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Re-sil-ience

\ri-"zil-yen(t)s\
The ability to recover from or
adjust easily to misfortune or change
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State capital: Charleston
Legislature meets once a year
Industries: tourism, chemicals

and coal mining

The “Mountain State”
Seceded from Virginia in 1863
Population 1,850,000

January 9, 2014, 8:16am
Resident tells West Va. DEP
and stated “something in the
air at the 77-79 split each
morning when he comes into
work. He said it is coating his
wife’s throat.”

11:15am — West Va. DEP finds spill
= 12:05pm — Freedom Industries
reports spill to WV DEP hotline

12:00-12:30pm — Water utility

- notified, PAC feeding begins
4:00pm — Water plant overwhelmed,

water enters distribution system

5:36pm — Do Not Use order issued

Freedom

Industries Spill
January 9, 2014

No plant shutdown:
Public safety concerns

300,000 people
9 counties
15% of West Va. pop.

§ 2,200 mi. water mains
107 water tanks
>90,000 buildings

8 days after the spill:
366 miles downstream




The Liquid Spilled was a Complex Mixture
Crude MCHM & Stripped PPH

2,500 gal initial estimate, then >10,000 gal
17+ ingredients, most lacked toxicity data

Most ingredients lacked water sampling and
analysis methods

Utility, State, Federal agencies keyed in on
4-methylcyclohexane methanol (MCHM)
isomers, but other chemicals were present
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Officials Did Not Fully Characterize the Spilled Liquid
or Fully Understand what was in the Water

MSDS Est. Chemical Analysis by Others

Tank 396 Liquid EastM |FDM| CDC | REIC |[WVTAP| USGS ATTY
1/98 1/14 | 3/14 | 3/14 | 12/14 4/15

Chemicals in

4-MCHM (a.k.a. MCHM) 68 to 89% 79.6%| Detect |77-89%| 940 g/kg
4-MMCHM 41022%

Water 410 10%
MMCHC 5%
DM14CHDC 1%
Methanol 1%

1,4-CHDM 110 2% 5.6% Detect

Polyglycolethers (9d after spill)

PPH
DiPPH
Formaldehyde
Methylene chloride
Water
2-Methoxyethoxybenzene
Cyclohexanemethanol
1,4-CHDADME

4-MMECHCA

Other unidentified compounds

MecMillan et al. 2015

Jan. 9: West Va. Asked the CDC to Determine the Safe
Drinking Water Level for 4-MCHM
Concerns from the Public:
Infants, expectant mothers, immunocompromised persons,
toddlers, healthy adults, pets, livestock, fish

Ames assay for mutagenic activity on cells (Crude MCHM)
Rat, 14 day acute oral studies (pure MCHM)
Guinea pig, 48 hr acute dermal study (pure MCHM)

Rabbit, acute dermal irritation (eye) study (pure MCHM)
Rat, 14 day acute dermal study (pure MCHM) <:|

Rat, 28 day acute oral study (pure MCHM)

meﬂ“’\ Minnow, 48 hr acute toxicity (Crude MCHM)
E“v'\\'o“ Daphnia, 48 hr acute toxicity (Crude MCHM)
Environmental biodegradation (Crude MCHM)
COD, BOD (Crude MCHM)

Adams et al. 2014 E
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Chemically... Pure MCHM and Crude MCHM
were NOT the same

A Purs MGHM— 10 mai by weight B Gruds MCHU—10.mgL by ot

Pure MCHM

[S———
[N——

10 Noezeyn and Suffett (2014)

“...I'would appreciate it if we could
wrap this thing up...”
January 10, 2014, 5:30 pm

12 J

“...Occasionally we have had reports
of an odor previously...."

