888,000 black and white children are exposed to lead levels producing blood-
lead concentrations above 15 ug/dL. This suggests that a total of approximately 2.4 million
(or 17 percent) of black and white metropolitan children may be exposed to dangerous
levels of lead. If the entire U.S. population, including all racial and geographical categories,
is considered, the estimated number of children at risk from lead exposure is between 3 and
4 miliion. Furthermore, approximately 717,000 children (5.2 percent) in metropolitan areas
are exposed to lead concentrations above 20 ug/dL and 197,000 (1.4 percent) to levels
greater than 25 ug/dL. Some segments of the population, such as inner-city or low-income
individuals, may have much higher percentages of childrea with dangerous levels of lead.
These percentages may be overestimated due to omission of declines in lead levels in food.
Underestimation is also possible because of the exclusion of the nonmetropolitan fraction
of the U.S. population and the omission of Hispanic and Asiatic population segments.

All racial and economic segments of the population are at nsk of exposure to dangerous
levels of lead. Underprivileged inner-city children, however, continue to show the greatest
prevalence of elevated lead levels.

1980 census data indicates that at least 50 percent of children live in housing built before
1950. This suggests that more than half the child population may be at a significantly
increased risk due to paint with high levels of lead, The percentage of these children with
lead exposures sufficient to cause adverse health effects, however, could not be estimated.
In a survey of lead screening programs, it was found that 1.5 percent (11,739 of 785,285) of
children screened in 1985 showed signs of lead toxicity.

The six major sources of lead exposure are: paint, gasoline, stationary sources such as
smelters, dust and soil, food, and drinking water. As the ATSDR document suggests, "The
total numbers of children estimated for each source and category are not comparable and
cannot be used to rank the severity of the lead problem by source of exposure in a precise,

quantitative way." (ATSDR, The Nature and Extent of Lead Poisoning in Children in the
Upited_States: A Report to Congress). The following figures were taken from this

document,

SQURCE-SPECIFIC ESTIMATES - NUMBER OF CHILDREN EXPOSED

Nymber
Paint (potentially exposed children under 7 years old)
- all housing with some lead in paint 12 million
- oldest housing (higher lead content) 5.9 million
- oldest housing with deteriorated paint 1.8 to 2.0 mullion
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- children with paint-lead exposure high
enough to raise their blood-lead
ievel above 15 ug/dL

Gascline

- children under 7 years old potentially
exposed to lead from gasoline at some level

- actual exposure to lead from gasoline
projected for 1987; children up to 13
years old at blood-lead levels above 15 ug/dL

Stationary Sources (smelters, etc...)

- potentially exposed 1o stationary U.S. sources

- actually exposed to lead emissions from
primary and secondary smelters

Dust and Soil

- potentially exposed to lead in dust and soil
(derived from primary contributors to lead in
dust and soil; i.e.. paint-lead and atmospheric
lead fallout)

Drinking Water

Potential — because of lead in old residential plumbing:

®  children under S years old
@  children 5 to 13 years old

-- because of lead in new residences (less than 2 years old):

@ children under 5 years old
®  children 5 to 13 years old

Actual - because of drinking water lead levels that are
greater than 20 ug/Liter

- children under 6 years old with blood-lead levels
above 15 ug/dL due to elevated lead in drinking

water

1.2 million

5.6 million

1.6 million

230,000

approximately -
13,000 5-

5.9 to 11.7 million

1.8 miltion
3.0 million

0.7 million
1.1 million

3.8 million

241,000 1
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@  with blood-lead levels above 50 ug/dL 100
@  with blood-lead levels of 30 to 50 ug/dL 11,000
@ with blood-lead levels of 15 to 30 ug/dL 230,000

- most children under 6 years old are potentially
exposed to lead in food at some level.

- children actually exposed to enough lead in food
to raise blood levels to an early toxicity risk
level 1 million

MAJOR HEALTH EFFECTS - SIGNIFICANT EXPOSURE LEVELS

¢  Central nervous system invotvement, coma,
convulsions, mental retardation, seizures,

death .80 ug/dL
®  Peripheral neuropathy, frank anemia 40 to 80 ug/dL
® Delayed cognitive development, reduced IQ
scores, impaired hearing 40 ug/dL
o  Deficits in IQ scores ' <25 ug/dL
o  Effects on one test of intelligence <10 ug/dL

¢ Impacts on heme biosynthesis and Vitamin D
and calcium metabolism 15 to 20 ug/dL

® Increased severity of effects on heme synthesis
reduced hemoglobin production 40 ug/dL

e Neurobehavioral and growth deficits at prenatal
(maternal) exposure levels of 10 to 15 ug/dL

LEAD EXPOSURE - IMPORTANT CONSIDERATIONS
® Lead in paint, dust, and soil will be major problems into the foreseeable future.

® Leaded paint is of particular concern due to the historical and potential severity
of the poisoning from this source,

e Iead levels in dust and soil result from past and present inputs and can
contrlbute to child body burden.
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o Paint and dust/soil are special problems of poor housing and poor
neighborhoods.

®  More emphasis should be placed on lead sources away from home, i.e, paint,
dust, soil, drinking water in schools, kindergartens.

® Lead in drinking water is significant due to pervasiveness and relative toxicity
risk, but not as intense as paint and dust/soil lead.

®  Phasing down gasoline lead has reduced numbers of children affected as well
as deposit rates to soil and dust.

® ILead in food recently has been significantly reduced.

Young children are considered to be the segment of the population at the greatest risk of
being exposed to dangerous levels of lead. They also are extremely vulnerable to the
adverse effects of lead during early development. The developing fetus also is at risk from
excessive maternal exposure because of placental transfer of lead. Due to the potential
exposure of children to high levels of lead from many sources and the highly vulnerable
period of early development, the long-term consequences for public health of unabated
exposure to lead has been focused on children.

METHODS FOR REDUCING CHILDREN'S EXPOSURE TO LEAD

Primary Abatement

- reduction or elimination of the entrance of lead into pathways by which people
are exposed.

Secondary Abatement

- reduction or elimination of lead after it has already entered the environment
or humans.

Biological Approaches
- include methods such as improving nutrition,

- may be included in both types of abatement.

Extra-Environmental Approaches

- legal action, etc....
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ABATEMENT: IMPORTANT PQINTS

e EPA’s phasedown of lead in gasoline has been quite effective.

e From 1975 to 1984, U.S. gasoline lead consumption decreased 73 percent and
estimated lead levels in ambient air showed a similar decrease.

¢  The reduction of lead in drinking water is necessary in public facilities as well
as in homes.

® Leaded paint in housing is still an enormous problerm.

®  Dust and soil are still sources of potentially significant exposure; abatement of
these sources has not been effective.

e  Screening of children has been shown to be an effective method of reducing
lead toxicity; however, screening programs for children at high risk need better
organization to be more effective.

® Programs for improving nutrition play an important role in reducing lead
toxicity, but are no substitute for reducing environmental lead.

©  Legal action has not been shown to be an effective method of reducing lead
toxicity because of lack of enforcement.

® The most effective methods for reducing environmental lead (removal from
food and gasoline) have already been used.

e  Considerable effort will be necessary to remove the huge amounts of lead
remaining in residential and public buildings.

In summary, this document provides a detailed review of the available information
concerning the health effects of tead in children. It indicates that lead in drinking water can
be a significant route of exposure in children in terms of its pervasiveness, but suggests that
exposure from dust and soil is a more serious problem in terms of its intensity.

632 Reducing Lead in Drinking Water

The EPA presents an extensive review of the effects of lead in drinking water in its report,
Reducing ead in Drinking Water: A Bepefit Analysis. We have used this report as a
guide in our evaluation of the benefits produced by the proposed mandatory replacement
program. It is important to note that this report has been used as a methodology developed
by and acceptable to EPA even though AWWA and the water industry have questioned
some of its findings. Its use in this study does not imply any endorsement of its findings by
AWWA, EES, or WESTON, :
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This document discusses the levels of lead commonly present in drinking water, the
potentially increased lead concentrations in the blood associated with lead in drinking water,
and the health effects due to these increased blood lead levels. Also provided, is a cost-
benefit analysis for the reduction of lead in drinking water from the currently acceptable
level of 50 ug/L. to 20 ug/L. Benefits of reducing lead levels in drinking water are
examined in terms of both the numbers of individuals benefiting from the reduction and the
potential savings due to reduced medical costs.

Blood lead levels as low as 10 ug/dL have been found to cause slight toxicity in children,
including effects on heme synthesis and paossibte attentional IQ deficits. No threshold level
has been found for the elevation of ALA or stature effects in children. Blood lead levels
(PbB) as low as 7 ug/dL have been associated with hypertension in adults.

Results of Reducing Lead in Drinking Water

The following formulae, adapted from the document described above, were used to predict
the decrease in blood lead levels that could be expected to result from a reduction of lead
in drinking water from 50 to 20 ug/L.

Children
ug/dL

PbB (ug/dL) = 0.16 x intake of lead from water (ug/day)
ug/day

o  Assuming child drinks 1 liter per day at the proposed 20 ug/liter:
20 ug/L x 1 liter/day = 20 ug/day

ug/dL '
- (20 ug/day) 0.16 = 3.2 ug/dL blood
ug/day

. Adult

ug/dL

PbB (ug/dL) = 0.06 x intake of lead from water (ug/day)

ug/day
® - Assuming adult drinks 2 liters per day at proposed 20 ug/liter
20_ug/L x\-2 li-ters/dlay = 40 ug/day :
-  ug/dL

(40.ug/day) 0.06 _ = 2.4 ug/dL blood
ug/day ' '
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For children, a reduction of lead levels in drinking water from 50 ug/L to 20 ug/L could
potentially reduce the contribution of lead from drinking water by much as 4.8 ug/dL (from
8.0 to 3.2 ug/dL). Im adults, reduction of lead levels in drinking water from S0 ug/L to 20
ug/L could potentially reduce the contribution of tead from this source by as much as 3.6
ug/dL (from 6 to 2.4 ug/dL).

In estimating the numbers of individuals benefiting from this reduction, the following figures

should be considered:
e 219 million people of 241 million U.S. population are served by community
water systerns.
e 42 million of these people are potentially exposed to drinking water exceeding
20 ug/L.
Children
- requiring medical treatment 29,000
- having IQ loss 241,000
- 1 to 2 IQ point loss 230,000
- 4 IQ points loss 11,000
- 5 IQ points loss 100
- requiring compensatory education 29,000
at risk of stature decrement 82,000
- at risk of hematological effects 82,400
- fetuses at.risk of prenatal exposire 680,000
Adults
- cases of hyperteﬁsion 130,000
- heart attacks 240 -
- strokes 80
- deaths 240
- pregnant women (posing risk to fetuses) 680,000
health benefits

Children’s

reduced medical costs . $27.6 million
reduced costs of cognitive damage :
Method 1 - compensatory education  § 81.2 million

Method 2 - decreased future earnings $268.1 milion = .
Method 1 C . . $1088 million
Method 2 $295.7 million
6-9
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Adult health benefits (males only)
- reduced hypertension savings $ 32.5 million
(males, aged 40-59)

- savings from fewer heart attacks $ 15.6 million
(white males, aged 40-59)

- savings from fewer strokes $ 3.8 million
(white males, aged 40-59)

- savings from fewer deaths $240.0 million
(white males, aged 40-59)

TOTAL: $291.9 million
In summary, this report examines the benefits of reducing lead in drinking water, including

health benefits and reduced medical costs. Lead in drinking water at concentrations greater
than 20 ug/L can potentially affect 42 million Americans.

