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Our Focus

Water Safety
and Disasters

Infrastructure Construction
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Waste Materials and
Management Solutions




The ability to bounce
back from misfortune
and change

Four Phases of Disaster and Emergency Management

1. Mitigation: BEFORE event, lessen loss of life and infrastructure.

2. Preparedness: BEFORE event, planning, training, and educational activities.

3. Response: Coordination and management of resources (including personnel,
equipment, and supplies) utilizing the ICS in an all-hazards approach to reduce
life/property/environmental safety impacts.

4. Recovery: Restoration activities that occur concurrently with regular operations
and activities.

PURDUE
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(www.nifc.gov)

Wildland Fire Information

Svstem (nrcan.gc. ca)

Current National Statistics

‘ ea 69 Incidents
Total Number of Large Fires
‘ ‘ 475924 Acres
‘ Acres Burned on Large Fires
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https://cwfis.cfs.nrcan.gc.ca/home
https://effis.jrc.ec.europa.eu/
http://www.nifc.gov/

Wildfires cause health and safety

| risks, and are Increasing In N TR T TT. T
|ntenS|ty aS We” as the number Of THE RISING THREAT OF EXTRAORDINARY LANDSCAPE FIRES

acres burned (UNEP 2022)

. o , In the U.S. more than 46 million
U.S. Fire Administration  residences in 70,000 communities

Working for a fire-safe America are at risk (USFA, 2022)

S


https://www.usfa.fema.gov/wui/
https://www.unep.org/resources/report/spreading-wildfire-rising-threat-extraordinary-landscape-fires

Meanwhile, down south...

Hurricane
Frequency

Heat Wave
Frequency

~ gz

. . US Migration (2010-2020)
Wildfire R e

Probability g

Clark et al. 2022. Frontiers in Human Dynamics.
https://doi.org/10.3389/fhumd.2022.886545
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San Francisco Chronicle
9/3/20, Sara Gobets

Public water systems are vulnerable to fire.
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2017 Tubbs Fire: Drinking Water System Volatile Organic
Compound (VOC) Contamination was Discovered

Oct. 8, Fire began — Oct. 31, 2017 contained, 36,807 acres
5,656 structures destroyed, in City of Santa Rosa 2,500 parcels burned

Oct. 10, City of Santa Rosa issued boil water advisory

Nov. 8, Drinking water odor complaint
City found benzene > CA MCL (1 ppb) and USEPA MCL (5 ppb)
Nov. 10 — Oct. 11, 2018, Do Not Drink-Do Not Boil advisory

352 parcels in advisory area, 0.08% water mains, 0.2% hydrants, 5% of
meters, ~5.2 miles

Affected only 9 of 13 standing homes (occupied)
Less than 20 people affected out of 175,155 on this water system
Subsequent tests revealed much more VOC water contamination

CalFIRE Roselan Proctor et al. (2020) https://doi.orq/10.1002/aws2.1183




Response and recovery was overseen by
California’s SWRCB and USEPA Region 9

* |nitial estimated removal/replacement cost: $44 million
¢ Actual investigation and replacement cost: $8 million

* Multiple VOCs, SVOCs, TICs detected in the water

+* Multiple VOCs exceeded acute and chronic drinking water
exposure limits

« DND-DNB advisory based on early 5 ppb benzene results

ga—

Water tested for 100+ chems, 34 routinely later in response
Repeated location sampling was necessary to find contamination
A Few Stagnation “soak time” was needed to find contamination (often > 72 hr)
More chemicals than benzene exceeded acute and chronic exposure limits
LessoNnsS - sometimes + 77% benzene difference in duplicate water samples for a single location
Learned Decided > 0.5 ppb benzene prompted asset replacement

Greatest VOC contamination found in service lines (max. 40,000 ppb benzene)
All contaminated hydrants, water mains, ARVs, blow offs, service lines were replaced
Long-term VOC monitoring required

——]




The 2018 Cam

Executine Department
. s November 8, 2018
State nf California

Proclamation of a State of Emergency

WHEREAS on November 8, 2018, the Camp Fire began burning in Butte County and
continues to burn; and

WHEREAS this fire has destroyed homes and continues to threaten additional homes
and other structures, necessitating the evacuation of thousands of residents: and

WHEREAS the fire has forced the closure of roadways and continues to threaten critical
infrastructure; and

WHEREAS high temperatures, low humidity, and erratic winds have further increased
the spread of this fire; and