o
., | MCHM Levels were Monitored at the The Whelton
e | Affected Water Treatment Plant Group
&,
Jan 9: WV decides 100x more safety
Jan 9: CDC issues | factor needed. Sets 10 ppb (MDL) for
1,000 ppb 4-MCHM | system flushing
3600 - | ingestion limit; No Jan 10: ATSDR advises WV to
exposure duration “flush until odor no longer
23,000 | | OF inhalation limit observed”
g
3 Jan 13: Building
£ 2400 o flushing started; Do - -
£ . Not Use Order begins | 48015: COC cautions
. to be lifted > =n;
1800 Fs oone] % ) be it until “nor able”
3 Licorice  Use o (MDL=10ppb)
= 1,200 odor odery G *
x Reports _Issued *
S . .Repoms lssued  _
0
7 Z
% %

Whelton et al. 2014. Environ. Sci. Technol. E




Anna Belcher, Born: January 9, 2014

rth During the Water Crisis: A Mother's Story

“One hour before | was to bathe they
announced the water was not safe, they
had bathed my new born baby ....”
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HOW TO FLUSH YOUR 4 Days After the Spill:

Utility Recommends the

Population Flush their
Plumbing Systems

PLUMBING SYSTEM ARIRN

for five minutes

and appliances

Water supplies for pets

Pets need clean water too. Be sure to
empty all water bowls, bottles, or other
water supplies for your pet. After flushing]
your water system, wash the pet bowl,
bottle or other water supply. Then refill
with tap water.

Any lingering smell, which is expected,
is not a health issue.

WVAW. 2014,

Safety Preeautions for Flushing Water Lines

—— -
neunnms | “Avoid contact”

Safety Precautions
. for Flushing Water
o e i . Lines

e posscesg yourtt g surg g PFOPEr PPE”

nchutes wates procd phoves, gopples. 354 wate-peecf i peat covenlh

January 13, 2014

3

7 s
Tostway, youwill creat  ‘Dearclosed” sysoms 22 will mineize oe pomatal for Comtact widh the wa:
. 1 & fskin

- . - Guidance issued to

school staff only

3 doors o aiking e busding esgiaeer 1 bring 100% S 2 000 e beat
GIVAC) syvarn: 304

Lesve aress when pocts, towers or of “good ventilation”

1 you Bave acicional quesices, piease conct bessbandradery s af o aad w1} 60 o best 9 rspend

“Minimize your exposure by leaving areas
while lines are being flushed”




WEST VIRGINIA 7
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“Minimize your exposure by leaving
areas while lines are being flushed”

Scorgs reporting symptnms

le\ll\'un'lll m.ulu m\nnl.u sions 2 waler

Bmllml \\alm sllll in |l|"|l demand

Second st

Local AT Is the

WATER CONTAMINATION

How do they know it's safe at 1 ppm? Water
Ofils sl lenton howthey  igssiamme e 2 “Safe?”

AT e v e

anived at figure for chemical imit o bevemeat e 5

CDC: ‘A dynamic and evolving event
Federa\ agency defends stated threshold for drinking tainted water in Kanawha Val\e
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7 Days After the Spill (Jan 17): We drove
to West Va. and Teamed with NGOs

Rob Goodwin Maya Nye
WV Clean Water Hub PCACS

On the Ground...
in Affected Homes

Resident interviews
In-home water testing
Home flushing

@ harleston Dai

Friday, Jonusary 17, 2014 Charieston, ‘Wast Yirg i, daymaihwy, com

Company FESESITE
gels more
violations

-

10/20/2015




Plumbing Systems Were
Complex (plastics, metals,
glass, hot, cold, tanks ...)

i ‘I‘W
(I

OUR MODIFIED FLUSHING RECOMMENDATIONS
Shutoff hot water heater and allow to cool before flushing
Flush 1 room at a time
Use fans and open all windows (and doors) to expel contaminated air
Flush, not once, but multiple times

WEST \/RGINA@,"; e
WATER CRISIS () [

WEST VIRGINIAWATER CRISIS: EXCLUSIVE YOUR QUESTIONS ANSWERED: FLUSHING
*CRUCIAL® INFORMATION RECOMMENDATIONS, WATER AND WATER
ABOUT FLUSHING SYSTEMS SAFETY, AND HEALTH CONCERNS

