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Lead and Copper Research
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WRF Lead Research since late 1980’s

_

Lead and Copper
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Lead and Copper Management
Research Area: Started 2016

. #4713 - Full Lead Service Line Replacement
Guidance

. #4910 - Evaluating Key Factors that Affect the
Accumulation and Release of Lead from Galvanized
Pipes

. #5032 - Analysis of Corrosion Control Treatment for
Lead and Copper Control

. #5081 - Guidance for using Pipe Loops to Inform
Lead and Copper Corrosion Control Treatment
Decisions




LEAD SERVICE LINE RE
COLLABORAT

PLACEMENT

VE

Our goal is to accelerate voluntary LSL replacement in communities across the United States.

* Membership of 26 national

organizations

 Replacement practices, preparing an inventory,
communication resources, policies and more

e www.lslr-collaborative.org

| SLR



http://www.lslr-collaborative.org/

AWWA Lead Resources

LEAD

Resources & Tools / Resource Topics / Inorganic Contaminants / Lead

AWWA Resources on Lead in Drinking Water

AWWA members protect consumers against
lead in drinking water. The Association
continues to prepare helpful communications,
technical and public policy resources. Selected
resources are available from this single hub.
Here you will find insights on corrosion control
and other lead management issues, the latest
legislative and regulatory developments, and
public outreach tools to help you speak with
consumers and other key stakeholders. Both
resources prepared by AWWA's members and
others such as the USEPA are available.

Related Resources:

Inorganic Contaminants
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WRF WEBCAST — MARCH 4, 2021
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WRF 4713

* Co-Pls

— Richard Brown, David Cornwell, Baljit
Sidhu — Cornwell Engineering Group

— Maureen Schmelling — DC Water
— Suzanne Chiavari — American Water
— Rebecca Slabaugh - Arcadis

* Participating Water Systems

— 12 — Field and Case Studies
— 1 — Field Studies only

— 4 — Case Studies only
— 10 US + 3 Canadian (field studies)

e

PROJECT NO.
4713

Full Lead Service Line
Replacement Guidance
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WRF 4713 FLSLR Guidance

* Report
— Field studies

— Case studies
— FLSLR Guidance Toolbox

Including example recommendations, procedures, infographics,
etc.

* Webcast
— Field Studies
— Experiences from two PWS participants
— Case Studies
— Toolbox overview
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Issues

* We know lead can be high after a PLSLR or a FLSLR

* Whole-house High Velocity Flushing (HVF) can
reduce the lead levels after a disturbance

* High Velocity Flushing should not be confused with
displacement flushing

* What are the procedures for HVF

-8-0 :
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HVF in the
Lead and Copper Rule Revisions

* Requires HVF after PLSLR or FLSLR

* Also required after any time water is shut off to houset

— Water main break
— Meter replacement

T =if there is a known LSL or galvanized service line, or a
service line with “unknown” status.

Public education materials, filters, instructions, replacement media,
etc. are also required
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Total Lead (ug/L)

What is a Displacement Flush

* Objective — replace water in house and service line
with fresh water from water main in street

—service line | SL

Time (min) at Normal Household Flow Rate of 4 L/min
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80 ' : ' : : : : : : : : : : : : : ' :
70 +
I normal household flow (usage) rate
50 i ~1 gpm (4 L/min) from DeOreo et al. 2016
. : / \ * May take 3 to 5 min to get past
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30
" ; //ﬂ \\ 30 sec is often start of LSL lead
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What is High Velocity Flushing

* Analogous to “unidirectional” flushing of dist. sys.

* Objective is to dislodge, and then remove particulate
material from pipes, fittings, and other parts of
plumbing

* |n this case to remove loose particulate material
between household taps and water main

* Remove aerator

Pipe Wall

Pipe flowing with

ooy > gy < v~ > T o' L sushendedpaticulate
W
matter

Particulate Material

Flushing/Sampling Flow
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Which Faucets In Your House to
Flush?