WHEREAS the Federal Emergency Management Agency has approved a Fire

Management Assistant Grant to assist with the mitigation, management, and control of the
Camp Fire; and

WHEREAS the circumstances of this fire, by reason of its magnitude, are or are likely to
|| be beyond the control of the services, personnel, equipment, and facilities of any singie local
government and require the combined forces of a mutual aid region or regions to combat; and

WHEREAS under the provisions of Government Code section 8558(b), | find that

conditions of extreme peril to the safety of persons and property exists in Butte County due to
this fire; and

WHEREAS under the provisions of Government Code section 8571, | find that strict
compliance with the various statutes and regulations specified in this order would prevent,
hinder, or delay the mitigation of the effects of the Camp Fire

NOW, THEREFORE, |, GAVIN NEWSOM, Acting Governor of the State of California, in
accordance with the authority vested in me by the State Constitution and statutes, including the
California Emergency Services Act, and in particular, Government Code section 8625, HEREBY
PROCLAIM A STATE OF EMERGENCY to exist in Butte County due to the Camp Fire.

IT IS HEREBY ORDERED THAT:

1. All agencies of the state government utilize and employ state personnel, equipment,
and facilities for the performance of any and all activities consistent with the direction
of the Office of Emergency Services and the State Emergency Plan. Also, all citizens
are to heed the advice of emergency officials with regard to this emergency in order to
protect their safety.

The Office of Emergency Services shall provide local government assistance to
Butte County, if appropriate, under the authority of the California Disaster Assistance
Act, Government Code section 8680 et seq., and California Code of Regulations, Title
19, section 2900 et seq
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Paradise

153,336 acres

~13,972 residences destroyed
14,793 structures destroyed
86 fatalities

3 firefighters injured




Damage
Destroyed (>50%)
Major (26-50%)
Minor (10-25%)
Affected (1-9%)
Fire Perimeter

£ City Limit

Town of Paradise Limits

96% of all
residential
buildings
destroyed

95% of all
commercial
buildings
destroyed

Before fire: 26,000+ people

After fire:  ~1,500 people

Inibal Map Creation: (14 January 2019, 1100 EDT)

Coordinate System: WGS 1854 World Mercator




Public Water Systems (% Homes Gone) Population Source Water
Paradise Irrigation District (PID) (-96%) 26,032 Surface
Del Oro Water Company (DOWC) — Paradise Pines (-38%) 11,324 Surface
DOWC - Lime Saddle (-50%) 1,106 Surface
DOWC - Magalia (-89%) 924 Ground
DOWC - Stirling Bluffs (0%) 548 Surface
DOWC - Buzztail (-34%) 106 Ground
Foothill Solar Community 180 Ground
Forest Ranch Mobile Home Park 25 Ground
Forest Ranch Mutual Water Company 92 Ground
Gran Mutual Water Company 202 Ground
Humboldt Woodlands Mutual Water Company 75 Ground
Meadowbrook Oaks Mobile Home Park 50 Ground
Mountain Village Homeowners Association 40 Ground

Boil water advisories
were issued to
40,000 people

Private wells
13,227 exist in Butte County
2,438 wells in Camp Fire area

PURDUE



February 2019

3 months post-fire

CalOES, SWRCB, BCHD, FEMA, PID, DOWC, Town,
CalFire did not understand how to proceed

< 50 samples had been collected by PID & DOWC

Benzene testing only; State assumed benzene was
the only chemical present

Our onsite recommendations:

* Find out what’s in the water (not just benzene)
* Reevaluate water use restrictions

* |solate =» Test (72hr) =» Decon/replace

e Population in homes needs help, they’ve been left
to fend for themselves

Onsite Visit Response and Recovery Observations Presented to PID February 13, 2019

Purdue University & Manhattan College
Andrew J. Whelton, Ph.D., Amisha Shah, Ph.D.,
Juneseok Lee, Ph.D., P.E., Caitlin Proctor, Ph.D., David Yu, Ph.D
Questions: awhelton@purdue.edu

A. Overall

PID has done a good job in moving towards stabilizing their infrastructure. This includes
repressurizing distribution systems, identifying damaged assets, fixing breaks/leaks,
flushing out contaminated water, issuing appropriate water advisories, and other

activities.