Medical Data Showed Residents Became Ill When
Plumbing System Flushing was Recommended

‘ Do Not Use Order Issued
Count l Flushing begins
Syndromic 20
Surveillance 10

Patients
Jan. 2014 e B
QD N DA DN DDA O LN X O &
PP B PP FP B A 4 o o
Symptom Onset Date
coc/state D0 3 Flushing begins
Emergency
Room Record 30
Review 20
Patients 10
Apr. 2014 0

O N WO DN DDA DN > o @
RO 00800 N PP P Y P 4P o
Symptom Onset Date

Whelton et al. 2014. ES&T. 49 (2), 813-823
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Former Resident Charleston, West Va.

Flushed her premise plumbing 3x per guidance

Diagnosed with adult onset asthma
after flushing her house

10/20/2015

By Conducting Rapid In-Home Tests We Were Able to
Understand Resident Experiences and Exposures

500 Chemicals Sorbed
‘8400 into Plastic Plumbing Pipe
g
S 300 10
£ 200 H
= 100 CYCLOHEXANE

P Lo I = FL S 8 TOLUENE
c £ £ B £ £ = -
23352235 :2 £
< a2 29 O
A(3mi) B(15mi) C(13mi) D (13 mi) s
Location [
a 4

120 T
2 x
g% & 2
g 6 4-MCHM
o
s 30 DL I 0 P N CHM

0 s -
U F U F U F U F 0 150 300
) .y
A@Bmi,9 B(15mi, C(13mi, E(13mi, SQRT Time, min*
days) 10days) 10days) 11 days)
Location

Whelton et al. 2014. ES&T. 49 (2), 813-823

"W Others Found Residential Flushing Had Mixed
Effectiveness

House A House B House C

045 Cold Hot | Cold Hot | Cold Hot
0.40 - Water | Water Water Water| Water Water
_ 035 | |
B | {
= 030
E 025 { 1 |
= 020 { 1 ! 1

2 week
pre-flush
post-flush
1 week
2 week
pre-flush
post-flush
1 week
2 week
pre-fius!
post-fiush

Weidhass et al. 2015. Presented at the WV Taskforce Symposium. Morgantown, WV. E




“...after you have flushed each hot water faucet for 15
minutes, your water heater will be safe for use.”
- West Virginia American Water, 2014

100

80
Percent of
MCHM 60

Left in the ‘ < “safer
40 CDC'’s “safe
Water ingestion level
Heater

20

0]
0 5 10 15 20 25 30 35 40 45 50
Time (min)

Casteloes et al. 2015. ES: Wat. Res. Technol
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NEW RESULTS:
Our 2015 Field Testing Demonstrated that Our New Water
Heater Flushing Model Works 0

9,
40 Gallon Water Heater in a Two Story Home ' =, — (Ci" -G, )e !
[Q;, = 4.2 GPM; Chlorine C;, = 0.6-0.9 mg/L]

50

50
. ¢ Results ¢ Results
<40 @ - - Model J40 @ - - Model
j=2 \ j=2 \
€30 Y €30
) \ @ \
£ \ < \
5 20 N 5 20 \
Y <
= . = .
S 10 o 5 10 o\
oo S o~
0 005 800 - 0 05 -0 0 — -
0 100 200 0 20 40 60
Volume Flushed, gal Time Flushed, min

Field data: KS Casteloes, X Huang, J Hawes, RH Brazeau, AJ Whelton (9/2015)

NEW RESULTS:

Our Indoor Air Exposure Modeling Results Show
EPA’s 4-MCHM Air Health Limits were Exceeded

4-MCHM indoor air health limit exceeded for bathrooms

Only opening 1 or multiple windows insufficient to prevent
indoor air levels from exceeding the 4-MCHM health limit