6.4 SOURCES OF LEAD EXPOSURE

There are numerous sources of lead in the environment, and a number of pathways of lead
exposure in man. Figure 6-1 (adapted from EPAs Air Quality Criteria for Lead, vol. 2,
1986) indicates that exposure to lead from drinking water is only one of at least five
pathways of lead exposure. Other significant pathways are inhaled air, dust, soil, and food.
Figure 6-1 also illustrates how several sources can contribute to lead in drinking water.
These sources include fallout of atmospheric lead (from industrial and auto emissions) which
directly or indirectly enters the drinking water supply, and lead in soil, which may or may
not be of natural origin, as well as lead in plumbing (including solder joints and service
lines). It is suggested in other words, that drinking water is responsible for only a fraction
of the total lead exposure from all sources, and that lead service lines are responsible for
only a fraction of the lead found in drinking water.

Table 6-1 (adapted from EPAs Air Ouality Criteria for Lead, vol. 2, 1986) shows the daily
intake of lead from all sources as a national average.

It is estimated that, nationally, the average 2-year-old child consumes 46.5 ug of lead per day
from all sources. Total daily lead intake is estimated at 50.7 ug for adult males and 37.5 ug
for adult females (ages 25 to 30 years). Table 6-1 indicates that most of the lead consumed
nationally (49% for children, 82% for men, and 77% for women) comes from food and
beverages (excluding drinking water). In children, exposure to lead from dust is also very
significant. It is estimated that, nationally, drinking water contributes only 2.1 ug of lead per
day (4.5% of total lead intake) in children, 3.6 ug per day (7.1%) in adult males, and 3.0 ug
per day (8.0%) in adult females. -
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Table 6-1

Daily Lead Intake From All Sources Before and After Reduction
Program - National Averages (ug/day)

Child Adult Male Adult Female
Source of Exposure (2 yrs.) (25-30 yrs.) (25-30 yrs.)
Before Reduction Program
Inhaled Air 0.5 1.0 1.0
Dust 21.0 4.5 4.5
Food and Beverages 22.9 41.6 29.0
Drinking Water* 2.1 3.6 3.0
Total Intake 46.5 50.7 375
After Reduction Program
Inhaled Air 0.5 1.0 1.0
Dust : 21.0 4.5 4.5
Food and Beverages 229 - 41.6 29.0
Drinking Water* 2.1 35 2.9
Total Intake 46.5 50.6 374

*Includes coffee, tea, powdered drink.

Source: Adapted from EPA’s Air Quality Criteria for Lead, Vol. 2, 1986.
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For the population segment exposed to additional lead from service lines (Table 6-2), a
greater proportion of daily lead intake may be attributed to drinking water. In adults,
drinking water consumption is estimated to be 2 liters per day. In children, daily
consumption is about 1 liter. It has been assumed under a worst possible exposure basis
that about half of the daily lead intake from drinking water comes from the lead service
line, and that this portion has a concentration of 10 ug/liter.

For adults, this suggests that 1 liter per day (half the daily consumption) will contain 10 ug
of lead. In other words, the service line contributes 10 ug of lead per day to the total daily
intake in adults. For children, this suggests that 1/2 liter per day (half the daily
consumption) will contain 5 ug of lead, which means the service line contributes S ug of lead
per day to the average child,

Thus, it is conservatively estimated that in a worst case situation, the lead service line would
contribute 10 ug/day for aduits and 5 ug/day for children, in addition to the lead intake
from other sources. In children, this would amount to 7.1 ug/day from drinking water or
13.8 percent of the total lead consumed from all sources prior to the proposed reduction
program. In adult males (ages 25-30) prior to the reduction of lead services, this would
amount to 13.6 ug/day from drinking water, or 22.4 percent of the total lead intake. In
adult females aged 25-30, drinking water would contribute 13.0 ug/day, or 27.4 percent of
all lead consumed daily. The proposed accelerated mandatory replacement program would
eliminate approximately 25 percent of the daily lead intake due to the service line. In
children, this would amount to a reduction of 1.25 ug/day or 2.4 percent of total daily
consumption. In adults, the program could reduce daily lead intake by 2.5 ug/day (4.1
percent in males, and 5.3 percent in females).

6.5 BENEFITS OF MANDATORY REPLACEMENT PROGRAM

We have estimated that 3.3 miltion residences with lead service lines will be affected under
the proposed reduction program. With an estimated 3 persons per residence, a total of 9.9
million persons will potentially benefit from the removal of 25 percent of their service lines.

This 25 percent reduction of the lead service lines translates into a 2.5 ug/day reduction of
lead intake in adults, and a '1.25 ug/day reduction of lead intake in children. These
reductions are estimates for the population of 9.9 million persons potentially affected by the
proposed program. Since these calculations reflect benefits in a small portion of the total
U.S. population, and most information available on lead exposure is for the total population,
it would be of interest here to relate these effects to benefits on a national average. If
figures are adjusted to reflect effects on the national population of approximately 240
million, reductions in lead intake would be estimated at (.10 ug/day for adults, and 0.05
ug/day for children.
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Table 6-2

Daily Lead Intake From All Sources Before and After Reduction
Program - Population Exposed to Lead from Service Lines (ug/day)

Child Adult Male Adult Femnale
Source of Exposure (2 yrs.) (25-30 yrs.) (25-30 yrs.)
Before Reduction Program
Inhaled Air 0.5 1.0 1.0
Dust 21.0 4.5 4.5 .
Food and Beverages 22.9 41.6 29.0 i
Drinking Water* 2.1 3.6 3.0 e
Lead Service Line 5.0 10.0 10.0 ,
Total Intake 515 60.7 475
After Reduction Program
Inhaled Air 0.5 1.0 1.0 2
Dust 21.0 45 - 4.5
Food and Beverages 22.9 41.6 29.0 :
Drinking Water* 2.1 3.6 3.0
Lead Service Line 3.8 75 75
Total Intake 50.3 582 45.0

*Includes coffee, tea, powdered drink,

Source: Adaptf_:d from EPA’s Air Quality Criteria for Lead. Vol. 2, 1986.
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6.5.1 Health Benefits

Since health effects of lead can be related to the lead concentrations found in the blood, it
is necessary to know what reductions in blood lead levels could be expected under the
proposed program.

In children, this reduction in lead intake (national average) could potentially reduce blood
lead levels by 0.008 ug/dL (PbB = 0.16 x 0.05 ug/day). In adults, the reduced daily intake
(national average) could reduce blood lead levels by 0.006 ug/dL (PbB = 0.06 x 0.1 ug/day).
It is unlikely that such small reduction in blood lead concentrations would have any
observable effects on health.

For the population of 9.9 million affected by the proposed service line removal, effects on
blood lead levels would be more significant. In children, a reduction of 1.25 ug lead per day
could reduce blood lead levels by 0.2 ug/dL. In aduits, a reduction of 2.5 ug/day could
reduce lead levels in blood by 0.15 ug/dL. Based on the health effects seen with significant
blood lead concentrations (Subsection 6.3.1) and the fact that blood level reductions under
this program would be at most 0.2 ug/dL (in children), only- minimal and probably
unobservable health benefits could be expected. Also, based on the fact that lead exposure
from other sources responsible for a greater percentage of total lead intake would go on
unabated, the benefits of removing the fraction due to drinking water could be expected to
be minimal at best.

6.5.2 Monetary Benefits

The benefits of the proposed reduction program are presented monetarily in Table 6-3.
These benefits are based on reduced short- and long-term medical costs, due to reduced
levels of lead in the blood which are brought about by a reduction of lead levels in the
drinking water, The EPA has estimated the annual benefits for children by combining
reduced medical costs such as those incurred during nutritional or chelation therapy with
reduced long-term costs due to cognitive damage. Benefits due to reduced cognitive damage
can be assessed in two ways. Method 1 estimates the reduced costs of education needed by
children to compensate for any cognitive impairment. Method 2 estimates the benefits to
be significantly greater by ‘evaluating the potential decrease im future earnings due to
cognitive impairment.

EPA has estimated the annual benefits for adults by combining reduced medical costs for
hypertension, Hieart attacks, strokes, and deaths. This represents reduced costs for males age
40-59 only, due to the high-risk nature of this group. The EPA has estimated the annual
benefits of reducing lead levels in drinking water from 50 to 20 ug/L (30 ug/L), for a
population of 42 mullion to be as much as $714.9 million. Using a proportional comparison,
we have estimated the-annual benefits of reducing lead levels in drinking water by 2.5 ug/L
for a population of 9.9 million to be approximately $14 million. We have also adjusted for
inflationt over the last 5 years at an annual rate of 4 percent. :
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Table 6-3

Estimated Annual Monetized Benefits of Reducing Lead
in Drinking Water for Sample Year 1988 (1990 dollars)

EPA’s MCL
Reduction
(50 vg/L to
20 ug/L)

Accelerated
Lead  Services
Removal

Estimated  Population  Benefiting
s From the Reduction Program

Amount of Reduction (Drinking Water

42 million®

9.9 million**

Concentration) 3¢ wg/L 25 ugf/L
Children

- Reduced Medical Costs § 336 wmitlion § 659,000

- Reduced  Costs  of Cognitive Damage

- Methed 1 - Compensatory  Education 3 998 million $ 19 millios

- Methed 2 - Decrecagsed Future Earmings § 3262 million $ 64 million

Total - Using Method t $ 1324 miltion $ 26 miliion .

- Using Method 2 $ 359.8 million $ 7.1 million

Adulis

- Reduced Hypertension
(males age 40-59)

- Pewer Heart Attacks
(white males age 40-59)

- Fewer Strokes
{white males age 40-59)

$ 395 million

$° 190 million

$ 4.6 miilion

5 776,000

$ IT2,000

$ 91,000

~ Reduced Number of Deaths § 2920 mitlion $ 5.7 million
Total $ 3551 million $ 69 million
Total Annual Monetized Benefits $ 7149 million $ 14 milfion

{using Method

2)

(using Method 2)

* Total population served by Community Water Systems
** Sec Subsection 65

Source:  Adapted from EPA's Reducing  Lead in Drinking  Water

A Benefit Anslysis, 1986,
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It should be noted that this is a comparison of two distinctive methods of reducing lead in
drinking water. The EPA methodology is not well defined in that it does nat specify how
the lead levels would actually be reduced. All monetary values are estimates, and costs as
well as benefits could change significantly once a reduction program is in place.

If Method 2 (Table 6-3) is used to determine monetized benefits in children, and this is
combined with the estimate for benefits in adults, the maximum monetized benefit for the
population affected by the proposed reduction program is estimated at $14 million anmally.

6.6 BENEFIT-TO-COST RATIO

The annual $14 million in benefits occurs only after the complete removal of the lead
services (both lines and connections). During the period of removal, benefits would be less
by the fraction of services removed up to any point in time. Thus, the more accelerated a
replacement program i3, the earlier these benefits will be seen. Conversely, the ongoing
replacement schedule (baseline conditions) will achieve the same benefits eventuaily, over
a period estimated to occur in 55 years. Thus, an actual comparison of benefits to the costs
of replacement must take into account both the period of time over which the replacement
will occur and a comparison to the existing baseline ‘conditions.