The water system is still in the response phase because the system is not yet stabilized
and there are many challenges to resolve: for example, how to test for contamination.
Persons living in the disaster area have complicated the response because PID has had
to take action to both respond to their system damage but also to requests of customers.
A recommendation is that PID focus on completing the response and moving into
recovery, but this is and will continue to be slowed by multiple demands on limited
resources. For example, PID staffing has been reduced since the disaster took place
and the disaster has created an enormous need for additional staffing for response and
recovery.

A critical element to moving forward in a timely manner will be clear and straight-forward
recommendations from CalOES and FEMA regarding funding of response efforts.







For the Tubbs Fire and Camp Fire, VOCs exceeded acute
and chronic exposure limits

Chemical

Tubbs Fire (11 mo.)

Camp Fire (6 mo. post-fire)

Santa Rosa

5.2 miles

PI1D

172 miles

SWRCB

in PID

DOWC

(3 systems)

Max

Max

n=1

n

Max

Short-term USEPA
1d-Health Advisory

Exceeded

Benzene
Methylene chloride
Naphthalene
Styrene

TBA (NL)

Toluene

Vinyl chloride

40,000

<5

923

15

PID used 72 hr stagnation time; DOWC sometimes, but often used 0 hr
p = Utilities did not disclose enough information about their data

41-26-82

8.1-0-46

Yes (200)
No
Yes (500)

No




Potential PRIMARY Sources

1. Forest biomass or
structure combustion

Depressurized

2. Plastic thermal degradation
Heat

Degradation Product
Release to Air

PN N 7

Polymer Chains| Thermal Degradation > A
O SEEL) DN

Degradation Product
Release to Water

Plastic Drinking Water Pipe

3. Contaminated
water back
siphonage

~

Secondary Sources: Infrastructure desorption
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] ) POTABLE WATER TO PUBLIC BUILDINGS

Science was applied to some water [ —
distribution system testing and

decontamination decisions, but

not all

CONSIDERATIONS FOR DECONTAMINATING HDPE SERVICE LINES BY FLUSHING

PURPOSE

Water Distribution System
Decontamination Stagnation needed for sampling
Collaboration between Us & USEPA
Hydraulics
Polymer Science
Environmental Engineering

TOWN OF PARADISE

Purdue (Huang et al. 2017) Incident
Different plastic pipes uptake and leach

. ,:’/—--—Orgamcs. \\\\‘
different amounts of VOCs and SVOCs o o ool

Response Phase Recovery Phase

Spilled liquid ( Rapidly test material-
screen chemical interactions Develop and
implement utility
Find physical / = asset decon plan
Raw water chemical property Develop and test with follow-up
screen data science based flushing validation testing
protocol

Treated water N
screen z Estimate indoor air

exposure assessment
and testing Develop and

implement
byproducts exposure pathways =g —————————————
i and establish air and p(rjemlse ;:mmblrr\‘g
water health based Test efficacy of lecon plan wit

. .
Numerical modeling:
g.
e l i I Plumbing screening levels infrastructure cleaning valldf:tl:z:-tu;stlng

Greater than 286 days VS. L .‘. : e water screen \ | || and indoor air exposure

less than 64 days of DS  DWE. . Ba9 . Dayis Purdue (Whelton et al. 2017)
. flushi There is a step-wise process for
continuous water flushing responding to and recovering

for 1-inch HDPE service line from contamination
(Haupert et al. 2019)

20 30 40 50

Stagnation Time (h)

Evaluate Evaluate chem.

Leaching amount (ug/dm?)




6 Months Later, Households were Largely on their Own

Water use advisories

* 2 water systems contaminated, but had no water advisory
* Some PID customers were not following water advisories
Contaminated water was entering homes

 Utilities were trying to identify their contaminated assets

* Loss of pressure (main break, leak) could move
contaminated water into a standing home service line

Plumbing received months of contaminated water
Now nonpotable plumbing?
Varied plumbing complexity
Paying for water testing, results not representative
No credible plumbing testing guidance
Irrigation system contamination
External water tank maintenance and microbiological growth
Some have no economic capacity to purchase bottled water, devices

Insurance companies were the in-home treatment deciders

Butte County Private Well Information
Posttire well safety and 1

il :g_\m]\ ine:

How to

determine well water wl(ﬂy

* If the casing or plumbing around the well was damaged by fire the water should be tested