Countermeasures should have been implemented:

Mechanical ventilation, Protective wear, Building
evacuation

30  Lead Investigation: Dr. Pinar Omur-Ozbek, Colorado State Univ;  Akalp, Whelton, Omur-Ozbek. 2015. In Prep,

10



The Water Company Flushed its Distribution System and
the National Guard Flushed Government Buildings

Jan 21; Freedom Ind. Stripped PPH_ | Jan 22-Feb
4.000 Jan 22: Our team departs 25:USGS
' R Jan 29: Marshall Univ. Prof testifies finds MMCHC
. in drinking
3.500 residents “breathing formaldehyde water
a gas” from breakdown products
g 3,000 Jan 31: 2" Freedom Ind. Site
c ° spill occurs
=]
g 2,500 4
<
g 2000 - e Feb 5 CDC uses the word
< L4 b e
s safe” for the first time
S 1500 , .0 o
= o380 : ls closed
B o ening Lev
g 1000 gl
= 20 Feb 10: WV Gov. authorizes the
500 o WVTAP scientific investigation
o wvse
o WV Screening Level
0 = ”“ot“o‘«wo L e By =
9-Jan 19-Jan 29-Jan 8-Feb 18-Feb 28-Feb 10-Mar
Date
31 Whelton et al. 2014. Environ. Sci. Technol. 49 (2), 813-823
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“Dr. Tierney, Is the Water Safe to Drin
February 10, 42 days after the spill

>«

“That’s, in away, is a difficult thing to say...”

11



WVTAP was Team:
Authorized because Jeffrey Rosen, CEC
of Unexp|ained Andrew Whelton, Ph.D.
i Michael McGuire, Ph.D., McGuire, Inc.
I:_Ineslses, %hgr&ﬂcal Jennifer Clancy, Ph.D., CEC
evels, an ors Tim Clancy, CEC

Tim Bartrand, Ph.D., CEC
Andy Eaton, Ph.D., Eurofins
Craig Adams, Ph.D., Utah State University
Jacqueline Patterson, TERA
Michael Dourson, Ph.D., TERA
Patricia Nance, TERA
And the Expert Health Effects Panel

What level can you
smell?

p %
p .
_F -
P Break Down
o W
pyrpounds 9

What levels are
accurring in your homes? What level is Safe?

34 Rosen et al. 2014. JAWWA. @

W
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Environmental Impacts Remain Poorly Understood

CSB WWTP
[Downstream]

e -

WVAW Intake

Elk Valley WWTP
[Upstream]

Citizens and businesses organized to protect water supplies
Maya Nye, People Concerned About Chemical Safety

12
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Senate Bill 373, The Water Resources Protection Act
March 2014

Multiple| tanks leaking before January 9, 2014
Chemical Safety Board, 2014

Communities in 4 States, 700 Miles
Downstream were Impacted by the Spill

4000
3350
430
6.5 193 18.7 20.7 35 0
o = —_

Freedom Charleston, Winfield Hummgmn Meldahl  Beckjord, Cincinatt, Louisville, Evansville,
Site wv Dam, WV Dam, OH oH OH KY IN
Location

g
g

Concentration, ppb
e
3
s

g
g

Q Huntington WV: 4-MCHM finished water level = 9 ppb
0 Numerous communities downstream

= Shut their intakes
= Conducted odor monitoring of their raw and drinking waters

£

Novy, Beebe, Whelton. 2015. In Prep.
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NEW RESULTS:
Initial Toxicological Information on Crude MCHM,
and Pure 4-MCHM Limited, No Data for Tank Liquid
Officials relied on crude MCHM SDS, Eastman Chemical
Company toxicity data, and data for Stripped PPH to make
decisions
Officials assumed: Toxicity of these 3 liquids was equal

Tank Liquid

4-MCHM

Crude MCHM
1:2 cis:trans

2:1 cis:trans

1:2 cis:trans
Mixture +

Mixture Pure standard
Stripped PPH E

Novy, Beebe, Whelton. 2015. In Prep.