Figure 6-2 provides this comparison for the four time periods (10, 15, 20, and 25 years) of
mandatory replacement described in Section 5. The annual costs have been estimated for
future years assuming a § percent rate of inflation. Annual benefits are listed for the three
replacement scenarios, increasing proportionately over the period of replacement until the
full benefit of replacement is achieved in the last year of the program. Since the benefit of
the mandatory accelerated program is the difference between that program and ongoing
baseline conditions, the annual benefits of the baseline condition is then subtracted. This
requires comparison of each replacement program to baseline over a period of 55 years
after which the benefits of all alternatives are identical. Finally, the present worth of the
differential benefits are determined using a discount rate of 10 percent. The total benefits
range from $128 million for the 10-year accelerated replacement program to $66 million for
the 25-year program. A year-by-year comparison of the annualized benefits for the entire
SS-year baseline period for each of the four time periods of replacement are shown in
Tables B-9 through B-12 in Appendix B,

The benefit-to-cost ratios are then presented for all four replacement time periods in Table
6-4. These benefit-to-cost ratios vary from 0.025 to 0.020 for programs carried out between
10 to 25 years. A benefit-to-cost ratio of 1.0 or higher is generally considered necessary to
consider a program viable and worthy of implementation. These very low benefits relative
to cost indicate that an accelerated mandatory lead service replacement program would cost
exceedingly more than the benefits derived.
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$128

10 year

FIGURE 6-2 SUMMARY OF TOTAL BENEFITS
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Replacement Program
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Table 6-4

Summary of Benefit-to-Cost Ratios

Replacement Present Value Present Value Benefit-to-Cost
Program Costs Benefits Ratio
10 Year $5,114,000,000 $128,000,000 0.025
15 Year $4,436,000,000 $104,000,000 0.023
20 Year $3,860,000,000 $ 84,000,000 0.022
25 Year . $3,369,000,000 3 66,000,000 0.020

All costs are shown in 1990 dollars.

Sensitivity Analysis

Four additional sets of calculations were performed to examine the sensitivity of the benefit-
to-cost ratio for substantially different estimates of lead service lines and lead connections
in the nation. The four additional cases considered are:

e Case 1 - double the number of lead service lines and adjust the number of
lead connections accordingly.

° Case 2 - double the number of lead connections while leaving the number of
lead service lines the same.

° Case 3 - halve the number of lead service lines while leaving the number of
lead connections the same.

® Case 4 - halve the number of lead connections or reduce to the equivalent
number of lead service lines for each replacement scenario.

The benefit-to-cost ratios for the four cases (for a 15-year program) are given in Table 6-5.
It should be noted that substantial changes in the estimate of the number of lead service
lines and lead connections nationwide do pot significantly affect the conclusion that the
benefit-to-cost ratios do not favor 2 mandatory lead service line replacement.
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Table 6-5

Summary of Sensitivity Analysis

Sensitivity Determined
Sensitivity ~ Present Value Present Value Benefit-to-Cost  Benefit-to-Cost
Case Costs! Benefits' Ratio Ratio®
Case 1 $6,400,000,000  $208,000,000 0.033 0.023
Case 2 $5,800,000,000 $104,000,000 0.018 0.023
Case 3 $3,800,000,000 $ 52,000,000 G.014 0.023
Case 4 $3,900,000,000 $104,000,000 0.027 0.023

b All costs are shown in 1990 dollass for a 15-year replacement program.

2 Taken from Table 6-4.
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@5\\ AMERICAN WATER WORKS ASSOCIATION LEAD INFORMATION SURVEY

The EPA has recently promulgated rules concerning lead in drinking water

(53 FR 31516)., Presently, EPA is seeking comments concerning the magnitude and
cost of implementing a mandatory lead service line replacement program, Although
the existing rule does not include lead service line replacement, EPA has
considered making this a requisite and has specifically asked for our comments
and data. The AWWA has informed EPA of the extensive effort and cost the rule
may instigate, but we need hard data to quantify this!! This data will help us
insure mandatory line replacement is not included in the rule. Therefore, we
must act immediately to insure EPA realizes the potential adverse impacts of this
regulation.

This survey is confidential. The data is for statistical and cost purposes only
and your name will not be associated with your responses, Please note the return
date below and keep in mind that a prompt response is necessary. The comment
period is our opportunity to affect EPA's decision and possibly avert undue
economic burdens in the future.

GENFRAL

Utility Name:
Contact Person:
Address:

City, State, Zip:
Phone:

Total Production (MG/yr):
Total Population Served:

LEAD SERVICE LINES

1. Are Lead Pipes or connections
' in the Distribution System? Yes No

a. Estimate number of lead '
service connections:

b. Estimate number of lead
service lines in service: feet or miles

c. Of this amount, estimate
percent lead service lines

owned by wtility: percent

d. How is ownership determined?
Ordinance Building Code
Informal Agveement Contract

e. "~ Describe the typical lead service (i.e. utility owns the main and the
service line up to and including meter, Private ownership begins after
the meter, meters are at right-of-way line)

. Example:

A1
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2. When lines are serviced, are
lead pipes removed and replaced? Yes No
a. Is there a general policy to
replace lead service lines? Yes No
b. Is the policy: mandated by ordinance?
volunteer?

3. How many lead services are
currently being replaced yearly?
a. At what cost?

$/mi, or

$/ft.

b. Is replacement done: by contractor
in-houge
4., If replacement of lead service
lines is mandated, estimate cost
of compliance:

$/service line
$/foot

PURLIC EDUCATION
Historical

A number of utilities have already shared their customers’ reaction to the recent

lead notice. Please take part in our data gathering effort by providing the
following information:

. method used for notification

1
2, cost incurred to comply (direct and staff time)
3. number of responses attributed to the notice

If you were to summarize the customer questions/responses into three or four
representative comments, what were the comments?

Future

1. Is there currently a continuing public information program concerning lead
in effect: Yes No .

2. Estimate cost to implement a public information program concerning lead (via
television, radio, pamphlets, etc.) $.

Return to AWWA by:

Don't throw away this form and our chance to head off costly programs that may have

limited benefits!

A2
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APPENDIX A2

PROJECT LEAD SURVEY QUESTIONNAIRE

Total population served:

Total number of service lines:

How old is the system?

How old are the oldest mains in service?

Location of mains with respect to street right-of-way:
Centered

Fixed offset from center

Near the curb

Average length of service line from:
Main to curbstop

feet

Curbstop to meter

Lengths based on data from:
Older, urban section?

feet

Newer suburban area?

Describe ownership to typical service line:
Main to curbstop service line owned by:

Curbstop to meter service line owned by:

Meter owned by:

Do system files indicate the presence of:
Lead service lines (Main to curbstop):

Lead service lines (Curbstop to meter):

Lead connections:

Goosenecks:

If YES, estimate total length and/or quantity of lead piping:

Main to curbstop service lines:

feet

Curbstop to meter service lines:

feet

Connections;

Goosenecks:

units
units

If YES, what is the basis for the estimate?

A.2-1
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Are there other data sources to estimate the quantity or location of lead
services? (list potential data sources)

If the service lines are metered, would you use meter readers to visually inspect
the type of pipe?

What action is taken when lead services are encountered?
Is there a replacement program?
Customer notification?

Has water sampling been performed in response to concerns over lead in
water?

Do you have any data on standing lead levels measured at the tap both before and
after you've replaced a portion of a lead service line?

If YES, what kind of treatment do you provide?
Lime addition:
Corrosion control:

What are the typical replacement costs?
$/service line:
$/foot:

If a mandatory replacement program were implemented, how would you locate lead
service lines? '

A.2-2
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Table B-1

10 - YEAR PROGRAM ANNUALIZED COSTS

TOTAL ANNUAL COSY TOTAL ADJ COST

SCENARIO 1 SCENARIO T SCEHARLO (1L TOTAL ADJUSTED FOR 1K 1990
YEAR  ANNUAL COST ANNUAL COST AKNUAL COST ANNUAL COST BASEL INE DOLLARS
1991 62,712,732 $26,342,741  $400,370,384  $487,425,858 $434,254,536  $394,776,851
1992 $112,822,666  $334,025,665  $396,986,572  $B43,834,704 $788,004,816  $651,243,650
1993 $100,792,461  $337,638,633  $416,835,901  $855,266,994 $796,645,612  $598,531,639
1994  $105,832,084  $354,520,565  $437,677,696  $898,030,344 $836,477,893  $571,325, 656
1995  $111,123,688  $372,246,595  $459,561,580  $942,934,861 $878,301,787  $545,356,308
1996 $116,679,872  $390,858,923  $482,539,659  $990,078,454 $922,216,877  $520,567,385
1997 $122,513,866  $410,401,B69  $506,666,642 $1,039,582,377 $968,327,721  $496, 905,231
1998  $128,639,559  $430,921,962  $531,999,974 $1,091,561,496  $1,018,744,107  $474,318,630
1999 $135,071,537  $452,468,060  $558,599,973  $1,146,139,571  $1,067,581,312  $452,758,692
2000 $141,825,114  $475,001,463  $586,529,972 $1,203,446,549  $1,120,960,3578  $432,178,751

Hote: Assumes an inflation rate of 5X and a discount rate of 10%.
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Table B-2

15 - YEAR PROGRAM ANNUALIZED COSTS

TOTAL ANHUAL COST TOTAL ADJ COSY

SCENARIO © SCEMARIO ([  SCENARIO IIT T0TAL ADJUSTED fOR N 1990

YEAR  ANNUAL COST  AMNUAL COST  ANMUAL COST  AMNUAL COST BASELINE DOLLARS

1991 $62,712,732  $24,342,741  $274,342,901  $36%,398,375 $308,227,053  $280,206,412
1992 $78,539,317  $219,182,593  $264,657,715  $562,379,624 $506,549,736  $418,636, 146
1993 364,795,153 $217,053,407  $277,896,600  $559,739,161 $501,117,778  $376,497,204
1996 $68,034,911  $207,906,077  $291,785,130  $587,726,119 $526,173,667  $359,383,695
1995 371,636,656  $239,301,381  $306,374,387  3617,112,425 $552,482,351  $343,048,072
1996 $75,008,489  $251,266,450  $321,693,106  $647,968,046 $580,106,468  $327,454,978
1997 $78,758,914  $263,829,773  $337,777.762  $680,366,448 $609,111,792  $312,570,661
1998 $82,696,859  $277,021,262  $354,666,650  $714,384,771 $639,567,381  $298,362,504
1999 $86,831,702  $290,872,325  $372,399,982  $750,104,009 3671,545,750  $284,800,953
2000 391,173,287  $305,415,941  $391,019,981  $787,409,210 $705,123,038  $271,855,455
2001 $95,731,952  $320,686,738  $410,570,980  $826,989,670 $760,379,190  $259,498,389
2002 $100,518,549  $336,721,075  $431,099,529  $868,339,153 $777,398,14%  $247,703,008
2003 $105,544,477  $353,557,128  $452,6564,506  $911,756,111 $816,268,057  $236,443,780
2004 $110,821,701  3371,234,985  $475,287,231  $957,343,917 $857,081,460  $225,696,336
2005  $116,362,786  $389,796,734  $499,051,593 $1,005,211,113 $899,935,533  $215,437,419

Note: Assumes an inflation rate of 5% and & discount rate of 10%.