Chi

Recommended for
private wells

Bacteria, heavy metals,
PAHs, VOCs

72 hr stagnation on well

ico




Water safety attitudes, risk perception, experiences, and

education for households impacted by the 2018 Camp Fire

Natural Hazards, Published May 2021 https://doi.org/10.1007/s11069-021-04714-9
Critical Public Health Issues oErhia |
1) Water use restrictions, ED
2) Plumbing sampling and E ca ok | =)
testing, il L
3) Plumbing decontamination [swes )
. . Utilities
methOdS and Va||dat|0n, ( Social Media, W ]
. Friends, &
4) Water tank selection and SomameRY s \.~_. Consalan
. esident onsultants
maintenance, | v irsunce ‘/‘/,' I \\‘ = =
5) In-home treatment device —_ > Paradise Consulants
. . n-rHome 0 ater &s_ling
selection and maintenance, Uil g%;"‘%;k Laboratories
ompanies
and
6) Plumbing design and @ = [ —

material selection for property
. . ( ) Local Bidirectional
repairs and new construction. G [ e Agency ¥ Communication



https://doi.org/10.1007/s11069-021-04714-9
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1 Year After the Fire

Population: Less than 3,000 of 26,000 pre-fire (now certified as rural)
Homes rebuilt: 11 of the 11,000+ homes that were destroyed

Debris removed: 7.3 billion pounds of ash, debris, metal, concrete, and
contaminated soil (2x the debris from the 9/11 World Trade Center)

PID water:
150 of 172 miles of water main cleared free of contamination

47% of meter/service lines ‘standing structures’ cleared of contamination; Service lines
to destroyed structures still need testing, maybe contaminated

Homeowners:
Responsible for testing THEIR service line and THEIR plumbing — negligible support
Insurance only sometimes covered plumbing testing and not full plumbing
Many exclusively relied on in-home treatment systems, some on water tanks
Some stayed, some returned, others left, others uncertain



Max. Benzene, ppb Event / Location Pop. System Year

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
1.8 czU Lightning Cqmplex Fire/ 1,650 Big Basin Water Company 2020
California
42 czU Lightning Cqmplex Fire/ 21,145 San Lorenzo Valley Water District 2020
California
>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

From 2017-2020, more U.S. water systems became contaminated by wildfire.

PURDUE




December 2020 Study: Thermally damaged plastic
pipes can be a source of water contamination

Environmental Drinking water contamination from
Science the thermal degradation of plastics:
Water Research& Technology S implications for wildfire and

structure fire response, awwa water science
Download FREE here:

A@ https://doi.org/10.1039/DOEW00836B
6 60 &

Heat
l_l Heating new HDPE, PEX, PVC, CPVC, and PP
I"f":_'Iii:ii:ﬁ]-}:.;r'?iﬁ}ﬁr'-;"';; ......... I — — pipes < Tdeg generated VOCs and SVOCs
Im e 10 H | |
|| e | Benzene generated by heating all pipes except PP

L,
Flastic Drinking Water Fips

Once plastic cooled, chemicals leached into water

PURDUE


https://doi.org/10.1039/D0EW00836B

Organic Chemical Contaminants
; .
A % U%F in Water System Infrastructure
o) COPH  Wter Boards Following Wildfire, eser wae
https://doi.org/10.1021/acsestwater.1c00401

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

PVC, PEX, and HDPE pipe heating experiments conducted

Results:
« PVC heating: 32 compounds A
« HDPE/PEX heating: 28 compounds Q
« Service line: 55 compounds associated with uncontrolled burning | @ @O
of biomass and waste materials. L o)
S adeeloa)
Findings support hypotheses that wildfires can contaminate \ ©)k/

drinking water systems both by thermal damage to plastic .
pipes and intrusion of smoke.

PURDUE


https://doi.org/10.1021/acsestwater.1c00401

Simulation of Heat Transfer
Through Soll for the P Oregon State
Investigation of Wildfire Impacts <&’ University

on Buried Pipelines, rieechnology

https://doi.org/10.1007/s10694-022-01232-3

Mathematical Modeling Results:
. * The upper limit temperature for pressure
h°usm9 service of the pipelines was exceeded at

depths up to 0.45 m (1.5 ft).
4& /Roadsurface » The upper limit temperature will be