 All faucets inside your house that can flow to a drain
without overflowing should be qushed For example

&l ole
— T l- ——
Laundry Sink Bathroom Sink Kitchen Sink Bathtub

* Don’t perform HVF at:
— Faucets where you can’t remove aerator (rusted)
— Outdoor faucets
— Filters that can not be bypassed
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Debris to be removed
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Past HVF Studies
by the Research Team
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Past HVF Studies Leading Up to WRF 4713
* WITAF 306 — PLSLRs (2012 — 2013)

— Compared “service line (SL) flush” alone versus SL flush
with HVF

— Total lead results were lower and dropped to <DL (~1
ug/L) more quickly after HVF than with SL flush alone

* WRF 4584 — PLSLRs and FLSLRs (2014 —2017)

— Removal of lead and other metals was measured during
30 min HVF (so HVF did remove lead remaining after
PLSLR and FLSLR)

— Total lead increased in profile samples after FLSLR prior
to HVF, then decreased within 60 days (typically <4 ug/L)

2 1 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.
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WRF 4713 Field Studies
HVF Grab Sample Results
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WRF 4713 Field Study Sequence

* |dentify participants (all single family homes)

* Collect pre-LSLR samples
— profile at all houses, some composite samples (~30)

Conduct LSLR (with service line flush)

* Collect pre-HVF profile samples

Conduct HVF

— Typically PWS staff during each study
— Collect grab samples 2, 4, 6, 8, 10, 20, 30 min (kitchen)

* Collect post-HVF profile samples
— 1, 30, 60 day profile samples
— 60 day composite samples (~30 houses)

23 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



Instructions on High Velocity
Flushing

* COLD water

* Aerators and filters = removed or by-passed

* High-rate (“taps wide open”)

—0 0000
24 © 2021 The Water Research Fou
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HVF in this project

Performed
once per

house




WRF 4713
Two types of HVF Evaluated

* “all taps at once” — Method A — AWWA Std. C810-17

— All faucets, wide open, 30 min
— Sample kitchen faucet (2, 4, 6, 8, 10, 20, 30 min)

* “one tap a time” — Method B
— Flush each faucet, turn it off, move to next one
— Sample kitchen faucet only

26 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



High Velocity Flush (“all taps” — Method A)

* Open all faucets in the house
starting from lowest to highest
level

* Leave faucets running at the
highest rate possible for at least
30 minutes

e After 30 minutes, turn off all
faucets in the same order they
were turned on

* Replace aerators/screens at each
faucet

27 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



Sampling during HVF - Kitchen

Aluminum -2- Copper —#|ron —=Lead Manganese —#Tin Zinc

Total metal (pg/L)

40

35
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25

20
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10

HVF Flush Rate - 11.29 gpm
HVF Velocity - 4.61 ft/s (service line)

5 10 15 20 25 30 35
Time (min)
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WRF 4713 Field Studies

Profile Sampling Results
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Setup Prior to Profile Sample Collection

Be prepared

* It goes faster than you think

e Best results are two PEOPLE
O one to collect
O one to hand bottles

* Need lots of counter space

* In this study - >6 hr stagnation

WRF 4713 profile samples

* Pre-LSLR

* Pre-HVF

* Post-HVF
O 1 day
O 30 day
O 60 day

* Some PWS’s voluntarily collected
other profile samples (14, 90, 120
days)

30 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.
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WRF 4713 profile
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Average — Impact of FLSLR before HVF

Weighted Average Total Lead
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Average — Impact of 1 day post-HVF

Weighted Average Total Lead
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Average — Impact of 30 days post-HVF

Weighted Average Total Lead
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Average — Impact of 60 days post-HVF

60 days post-HVF (ug/L)
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Average — Impact of FLSLR before HVF

Weighed Average Total Lead
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Average — Impact of FLSLR before HVF

60 days post-HVF (ug/L)
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Peak — pre-LSLR vs. pre-HVF

Peak Total Lead

Pre-HVF (ug/L)

10000

1000

100

10

0.1

| X
W X X
X X
X
gxx g(
i X X
X . X
X X 9
v XX
X o
| P
XHVF all &=HVF one at a time
0.1 1 10 100 1000 10000

pre-LSLR (pg/L)

40 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



Peak — pre-LSLR vs. 60 day

Peak Total Lead
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Peak — pre-HVF vs. 60 day

Peak Total Lead
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Improvement (Decrease) in Peak 60-Day Results
Versus Pre-LSLR and Pre-HVF

Description

Peak
total lead

Pre-LSLR greater than 60 day data

All data 76 of 94 81%
Pre-LSLR >10 pg of L 45 of 48 94%
Pre-LSLR <10 pg of L 31 of 46 67%

Pre-HVF greater than 60 day data

All data 62 of 64 97%
Pre-HVF >10 pug of L 43 of 43 100%
Pre-HVF <10 pg of L 19 of 21 91%

43
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Mann-Whitney U Test Comparison - Profile Data
[a =0.05 (or 90% confidence interval)]

Comparison Data Is difference
Values statistically significant?

