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National Interagency
Fire Center
(www.nifc.gov)

Wildland Fire Information
System (nrcan.gc.ca)
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European Forest Fire
Information System
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https://cwfis.cfs.nrcan.gc.ca/home
https://cwfis.cfs.nrcan.gc.ca/home
https://effis.jrc.ec.europa.eu/
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Clark et al. 2022. Frontiers in Human Dynamics.
https://doi.org/10.3389/fhumd.2022.886545
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Wildfires cause health and safety risks, and
are increasing in intensity as well as the
number of acres burned (UNEP 2022)
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SPREADING LIKE WILDFIRE

THE RISING THREAT OF EXTRAORDINARY LANDSCAPE FIRES

U.S‘. Fire Adminis_tration In the U.S. more than 46 million residences in
Working for a fire-safe America 70,000 communities are at risk (USFA, 2022)
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https://doi.org/10.3389/fhumd.2022.886545
https://www.usfa.fema.gov/wui/
https://www.unep.org/resources/report/spreading-wildfire-rising-threat-extraordinary-landscape-fires

Water System Purpose
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Fire-fighting
Hygiene, sanitation
Healthcare
Education
Business
Recreation
Agriculture
Industry

PURDUE

PROPERTY OWNER
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85% of the U.S.
population
receives water
from a public
water system
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Plumbing

15% of the U.S.
population receives water

from a private well
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6. Water Supply Pipe
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December 30, 2021

11:06 am, Fire in Boulder Co.
12:10 pm, Fire in Superior
12:50 pm, Fire in Louisville
1:00pm, 1,000 acres

60,000+ evacuation ordered

The 3 largest communities
Louisville: 21,266
; Superior: 13,094
30+ min & Lafayette: 30,411
To Denver |
6 regulated water systems
| impacted and private wells

Image source: Fischer et al.
GEER. The 2021 Marshall Fire,
Boulder County, CO.




Hurricane Dora
60-80 mph gusts onshore

Olinda Fire: 1,081 ac, 2 structures
Kula Fire: 202 ac, 544 structures
Lahaina Fire: 2,170 ac, 2,207 structures
Puelho Fire: 5,300 ac, 0 structures

Patrick T. Fallon/AFP vi; éetty Images 7 = B Patrick'T. Falfon/AFP via Getty Images

Deadliest wildfire incident in Maui Wildfires
modern U.S. histor

Y August 8, 2023
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High winds grounded :
the air attack Palisades

Fire 4

Palisades

Fire Fire

23,707 acres 14,021 acres

12 Fatalities 17 Fatalities
Structures Destroyed = 6,833 Structures Destroyed = 9,418
Structures Damaged =973 Structures Damaged = 1,073

January 7, 2025: 180,000+ people were under evacuation in L.A. County.
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Pressure
Asset and structure destruction, leaks
Power

Electric poles/lines, power and gas shutoff by
provider, generators destroyed, fuel lacking

Telecommunications

Outages inhibit tank level, pressure, chemical
feed, and pump status monitoring

Personnel
Hazardous situations, staff availability
Contamination

Chemicals and microbiologicals drawn into the
water system, immediate health risk

AWWA Wat. Sci. 2020. AWWA Wat. Sci. 2023. Env. Sci.: Wat. Res. Technol. 2024.



https://awwa.onlinelibrary.wiley.com/doi/10.1002/aws2.1318
https://awwa.onlinelibrary.wiley.com/doi/full/10.1002/aws2.1183
https://pubs.rsc.org/en/content/articlehtml/2024/ew/d4ew00216d

Challenge: Water and pressure
to protect lives and property

Today’s systems are not designed for wildfires
Building sprinkler systems enable evacuation
Residents run lawn sprinklers to wet their property
Hydrants opened and left
Power lost, water production and pumping impacted

Fires damage and destroy structures prompting
uncontrolled water and pressure loss

For example....
500 structures x 13 GPM/each x 60 min =
390,000 gallons of water loss in 1T hour
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UNIVERSITY




Challenge: Extreme drinking water J 4
contamination has occurred

Immediate vs. long-term health risk
VOCs and other organic chemicals

Burned properties: Cross connections : z "
o m\ ° m
Exposure q‘— 2 =~ g_ N
Routes l:l.'-.l.- -k 'i I 'ﬁ‘