$4,457,595, 406
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Table B-3

20 - YEAR PROGRAM ANNUALIZED COSTS

SCEHARIO 11
ANNUAL COST

SUENARIO {If
ANRUAL COSY

TOTAL
ANHUAL COST

ADJUSTED FOR
BASELINE

TOTAL ANNUAL COST TOTAL ADJ COST

IN 1990
DOLLARS

1991
1992

1994
1995
1996

1998
1999
2000
2001

2002
2003
2004
2005
2006
2007
2008
2009
2010

$62,712,732
$62,299,930
$47,743,797
$50, 130,987
$52,637,536
$55,269,413
$58,032,884
$40,934,528
$53,981,254
$47,180,317
$70,539,333
74,066,300
$77,769,615
$81,658,095
$85,741,000
$90,028,050
$94,529,453
$99,255,925
$104,218,721
$109,429,458

$24,342, 741
$164, 783, 243
$159,934, 089
$167,936, 794
$176,327,334
$185,143, 700
$194, 400, 885
$204,120,930
$214,326,976
$225,043,325
$236,295, 491
$248,110,266
$260,515,779
$273,541,568
$287,218, 646
$301,579,579
$316,658,557
$332,491,485
$349, 116,080
$366,571,863

$211,329,159
$198,493, 286
$208,417,950
$218,838,848
$229,780,790
$241,269,830
$253, 333,321
$265,999,987
$279, 299,987
3293, 264,986
$307,928,235
$323,324,647
$339,490,879
$356,665,423
$374, 288,694
$393,003,129
$412,653,286
$433, 285,950
$454,950, 247
$477,697,760

$298,384,633

$425 576,459
$416,095,837
$436,900,629
$458, 745,660
$481,682,943
$505, 767,090
$531,055,445
$557,608,217
$585,488, 428
$614,763,059
$645,501,212
$677,776,273
$71%,665,086
$747,248, 341
$784,610,758
$823,841,296
$865,033,360
$508,285,028
$953,699,280

Kote: Assumes an inflation rate of 5% and a discount rate of 10X.

$245,213, 311
$369, 746,571
$357,474,455
$375,348,177
$394,115,586
$413,821,366
$434,512,434
$456,238,055
$479,049, 958
$503,002,456
$528,152,579
$554,560,208
4582, 288,218
$611,402,629
$641,972, 761
$674,071,399
$707,774,969
$743,163,717
$780,321,903
$879,337,998

$222,921,192
305,575,678
$268,575, 849
$256,367,856
$244,714,779
$233,591,373
$222,973,583
$212,838,420
$203, 163,946
$193,929,222
$185, 114,257
$176,699,973
$168,668,156
$161,001,421
$153, 683,175
$146,697,576
$140, 029,504
$133,664,527
$127,588,867
$121,789,373

" $3,879,588,717
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Table B—4

25 - YEAR PROGRAM ANNUALIZED COSTS

TOTAL ANNUAL COST TOTAL ADJ COST

SCENARIO 1 SCENARIO II  SCENARIO III TOTAL ADJUSTED FOR IN 1990

TEAR  ANNUAL COST  ANNUAL COST  ANNUAL COST  ANNUAL COST BASELINE DOLLARS

1991 $62,712,732  $24,342,741  $173,520,915  $260,576,388 $207,405,066  $188,550,060
1992 $52,826,954  $133,050,289  $158,794,629  $344,671,871 $288,841,986  $238,712,383
1993 $37,797,173  $126,614,48B7  $166,734,360  $331,146,020 $272,524,638  $204,751,794
1994 $39,687,031  $132,945,212  $175,071,078  $347,703,321 $286,150,870  $195, 444,895
1995 361,671,383 $139,592,472  $483,824,632  $345,088,487 $300,458,414  $186,561,036
1996 $43,756,952  $146,572,096  $193,015,866  $383,342,912 $315,481,334  $178,080,589
1997 $45,942,700  $153,900,701  $202,666,657  $402,510,057 $331,255,401  $169,986,398
1998 $48,239,835  $161,595,736 $212,799,990  $422,635,560 $347,818,171  $162,259,744
1999 $50,651,826  $169,675,523  $223,439,989  $443,767,338 $365,209,080  $154,884,301
2000  $53,184,418  $178,159,299  $234,611,989  $465,955,705 £383,469,536  $147,844,105
2001 $55,843,639  $187,067,264  $246,342,588  $489,253,490 $402,643,010  $141,123,919
2002 $58,635,821  $196,420,627  $258,659,718  $513,716,165 $422,775,161  $134,709,195
2003 361,567,612  $206,241,658  $271,592,703  $539,401,973 $443,913,919  $128,586,050
2004 364,645,992 $216,553,741  $285,172,339  $566,372,072 $466,109,615  $122,741,230
2005  $67,878,292  $227,38%,428  $299,430,956  $594,690,676 $489,415,096  $117,162,083
2006 $71,272,206  $238,750,500  $314,402,503  $624,425,209 $513,885,850  $111,836,533
2007  $74,835,817  $250,688,025  $330,122,628  $655,646,470 $539,580,143  $106, 753,055
2008 $78,577,607  $263,222,426  $346,628,760  $488,428,753 $566,559,150  $101,%90,643
2000  $82,506,4B8  3276,383,547  $363,940,198  $722,850,233 $594,887,107  $97,268,796
2010 $86,631,812  $200,202,725  $382,158,208  $758,992,745 $624,631,463  $92,847,487
2011 890,963,403  $304,712,861  $401,266,118  $796,942,382 $655,863,036  $88,627,147
2012 $95,511,573  $319,948,504 421,329,424  $836,789,50% $688,656,188  $84,598,640
2013 $100,287,152  $335,945,92%  $442,395,805  $878,428,976 $723,088,997  $80,753,247
201 $105,301,5090  $352,743,225  $464,515,600  $922,560,425 $759,243,447  $77,082,645
2015 $110,566,585  $370,380,387  $487,741,475  $968,688 446 $797,205,619  $73,578,888

Hote: Assumes an inflation rate of 5% and a discount rate of $0%.

B~4

$3,386, 645,262
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Table B-5

Reprinted by permission. Copyright © 2011, American Water Works Association.

10 - YEAR PROGRAM ANNUALIZED COSTS (including salvage value)

SCENARIO T

TOTAL ANHUAL COST TOTAL ADJ COST

SCEMARIO [1  SCENARIC 111 TOTAL ADJUSTED EOR IN 1990

YEAR  ANNUAL COST  ANNUAL COST  ANNUAL COST  AKNUAL COST BASEL [NE DOLLARS

1991 $62,72,732  $26,342,741  $399,528,869  $486,584,342 $433,413,021  $394,019,837
1992 $112,129,263  $331,910,134  $396,102,98%  $840,142,378 $784,312,490  $648,192,141
1993 $100,064,597  $335,417,325  $415,908,130  $851,390,052 $792,768,670  $595,618,835
1994 $105,067,827  $352,188,192  $436,703,536  $893,959,555 $832,407,104  $568,545,252
1995  $110,321,218  $369,797,601  $458,538,713  $938,657,533 $874,027,459  $542,702,286
1996  $115,837,279  $388,287,4B1  $481,465,649  $985,590,409 $917,728,832  $518,034,000
1997 $121,629,143  $407,701,855  $505,538,931 $1,034,869,930 $963,615,273  $494,487,000
1998 $127,710,600 $428,085,948  $530,815,878 $1,086,613,426  $1,011,796,037  $472,010,318
1999 $934,096,130  $449,491,295  $557,356,672 $1,140,944,097  $1,062,385,839  $450,555,304
2000  $140,800,937  $471,965,B60  $585,224,505 $1,197,991,302  $1,115,505,131  $430,075,517

Hote: Assumes an {nflation rate of 5X and a discount rate of 10%.

5,114,232, 492



Reprinted by permission. Copyright © 2011, American Water Works Association.

Table B-6

15 - YEAR PROGRAM ANNUALIZED COSTS (including salvage value)

TOTAL ANKRUAL COST TOTAL ADJ COST

SCENARIO | SCENARIG [[  SCENARIO ITI TOTAL ADJUSTED FOR K 1990

YEAR  ANNUAL COST  ANNUAL COST  AMNUAL COST  ANNUAL COST BASELINE DOLLARS

1991 $62,712,732  $24,342,741  $273,781,891  $360,837,364 $307,666,043  $279,696,402
1992 $78,093,686  $217,822,609  $264,068,654  $559,984,948 $504,155,060  $416,657,075
1993 $64,327,261  $215,625,423  $277,272,086  $557,224,75% $498,603,369  $374,608,091
1994 $67,543,60%  $226,406,695  $291,135,691  $585,085,988 $523,533,537  $357,580,450
1995 $70,920,783  $237,727,029  $305,692,475  $614,340,288 $549,710,216  $341,326,793
1996 $74,466,822  $249,613,381  $320,977,099  $645,057,302 $577,195,725  $325,811,5939
1997  $78,190,164  $262,094,050  $337,025,954  $677,310,167 $606,055,511  $311,002,306
1998 $82,099,672  $275,198,752  $353,877,252  $711,175,676 $636,358,287  $296,865,837
1999 586,204,655  $288,958,690  $371,57%,114 746,734,460 $658,176,201  $283,371,935
2000  $90,514,888  $303,406,624  $390,149,670  $784,071,183 $701,585,011  $270,491,393
2001 $95,040,632  $318,576,956  $409,657,154  $823,274,742 $736,664,261  $258,196,330
2002 $99,792,664  $334,505,803  $430,140,011  $864,638,479 $773,497,475  $246,460,133
2003 $104,782,297 351,231,094  $451,647,012  $907,660,403 $812,172,348  $235,257,3%9
2006 $110,021,412  $368,792,648  $474,229,362  $953,043,423 $852,780,966  $224,563,881
2005  $115,522,483  $387,232,281  $497,940,831 $1,000,695,5% $895,420,014  $214,356,432

Note: Assumes an inflation rate of 5X and a discount rate of 10X.

B--6

$4,436,246,397
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Table B-7

Reprinted by permission. Copyright © 2011, American Water Works Association.

20 - YEAR PROGRAM ANNUALIZED COSTS (including salvage value)

TOTAL ANNUAL COST TOTAL ADJ COST

SCENARIO SCEMARID 1% SCEMARIO II1 TOTAL ADJUSTED FOR IN 1990

YEAR  AMNUAL COST  ANNUAL COST  ANNUAL COST  ANNUAL COST BASELINE DOLLARS

1991 942,712,732 $24,342,741  $210,908,402  $297,963,875 $244,792,556  $222,538,685
1992 $61,971,570  $163,781,149  $198,051,490  $423,804,210 $367,974,322  $304,11%,010
1993 $47,399,020  $158,88%,891  $207,954,065  $414,234,976 $355,613,593  $267,177,756
1996 $49,748,971  $166,825,985  $218,351,768  $434,946,724 $373,394,273  $255,033,313
1995  $52,257,419  $175,167,285  $229,269,357  $456,694,060 $392,063,987  $243,440,889
1996 854,870,290  $183,925,649  $240,732,824  $479,528,764 $411,667,186  $232,375,39
1997 $57,613,805  $193,121,931  $252,769,466  $503,505,202 $432,250,545  $221,812,876
1998 $60,494,495  $202,778,028  $265,407,939  $528,680,462 $453,863,073  $211,730,473
1999 $63,519,220 $212,916,929  $278,478,336  $555,114,485 $476,556,226  $202, 106,361
2000 366,695,181  $223,562,776  $292,612,253  $582,870,209 $500,384,037  $192,919,708
2001 $70,029,940  $234,740,915  $307,242,865 $612,013,720 $525,403,239  $184,150,630
2002 $73,531,437  $246,477,960  $322,605,008  $642,614,406 $551,673,401  $175,780,147
2003 -$77,208,009  $258,801,858  $338,735,259  $674,745,126 - $579,257,071  $167,790,140
2004 $81,068,400  $271,741,951  $355,672,022 708,482,382 $508,219,925  $140,163,316
2005  $85,121,829  $285,329,0649  $373,455,623  $743,906,501 $638,630,921 152,883,165
2006  $89,377,92%  $299,595,501  $392,128,404  $78%,101,826 $670,562,467  $145,933,930
2007 993,846,817  $314,575,276  $411,734,826  $820,156,918 $704,090,591  $139;300,570
2008 398,539,158  $330,304,040 $432,321,565  $861, 164,763 $739,295,120  $132,968,726
2009  $103,486,116  $346,819,242  $453,937,644  $904,223,002 $776,259,876  $126,924 ,693
2090 $108,639,621  $364,160,204  $476,634,526  $94%,434 152 $815,072,870  $121,155,388

Hote: Assumes an inflation rate of 5% and a discount rate of 10%.