Spp— depm exceeded at least 50% of the time at depths

p < >1 m burial depth up tO 019 m (06 ft)

pive Ws - Buried depth will impact thermal
pipe VUIHerabiIity

Water main pipe

PURDUE


https://doi.org/10.1007/s10694-022-01232-3

Boulder County,
Colorado




Welcome to

Boulder County
iy N
Y Y Z\
mr $%$ A &
U.S. pop 331,893,745 $62,843 S217,500 32.1%
Boulder Co., CO 330,758 $127,292 $592,000 62.1%
Butte Co., CA 208,309 S51,566 S49,000 26.0%

PURDUE
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The Marshall Fire, December 30, 2021

Most expensive and destructive in Colorado history

>$1 Billion in damage per NOAA, 6,000+ ac, 40,000+ evacuated Q

>100 mph winds
1 553 destroyed in Louisville, 45 damaged
1 332 destroyed in Superior, 60 damaged
1 106 destroyed in unincorporated Boulder County, 22 damage

d Chemical contamination found in 2 of 6 public water systems .




December 30, 2021

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

40,000+ evacuation ordered

The 3 largest communities
Lafayette: 30,411
Louisville: 21,266
Superior: 13,094

=8 30+ min
%=y to Denver |8
»

}:"'i" 4 N Vv B




The 6 public water systems impacted
served about 60,000 people

Public Water System Damaged/ ther Finished

(population) Destroy_ed Mglns, Hydrants Water Raw Water
Properties miles Storage, MG

Louisville (20,319) 593 120 1,200 7.5 Surface water

Superior (17,170) 436 50 430 3.4 Surface water

Lafayette (28,700) ~50 177 900 14 Surface water

EBCWD (300) 72 of 137 8 40 0.1 Lafayette

Eldorado Artesian Spring (259) 0 <1 0 None 2 Wells, 1 Spring

S.S. Mobile Home Park (150) 3, wind <1 0 None 1 Well

PURDUE







Thefirst 24 hours



Fire reported, 11:06 am

Emergency declared, 3 pm HB WATs issued by State, 6 pm

: 5-7, Drove into fire zone, 10-11, LNG tanks 12-5,
11-12, 12-1,Fire  3-4, South WTP found tanks empty (2 ft), drove into South Shutoff
South entered power loss. interconnect closed. Began WTP, restored curb stops
WTP South WTP | |nterconnect opens = sending untreated lake power, production to
evacuated  property for Superior. water through the North WTP  and pressure properties
2\ I A\ 611 of
IV © © © ©) © Ol 7,330
2, Fire destroyed WTP 4, Sole WTP lost 6, Power 6-830, Tanks est. 15% full, drove
emergency generator, WTP power, production returned, WTP into fire zone, found hydrants
evacuated, asked LV for help stopped restarted open, began shutting curb stops
L) \®) Q (@)
3, Water 5, Two gas 8, Hydrants 12, Water
2, Booster storage tanks generators did not connected to meters _at
station lost topped off, WTP kick on, but one Louisville and 1.5 properties
communications | | evacuated. diesel generator did MGD delivery begins removed
‘ 18 of
i

LAF (@)

O

O

o

9,700
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Snowfall helped extinguish

-

the fire and hotspot's

Internal leadership,
exceptional staff, and
requests for aide
helped utilities
stabilize

Helpful neighbors:
Boulder, Ft. Collins,
Erie, Westminster,
South Adams County,
Broomfield,
Longmont, more...
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Technology was critical to
Louisville and Superior in finding
valves, isolating systems, flushing,
and identifying sampling locations
to restore pressure.

Each utility moved at a different pace
with different challenges

15t focus: Pressure, bacteria and
chlorine

Next: Fire caused VOCs
And then: Fire caused SVOCs

[+ 7105117 39958 Degrees

i | Red = water
.~ | mains shutoff

PURDUE


https://gis.louisvilleco.gov/portal/apps/webappviewer/index.html?id=110f32386ee14f84a72adb035644bafe
https://gis.louisvilleco.gov/portal/apps/webappviewer/index.html?id=110f32386ee14f84a72adb035644bafe
https://townofsuperior.maps.arcgis.com/apps/mapviewer/index.html?webmap=d674ea1ce17e4203b21ac9b8fe24ced2
https://townofsuperior.maps.arcgis.com/apps/mapviewer/index.html?webmap=d674ea1ce17e4203b21ac9b8fe24ced2

s benzene THE indicator of contamination?
--No

Is BTEX THE indicator of contamination?
--No

Is VOC THE indicator of SVOC contamination?
--No

Oregon 2021: MEK (138 ppm) exceeded the USEPA 1-day
health advisory in the absence of benzene

No shortcuts to chemical contamination decisions

PURDU
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To expedite contamination testing, we reviewed all literature
and compiled a “fire package” list of chemicals

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-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
Ethylbenzene

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
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride
ortho-Xylene
meta-Xylene

para-Xylene

Look for SVOCs too.