(i.e., Adults, children, Ingestion Dermal contact Inhalation

infants, etc.)
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Do Not Use (DNU) Do Not Drink (DND) Boil Water Order

I
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Max. Benzene, ppb Event / Location Pop. System Year
440 Eaton Fire/ California 4,847 Las Flores Water Co. 2025
31 Eaton Fire/ California 16,126 Lincoln Ave. Water Co. 2025
22.5 Palisades Fire/ California 3,856,043 Los Angeles Dept. Water & Power 2025
40 Lahaina Fire/ Hawai'i 20,036 Maui County — Lahaina 2023
3.8 Kula Fire/ Hawar’i 7,686 Maui County — Upper Kula 2023
5.1 Marshall Fire/ Colorado 500 East Boulder County Water District 2021
220 Marshall Fire/ Colorado 20,319 City of Louisville 2021
5.5 Echo Mountain Fire/ Oregon 120 Whispering Pines Mobile Home Park 2020
11.3 Echo Mountain Fire/ Oregon 362 Hiland WC -Echo Mountain 2020
1.1 Echo Mountain Fire/ Oregon 760 Panther Creek Water District 2020
76.4 Almeda Fire/ Oregon 6,850 City of Talent 2020
44.9 Lionshead Fire/ Oregon 205 Detroit Water System 2020
15 North Complex Fire/ California 297 Lake Madrone Water District 2020
1.8 CZU Lightning Complex Fire/ California 1,650 Big Basin Water Company 2020
42 CZU Lightning Complex Fire/ California 21,145 San Lorenzo Valley Water District 2020
>2,217 Camp Fire/ California 26,032 Paradise Irrigation District 2018
38.3 Camp Fire/ California 924 Del Oro Water Co.-Magalia 2018
8.1 Camp Fire/ California 1,106 Del Oro Water Co.-Lime Saddle 2018
530 Camp Fire/ California 11,324 Del Oro Water Co.-Paradise Pines 2018
40,000 Tubbs Fire/ California 175,000 City of Santa Rosa 2017

PURDUE




Oregon 2020 Fires - Regulated Contaminants

At least 7 PWSs contaminated in Oregon as of May 10, 2021
VOCs were the sole focus; EPA method 524.2 for VOCs was applied for all samples

Vinyl chloride and MTBE exceeded federal MCLs in water samples when there was NO benzene.
Methylene chloride was not reported above the 5 ppb MCL

Maximum Concentration of Contaminant [ppb) Exposure Limits (ppb)
Volatile Organic
Compound Detroit N ) ) USEPA 1-day Health
. Whispering Pines Mobile City of City of Hiland WC-Echo Panther Federal ) )
Wat C f Gat CAMCL | Ad for 10kg child
sy:t:n: fty of Gates Home Park Phoenix Talent Mountain Creek MCL visory (for 10kg child)
44.9 | ND | 5.5 76.4 11.3 1.1 5 1 200
0.6 ND ND ND ND ND 2 0.5 3,000
Vinyl Chleride m
127 ND 6.08 ND ND 4.6 ND 100 70 4,000
Chlorobenzene
ND ND 1.05 ND ND ND ND 5 0.5 700
Dichloroethane
1,4-dichlorobenzene 9 ND 10.8 ND ND ND ND 75 5 11,000
Methyl-tert-butyl ether 358 ND ND ND 3.17 ND N/A 13 N/A
(MTBE)
205 490 120 4,630 6,850 362 760
Service Population

Is benzene only testing appropriate?
Not if you want to know if the water is safe.