$3,860,297,170



Reprinted by permission. Copyright © 2011, American Water Works Association.

Table B-8

25 - YEAR PROGRAM ANNUALIZED COSTS (including salvage value)

TOTAL ANNUAL CDST TOTAL ADJ COST

SCENARIO [ SCENARIC 11 SCENARIO 111 TOTAL ADJUSTED FOR [N 1950

YEAR ANNUAL COST ANHUAL COST ANNUAL COST ANNUAL COST BASELIKE DOLLARS :

|
1991 862,712,732 $26,342,761  $173,184,308  $260,239,782 $207,068,460  $188,244,055 '
1992 $52,567,003  $132,256,964  $158,441,192  $343,26%,160 $287,435,272  $237,549,811
1993 $37,524,226  $125,781,497  $166,363,252  $329,668,973 $271,047,591  $203,662,067
1994 $39,400,435  $132,070,572  $174,681,414  $346,152,421 $284,599,970  $194,385,609
1995 $41,370,457  $138,674,100  $183,415,485  $363,460,043 $298,829,969  $185,549,900 v
1996  $43,438,980  $145,607,805  $192,586,259  $381,633,045 $313,771,467  $177,115,813 %?
1997  $45,610,929  $152,838,196  $202,215,572  $400,714,697 $329,460,040  $169,065,094 -
1998 $47,891,475  $160,532,606  $212,326,351  $420,750,432 $345,933,042  $161,380,317 ;
1999 350,286,049  $168,559,236  $222,942,669  $441,787,953 $363,229,695  $154,064,B48
2000  $52,800,351 $176,987,198  $234,089,802  $463,877,351 $381,391,179  $147,042,810
2001 $55,440,369 $185,836,557 $245,794,292  $487,071,219 $400,460,738  $140,359,046 5
2002 458,212,387 $195,128,385  $258,084,007  $511,424,779 420,483,775  $133,979,089 i
2003 $61,123,007  $204,884,805  $270,988,207  $536,996,018 $441,507,964  $127,889,13 '
2006 $64,179,157  $215,129,045 $2B4,537,617  $563,845,819 $463,583,362  $122,075,988 -
2005 $67,388,115  $225,885,497 $298,764,498  $592,038,110 $486,762,530  $116,527,080 i
2006  $70,757,521 $237,179,772  $313,702,723  $621,640,016 $511,100,657  $111,230,394
2007 $74,295,397 $249,038,761  $329,387,859  $652,722,017 $536,655,690  $106,174,467 :
2008 78,010,167 $261,490,699  $345,857,252  $685,358,117 $563,488,476  $101,348,355 ;
2009 $81,910,675  $274,565,233  $363,150,115  $719,626,023 591,662,898  $96,741,612
2010 $86,006,209 $288,293,495 $381,307,621  $755,607,325 $621,246,043 392,344,266 ;
2011 $90,306,519  $302,708,170  $400,373,002  $793,387,691 $652,308,345  $88,146,799 i
2012 $94,821,845  $317,843,578  $420,391,652 833,057,075 $684,923,762 884,140,126
2013 $99,562,937  $333,735,757  $441,411,236  $874,709,929 $719,169,950  $80,315,575 (.
20%4  $104,541,084  $350,422,545  $463,481,796  $91B,445,425 $755,128, 448 $76,664 857 E
2015 $109,768,138  $367,943,672  $486,655,886  $966,367,697 $792,884,870  $73,180,101

3,369,137, 220

Notay Assumes an inflation rate of 5% and a discount rate of 10%.

B-8
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SCENARID T

Reprinted by permission. Copyright © 2011, American Water Works Association.

10 - YEAR PROGRAM ANNUALIZED BENEFITS

Table B-9

SCENARID [  SCENARIO 111 TOTAL DIFFERENTIAL
CUMULATIVE  CUMULATIVE  CUMULATIVE  CUMULATIVE  BASELINE  DIFFERENTIAL BENEFLTS IN
YEAR - BENEFIT BENEFIT BENEFIT BENEF[T BENEFITS BENEFITS 1990 DOLLARS
1991 $0 $0 $373,905 $37%,905 $267,273 $106,632 $96,938
1992 $318,010 $960, 768 $785,201 32,063,978 $561,273  $1,502,705  $1,241,905
1993 $667,821 2,017,612 $1,236,691  $3,922,124 - $884,005 3,038,119  $2,282,584
1996 $1,051,818  $3,177,739  $1,731,367  $5,960,926  $1,237,606  $4,723,317  $3,226,089
1995 $1,472,545  $4,448,834  $2,272,419  $B,193,799  $1,624,358  $6,569,440  $4,079,105
1996 $1,932,716  $5,839,095  $2,863,248 $10,635,059  $2,046,692  $8,588,367  $4,847,909
1997 $2,435,222  $7,357,259  $3,507,479 $13,299,960  $2,507,197 $10,792,763  $5,538,39
1998 $2,983,147  $9,012,642  $4,208,975 $16,204,764  $3,008,637 $13,196,128  $6,156,09%
1999 $3,579,776  $10,815,171  $4,971,852 $19,386,799  $3,553,952 $15,812,847 6,706,191
2000 $4,228,610 $12,775,421 35,800,494 $22,804,525  $4,146,277 $18,658,248  $7,193,562
2001 34,440,041  $13,414,192  $6,090,518  $23,944,759  $4,788,950 $19,155,80% 6,713,991
2002 34,662,043  $14,084,901  $6,395,044 $25,141,989  $5,485,525 $19,656,464 6,263,155
2003 $4,895,145 $14,789,146  $6,714,797 $26,399,088  $6,239,784 $20,159,304  $5,839,432
2004 $5,139,902 $15,528,604  $7,050,536 $27,719,042  $7,055,756 $20,663,286  $5,441,289
2005 $5,396,898  $16,305,034  $7,403,063 $29,104,995  $7,937,726 $21,167,269  $5,067,276
2006  $5,666,742  $17,120,285 87,773,216 $30,560,2¢4  $8,800,253  $21,669,991  $4,716,02%
2007 $5,950,080 $17,976,300  $8,161,877 $32,088,256  $9,918,188 $22,170,068  $4,386,230
2008 $6,247,584 $18,875,115  $8,569,971 $33,692,669 $11,026,692 $22,665,976  $4,076,675
2009 $6,559,963 $19,818,870  $8,998,470 $35,377,303 $12,221,250 $23,156,053  $3,786,200
2030 36,887,961 320,809,814  $9,448,393 $37,146,168 $13,507,697 23,638,470  $3,513,708
2011 $7,232,359  $21,850,305  $9,920,813 539,003,476 $14,892,236 $24,111,240  $3,258,166
2012 87,503,977 $22,942,820 $10,416,853 340,953,650 $16,381,460 $24,572,190 33,018,595
2013 $7,973,676 $24,089,961 $10,937,696 $43,001,333  $17,982,375 425,018,957  $2,79,071
2014 $8,372,359  $25,294,459 $11,484,581 $45,151,399  $19,702,429 $25,448,970  $2,583,722
2015 $8,790,977 $26,559,182 $12,058,810 $47,408,969 321,549,531 $25,859,438  $2,386,723
2016 $9,230,526 $27,887,141  $12,661,750 $49,779,418 $23,532,088 $26,247,329  $2,202,29
2017 $9,692,053  $29,281,498 $13,294,838 $52,268,389  $25,659,027 $26,609,361  $2,029,700
2018 $10,176,655 $30,745,573  $13,959,580  $54,881,808 327,939,829 26,941,978  $1,868,247
2019 $10,685,488 $32,282,851 $14,657,559 957,625,808 $30,384,565 27,241,334 $1,717,278
2020 $11,219,762  $33,896,994 $15,390,437 60,507,193  $33,003,924 $27,503,270  $1,576,173
2021 $11,780,751  $35,591,844  $16,159,959  $63,532,553  $35,809,257 $27,723,296  $1,444,347
2022 $12,369,788  $37,371,436 $16,967,957 $66,709,181 $38,812,614 327,896,566 31,321,249
2023 $12,988,277 $39,240,008 $17,816,354 $70,044,640 $42,026,784 28,017,856 31,206,358
2024 $13,637,691  $41,202,008 $18,707,172 $73,546,872  $45,465,339  $28,081,533  $1,099,182
2025 $14,319,576  $43,262,1090 $19,642,531  $77,224,215  $49,142,682 $28,081,533 $999, 756
2026  $15,035,555 345,425,214  $20,624,657 $81,085,426 $53,074,097 $28,011,329 $906, 144
2027  $15,787,332  $47,696,475 $21,655,890 $85,139,697 $57,275,796 $27,863,901 $819,431
2028 $16,576,699 $50,081,298 $22,738,685 $89,396,682 $61,764,9B0  $27,631,702 $738, 730
B-9



10 - YEAR PROGRAM ANNUALIZED BENEFITS

Table B-9 (cont'd)

Reprinted by permission. Copyright © 2011, American Water Works Association.

SCENARIO | SCENARIGO 11 SCENARIO 111 TOTAL DIFFERERTIAL

CUMULATIVE  CUMULATIVE  CUMULATIVE  CUMULATIVE BASELINE  DIFFERERTIAL BEMEFITS IN
YEAR  BEMEFIT BENEFIT BENEFIT BENEF(Y BENEFITS BENEFITS 199G DOLLARS
2029 317,405,534 352,585,363 323,875,619  $93,866,516 $66,559,893  $27,306,623 $663,672
2030 $18,275,811  $55,214,631  $25,049,400 $98,559,842 $71,679,885 $26,879,957 $593, 911
2031 $19,189,601  $57,975,363  $26,322,870 $103,487,834 $77,145,476 $26,342,358 $529, 120
2032 $20,149,081  $40,874,131  $27,639,013 $108,662,226 82,978,427  $25,683,799 $468,993
2033 $21,156,535 $63,917,838 $29,020,964 $114,095,337 $89,201,809 $24,893,528 $413,239
2034 $22,214,362  $67,113,730 330,472,012 $119,800,104 $95,840,083  $23,960,021 $361,584
2035 $23,325,080 $70,469,416  $31,995,613 $125,790,109 $102,919,180 $22,870,929 $313,771
2036 324,491,334 $73,992,B87  $33,595,393 $132,079,615 $110,466,587 $21,613,028 $269,558
2037 $25,715,901 $77,692,531 $35,275,163 $138,683,595 $118,511,436 $20,172,159 $228,716
2038  $27,001,696 $81,577,158 $37,038,921 $145,617,775 $127,084,604 $18,533,171 $191,030
2039 $28,351,781 $BS,656,016 $38,890,867 $152,898,564 $136,218,810 $14,679,854 $156,297
2040  $29,769,370  $89,938,817 $40,835,411 $160,543,597 $145,048,725  $14, 594,872 $124,327
2041 $31,257,838  $94,435,757  $42,877,181 $168,570,777 $i56,311,084 $12,259,49% $94,941
2042 $32,820,730  $99,157,545  $45,021,040 $176,999,316 $167,344,808  $9,654,508 367,969
2043 $34,461,767 $104,115,422 $47,272,092 $185,849,281 $179,091,126  $6,758,156 $43,253
2044 $36,184,855 $109,321,194  $49,635,697 $195,141,746 $191,593,714  $3,548,032 $20, 643
2045  $37,994,098 $114,787,253 $52,117,482 $204 898,833 $204,898,833 $0 $0

'$127,683,435

Note: Assumes an inflation rate of 5% and & discount rate of 10X.