NEW RESULTS:
Our Toxicity Testing: D. magna

a.k.a. “water flea”
Indicator species, model organism

Acute toxicity tests commonly used
to assess potential harm

Experimental Design

3 tests per liquid
48-hr,18-22°C, 16 h light
EC5,,NOEC calculated

USEPA toxicity protocol

D. Magna cultures
growing in a dark room
Eastman toxicity protocol

Novy, Beebe, Whelton. 2015. In Prep.

27
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NEW RESULTS:

Toxic compared to Crude MCHM in 1998

Crude MCHM spilled in 2014 was much More

Tox. Crude MCHM Analytical Freedqm
Industries
End Grade Tank
Point | 1998 | 2014 2004 | amchm | T
(mg/L) | Eastman | Eastman  USEPA (2014) 2'3;;
Study Method Method ( )
ECs| 98.1* |56.8+53 50.8+11.7| 84379 | 94.0+9.5
NOEC 50* 6.25+0 16.7+7.2 |33.3+14.4|414+144

Highest 4-MCHM level in stormwater: 76 — 190 mg/L

£

Novy, Beebe, Whelton. 2015. In Prep.

14



NEW RESULTS:
Several Important Discoveries

2014 Crude MCHM

10/20/2015

" Possible P
was more toxic Impllcatlon
Reason(s)
than...
MSDS used by responders did not
1998 Crude MCHM

Mixture composition representatively describe toxicity
of crude MCHM in Freedom tank

2014 Analytical MCHM Pure ys. m!xture; Assuympnor? b){ responders and
Isomeric ratios and gov't that liquids were equally
standard . A .
properties toxic invalid
2014 Freedom Industries | Crude MCHM diluted

Toxicity of complex mixture is not
with stripped PPH simple

tank liquid

Additional testing ongoing to examine sublethal effects to daphnids

Does existing toxicological data available today
represent that of products in commerce today?

Novy, Beebe, Whelton. 2015. In Prep. E

Reporters influenced information disclosure, and
notified the public of our results

Gazette: Ken Ward, Jr. David Guttman
Charleston Daily Mail: David Boucher
Associated Press: Jonathan Mattise

MPR All Things Considered: Melissa Block
Public Radio: Ashton Marra, Dave Mistich
CBS Evening News: Jeff Pegues
WOWK: Alanna Autler

WCHS: Kallie Cart

And many more...

The ElIk River Spill
Catalyzed Action Across
the US including in -
Washington, D.C.
...and Indiana

Indiana
SENATE ENROLLED ACT No. 312

Be irenactd by the General Assembly of he Sate of ndioma
S. 1961 - Chemical Safety and Drinking
Water Protection Act of 2014, 113th SECTION 1.IC 13-11-2061S ADDED TOTHE INDIANACODE
Congress (2013-2014), Introduced January 27, . W SECTION TOREAD ASFOLLOWS [EFFECTIVE
2014

H.R. 4024 - Ensuring Access to Clean
Water Act of 2014, 113th Congress (2013-
2014), Introduced February 10, 2014

15
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INDIANA

Approximately
10,000 known
chemical tanks

Thousands very close to
drinking water intakes

More than 2 million people
served by surface water

Economy relies on these
sources

10 LARGEST SYSTEMS
Indianapolis, Fort Wayne
Gary-Merrillville
Evansville, Hammond
Muncie, Bloomington
Kokomo, Richmond
Michigan City

Looking Forward: Research for Improved
Chemical Spill Resilience

...chemical fate in premise plumbing

... premise plumbing decon

... indoor air chemical exposure

... chemical properties

... environmental fate

... transformation products

... toxicity

... social media

... risk communication

... T&D for large volumes of contaminated water
... rational decision process for incident responses
... legal responsibility for disaster response actions
... and more