PURDUE



10,000 ft view of the Marshall Fire water
distribution system contamination

systems found bacteria during their return to service

No fire damage: S.S. Mobile Home Park and Eldorado Artesian Springs
The Mobile Home Park lost power for 4 days: no generator, no storage tank

Lafayette, Louisville, and Superior flushed to bring chlorine residual back

Lafayette shutdown the small area (22 homes) affected and did not find VOC
contamination

Louisville had isolated depressurized areas; Found VOC and SVOC contamination
Superior found a different type of VOC contamination

Paint thinner odor was reported at the East Boulder County Water District so
they flushed and sampled (no stagnation), but did not find contamination; 3
weeks later (with stagnation) they found 5.1 ppb benzene

PURDUE



Smoky, Ash Tray, Canp Hre Flavored Water

Superior received 300+ complaints in a day

Community concerns:

v Present at 1 household and not the neighbors

v Present in hot water only, not cold water

v' Water heaters were contaminated

v' The depressurized system sucked in chemicals
v' Contamination was trapped in parts of the system

Smoke flavor after ‘03, ‘13, ‘16 wildfires assumed to be  Food science Ilterature Caused by phenols
caused by drinking water source ash contamination. o-cresol, p-cresol, m-cresol, guaiacol

CSU Dr. Omur-Ozbek confirmed the flavor was originating from the source water (lake)
—and-in the treatment plant —and-in the water distribution system

CU Boulder Dr. Thurman, Dr. Ferrer, and Corona identified and attributed a tricarboxylic benzoic acid

and a dicarboxylic benzoic acid as the “smoky flavor” agents at ppb (Ferrer et al. 2021)

They stated chemicals identified were not known to be a health risk at levels found

PURDUE
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Water Dlstrlbutlon System Damage

The Marshall Fire: Scientific and policy
needs for water system disaster response

e
Wiﬁnﬂm

AWWA Water Science, Published January 2023
https://doi.org/10.1002/aws2.1318

1) Loss of power jeopardized fire-fighting
and caused worker risks

2) Local/external resources were critical

3) SOPs for post-fire sampling, analysis, and
rapid external labs are needed

4) Contamination seemed to be related to
depressurization and property damage,
but more work is needed

5) Clarification on public health risks and
water use conditions is needed

Service lines, hydrants, and
lumbing were damaged and
leaking (a,b,c,d). Some
“1 hydrants were left open, fire-

ﬁé flghtlng equipment was left

propertles with destroyed
structures were removed (e).

20 scientific and policy needs for
Improving water system disaster 4
res p onse an d rec Overy Ash was visible around and in the Superior reservoir (h), and the water treatment‘p!ant

emergency generator was destroyed by fire (g). The EBCWD emergency generator air intake

PURDUE
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https://doi.org/10.1002/aws2.1318

Private well testing after wildfire &

Evidence was lacking to inform
decision making

No published data

20 different U.S. guidance documents: AK, " - .

AZ, CA, CO, KS, MN, NM, MT, OR, WA, CDC,
and 2 universities (CO, IN)

v Microorganisms (20)

v’ Nitrate (8), Heavy metals (6)

v VOC: 9 (most said BTEX only)
v SVOC: 4 (some said PAH only)

Guidance also varied across Canadian agencies

To address this gap, we helped Boulder County and CDPHE Y. % ,»

after the 2021 Marshall Fire... but more to be done. & GO -

PURDUE
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Jankowski, Isaacson et al. 2023. AWWA Wat. Sci.



Internal
plumbing

W5 iy« Yed
‘ L T hydrant Well

Water
supply pipe

Wildfire damage and contamination to
private drinking water wells

https://doi.org/10.1002/aws2.1319

1) Debris near wells had VOCs and
SVOCs
2) Debris was found in some wells
3) SVOCs detected in some wells
4) Unregulated water system 11
months without pressure.
5) Recommendations for
 How to inspect
« Water use considerations
« What chemicals to look for
* Repair considerations
« Future research

PURDUE
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" N The Hawaiian archipelago is
o \/ the most isolated place on
earth, more than 2,000 miles
from the nearest continent.