Pre-LSLR vs. 60 day (paired)
All data
Method A (all taps)
Method B (one at a time)

Pre-HVF vs. 60 day (paired)
All data
Method A (all taps)
Method B (one at a time)

60 day vs. 60 day

Method A vs Method B

94
70
24

64
40
24

70, 24

<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

0.183

IIYeSII
IIYeS”

llYeSII

IIYeS”

llYeSIl

IlYeSII

HN OII

Shapiro-Wilks Normality test — “Not normal” for each evaluation

— 0@ -0
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Peak Total Lead Occurrence - Pre-LSLR
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Peak Total Lead Occurrence - 60-day

Peak profile 60 day
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Composite Sample Results

m Composite Pre-LSR  m Composite 60 day
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Galvanized Pipe with Lead Goosenecks

mmpre-LSLR mmpre-HVF

1 day mm30 day =60 day --- DL

1 PWS
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All filtered water results on all dates
were less than the 1 ug/L DL

5 6 7 8 9 10
Profile Volume (L)

11

43 dates, 10 houses

512 samples

9 profile samples >DL
— DL=1 pg/L
— 6are<2 pg/L
— 7 were pre-HVF

12
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Peak Measured Copper Versus Theoretical Copper Solubility
(Lytle et al. 2018)
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Conclusions and Recommendations
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Field Study Summary

* HVF does remove materials either not removed by FLSLR or caused
by FLSLR

— WRF 4584 = same goes for PLSLR
About 60% of houses had higher lead in pre-HVF than in pre-LSLR

1 day after HVF the total lead was lower than pre-HVF, 30 day was
lower than 1 day, but 30 and 60 day were similar

Results from Method A and B were similar
— Mann-Whitney U Test, a=0.05

LSLR combined with HVF can greatly “improve” peak total lead
— But there still can be lead >10 pg/L (lead in premise plumbing)

Presence of LSL does not necessarily always mean “high” lead
— Peak total lead during pre-LSLR = 13% < 1 pg/L, 20% < 2ug/L

* New copper SL created elevated post-HVF copper

— o0 O :
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Utility Experiences with FLSLR:
EPCOR Water Canada

Jeff Charrois, PhD

Senior Manager, Analytical Operations & Process Development

March 4, 2021
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Lead Service Lines (LSLs) in Edmonton

= Approximately 4,450 homes have LSLs in Edmonton (1.6% of 270,000 total)
= LSLs were typically installed from 1910 — 1950 in single family residences
= Lead was not used for service lines for larger customers (schools, businesses)

= Shared ownership and responsibility for service line

I .‘ I Property :
! '
@Jﬂ Line ‘ |

L WP

Homeowner Portion of

L

Water Service Line
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Past EPCOR Lead Program

= EPCOR’s lead program (since 2008) had focused on homes with
LSLs and involved
e annual notification
* free lead testing
e point-of-use filters, tips on maintaining water quality
e utility LSL replacements
= EPCOR has been replacing utility-portion of LSLs since the 1970s

e about 125 per year mainly due to repairs, water main renewal, and
abandonments

e Little emphasis on post-replacement flushing

= Any private-side LSL replacement was at owner’s expense
e about 40 per year, mostly due to infill construction EPC2R

5 6 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.
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Guidelines for
Canadian Drinking
Water Quality

Guideline Technical Document

Lead

‘A/(b—@!’bﬁ\.. Government

AEP Guidance Document for Managing Lead in
Municipal Drinking Water Systems in Alberta:

Phase 1 tools for utilities to plan, assess and
implement lead management plans for

2020-2024

Aug 28, 2019



Goals of EPCOR’s Enhanced Lead

Mitigation Strategy

Presented business case to City Council for a non-routine

adjustment—Approved in July 2019
1. Reduce public health risk due to exposure to lead in drinking

water at the tap
e  Minimize and eventually eliminate risk due to lead service lines
e  Minimize risk due to plumbing components

e  Protect all uses of drinking water in Edmonton and the 70 surrounding
communities we serve

2. Proactively meet the intent of Health Canada Guideline (5 pg/L)

3. Be prepared for Provincial regulation in 5 years

EPC<R
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Key Elements—Lead Mitigation Strategy

1. Addition of a lead corrosion inhibitor to the Edmonton drinking water
e EPCOR will add orthophosphate to the treated drinking water to protect

against lead release from all sources (LSLs and plumbing) throughout
Edmonton and the region
2. Elimination of Partial Lead Service Line Replacements / Utility Funding of
Private Portion Replacements
e EPCOR will always replace the private portion of the LSL every time
EPCOR initiates a replacement of the utility portion (emergency repairs
or water main renewals)
3. Accelerated Replacement of High Priority Lead Service Lines / Utility
Funding of Private Portion Replacements

e EPCOR will replace any lead service lines (private and/or utility portion)

where lead concentration at the tap is found to be greater than the new

59 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



ANSI/AWWA C810-17
‘ (First Edition)

American Water Works
Association
Dedicoted to the World's Mast Important Resource™

AWWA Standard

~ T

Replacement and Flushing
of Lead Service Lines

Effective date: Nov. 1, 2017.