- 27

PURDUE

UNIVERSITY

Water Infrastructure Testing & Evaluation (T&E) Facility

Recreate field conditions, Evaluate system design and
_ contamination scenarios, Explore material-contaminant
interactions, Challenge decontamination aide effectiveness

16



The Frequency of
Water Contamination

Incidents is Increasing Toledo, OH

500,000
September 2014

e

= || Washington, DC T 5 I
370 buildings ¢ ] # Areas affected by the Longueuil
December 2014 17 . X drinking water ban

Glendive, MT
5,500

Quebec, CN
230,000

Re-sil-ience

\ri-"zil-yen(t)s\
The ability to recover from or
adjust easily to misfortune or change

National Society of Professional
Engineer's CREED:

Hold paramount the safety, health, and welfare of the public.

10/20/2015
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Thank you

Visit www.WheltonGroup.org

PURDUE

UNIVERSITY

awhelton@purdue.edu
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EXTRA SLIDES

What Next?

Download and use our
free premise plumbing
flushing model. Copy of
associated study

also free online.

Adopt a step-wise process for rapid investigation, response, and
recovery ... how-to outline coming 2016

Identify safe plumbing system cleaning agents ... coming 2016

Develop and adopt indoor air chemical exposure model for premise
plumbing flushing ... coming 2016

Practice stepwise investigation for incident response and recovery

18



A Variety of Aquatic Toxicity Tests
Have Been Completed and are Ongoing

Tests in Isolation
Tank 396 Liquid
2014 Crude MCHM
2014 Stripped PPH
Pure 4-MCHM
Pure DMCHC

Pure 1,4-CHDM
Pure PPH

Pure DiPPH

And others...

Tank 396 liquid

2014 Crude MCHM 2014 Stripped PPH

Animal Toxicity
Responses Detected
[Rat, Rabbit, Guinea pig, Mouse]

Acutely toxic
Dermal, oral, eye exposures
kidney and liver responses

Aguatic Organism Toxicity Responses Detected

[E. coli, Yeast, Daphnid, Fathead minnow, Zebrafish, Frog]

Acutely toxic

DNA damage; Metabolites more toxic
CNS defects, growth cessation

Neurotoxic, Embryonic malformations

10/20/2015

Responder Water Distribution Data Sometimes Did Not
Match In-Home Concentrations

MCHM Concentration, ppm
N
w o
> >
\
\

s g,

9-Jan 19-Jan

O Residences

@ Schools

A Restaraunts

O Hotels

® Government Offices

- Max of Utility & Responders

Boom-oocmmm - 00— -

29-Jan

8-Feb 18-Feb  28-Feb  10-Mar

Date

>2,500 responder water distribution water samples vs. much fewer samples from 38 buildings
Neither distribution sampling or building sampling was statistically designed

MeMillan & Whelton. In Prep.

Our KCHD WVTAP CDC & wWv KCHD CDC
Home Phys. Home WV ER Phys. Tel. Home
Symptom
Survey Records Survey Records Records Survey Survey
1/14 1/14 2/14 3/14 3/14 4/14 6/14
Dermatologic
Skin irritation = 40 - - - 60s 53
Rash 12 47 40 28 21 ’ 43
Itching - - 10 19 60 - -
Eye irritation 12 25 10 14 13 24 5
Gastrointestinal
Nausea 21 30 - 248 12
Vomiting 0 13 10 28 8 A 5
@ . - 24 8 250 5
Abdominal Pain
Diarrhea 6 16 0 24 5 © 12
Respiratory
Unspecified - - - - - 15 -
Sore Throat - 9 - 14 8 - 10
Cough - 6 - 12 15 - 15
Orientation
Dizziness 18 - 40 - - 228 7
Headache 12 13 30 21 1" G 10
Other 12 = 80 = = 14 23

19



Higher Water Temperature, More Chemicals
Volatilized into the Air! (EPA SPARC Modeling Software)