B-10

=!!"T[i
1t

i

T

’ [




SCENARTO [

Reprinted by permission. Copyright © 2011, American Water Works Association.

15 - YEAR PROGRAM ANNUALIZED BENEFITS

Table B-10

SCENARIO 11 SCENARIC [11 TOTAL DIFFERENTIAL
CUMULATIVE  CUMULATIVE  CUMULATIVE  CUMULATIVE BASELINE  DIFFERENTIAL BENEFITS [N
YEAR  BENEFIT BENEFIT BENEFIT BENEFIT BENEFITS BENEFITS 1990 DOLLARS
1991 $0 6 $249,270 $249,270 $267,273 ($18,003) ($16,366)
1992 $204 435 $617,636 $523,467  $1,345,538 $561,273 $784, 266 3648, 153
1993 $429,314  $1,297,036 $824,461  $2,550,810 $884,005 1,666,806  $1,252,296
1994 $676,169  $2,042,832  $1,154,245  $3,873,245  $1,237,606  $2,635,639  $1,800,177
1995 $966,636  $2,859,965 81,514,946  $5,321,547  $1,624,358 33,697,189 32,295,863
1996 $1,262,460  $3,753,706  $1,908,832  $6,904,996  $2,046,692 4,858,304 2,742,386
1997 $1,565,500  $4,729,667  $2,338,319  $B,633,486  $2,507,197  $6,126,289  $3,143,755
1998 $1,917,737  $5,793,842  $2,805,983 $10,517,562 33,008,637  $7,508,926  $3,502,969
1999 $2,301,285  $6,952,610  $3,314,568 312,568,462  $3,553,952 39,014,510 33,823,032
2000 $2,718,392  $8,212,770  $3,866,996 $14,798,159 4,146,277 $10,651,881  $4,106,761
2001 $3,171,458  $9,581,565  $4,466,380 $17,219,403  $4,788,950 $12,430,453 34,356,798
2002 $3,663,034 $11,066,708  $5,116,036 $19,845,777 35,485,525 $14,360,253  $4,575,619
2003 - $4,795,839  $12,676,411 35,819,490  $22,691,740  $6,239,784 316,451,956 34,765,546
2004 34,772,767  $14,419,418  $6,580,501 $25,772,685  $7,055,756 $18,716,929  $4,928,752
2005  $5,396,898  $16,305,034  $7,403,063 $29,106,995  $7,937,726 321,167,269  $5,067,276
2006 35,666,742 $17,120,285  $7,773,216 $30,560,244  $8,890,253 $21,669,991  $4, 716,021
2007 $5,950,080 $17,976,300  $8,161,877 $32,088,256  $9,918,188 $22,170,068  $4,386,230
2008 $6,247,584 $18,875,115  $8,569,971 $33,692,669 $11,026,692 $22,665,978 34,076,675
2009  $6,559,963  $19,818,870  $8,998,470 $35,377,303  $12,221,250 $23,156,053  $3,786,200
2010 $6,887,961 $20,809,814  $9,448,393  $37,146,168 $13,507,697 $23,638,470  $3,513,708
2011 $7,232,359  $21,850,305  $9,920,813  $39,003,476 $14,892,236 $24,111,240  $3,258,166
2012 $7,593,977 322,942,820 $10,416,853 $40,953,650 $16,381,460 $24,572,190  $3,018,59%
2013 $7,973,676 324,089,961 $10,937,696 $43,001,333  $17,982,375 $25,018,957  $2,794,071
2014 $8,372,359 325,294,459 $11,484,581 $45,151,399 $19,702,429 325,448,970  $2,583,722
2015 98,790,977 $26,559,182 312,058,810 $47,408,969 $21,549,531 $25,859,438  $2,386,723
2016 $9,230,526 $27,887,141  $12,861,750 $49,779,418 $23,532,088 $26,247,329  $2,202,29%
2017 $9,692,053  $29,281,498 $13,294,838 352,268,389 $25,659,027 $26,609,361 2,029,700
2018 $10,176,655  $30,745,573  $13,959,580 $54,88%,808 $27,939,829 $26,94%,978 31,868,247
2019 $10,685,488  $32 282,851 $14,657,559 357,625,898 330,384,565 $27,241,334  $1,717,278
2020 $11,219,762  $33,896,996  $15,390,437 $60,507,193  $33,003,924 $27,503,270 31,576,173
2021 $1%,780,751  $35,591,844  $14,159,950  $63,532,553  $35,809,257 $27,723,296  $1,444,347
2022 $12,360,78B  $37,371,436 316,967,957 $66,709,181  $38,812,614 327,896,566  $1,321,249
2023 $12,988,277 339,240,008 $17,816,354 70,044,640 $42,026,784 $28,017,856  $1,206,358
2024 $13,637,691 41,202,008 $18,707,172 $73,546,872  $45,445,339 $28,081,533  $1,099,182
2025 $14,319,576  $43,262,109 $19,642,531 $77,224,215 $49,142,682 $28,081,533 $999,256
2026  $15,035,555 $45,425,214 $20,624,657 $81,085,426 353,074,007 28,011,329 $906, 144
2027  $15,787,332  $47,696,475 $21,655,890 $85,139,497 $57,275,796 $27,863,901 $819, 431
2028 $16,576,699 $50,081,298 322,738,685 $89,396,682 361,764,980 327,631,702 $738,730
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Reprinted by permission. Copyright © 2011, American Water Works Association.

Table B-10 (cont'd)

15 - YEAR PROGRAM ANNUALIZED BENEFITS

SCENARIO 1 SCEMARIO [f  SCEMARIO (11 TOTAL DIFFERENTIAL
CUMULATIVE  CUMULATIVE  CUMULATIVE  CUMULATIVE  BASELINE  DIFFERENTIAL BENEFITS (N
YEAR  BENEFIT BENEFIT BENEFIT BENEF [T BENEF TS BENEFITS 1990 DOLLARS |
2029 $17,405,534 52,585,363 $23,875,619 593,866,516 $66,559,893  $27,306,623 $663,672
2030  $18,275,817  $55,214,631  $25,069,400 $98,559,842 71,679,885 $26,879,957 $593,911
2031 $19,180,601 57,975,363  $26,322,870 $103,487,834 $77,145,476  $26,342,358 $529,120
2032 $20,149,081 360,874,131 $27,639,013 $108,662,226 82,978,427 $25,683,799 $468,993
2033 $21,156,535  $63,917,838  $29,020,964 $114,095,337 $89,201,809 524,893,528 $413,239 -
2034 $22,214,362  $67,113,730  $30,472,0%2 $119,800,104 395,840,083  $23,960,021 $361,584 b
2035 $23,325,080 $70,469,416  $31,995,643 $125,790,109 $102,919,180 $22,B70,929 $313,771 i
2036  $24,491,334  $73,992,887 $33,595,393 $132,079,615 $110,466,587 $21,613,028 $269,558 .
2037  $25,715,901 $77,692,531 $35,275,163 $138,683,595 $118,511,436 $20,172,159 $228,716 f
2038 $27,001,696 81,577,158 $37,038,921 $145,617,775 $127,084,606 $18,533,171 $191,030
2039 28,351,781 $85,656,016 $38,890,867 $152,898,664 $136,218,810 $16,679,85 $156,297 ;
2040 $29,769,370 389,938,817 $40,835,411 $160,543,597 $145,948,725 $14,594,872 $12¢,327 i
2041 $31,257,838 94,435,757 $42,877,181 $168,570,777 $156,311,086 $12,259,693 $94,941
2042 $32,820,730  $99,157,545 45,029,040 $176,999,336 $167,344,808  $9,454,508 $67,969 1
2043 $34,461,767 $104,115,422 $47,272,092 $185,849,281 $179,091,126  $6,758,156 $43,253 :
2066 $36,184,855 $109,321,194 $49,635,697 $195,141,746 $191,503,714 3,548,032 $20,643 ’
2045  $37,996,098 $114,787,253  $52,117,4B2 $204,898,833 $204,898,833 $0 $0 &
$103, 982,341 i

Hote: Assumes an inflation rate of 5% and a discount rate of 10%.

B-12




A e

SCERARIO [

Reprinted by permission. Copyright © 2011, American Water Works Association.