2023 Maui Wildfires: August 8, 2023

Hurricane Dora offshore, 60-80 mph gusts onshore
Olinda Fire: 1,081 acres, 2 structures
Kula Fire: 202 acres, 544 structures
Lahaina Fire: 2,170 acres, 2,207 structures
Puelho Fire: 5,300 acres, O structures

Deadliest wildfire incident in modern U.S. history: 155 dead, 66+ missing

PURDUE



Lahaina Sys. Pop. 20,065
Elev. 1 ft. TS

28% White alone !

Median income: $80,035 :

Median-vale home: $0.72M County
Seat of Hawaiian Kingdom

\ % p . -
{ - 4
A Kahului

L;h‘ma : HI 87 \ Kula Sys POp 7,686 < | |
| Elev. 1,000-3,600 ft. e ,K,E EP OUT! |
54% White alone i Drinking Water Supply |

Median income: $86,938 % No Trespassing |

| S Median-value home: S1.1M ‘ No Tampering

Pu'unoca - HI 380

HI 311

\‘\ Maui
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= S Kihei
....... X ry
‘A
| Al
'\ A
5
.
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o aal Wailea
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1. Conduct free in—hom}
drinking water testing for
Lahaina, Kula, and Olinda
households and survey
needs

PURDUE
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/

UNIVERSITY
of HAWAI'T’

K MANOA

2. Advise Maui Counth
Utilities on how to respond
to and recover their
damaged water systems

PURDUE
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|I= Cityor |
Louisville
COLORADO ~SINCE 1878

=

= |

3. Assist the State of
Hawai’i Veterinarian

investigate damage and
impacts to ranch water

systems
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Louisville
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Rapid Household Survey 2 Weeks after the
Wlldflres to Ascertaln Drinking Water Experiences and Needs

S = 14 households, All in the Unsafe Water Alert zones

(v Water systems: 2 Lahaina, 11 Kula, 1 cistern in Kula
v’ Property: 10 owned, 4 rent; All had insurance
v’ Average household lived in home for 12 years

B | \‘/ Average respondent age (51), min (26), max (75)

~N

)

Findings

= 5 homes were less than 500 ft from a destroyed home; 7 had property damage
= 13 households used water before finding out it was potentially contaminated

= 10 households reported a drinking water taste, odor, color, or clarity problem

= 4 households visited water buffalos - 7 did not because of source/safety concern
= 42 questions - Households wanted officials to answer specific questions

= Cistern owner followed Unsafe Water Alert, no post-fire cistern safety advice

& And more... /

PURDUE
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Safe drinking water is critical for the health,
safety, and economic vitality of communities

UNIVERSITY



Water Systems Face Multiple Challenges During Wildfire Attack

Pressure, utility network and building plumbing: Leaking, destruction
Power: Electric poles down, shutoff by provider, natural gas generators destroyed, lacking fuel
Telecommunications: Outages inhibit tank level, pressure, chemical feed, and pump status monitoring
Personnel: Hazard situations, unable to respond due to staff availability

Contamination: Chemicals and microbiologicals drawn into the water system, immediate health risk
/ Phase 1 \ / Phase 2 \ /r FPhase 3 \
'~ -
AE || (i T
o - ¢ Resilience:

‘ - ¢ @uﬁ %h . ofe
 ° 1S3 ¢ (o0 x The ability to
_ Flushi Bacteri d Flushing, 5t ti VOC and bounce baCk
UENIng, caciena, dan UsNIng, dgnation, dan
\ Safety, Power, and Presswe/ \ Chiorine Sampling J/J \ SVOC Sampling / from misfortune
Support firefighting Personnel surge Personnel surge or change
Isolate damage Restore control, pressure Repeated sampling
Maintain pressure Repeated sampling Laboratories
Water use warnings Laboratories Decon, remove, replace

PURDUE



Decisions Needed

oy |,;jgf7§ &4

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

infants, etc.)

E K& LK :
= k! g AF
Do Not Use (DNU) Do Not Drink (DND) Boil Water Order

If you do not know the range of contamination, it is not advisable to use in-home water
treatment devices. Those are NOT rated to make acutely contaminated water safe.

i o B
-—

PURDUE
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After a Wildfire:
Water Safety
Considerations
Inside Buildings

L U

;7. Building

After a Wildfire: /0
Water Safety Considerations B
for Private Wells ..