10/20/2015

‘ Log Kow ‘Water Solubility, mg/L‘ Vapor Press., mmHg
| 5 21 60
ICRUDE MCHM

Constituent

U-MCHM 277 2.43 1.71]1,340 2,900 14,900 0.01 007 150
W-MMCHM | NF NF  NF

M4-MCHC 281 254 251| 508 924 964 | 0.11 044 446
D1,4-CHD 1.65 1.58 2.02| 8,210 9,550 3,330 | 0.002 0.014 0.220
Methanol -0.58-0.58-0.59]10,000 10,000 10,000 | 48.7 118.9 633.5
1,4-CHDM 0.78 0.62 0.17 [15,200 28,100 176,000 |<0.0001 <0.0001 0.0017,
ICHM 227 1.98 1.38/3,630 7,040 27,600 | 0.027 0.140 2.580
2-MEB 270 2.44 2.39/1,370 2510 2,790 | 0.021 0.110 1.290
STRIPPED PPH

PPH |2.49 2.19 1.88/2,020 4,620 11,300 | 0.0009 0.0059 0.2000
DiPPH [NF NFONF| NFONFONF | NF NFNF

58 Whelton et al. 2014. Environ. Sci. Technol. E

New Results! Methods for Decontaminating
Residential Premise Plumbing

Q 39 organic chemical plumbing contamination ~ '=9 Lo i
incidents a l IQ
Cin Cou
QO Disparate decon approaches applied without
justification and nearly all lacked water quality

Viank
monitoring to verify effectiveness

Q Flushing most popular, but sometimes
ineffective and caused illness ’\

QO Surfactant use and component replacement
less popular, but sometimes carried-out

K
O 2014 West Va. incident: Model and field data I :

show several types of premise plumbing were _

not decontaminated E
Casteloes et al.

Oxygen 58%
Aluminum 18%
Carbon 17%
Zinc 1.4%
Phosphorous  1.4%
Fluorine 1.0%
Chromium *¢  0.8%
Calcium 0.2%
Copper 0.1% Whelton et al. EST. 2014. Downey et al. 2014

20



State of the Science Report Published 2015
Decontamination Methods for Premise Plumbing

»
W s

Environmental Science: Water Research & Technology

Chemically Ci i Residential Premise
Plumbing Systems by Flushingt
4 a2, -t . =
Accepes 0O iy 20 K5, Casteloes” R H. Brazeau" and A. 1. Whelton"*
[po— e Largessale deiking woser chemical consamination cidents i Canada and the U, have afeced mors than
1000000 people an invlved disparate prerise plebing deccntarmination appeoaches. In this tudy, past premise
sy Fumbing water heater
Organi contaminants were the scle focus of this work. Thiroysine contamination incients. were dentied and
st wide range of 160, 10§ Xew, Wt sy, vapor pressel, Misimal dsts
was svlabie pertsiniog to fushiog protocal design and clfectveness. Results showed that prermise pmbing design
srogerves,

consideced in fushing protocol design. Results idi<ated that flushing could decontaminate some, bt not a3 plumbing
epstems. Seversi modeling scenios showed contaminant levels exceeded drinking water heath limits sfter fushing
water heater size, and fow

service ins or pping. Thes stucy provides afirst

Link to Royal Society of Chemistry
http:, TSC.

10/20/2015

Stepwise Process that Should be Implemented

Recovery Phase

Rapid ’/". Organics, ‘\‘\
testing i Inorganics, and K
*~._ Radionuclides .-~
Spilled Rapidly test
liquid material-chemical . D‘eve\op an.?!
screen T e implement utility
p— Find physical/ assetdecon
Raw water (™7 chemical Develop and test plan with follow-
screen property data science based up ;"a";,’a““"
flushing protocol esting
Treated
water Estimate indoor air
exposure
screen Evaluate chem. and Develop and
Evaluate exposure testing implement
p and premise
byproducts ish airand Testefficacy of plumbing decon
water health infrastructure plan with follow-
based screening cleaningand indoor up validation
levels air testing
Wheltonet al. (Sept 2015) Purdue University awhelton@purdue edu