First edition approved by AWWA Beard of Directors June 11, 2017,
This edition approved by AWWA Board of Directors June 11, 2017,
Approved by American Natlonal Standards Institute Sept, 1, 2017.

A\ | STANDARD e,
5255w | Sinee 1881 @

Copyrght & 2017 Amarican Wakar Works A sation. All Rights R

60

High
Velocity
Flushing

As a customer who has
recently had a partial

or full lead service line
replacement, it is critical
that you flush your drinking
water pipes to ensure

scale and displaced lead
particles are removed.
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EPCOR’s Care Package

* Use water quality kit until sampling
confirms lead levels are down
e Comingin 2021 “How to home sample”

video for customers

BOX CONTENTS

O Brita Pitcher
0 Filter cartridge certified for lead removal

0 Lead Brochure

O Health Canada one-pager
CZ! High Velocity Flushing instructions

Water Sample
Collection
Instructions

—eoe@ - O
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HVF Key Learnings

Customer engagement takes time to do things right
* A lot of coordination on-site required
e Resident vs owner challenges

e Fear of scams

Post LSL replacement, lead concentrations can increase
at the customers’ tap

HVF is effective at removing particulate lead from
premise plumbing and reducing lead at the tap

Possibly >6 months of working with customer (follow-up

testing; additional flushing may be required)

-0-0
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Final Thoughts

EPCOR’s Enhanced Lead
How do | complete high velocity flushing?
M it i ga ti O n St ra tegy i S a :i:-:-tgz:‘:msfsuc:atsthstwill drain throughout

+ Be sure to check all levels, including
the bassment

compre hensive program sl nonghd s e

Remove any aerators or screens, when possibla,
Turn faucets on and off

. including the shower heads, from all the faucsts you
plan to flush. Special emphasis should be givento from bottom to top floors
a W I e n a e aring lead deposits from aerators and screens in
the taps that you wsae for drinking watar, typically the
kitchen faucet.

.

t O b e ro a Ct I Ve a n d Work your way from your bottom floor (or basamant]
to your top floor, turning on all cold water faucets to
the fully open position — ensuring the highest flushing
rate possible.

m e et t h e H e a I t h Ca n a d a After all faucets are openad, laave the water running
for a minimum of 30 minutes. Monitor the faucets to
ensura water drains properly and doss not overflow

sinks or basina.

Guideline, at the tap, for

turning off all taps Turn off the faucets in the same
order they were turned on.

. . .
Clean aerators/screens at each faucet. You may need
r I n I n g Wa e r q u a I y y to replace screens/aerators if they are too old or worn.
Congider lead-free plumbing components when you

replace fittings in your home. Look for NSF/ANS| 372
Cartified products at home improvement stores.

fully incorporating s

Frequency: every morning or if faucet has been turned off
for 6 or more hours. You may wish to consider a daily mini
. flush until you raceive your final tap water lead result.
h e a I t h S O C I a I Duration: turm on faucet to flush with cold water for 5
) ) minutas bafore usad for consumption. This could include

taking a showaer or running the dishwasher.

Housekeeping: customers should clean debris from
aerators/scraens once a manth for initial 8 months.

environmental and e e

financial considerations
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Providence Water- Source of Supply

Supply Source:

Watershed Area:

Watershed Area Owned:

Storage Capacity:

Average Amount of

Water Treated Per Day:

Scituate Reservoir
& Five Tributary

93 Square Miles

28 Square Miles

40 Billion Gallons

60 Million Gallons
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Providence Water- System Overview

TRANSMISSION & DISTRIBUTION

Size of Pipes:

Pipe Materials:

Total
Length of Pipe:

Storage Tanks &
Total Volume:

Pumping Stations:

Pressure Zones:
Service
Connections:

Valves:

Fire Hydrants:

6 inches to 102 inches
in diameter

Cast Iron, Ductile Iron,

Steel, Asbestos Cement
and Concrete

1,030 Miles

WHOLESALE CUSTOMERS
?'20 MG *  Kent County Water
12 *  Bristol County Water
*  Greenville Water
10 *  Smithfield
* East Providence
*  Warwick
76,500 * Lincoln
14,500 RETAIL CUSTOMERS
* Cranston
6,300 *  Providence