20 - YEAR PROGRAM ANNUALIZED BENEFITS

Tabie B-11

SCENARIOQ 11 SCENARIQ (11 TOTAL DIFFERENTIAL
CUMULATIVE  CUMULATIVE  CUMULATIVE  CUMULATIVE BASELINE  DIFFERENTIAL BENEFITS IN
YEAR  BENEFIT BEKEFIT BENEFIT BENEFIT BENEFITS BENEFITS 1990 DOLLARS
1991 $0 $0 $186,953 $186, 953 $267,273 (380,320) ($73,018)
1992 $150,636 $455, 100 $392, 600 $998, 337 $561,273 $437,064 $361,210
1993 $316,336 $955, 711 $618,345  $1,890,392 $884,005  $1,006,388 $756,114
1994 $498,230  $1,505,245 $865,684  $2,869,158  $1,237,606  $1,631,551  $1,114,372
1995 $697,521  $2,107,342  $1,1356,210  $3,941,073  $1,624,358  $2,316,715  $1,438,498
1996 $915,497  $2,765,887  $1,431,624  $5,113,008  $2,046,692 33,066,316  $1,730,856
1997 $1,153,526  $3,485,017  $1,753,740  $6,392,283  $2,507,197 3,885,086 31,993,643
1998 $1,413,069 4,269,146  $2,104,488  $7,786,703  $3,008,637  $4,778,067  $2,229,003
1999 $1,695,683 85,122,976  $2,485,926  $9,304,585 33,553,952  $5,750,633 32,438,830
2000 $2,003,026  $6,051,545  $2,500,247 $10,954,788 - $4,146,277  $6,808,511  $2,624,976
2001 $2,336,864  $7,060,10%  $3,349,785 $12,746,750  $4,788,950  $7.957,79%  $2,789,160
2002 $2,699,078 98,154,416  $3,837,027 $14,690,521  $5,485,525  $9,204,996  $2,932,995
2003 | $3,091,671  $9,340,513 34,364,618 $16,796,802  $6,239,78, $10,557,017  $3,057,992
2006 $3,516,775  $10,624,834  $4,035,375 $19,076,985  $7,055,756 $12,021,229  $3,165,565
2005 33,976,461 $12,0%4,235 35,552,297 $21,543,194  $7,937,726 $13,605,468  $3,257,041
2006 4,473,744 $13,516,015  $6,218,573  $24,208,332  $8,800,253  $15,318,079  $3,333,660
2007 $5,010,593 $15,137,937  $6,937,596 $27,086,126  $9,918,188 $17,167,937  $3,396,585"
2008 $5,589,943  $156,888,260  $7,712,974  $30,191,178 811,026,692 $19,164,486  $3,446,90%
2009 6,214,702 $18,775,772 38,548,546 $33,539,020 12,221,250 $21,317,770  $3,485,626
2016 $6,887,961 $20,809,8t4  $9,448,393  $37,146,168 $13,507,697 323,638,470  $3,513,708
2011 $7,232,359  $21,850,305 9,920,813  $39,003,476 $14,892,236 $24,119,240  $3,258,166
2012 $7,593,977 $22,942,820 $10,416,853 540,953,650 $16,381,460 324,572,190  $3,018,595
2013 $7.973,676  $24,089,961 $10,937,696  $43,001,333  $17,982,375 $25,018,957  $2,79%,071
2014 $8,372,359  $25,294,459 $11,484,581 345,151,399 $19,702,420 $25,448,970 32,583,722
2015 $8,790,977 26,559,182 . $12,058,810 $47,408,969 $21,549,531 $25,859,438  $2,386,723
2016 $9,230,526 27,887,141  $12,661,7S0  $49,779,418  $23,532,088 $26,247,320  $2,202,29
2017 $9,692,053  $29,281,498  $13,294,838 $52,268,389 25,659,027 $26,609,361  $2,029,700
2018 $10,176,655  $30,745,573  $13,959,580 $54,881,808 $27,939,829 $26,941,978  $1,848,247
2019 $10,685,488 $32,282,851  $14,657,559 $57,625,898 $30,384,565 $27,241,334  $1,717,278
2020 $11,219,762  $33,896,994  $15,390,437 $60,507,193 $33,003,924 $27,503,270  $1,576,173
2021  $11,780,751  $35,591,844  $16,159,950 $63,332,553 $35,809,257 $27,723,296  $1,444,347
2022 $12,369,788  $37,371,436  $16,967,957 $66,709,18%  $38,812,614 $27,896,566  $1,321,249
2023 $12,988,277  $39,240,008  $37,816,354 370,044,640 $42,026,784 $28,017,856  $1,206,358
2024 $13,637,691  $41,202,008 $18,707,172 373,546,872  $45,465,339 $28,081,533  $1,099,182
2025  $14,319,576  $43,262,109 $19,642,531 77,224,215 349,142,682  $28,081,533 $999,256
2026 $15,035,555  $45,425,214  $20,624,657 $81,085,426 $53,074,097 $28,011,329 $906, 144
2027 $15,787,332 347,696,475 $21,655,800  $85,139,697 $57,275,796  $27,863,901 $819,431
2026  $16,576,699 350,081,298 $89,396,682 961,764,980  $27,631,702 $738,730

$22,738,685
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Tabie 8-11 (cont’d)

20 - YEAR PROGRAM ANNUALIZED BENEFITS

SCENARIO |  SCENARIO [ SCENARIO [[1 10TAL DIFFERENTIAL
CUMLHL AT I VE CUMULATIVE CUHMULATIVE CUMULATIVE BASEL [HE DIFFERENTIAL BENEFITS IN .
YEAR  BENEFIT BENEFIT BENEFIT BENEF{T BENEF(TS BEKEFITS 1990 DOLLARS é
2029  $17,405,534  $52,585,363 323,875,619  $93,866,516 $66,559,893  $27,306,623 $663,672
203G $18,275,811  $55,214,831  $25,069,400 $98,559,842 $71,679,885 $26,879,957 593,911
2031 $19,189,601 $57,975,363  $26,322,870 $103,487,834 $77,145,676  $26,342,358 $529,120
2032 $20,149,081  $60,874,131 327,639,013 $108,662,226 $82,978,427 $25,683,799 $468,993
2033 $21,156,535 $43,917,838 829,020,964 $114,095,337 389,201,809 $24,893,528 $413,239 o
2034 $22,214,362 67,113,730 $30,472,012 $119,800,106 $95,840,083  $23,960,021 $361,584 {_
2035 $23,325,080 $70,469,416 531,995,613 $125,790,109 $102,919,180 $22,870,929 $313,771 '
2036 $24,491,33%4  $73,992,B57 333,595,393 $132,079,615 $110,466,587 $21,613%,028 $269,558 ‘
2037 $25,715,90% $77,692,531 $35,275,163 $138,683,595 $118,511,436 320,172,159 $228,716 E
2038 $27,001,696 $81,577,158 $37,038,927 $145,617,775 $127,084,604 318,533,179 $191,030
2039  $28,351,781 $85,656,016 538,890,867 $152,898,664 $136,218,810 $16.679,854 $156,297 '
2040 $29,769,370  $89,938,817  $40,835,411 $160,543,597 $145,948,725  $14,594,872 $124,327 i
2041 $31,257,838  $94,435,757 $42,877,181 $168,570,777 $156,311,084 $12,259,693 $94,941 l
2042 $32,820,730 $99,157,545  $45,021,040 $176,999,316 $167,344,808  $9,654,508 $67,969 .
2043 34,461,767 $104,115,422 347,272,092 $185,849,281 $179,091,126  $6,758,156 $43,253 ?'
2044 $36,184,B55 $109,321,194 349,635,697 $195,141,746 $191,593,714  $3,548,032 $20, 643 '
2045  $37,994,098 $114,787,253  $52,117,482 $204,898,833 $204,898,833 $0 $0
£83, 504,425

Kote: Assumes an inflation rate of 5% and a discount rate of 10%.
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Reprinted by permission. Copyright © 2011, American Water Works Association.

Table B-12 '

25 ~ YEAR PROGRAM ANNUALIZED BENEFITS

SCENARIO [

SCENARIO 11  SCEWARIO 11{ TOTAL D(FFERENTIAL
CUMULATIVE  CUMULATIVE  CUMULATIVE  CUMULATIVE BASELINE  DIFFERENTIAL BENEFITS IN

YEAR  BEREFIT BENEFIT BENEFTT BENEFIT BENEFITS BEMEFITS 1990 DOLLARS
1991 $0 $0 $149,562 $149,562 $267,273 ($117,711)  ($107,010)
1992 $119,254 $360,288 $314,080 $793,622 $561,273 $232,349 $192, 024

1993 $250,433 $756,604 494,676 $1,501,714 3884, 005 $617,709 $454 094
1994 $394,632  $1,191,652 $692,547  $2,278,631  $1,237,606  $1,041,024 $711,034
1995 $552,204  $1,668,313 $908,968 33,129,485 - $1,624,358  $1,505,127 $934, 565

1996 $724,768  $2,189,660  $1,145,299  $4,059,728  $2,046,602  $2,013,037  $1,136,307
1997 $913,208  $2,758,972  $1,402,992  $5,075,172  $2,507,197  $2,567,975  $1,317,777
1998 $1,118,680 33,379,741  $1,683,590  $6,182,01t  $3,008,637  $3,173,37&  $1,480,403
1999 $1,342,416  $4,055,689 31,988,741  $7,386,846  $3,553,952  $3,832,894  $1,625,521

2000 $1,585,729  $4,790,783  $2,320,198  $8,696,709  $4,146,277 4,550,432  $1,754,388
2001 31,850,017  $5,589,246  $2,679,828 $10,119,092  $4,788,950  $5,330,14% 1,868,182
2002 $2,136,770 36,455,580  $3,069,621 $11,661,971 35,485,525  $6,176,446  $1,968,006
2003 $2,447,573  $7,395,573  $3,491,694  $13,333,840  $6,239,784  $7,094,055  $2,054,895
2006 32,784,114  $8,411,327 . $3,948,300 $15,143,74%1  $7,055,756 8,087,985  $2,129,819
2005  $3,148,190  $9,511,270  $4,4641,838 $17,101,298  $7,937,726  $9,163,572  $2,193,686
2006 $3,541,714 $10,700,178  $4,974,859 $19,216,751  $8,890,253 $10,326,498  $2,247,347
2007 3,966,720 $11,984,200  $5,550,077 $21,500,996 39,918,188 $11,582,808  $2,291,57
2008 $4,425,372  $13,369,873  $6,170,379  $23,965,624 $11,026,692 $12,938,932  $2,327,181

2009 $4,919,972  $14,864,153  $6,838,837 $26,622,962 $12,221,250 $14,401,712  $2,354,795

2010 $5,452,969 816,474,436  $7,558,715  $29,486,120 $13,507,697 $15,978,422  $2,375,091

2011 $6,026,966 $18,208,587  $8,333,48%  $32,569,036 $14,892,236 $17,676,799  $2,388,676
2012 36,644,730 $20,074,967  $9,166,831 $35,886,528 $16,387,460 $19,505,068  $2,396,119
2013 $7,309,203 322,082,464 $10,062,680 $39,454,347  $17,982,375  $21,471,972 $2,397,950
2014 $8,023,511  $24,240,523  $11,025,198 $43,289,232  $19,702,429 $23,586,803  $2,394,664
2015 $8,790,977 326,559,182 $12,058,810 $47,408,969 321,549,531 $25,859,438  $2,386,723
2016 $9,230,526 $27,B87,141 $12,661,750 $49,779,418  $23,532,088 $26,247,329 2,202,294
2017 39,692,053 329,281,498  $13,294,838 $52,268,389 $25,65%,027 $26,609,361  $2,029,700
2018 310,176,655 $30,745,573 $13,959,580 $54,881,808 $27,939,829 $26,941,978  $1,868,247
2019 $10,685,488  $32,282,851  $14,657,559 $57,625,898  $30,384,565 $27,241,334 31,717,278
2020 $11,219,762  $33,896,996 $15,390,437 $60,507,193  $33,003,924 $27,503,270  $1,576,173
2021  $11,780,751  $35,591,8464 $16,159,950 $63,532,553  $35,809,257 $27,723,296  $1,444 347
2022 $12,349,7B8  $37,371,436 316,967,957 $66,709,181 $38,812,614 $27,896,566  $1,321,249
2023 312,988,277 $39,240,008 $17,816,354 $70,044,640 $42,026,784 $28,017,856  $1,206,358
2024 $13,637,691  $41,202,008 $18,707,172 $73,546,872 45,465,339 28,081,533  $1,099,182
2025  $14,319,576  $43,262,109 $19,642,531 77,224,215  $49,142,682 $28,081,533 $999, 256
2026  $15,035,555 $45,425,214 20,624,657 $81,085,426 $53,074,097 $28,011,329 $904, 144
2027  $15,787,332  $47,696,475 321,455,890  $85,139,697  $57,275,796  $27,863,90% $819,431

2028 $16,576,699 $50,081,298 $22,738,685 389,396,682 $61,764,980 $27,63%,702 $738,730
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YEAR
2029
2030
2031

2032
2033
2034
2035
2034
2037
2038
203¢
2040
2041

2042
2043
2044
2045

SCENARID |
CUMULAT IVE
BENEFIT
$17,405,534
$18,275,811
$19,189,401
$20, 149,081
$21,156,535
$22,214,362
$23,325, 080
$24,491,334
$25,715,90%
$27,001,696
$28,351, 781
$29,769,370
$31,257,838
$32,820,730
334,461,767
$36,184, 855
$37,994,008

Reprinted by permission. Copyright © 2011, American Water Works Association.