BOLD and RED exceeded a health-based drinking water limit in
a wildfire impacted water system as of March 2024

Acetonitrile
¥*Acetone
Acrolein

Acrylonitrile
*Benzene **

Bromochloromethane
Bromodichloromethane
Bromoform
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon disulfide
Carbon tetrachloride **

Chlorobenzene

Chlorodibromomethane
Chloromethane
4-Chlorotoluene

Dibromochloromethane
1,2-Dibromo-3-

chloropropane (DBCP) **

1,2-Dichlorobenzene
1,4-Dichlorobenzene
1,1-Dichloroethane
1,2-Dichloroethane **
1,1-Dichloroethene

cis-1,2-Dichloroethene

trans-1,2-Dichloroethylene

1,2-Dichloropropane **

*Ethanol

Ethyl benzene
Ethylene dibromide (EDB) **
Ethyl-tert-butyl ether (ETBE)

lodomethane
Isopropylbenzene

Methylene chloride**
*Methyl ethyl ketone (MEK) **
Methyl iso butyl ketone (MIBK)

Methyl-tert-butyl ether (MTBE) **
*Naphthalene**
¥Styrene**
tert-Butyl alcohol (TBA) **
Tetrachloroethylene
Tetrahydrofuran (THF) **

¥Toluene**
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene

1,1,1-Trichloroethane
1,1,2-Trichloroethane

Trichloroethylene
Trichloromethane **
1,2,3-Trichloropropane (TCP) **
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride **
*ortho-Xylene
*meta-Xylene

*para-Xylene
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There are 3 ways water distribution

systems become contaminated 2. Plastic thermal degradation

Heat
1. Biomass and structure 1141 oegacation Frocc
co m b u St i O n ( whamﬂ Thermal Degradation /QE/\@/E)A\Q\\ )
voo® S

Plastic Drinking Water Pipe

3. Contaminated
water and material
back siphonage

Depressurized

Secondary Sources: Infrastructure desorption

PURDUE Whelton et al. 2025. Water Research Foundation. Denver, CO.




Thermally damaged plastic drinking water pipes can
be a source of drinking water contamination

A Confirmation of BTEX Number of TICs
Components in Water in extract”

e Material B T E X Water n-Hexane
_______________________________________ l l' Cold water pipes

I-"",.Pul'.'rnerﬂhams e f PVC v V4 - - 4 41
|| . HDPE v v v v 14 100

- m‘r‘;ﬁ w::fm Hot and cold water pipes
/ CPVC v - - - 3 32
Plastic Drinking Wetar Plpe PEX-al-a v v v v 19 123
PEX-al-b v v v v 16 122
: o PEX-a2 v v v v 22 117
Heating at 200.-400 Cfor new HDPE, PEX, PVC, vy A AT 107
CPVC, & PP pipes generated VOCs & SVOCs PEX-c1-a v v v v 19 133
PEX-c1-b v v v v 17 134
: : PEX-c1-EVOH v v v v 20 109
Benzene generated by heating all pipes except PP B o 3 . o5

Once plastic cooled, chemicals leached into water

PURDUE Isaacson et al. 2020. Env. Sci. Wat. Res. & Technol



https://doi.org/10.1039/D0EW00836B

040

Water Boards

UCsr

Wildfires can contaminate drinking
water systems both by thermal damage
to plastic pipes and intrusion of smoke

Characterized target and nontarget VOCs and
SVOCs in water from 1 contaminated service
line after the Camp Fire.

New PVC, PEX, and HDPE pipe heating
experiments conducted

Results
PVC pipe heating: 32 compounds
HDPE/PEX pipes heating: 28 compounds
Service line: 55 compounds for uncontrolled
burning of biomass and waste materials.

Draper et al. 2022. ACS EST Water.
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Buried depth will impact
thermal vulnerability

Mathematical Thermal Modeling Results
« Upper limit temperature for pressure
service of the pipelines was exceeded
at depths up to 0.45 m (1.5 ft).
» Upper limit temperature will be
exceeded at least 50% of the time at
depths up to 0.19 m (0.6 ft).

Metz et al. 2022. Fire Technology.
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PE resin type, antioxidant loading, and carbon
black influenced VOCs found in water

5 0.20 40 0.3% Irganox HDPE Resin 0.3% Irgafos
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S Y SR . ]
o 0.00 o’ = 4 0.0 0.00 : , . — 0
HDPE(1) HDPE(2) LDPE LLDPE HDPE Resin + 1-1010 HDPE Resin Only HDPE Resin + |-168 0 2 0 2 0 2

M | Carbon Black (wt. %)
ateria

The type of virgin PE The presence of AOX CB had complex impacts
resin used impacts decreased VOCs on VOCs found in water
VOCs found in water released but increased
levels of AOX When CB 1, benzene ¥
When AOX1 ™, benzene ¥
When AOX2 ™, benzene ¥