* North Providence
*  Smithfield
* Johnston

"\
y
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Providence Water- Distribution

Unlined Cast-Iron Pipes: 470 Miles
(50% of total piping)

Approximate Total Services: 76,500

Approximate Total Full LSLs: 10,400

Approximate Total Private Side LSLs: 16,500

Cast Iron Water Main
Water Main
s |nterstate Highway

| Municipal Boundaries
Surface Water
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PW'’s Approach to Reducing Lead

* Lead Service Line Replacements
* Water Main Rehabilitation

* Corrosion Control Treatment

* Public Education

* Unidirectional Flushing
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PW'’s Current LSLR Practices

* Written notification (pre-construction)

* Post-construction premise plumbing flushing
instructions

 NSF 53 Filter distribution
* Post-construction samples

* Follow-up communications

-8-0 :
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WRF 4713 — PW Challenges

* Customer participation

* Ambitious proposal

— Preconstruction work
— Full LSLR

* Pre HVF samples

* Follow-up communications with customers
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Lead (ppb)

70

65

60

55

50

45

40

35

30

25

20

15

10

%]

Before LSLR

Location 7

Lead Sampling Results

M Faucet @ Household Plumbing ™ Service Line

1 Day after LSLR

Sample Time

30 Days after LSLR 60 Days after LSLR
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WRF 4713 - PW Lessons Learned
Impact of HVF

Total Lead Concentration (ppb)

Lead Service Line Post-Replacement Sample Results (L7)
Customer Responsibilit ility Re: ibility
2000 p Y Utility Responsibility
+Faucet Household Plumbing +Meter Water S:r\nce Line %‘v‘ater Main
1800 .
1600 .
1400 .
: Profile 2 - Right After LSL
H Replacement
1200 . Profile 3 - 1 Day After LSL
: Replacement
E Profile 4 - 30 Days After
n LSL Replacement
1000 u
: Profile 5 - 60 Days After
» LSL Replacement
800 E
600 .
400 .
200 E
0 i
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
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WRF 4713 — PW Lessons Learned

* Orthophosphate versus pH/alkalinity passivation
* Additional metals sampling
* Composite sampling

* |dentification of lead sources
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401-521-6300 x7334
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WRF 4713 Case Studies

Identify trends and summarize
protocols, successes, and
challenges, amongst public water
systems (PWSs) that have
conducted full LSL replacements

Participating Systems

* 16 PWSs Participated

* 4 did not participate in field
studies

e System Characteristics

* Most surface water treatment
(2 groundwater)

 All except 2 practice corrosion
control treatment (CCT)

77 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.
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Service Line Materials Inventory

Inventory Sources

0%

Q

g 100% * Assessments typically
3 90% recorded on paper

- 30%

8 70% * If lead on the public side,
?_, 60% there was often lead on
S 50% the customer side

o 40%

03_ 30%

« 20%

S 10%

c

Q

o

Q

Q.
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Lead Service Line Replacements

* Goals to replace all lead in No. of PWSs that Conduct
the system range from 3 to Partial LSLRs
30 years 7

* Annual replacement goals g
100 to 5,000 SLs/yr 3

* Many utilities only replace i I -
during water main ° Yes, only es  N/A(lead
replacement or emergency hen Boosenecie)
repairs refuses
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LSLR Utility Funding

* Replacement costs
difficult to predict

* Costs varied by type:
— Partial: $2,500 - $7,100 State Funds ]
— Full: $3,550 - $15,000

Utility Funding for Public Portion

Operating Budget .
* Can include:

« Materials Water Rates .

* Street restoration Capital Construction _

* Construction/Labor Budget

* Sampling

*  Administrative 0 10 20
Number of PWS

* Other

—eoe@ - O :
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LSLR Customer Financing and

Assistance

Type of Customer Financing
Procedure for Privately Owned
Portions

Partially Utility Funded
Loan

Loan and Incentive

None

Utility Funded

o

2 4 6 8

Number of PWS

Loans

0% — 5% interest
over 1 —15 years

Incentives | $1000 — $2500

* Loans are sometimes offered
only for low-income families
and require an application

* Some loans have a cap for
the total cost (e.g., $10,000)

82
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Post LSLR Flushing Procedures

Flushing Procedures

B O0Omin. 10 min. =15 min. =30 min. =60 min.