Use the Purdue University Water
Heater Flushing Model

This allows you to estimate the time
required to flush... 0

C = Ciu - (Cin - CO)C_VI

C;, = Chemical concentration entering the water heater
C, = Chemical concentration in the water heater at time zero
C = Chemical concentration in the water heater at time t
Q = Water flow rate entering and exiting the water heater
V = Water storage volume of the water heater
= OUTPUT ...... t = time needed to flush water heater

Use the MS Excel file provided to you enter in what you know and the model tells
you how long you need to flush the water heater.

63 Casteloes et al. 2015. ES: WR&T.
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PURDUE Water Heater Flushing Model

version 1.0

Created by
K. Casteloes and A.J. Whelton August 2015

Source Document
premise plumbing systems by flushing. 2015.
K. S. Casteloes, R. H. Brazeau, A. J. Whelton. Environ. Sci.: Water Res. Technol. DOI: 10.1033/CSEW00118H
Open Access, Free Download
http://pubs.rsc.org/en/content/articlelanding/2015/ew/c5ew001 18h#idivAbstract

Contact
Purdue University
Lyles School of Civil Engineering and Division of Environmental and Ecological Engineering
West Lafayette, IN USA 47906
T: (540) 230-6069
E: awhelton@purdue.edu
W: http://www.wheltongroup.erg

Link to Published Water Heater Model: Royal Society of Chemistry
001

http:,
64
Fagelaout  Formuas  Data e Aobat
caien " S Ted
Bru- - EF | Sl erge & Conter -
a1 . 2
7 A 8 E [ 1
2
: Manual Parameter Value |Units
a Units: Bpm Aqueous health limit [C] 01 |ppm
5 Fixture Number | Flow Rate
6 Sinks 2 0.8 Highest known concentration in 10
m
7 Showers 1 1.25 the distribution system (C,) PP
J Total_2.85 _gpm
s
10 Current concentration in the
L 0.05 |ppm
1 Building Type and Size distribution system (C;.)
1 Units: gom_|
13 ERNpeS); dype Water heater volume (V) 120 | gal
1 Home Type New
Home Size Manufactured Home S
2 = i Total building flow rate (Q) 2.85 |gpm
16 Total| 2.85 gpm
17
) E— Total hot water fushing tme ()| 222:88 min
65

The model’s
assumptions are listed

This file was ereated to assist persons 1o estimate the time needed to reduce the chemical concentration of water stored in a stand water heater

Users should recognize the numerous limitations of this mathematical modal,
N chemical interactions with plumbing materials, scale or sediment are considered.
The tank performs like a continuous flow/stirring tank reactor where the chemical concentration at any point of the tank is the concentration exiting the tank.
The flowrate entering the tank equals the flowrate exiting the tank. No headloss is encountered.
Chemical does not degrade inta other chemical(s)

m is not considered in mixing, - No temperature dependence
Chemical concentration in the tank and water that will be used to flush are known.

The following designs are considered for three types of residential homes:

“Legacy” home: 2-4 (2 for safety) gom faucet, S gpm shower head (A = 4 o fauet, B = 2 gom faueet)
“Renovated": 1.5 gpm faucet, 2 gom shower headl

“New” Home: 0.8 gom faucet, 1.25 gpm shower head

ions of this model, persans are wrged 10 add 3 safety factor.

We recommend adding safety factors
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Objects: Fixtures, pipes, tanks, fittings, valves, gaskets
Materials: Sediment, corrosion scale, biofilm, plastic, metal

Exhumed Hot

Water Pipe Corrosion
. 4 Products

Biofil
Biological
Interactions

Sediment
- Interactions

Casteloes et al. 2015. ES: WR&T.
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