@ degradation products
detected When CB + AOX, benzene =

PURDUE Isaacson et al. 2025. J. HAZMAT. https://doi.org/10.1016/j.jhazmat.2025.137562 18



https://doi.org/10.1016/j.jhazmat.2025.137562

Some Exhumed Materials Leached VOC and SVOCs

150
[ |Benzene

[ ]Toluene

} [ | Ethylbenzene
[ ]Xylenes

[ ]Phenol

[ ]o-Cresol

[ ]p-Cresol

[ ]Naphthalene
[ Acenapthylene

I Flourene
_ I Anthracene

125

RN

o

(@)
|

[ Benz[a]anthracene

(@)
o
| L
|y |

Concentration (ug/L)

2:_' ﬁ H‘Lﬁ- lri _ il

PVC PE 1 PE 2 PE 3 Water Meter

PURDUE lsaacson et al. 19



Pilot Study on Fire Effluent Condensate from Full Scale
Residential Fires

Room 1 Room 2
Exp. # I 2 3 4 5
pH 2.56 1.10 1.93 1.96 1.59
Bromide <3.0 5.5 6.6 9.8 13
Chloride 270 39,000 3.000 2.400 4,700
Nitrate 13 24 5.7 <1.0 6.4
Sulfate 330 9,200 2,700 2,100 2,300
ppb Room 1 Room 2
Exp. # 1 2 3 4 5
Benzene 1,100 6,400 2,600 3.600 33.000
Styrene <400 1,200 470* 1.400 1,800
Toluene 180* 1,000 <340 660 3,900
Xylenes <290 110* <740 153 910*
Naphthalene 2,700* 8,100 7,400% 8,100 10,000
-Butanone 2,100# 3.600%* 7.300* 13,000 31,000
Acetone 57.000 31,000 74,000 110,000 250,000
Ethanol <40,000 <40.,000 67,000* 49,000 61,000*
. ' . ‘
Chemicals often not looked for in water systems
PURDUE Horn et al. 2023. Fire Technology.
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Water safety attitudes, risk perception, experiences, and

education for households impacted by the 2018 Camp Fire

https://doi.org/10.1007/s11069-021-04714-9

Natural Hazards, Published May 2021

Households Require Support )
1) Water use restrictions | com )
2) Plumbing sampling and testing B [caoes) L
3) Plumbing decontamination [
methods and validation, )
4) Water tank selection and S?:L:i“: () l B .
maintenance — wm\ oo “-’ R
5) In-home treatment device selection [z S [ \ (D) — e
and maintenance Tien B e et
6) Plumbing design and material
selection for property repairs and @ [ [0, —— vososon
new construction
e G TR I F-~MER e o
CaliforniaState PURDUE @) B.tre College

‘ School of
u Public Health
UNIVERSITY OF CALIFORNIA, BERKELEY

UniversityChico



https://doi.org/10.1007/s11069-021-04714-9

Challenge: Restoring Service for
Public Safety, Health, and Economic

/ Phase 1 \\ / Phase 2 f" Phase 3 \
S * E = il .
e R el 7y -
at  ES A

Flushing, Bacteria, and Flushing, Stagnation, VOC and
P
\ safety, Power, and resﬁurej \ Chlarine Sampling / ‘\_ SVOC sampling /

Support firefighting Personnel surge Personnel surge
Isolate damage Restore control, Repeated sampling
Maintain pressure pressure Laboratories
Water use warnings Repeated sampling Decon, remove, replace

Laboratories

Inspection, Testing, and Repair vs. Replace
Water Meters vs. Hydrants vs. Water Quality

PURDUE




FINAL

" WORKPLANTO DE
CONSIDERATIONS FOR DECONTAMINATING HDPE SERVICE LINES BY FLUSHING ‘ a e n g e POTABLE WATER TO PUBLIC BUILDIN
Wi i 3 uch wate sume?, [ ] i

Water Distribution System
Decontamination

Collaboration between Us & Stagﬂathn need ed tO
o find contamination

Hydraulics
Different plastic pipes uptake and
leach different amounts of VOCs and Incident
SVO C S Respons ase . Recovery Phase
Huang etal. 2017. J. HazMat. g | Ty