16
>14 [
= 12 0
210
h .
o 8 94% also provide
e 6 additional flushing
3 4 recommendations
O 2 _ for daily use
|
0
. . k%
All Taps, Starting One Tap at a Time None
Lowest Level * (time per tap)*
*Two utilities provide two separate sampling protocols: (1) all taps, starting lowest level and (2) one tap at a time.
**System that did not provide flushing instructions now provides flushing instructions following this study
—0 0000
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Post LSLR Sampling

e Most use 1L bottle
60%

e Mix of profile and

50% first draw samples
40%

30%

10% I

o B i B B H B B

Before  During Following 24 Hours 72 Hours 1 Month 2 Months 3 Months 4 Months 6 Months  Upon
LSLR  Flushing Flushing  After After After After After After After  Request
After After LSLR LSLR LSLR LSLR LSLR LSLR LSLR
LSLR LSLR

Frequency of Use for Sampling
Procedure
No
o
X
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Home Water Filters

OFRLNWRARULIONOOOO

Utilities Offering Filters Following

Yes

LSLR

T

No, but
planning to in
the future

Type of Filters Offered

Pitcher

and/or

Faucet’ Pitcher,
60%

Pitcher Filter Faucet Filter

85
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Home Water Filters (cont.)

e NSF 53 Certification
* In-house testing

Filter Selection Replacement
: : Costs
Considerations Frequency

e 1 to 6 months
depending on the

e Pitcher: S12 to S50
e Faucet: S20 to S30

e Recommendation make and e Replacement Filters:
from other utilities manufacturer $3 to $10 each
e Cost * Most rely on
e manufacturer

ettty instructions or TDS
meter (where
included)

— o0 O

86
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LSLR Customer Communication

LSLR Doorhanger

*********

Letters o by
Information Sheets el
Notification Bill Stuffers Z“mm“d““l“d“
of Work ™ Outreach Meetings %Mm'mm
Door-to-door
Phone Calls (e.g., Staff, Robocalls) Flushing Protocols
Door Hanger :
) Postcards TURN ON ALL COLD
Ed:/]c:tte'(:ir:;]sl Information Packet %&Eﬁg&ﬁ
PWS Contact Information
Website

87 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



Customer Engagement and
Participation

* Staff Training

* Common reasons customers did not participate
— Unwilling/unable
— Renters/vacant homes
— Non-English speakers

* Did customers follow recommendations?
— Many PWSs do not record information for customer
questions/complaints on water sampling, filter use, and flushing

— Anecdotal:

Customers are proactive and some had questions surrounding the flushing
protocol

Some customers are not doing the full flush; concerns over wasting water

88 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



Key Conclusions

v"Most participating PWSs developed initial LSL inventory
using historical water records

v'Most participating PWSs utilized capital funding for

LSLR and offered customer financing options

v' One PWS noted that since they cover the cost of the full replacement, they
have about 99% participation in the program.

v"Most common post-LSLR flushing recommendation is a
whole house flush with all taps at once with the
aerator removed

v'Wide variety in post-LSLR sampling — both timing and
procedure
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Lessons Learned

LSLR record keeping is key!

Customer participation in a LSLR program can
be a challenge — provide incentives to increase
the number of participants

Multiple methods of communication with the
customer are more effective than a single
method

LSLR programs should be reviewed annually
and need to be flexible
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FLSLR Toolbox Guidance

* The following slides summarize
—Pre-LSLR activities
—Post-LSLR activities

* See report for more details, guidance, and
example materials

94 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



Pre-Replacement

* Developing an LSL Inventory
* LSLR Methods (see service line flush)

* Cost
— PLSLR ($2,500-57,100) and FLSLR ($3,500-515,000)

* Funding (LSLR)
— To enable and encourage customer participation

* Customer communication
— Pb in drinking water
— LSLR as part of Pb reduction strategy
— Health impacts
— Customer water use practices

95 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



Post-Replacement (1 of 3)

* Flushing
— Service line flushing (as part of LSLR)
— Whole-house HVF (see field studies)
— Displacement flushing (before consuming)

* Post-LSLR monitoring
— Conduct profile sampling 2-6 months (recommended)

— Monitor for Copper (after replacement with Copper)
Copper scales develop over time (~ 6 months)

— Supply filters certified for lead (LCRR)

Certified for copper too?

96 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



Post-Replacement (2 of 3)

* Customer communication and best practices

— Communication/training of PWS staff

Procedures to conduct LSLR, HVF, sampling, etc.

Meet OSHA PPE and other requirements
Communication/interaction with customers
Train contractors too

— Communication with customers

AWWA. 2005. “Strategies to Obtain Customer Acceptance
of Complete Lead Service Line Replacement.”

AWWA. 2014. “Communicating About Lead Service Lines:
A Guide for Water Systems ...”