25 - YEAR PROGRAM ANNUALIZED BENEFITS

SCENARIC I
CUMULAT [VE
BENEFIT
$52,585,363
$55,214,631
$57,975,363
$40,874, 131
$63,917,838
$67,113,730
$70,469,416
$73,992,887
$77,692,531
$81,577,158
85,656,016
$89,938,817
$94 435,757
$99,157,545
$104,115,422
$109,321, 194
$114,787,253

Table B-12 {cont'd)

SCENARIO 1
CUMULAT [VE
BEHEFIT

TOTAL
CUMULATIVE
BEREFIT

BASELINE
BENEF1TS

$23,875,619
$25,069,400
$26,322,870
$27,639,013
$29,020,964
$30,472,012
£31,995,613
$33,595,393
$35,275,163
£37,038,921
$38,800,867
40,835,411
$42,877,181
$45,021,040
$47,272,092
$49, 635,697
$52,117,482

$93,866,516

98,559,842
$103,487,834
$108,662,226
$114,095,337
$119,800, 104
$125,790, 109
$132,079,615
$138, 683,595
$145,617,775
$152,898,664
$160,543,597
$168,570,777
$176,999,316
$185, 849,281
$195, 141,746
$204,898,833

DIFFERENTIAL
BENEFITS

DIFFERERTIAL
BEMEFITS W
1990 DOLLARS

$66,559,893
$71,679,885
$77,145,476
$82,978,427
$89,201,809
$95, 840, 083
$102,919,180
$110, 466,587
$118,511,436
$127,084,604
$136,218,810
$145,948, 725
$156,311,084
$167,344,808
$179, 091,126
$191,593, 714
$204,898, 833

Nete: Assumes an inflation rate of 5% and a discount rate of 10%.

B-16

$27,306,623
$26,879,957
$26,342,358
£25,683,799
$26,893,528
$23,960, 621
$22,870,929
$21,613,028
$20,172,159
$18,533,171
$16,679,854
$14,594,872
$12,259,693
$9,654,508

$6,758,156

$3,548,032

$0

$663,672
$593,911
$529,120
$468,993
$413,2%9
$361,584
$313,771
$269,558
$228,716
$191,030
$156,297
$124,327
$94,941
367,969
$43,253
320,643
$0

$65,753, 246
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Reprinted by permission. Copyright © 2011, American Water Works Association.
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Minimizing Peak Lead Concentrations
After Partial Lead Service Replacements

John Joseph Wujek, PE - Baker Killam Joint Venture

The District of Columbia Water and Sewer Authority (DC WASA) has approximately
130,000 service connections of which approximately 23,000 are reportedly lead service
lines. Since 2002, lead sampling and testing conducted as part of the Lead and Copper
Rule (LCR) has shown that more than 10% of the residences sampled exceeded the Lead
Action Level of 15 ppb. As a result, DC WASA must replace 7% of the lead water
service lines in the system every year that the system is not in compliance with the Lead
Action Level. The following summarizes DC WASA'’s lead service replacement
program and the steps that were undertaken to minimize lead levels to consumers taps
after partial lead service line replacements.

The configuration of a typical DC WASA water service line is shown in Figure 1. The
water service line extends from a corporation stop on the water main to the building it
serves, and includes a meter located in a small vault in public space and a shut-off valve
(curb stop) at the property line.

Figure 1- Typical Water Service Line in the DC WASA System
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As shown in Figure 1, a typical water service line includes a public space portion and
private property portion. For lead service line replacements, the LCR requires that DC
WASA replace the public space portion and offer the property owner to replace the
portion of the lead service line on private property at cost. If the property owner elects
not to have the portion of the lead service line replaced, and DC WASA replaces all of
the lead piping in public space, this is considered a partial lead service replacement. The
LCR requires that follow-up sampling be performed for partial lead service replacements.
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The sequence of construction for lead service replacement in the DC WASA system is as
follows:

> A test pit is performed to field verify the service line material type. Test pits that
reveal non-lead service lines are backfilled and the area is restored to pre-existing
conditions.

» The area around the corporation stop connection to the water main, meter and
property line is excavated to provide access for removal and replacement of the
lead piping.

> Lead service lines are replaced with copper piping by either open cut or trenchless
methods, i.e. snaking or moling.

» The existing corporation stop, meter box, meter setter and shut-off valve (curb
stop) are removed and replaced within public space.

> If the property owner authorizes and pays to replace the portion on private
property, the DC WASA contractor replaces the lead service line from the
property line to the first fitting inside the building including the installation of a
shut-off valve and a pressure reducing valve.

» The new water service line is flushed and put back into service.

> The excavations around the new water service line are backfilled and the area is
restored to pre-existing conditions.

As required by the LCR, prior to a partial replacement, DC WASA noatifies the resident
that a temporary increase in lead levels may be experienced, and to flush the service line
before cooking or drinking. In addition to this notification, DC WASA included
notifications at least 48 hours before construction as a door hanger and within the
sampling kit that was distributed for collecting post replacement lead samples. Sampling
kits are delivered to the customer the day a partial replacement is made. The LCR
requires that DC WASA sample and test at the customer’s tap within 72 hours and report
the results of the analysis to the property owner and residents within three business days
of receiving the results.

Upon review of partial replacement sampling results, it was identified that some of the
customers had very high lead levels (>1000 ppb). The high lead levels may have been a
result of insufficient flushing to remove lead particles that are derived from the
installation process; or the disturbance/exposure of the “cut” joint where the existing lead
service line is “cut” and connected to the new copper piping. Over the past two years DC
WASA has developed a “service line profile” procedure to determine the lead
concentration of lead along the entire length of the service line. Although profile
sampling undertaken by DC WASA of previous partial lead service line replacements
indicated that overall lead levels were reduced after replacement (Giani, Edwards et al
2004), in April 2004 the DC Department of Health (DOH) advised DC WASA to
conducted further testing to determine the duration of the temporary high lead levels and
establish construction practices that would result in lower lead levels following partial
replacement.
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Subsequently, the following sampling protocol was by developed DC WASA in
coordination with the US Environmental Protection Agency (US EPA) and DOH:

» Coordinate with the homeowner to obtain consecutive samples from the kitchen
sink after no water usage for at least 6 hours.

» Based upon plug flow through the interior plumbing system and water service,
sample at predetermined intervals to obtain: three samples from the internal
plumbing; three samples from the water service line; three samples of water from
the main passing through the water service; one sample after a three minute flush;
and one sample after a ten minute flush.

> The aerator / screen on the kitchen sink outlet was removed prior to performing
the sampling.

> Analyze the samples for total lead.

The objective was to sample at multiple addresses before and after a partial lead service
replacement to determine: 1) the duration of the temporary high lead levels; and 2) to
evaluate various pipe cutting techniques. Three methods of cutting the existing service
lines were used: hacksaw, tube cutter, and pipe lathe.

Sampling was conducted before the partial lead service replacement, immediately after
cutting and flushing, and regularly for a period of fourteen days after the service lines had
been replaced. Sampling was performed by DC WASA staff in cooperation with the
homeowner.

Seven addresses were sampled as part of this program and the breakdown of cutting
methods used for the partial replacements were: four addresses with a hacksaw; two
addresses with a pipe lathe; and one address with a pipe cutter.

The seven addresses that were selected for this program had very similar building
plumbing and water service line configurations. Sampling was performed at the
following intervals:

1) 1% liter of water;

2) 2" liter of water;
3) 4" liter of water;
4) 6™ liter of water;

5) 8™ liter of water;

6) 11" liter of water;
7) 14" liter of water;
8) 18" liter of water;
9) 22" liter of water;
10) 3 minute flush; and
11) 10 minute flush.
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Eighteen pre partial service replacement sampling profiles at the seven addresses were
conducted. The average pre partial lead service line replacement sampling results are
shown in Figure 2. In summary the average results are consistently above the Lead
Action Level for the samples within the internal plumbing (Samples 1, 2 and 3) and lead
water service (Samples 4, 5 and 6). The sample results from the water in the water main
passing thru the lead service (Samples 7, 8, 9, 10 and 11) were all below the Lead Action
Level.

Figure 2 — Pre Partial Replacement Sampling Results
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After the pre partial replacement sampling was performed, the DC WASA contractor
replaced the lead service line in public space with copper pipe using the cutting methods
specified herein. As a result, for each of these addresses, approximately 15 feet of lead
service piping remained from the property line to the building face. Immediately
following construction, the water service was flushed and the post partial replacement
sampling was performed. Forty-five post partial replacement sampling profiles at the
seven addresses were performed.

The average post partial lead service line replacement sampling results are shown in
Figure 3. In summary the results are consistently below the Lead Action Level for all the
samples within the internal plumbing (Samples 1, 2 and 3), copper service line (Samples
5 and 6) and the water from the water main passing thru the lead service Samples 7, 8, 9,
10 and 11). The average results for the water in contact with the partial lead service
(Sample 4) were above the Lead Action Level.
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Figure 3 — Post Partial Replacement Sampling Results
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In comparing the results from the day immediately following construction to each of the
sampling dates for fourteen days after construction there were no significant changes in
the lead levels observed.

A total of 687 sample results were used to develop 63 profiles, which were included in
the analysis. The following two very high 2™ liter sample results from the same address
were excluded from the analysis:

> 15,888 ppb pre partial replacement (all other results were <350ppb); and
> 854 ppb post partial replacement (all other results were <70ppb).

These two very high 2" liter results may have been from particulate lead dislodged when
the aerator was removed and were deleted from the analysis.

Ultimately, the sampling results are a clear indication that flushing immediately
following a partial lead service replacement reduces lead levels that may have been a
result of construction. The sampling also showed that the disturbance/exposure of the
end of the existing lead service line where it is “cut” and connected to new copper piping
does not significantly increase lead levels in the delivered water.

Overall, the average results of the pre and post partial replacement sampling performed
are shown in Figure 4.
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Figure 4 — Pre & Post Partial Replacement Sampling Results

70

60

50

40

—&—Avg Pre
—— Avg Post

ppb

30

20 A

The following flushing requirements were implemented immediately following the
replacement of a lead service:

> the contractor flushes the service at an external hose bib of the connected building
for at least fifteen (15) minutes; or

> if unable to perform the flushing from the external hose bib, inform the customer
of the need for appropriate flushing (generally 15 minutes from a faucet).

Upon analysis of the different cutting methods, there was very little difference in the final
lead levels based on the manner in which the pipe was cut. The following summarizes
the results of the different types of pipe cutters used:

> Pipe Lathe Pre to Post Sampling Results dropped 71% (see Figure 5)
» Hacksaw Pre and Post Sampling Results dropped 65% (see Figure 6)

> Pipe Cutter Pre and Post Sampling Results dropped 62% (see Figure 7)
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Figure 5 — Pre & Post Partial Replacement Sampling Results — Pipe Lathe
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Figure 6 — Pre & Post Partial Replacement Sampling Results — Hacksaw
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Figure 7 — Pre & Post Partial Replacement Sampling Results — Pipe Cutter
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Conclusion

For each cutting method the average results were reduced significantly, which is a clear
indication that any of the cutting methods for a partial lead service replacement are
effective. However, flushing immediately following a partial lead service replacement
may be the most important factor in reducing lead levels immediately following partial
replacement.
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