Inorganics, and }
S Radionuclides P
754 < o

PUBLIC WORKS PARTMENT
5555 SKYWAY
PARADISE, CA 95969

14 MAY 2019
PREPARED BY

TOWN OF PARADISE

Polymer Science
Environmental Engineering

Contamination Time: 2 weeks

704 ‘ ' ; Spilled liquid / Rapidly test material-
A~ screen chemical interactions Develop and

| implement utility
654 | | Find physical / asset decon plan

Raw water chemical property ‘ Develop and test with follow-up
screen data science based flushing validation testing
protocol
200 30 40 50

Stagnation Time (h)

Treated water " . [
55 . screen : Estimate indoor air - -

exposure assessment
and testing

Develop and
50 Evaluate Evaluate chem. it o
e byproducts exposure pathways ; il
and establish air and premise plumbing

Leaching amount (ug/dm?®)

o o
Numerical modeling:
* f water health based Test efficacy of decf%?lopvlvazpw"h
i Plumbin: screening levels infrastructure cleaning g
Greater than 286 days vs “l AN I | st o, | | aston g
y [ / \ \

1 ;
0 77 .‘.:,.-.. _-—

less than 64 days of D3  Day6.  Da9 . Da1s There is a step-wise process for

. . responding to and recovering
continuous water flushing frorm contamination

for 1-inch HDPE service Whelton et al. 2017. ES: WR&T.
(Haupeﬁﬁbal. 2019)


https://www.sciencedirect.com/science/article/pii/S0304389417304363
https://pubs.rsc.org/en/content/articlehtml/2017/ew/c5ew00294j

PURDUE CaliforniaState

University Chico
UNIVERSITY N

PURDUE 4= Butte College 6 Pubic Heal PURDUE

UNIVERSITY UNIVERSITY OF CALIFORNIA, BERKELEY UNIVERSITY

\J

" Oregon State

o : University
ORIGINAL RESEARCH (@ Whterscence || Natural Hazards (2021) 108:947-975 E"I" ';°”me"ta' I
https:/doi.org/10.1007/511069-021-04714-9 Wca?erclgesearch & Technology « OF CHEMISTRY s
Wildfire caused widespread drinking water distribution ORIGINAL PAPER ) ES&T ‘ mafef
network contamination Check for ) Crvck tor s Drinking water contamination from the thermal
. . . . updates — = degradation of plastics: implications for wildfire Predicti £ Witer Distribution Svst Contamination Based

Caitlin R. Proctor>** | Juneseok Lee’ | David Yu*® | AmishaD.Shah* | Water safEty att'tUdesv risk perception, experiences, . ¥ a",d_ “,mcme ﬂ,r ‘ ",”p_onset T V\Il'ild;’-relogugn Seav::itylinn\N‘i‘h;?:ndylerg:n l(r):rt‘e:f':;:aclc:’r:mz:itiezn
Andrew J. Whelton®* and education for households impacted by the 2018 Camp ‘ ' . o Stefanie S Schulze* and Erica C. Fischer

po Fire, California

F

Tolulope O. Odimayomi' - Caitlin R. Proctor? - Qi Erica Wang' - Arman Sabbaghi? -
Kimberly S. Peterson® - David J. Yu® - Juneseok Lee® - Amisha D. Shah’ -

Christian J. Ley' - Yoorae Noh® - Charlotte D. Smith®'® . Jackson P. Webster'" -
Kristin Milinkevich'? - Michael W. Lodewyk'? - Julie A. Jenks'*'* . James F. Smith'5 .
Andrew J. Whelton’ ®