AWWA. 2020b. “Public Communications Toolkit.”
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Post-Replacement (3 of 3)

* Customer best practices

— ldentify and replace lead-containing plumbing
(including galvanized iron, brass, etc.)

— HVF to remove particulate Pb

— Home water filters

ANSI/NSF Std 53 “certified for lead”

EPA does not require filters certified for copper
— Water use

Our study did not find a link between low household water
use and higher lead occurrence, but other systems have
noted a correlation
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Example Materials — Appendix C

* SOP templates
— “All Taps at Once” HVF Method
— “One Tap at a Time” HVF Method
— Sequential Profile Sampling
— Composite Sampling

* Letter template = Letter to Customer after FLSLR

* Brochures (infographics)
— “All Taps at Once” HVF Method
— “One Tap at a Time” HVF Method

— Daily Displacement Flush and Periodic Aerator Cleaning

— LSL Replacement Notice Doorhanger
— Doorhanger After LSL Not Detected

100
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Example SOP

ALL TAPS AT ONCE METHOD (METHOD A)
Maximum Velocity at POE (Point of Entry); All taps open at same time

1. (Optional) - Collect profile sample after 6-hour or more water stagnation, prior to starting HVF.
2. Begin whole-house flush
2.1. Start at lowest level of house
2.2. Remove acrator from faucet (skip faucets where aerator cannot be removed).
2.3. Open cold water supply to fully open position
2.3.1. Feel water to ensure cold water supply only
2.3.2. Watch to make sure sinks will drain
2.3.3. Keep towels and other absorbent materials ready for water spray or spills
2.4. Most important faucets to flush are kitchen faucet, laundry sink and bathtubs
2.4.1. Can skip bathroom sink when bathtub in bathroom is flushed
2.4.2. If the kitchen faucet has an extendable hose, extend the hose and flush back into
the sink to remove U-bends that can collect particles
3. Once all taps are open, set a timer for 30 minutes
4. (Optional) - If feasible for the customer or water system staff, collect grab samples during HVF
4.1. After 30 min timer set (step 3) Collect 1-liter grab samples at the following times after
flush begins at kitchen faucet: 2 min, 4 min, 6 min, 8 min, 10 min, 20 min, and 30 min
4.2. Analyze for total lead and total iron
5. (Optional) - If feasible for the customer or water system staff, measure flow rate from every
faucet used to flush
5.1. See General Instructions item 5.
6. After 30 minutes, turn off all faucets and re-install aerators
6.1. Turn off in the same order they were turned on (i.e., basement sink/ lowest floor fist)
6.2. Inspect aerators and screens and re-install if satisfactory, or replace with new ones if worn
or damaged.

10 1 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



Example Brochure — Whole House HVF

r PROCEDURE When possible, it is best to flush at times of the day when neighbors don’t use a
60\“ NWEhL lot of water — so best to flush from mid-morning to dinner time or late at night
= 1. Find all the faucets that have good
ALL FILTERS drains, including those in the
WHOLE-HOUSE, HIGH VELOCITY FLUSHING IN THE basement and on all floors in your
TO REMOVE LEAD PARTICLES = house.
HOME MUST 2, Remove all in-home filters or by-

For City of XXXX BE REMOVED pass them. You cannot flush i

OR through a filter,
3., Remove aerators and screens from Ravpine Hosing—

BY-PASSED all faucets or shower heads.

4, Be sure to include the laundry tub, R
the bathtub, or shower (shower =
head removed) as flushing points. s

5. After all the serators are removed, e
open the faucets in the basement 4
or lowest floor in the house. Leave farates e susng
all faucets running at the highest
rate possible —using COLD water
only.

6. After faucets are all open on the lowest floor, open faucets on the next
highest floor of the house. Continue until faucets are open on all floors,
including tubs and showers (shower head removed).

7. After all faucets are opened, leave them ALL running for at least 30

Lead particles can be released at random if they are in your pipes, but more
particles can be released during construction that disturbs the lead lines

Pipe Wall T
s 2 ° i S—— Pipe Mlowing with minutes.
; e, A . v : :
Pipe Flow = @ity = = — > 2 o+ ~ suspended 8. After 30 minutes, turn off the 1 faucet you opened (lowest floar), and

continue to turn off other faucets in the same order you turned them on.
9. Re-install aerators/screens at each faucet — you may need to discard old
screens/aerators and replace with new ones if too old or worn.

Particulate Material particulate matter

* When the City of XXX informs you about a disturbance, or
If you have had high lead results.