PURDUE CORwNA
PURDUE H Oregon State J‘/ %

7 Oregon State

U.Y . . CALIFORNIA . s
swivensi ity HAWAIT University O)CBPH Water Boards University
Environmental e & Wiater science - T
Science [ e SRISITAL RN o 7 e T — ®
Water Research & Technology - ES&T maTE[ o ‘ etk oy
The Marshall Fire: Scientific and policy needs for water e . . .
e —— ] imulation of Heat Transfer Through Soil
system di resp s ! gh §
M censpans  TWO weeks after the 2023 Maui wildfires: drinking Organic Chemical Contaminants in Water System Infrastructure H ildfi
water experiences and necdst andrew 5 whelion®© | ChadSeidel™® | Bead . wham® | EricaC. Fischer® | e e for the Investigation of Wildfire Impacts
L8 o o Kristofer Isaacson® | Caroline Jankowski® | Nathan hur? | Willam M. Draper, Na Li, Gina M. Solomon, Yvonne C. Heaney, Reese B, Crenshaw, on Buried Pipelines
ek Elizabeth McKenna® | Christian Ley Richard L. Hinrichs, and R. Esala P. Chandrasena®

PURDUE

UNIVERSITY

(@)
Eﬁm&T’lﬂater s 2| (EROmeL - The Playbook!

peose| |Pilot Study on Fire Effluent Condensate C fiiterscence _—
wrn| [from Full Scale Residential Fires Rsien Al WateE Seit P ——

Require Remediation 4 Plastic water supp|
Caroline M. Jankowski, Lauren A| CONtamination, an| ywiqeive d

esse 5106

Fire and Water: Assessing Drinking Water Contamination After a

: ? cont tion i inki .
Major Wildfire Gavin P. Horn®* and Nicholas W. Dow ®, Fire Safety Research Institute, UL Aliya B. Ehde, Madeline B. Larse ge and to private drinking Concept °’|)?F"=_':":_'"s‘s°°:'05':1 Pl
3 . i Research Institutes, Columbia, MD 21045, USA William J. Schmidt, Amisha D. SH i water wells or Water Distribution System Testing
Gina M. Solomon,* Susan Hurley, Catherine Carpenter, Thomas M. Young, Paul English, Danielle L. N I bility. UL Sol B Kristofer P. Isaacson’ | H and Recovery
d Pesey Revaolds anielle eumann ®, Enterprise Sustainability Solutions, Brea. Atmisha D.Shab® |  Andil
a0 TeBRY Ny CA 92821, USA Caroline ' | Kristofer Isaacson' | Madeline Larsen’ |

Christian Ley’ | Myles Cook' | Andrew J. Whelton®

PURDUE

UNIVERSITY




Table of Contents

Roles and responsibilities of key orgs

. Conditions that prompt drinking water contamination
Response and key decisions

Post-fire exposures and warnings

Post-fire chemicals, concentrations, and exposure limits
. Post-fire chemical analysis

10. Water sampling considerations

11. Decision-making considerations using results

12. Communication and general questions

© 0N O A

Appendices

A. Example return to service plan

B. CDC guidance about water advisories

C. Target chemicals for water sampling

D. Water sampling SOPs

E. Example FAQs

F. Guidance about water testing reports for the general public

THE
Water
Research
FOUNDATION

Free from the
WaterRF. Org PROJECT NO.

® 0 5106

Concept of Operations ([CONOPS) Plan
for Water Distribution System Testing

"‘] and Recovery

L Los Angeles
D Department of SAN JOSE
P|water & Power WATER EBMUD

PURDUE <3 I[.;;; Ansels *\\\\\\ N | ] e

Y EBMUD Water & Power CITY Of NAPA

= L ks Citys - City of
Lou1sv1lle -\ <7 Santa Rosa

COLORADO = SINCE 18




Opportunities for Prevention and Recovery:
Lessen the consequences of wildfires

v' Adopt fire safe setback distances

v Lessen power loss: Backup power, emergency generators

v’ Evaluate hydraulic models for fire flow vulnerability

v’ Install emergency connections to neighboring water systems

v’ Protect or minimize using plastics where vulnerable

v' Have raw water sources and treatment plant bypass capability

v’ Zone the water distribution system to prevent backflows

v Adopt service line backflow prevention
devices/check valves

v' Adopt remote automatic shutoffs

v Develop and issue evidence-based drinking
water use warnings
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Opportunities: Lessen the time to
restore safe water service

Establish and strengthen mutual aid networks

Develop evidence-based physical damage
assessments

|dentify chemical source profiles

Innovate more effective infrastructure decon
technologies

Share knowledge and evidence-based mitigation
methods and practices nationwide

Create evidence-based asset repair vs. replacement
decisions

Support small water systems who do not have
technical expertise or personnel to recover
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