Make sure the drain is open and clear so water can flow freely to drain

Make sure water can drain as fast as water is flow ngirufn tap duri nEﬂuﬂhmg

When faucet is open at high rate, especially since aerators/screens are remowved, it can create a mess
due to water spray. Take precautions to either contain or monitor the spray

Research has shown flushing can produce long-term benefits, typically after 2 months, but prior to this
the lead may actually be higher — see precautions described in *follow up.”

= Run tap water each morning for at least 5 min to displace water that has
been sitting in pipes inside the house and in the service line. This could
include taking a shower, running dishwasher, or running the faucet. Do
this BEFORE using any water for drinking, cooking, infant formula, etc.

All faucets inside your house that can flow to a drain without overflowing in your
house should be fiushed.

Clean debris from aerators and screens, once a month for 6 months.

After you perform a flush, the City of XXXX or State staff will work with you to
take lead samples. You will be advised if more flushing is needed.
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“All Taps at Once’ and “One Tap at a

Time” - Brochure

THE
Water

Researc
FOUNDATION

FLUSHING PROTOCOL
This method is for flushing all taps at once.

FLUSHING STEPS

3 & 5 &

* 30 minutes * times up

After 30 minutes, turn
in the same
they were tum
(i.e., lowest
ip that faucet
1 flushing.

a fiter that cannot

0., if rusted)

FLUSHING PROTOCOL
This method is for flushing one tap at a time.

FLUSHING STEPS
2 3

Start at the p
level of the home
sement) and

fs at On each floor ri with laundry sink
bathtubs and other sinks,

Goto i
and rep

mal ink
does not overflow. or damaged)

THE
Water

Researc
FOUNDATION

4 Ominutes
Open the first &
faucet on the floor,
timer for 10 minut

After 10 minutes, fum off the
1ap and move to next faucet.

DO NOT FLUSH:
= Outdoor faucets, taps, etc.
= Any location with a
dedicated filter (i.e., a filter
that cannot be bypassed).
+ Location where aerator
cannot be removed (e.g.,
if rusted).
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Example Notice

PWD —

“you do not have a lead service line”

Dear Water Customer,

We were able to inspect
your service line, and based
upon what we could see
fromourexcavation,

it was determined that
youdonot have alead line.
Your service line will be
replaced to the curb stop.

Thank you.

‘ PHILADELPHIA

WATER

Dear Water Customer,

We were able to inspect
your service line, and based
upon what we could see
fromourexcavation,

it was determined that
youdonothavealeadline.
Your service line will be
replaced to the curb stop.

Thank you.

PHILADELPHIA

‘| \WATER

. Curb Stop
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Cleaning faucetaerators

Exa m p I e N Ot i Ce Don't let poorly maintained home plumbing

prevent you from getting the best water available!

PWD — “Cleaning faucet aerators”

Az water stands in your home’s plumbing, lead from the soldered joints
and old lead pipes can get into your water. Other debris can build up on
the aerator, too. It's important to clean faucet aerators and screens to
remove any debris from them.

How often should | clean aerators?

It's recommended you replace the aerator annually, and then clean the

aeratortwice ayear, If the aerator appears to need frequent cleaning or
becomes worn, the aerator may need to be replaced more often,

What is a faucet aerator? Instructions for cleaning aerators
You will need: If your faucet has an aerator that you can take off,
* Rag follow these easy steps:
« Masking O Place a rag in the sink drain in case you drop any pleces
tape Q2 If you nisied to use a wrench or pliers, wrap masking tape
» Wranch around the tips of the wrench or pliers, or on the aerator,
o8 Using tape will keep you from scratching the aerator,
or Pliers
=4 Q Unscrewthe aerator,
-
toothbeish O Separateeach part—aerator housing, aeratorand
rubberwasher.
+ w":;: 01 Remove small bits on the screen and other parts.
win
Smail O 5oak the parts in white vinegar for a few minutes.
+ Sma ;
plastic tub O Scrub them with a brush.
d Ifthe aerator and rubber washer are in poor condition,
o replacethem.
aerators )
£ O Putthe aerator parts back together.
= Extra
: washers d Screw the aerator back onto the faucet.
It's a device attached to the tip of O Repeat these steps for allfaucets,
a faucet. It saves water, filters out
debris, and prevents water from Troubleshoating
splashing. As water flows through ot o the naratoe? e M R el
the screen, it mixes with air and Some faucets have hidden aerators. filter attached toa
flows more evenly. Ifyou have a hidden aerator, follow faucet, the faucet will
the manufacturer’s instructions. not have an aerator.
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Thank You

Comments or questions, please contact:

rbrown@cornwellinc.com
jcuppett@waterrf.org

For more information, visit

www.waterrf.org
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