8. Irrigation

Damage and Chemical Water Contamination Caused by Wildfiras.
Widiires can directly contaminate water systems that deliver water to buidings as well as the building's own
plumbing. This can pose an immediate health and safety risk to water users. Drinking water can become chemically
Contaminats, sometenes excseding nazious wass it Baing the watr wil NOT prtec users fram

Damage and Contar

sation Caused by Wildfiros

ystem Wildfires can directly damage private wells and springs causing an immediate health and safety risk o their users
components is needed before trying to use the water. If a water utility delivers water to the property, “‘e Water testing after wildfires has revealed contaminated drinking water, sometimes exceeding hazardous waste
<yeer mey i e damaged g . seea Tne v wale meer. Wt l0es shoud e 254 limits. A thorough inspeciion of the well and water Systems is needed before Irying to use the water. I the buiding

Plumbin P pecione tesing, and oy o o et Prate wole hos s b mepecied and s imks A Potough mspecton of e Welard ater Sytems s before Ly o us e Vater.
g 4 Well pad 5. Well ca P Sigrs of contaminaio can incue th 1o of wlerprssure, discoloce walor, st drage o waler sytams Signs ofcontamination may Ina heloss of wlarpessur,diccioed wate,hat dsage ko vte system

. inside and outside buildings: broken, melted. and leaking pipes, valves, tanks, water meters, irrigation system inside and outside buildings. broken and leaking pipes, valves, tanks, imigation systems, and yard hydrants.

components, and yard hydrants. Heat damage to the building structure may indicate plumbing damage. Chemical Ghemical contamination can ocour due the water system and the heating or buming of the water system materials

heating or burning of the water themselves, themselves, including plastics. If the water system lost pressure, microorganisms and chemicals may have entered
including plastcs. If the water system lost pressure, microorganisms and chemicals can enter the system. the system

L

Persons impacted b oecific advice from their local hoalth department.

Persons impacted by wildfire should seek vice from ther focal heaith department,

AWater Systom Damage Inspaction Should Bs Conducted and Include: AWater System Damage Inspection Should be Conducted and Includs:

« The water meter box « Pointof use water ireatment systems on faucets, « The wellead or wel house. Is there any evidence of malted plastic companents?
+ The imgation system. showsthcads and iner s - The wellcasing, cap or seal. « s thero any avidence of pressura loss in the systam? Ona
+ Above ground piping or structures, including «  Appliances such as dishwash ing = Above ground piping or structures. way 1o check this is 1o tum on an exterior faucet to see if

"l ‘outdoor spigats. machine, dryer, humidifier, H\/AC Vumace efc. . there is water flowing or you hear air escaping from the
« The point of entry, where the water supplyline = Wiring and electrical compone: . syt
+The whole building water treatment system, if one =  Briefly turning on an exterior faucet 1o see if waler « Wiring cr elecirical compor onta ihatisthe = Do It seam lics any ash, sool, or debis has entered any

] ists is ot flowing or you hear air escay condilon of he storage tanks, venis, o partof the water system?

. + The plumbing pipes inside the buiding. system. This may indicate pressure loss. overfiow pipes? « Do you nofice any other damage related to the fre?
a te l- u | e +  The water heater. «  Fire sprinkler system. Aiso, pay attention to any « s there standing water in the tanks?
||| . + The tubing that connects the fixtures to the ash, soot, or wildfre debris near the water syste,
plumbin whether this has entered any part of the water Ropals st be compietd by a icansed and bondad welconbactr o pup stalr. The cotiacto should

« The fixtures fike faucets, showerheads, lofels, elc.  system, and any other damage related (o the fire. rotocols for e sysiem, disinfecting the

sonies ey, and Eonfrein t quattyof water by cered tosing befos piting e ysiom back anine.

Repairs should be completed by a licensed and bonded contractor with plumbing expertise. The contractor should
rotocols for the system disinfecting the
water lines, and cenfirming the quality of water by certified testing before putiing the system back onine.

Using Water

I 3. Well Casing—>

% of the U.S
15% of the U.S. 2 Well S a8
populahon receives water ’ ‘ ' oo P S P Gy Ve et s U5k o g SRS PR T W S TSR

from a private well 1. Well Pump .: e

Use a different water source, such as bottied water, until water testing proves the water is safe for all uses. The
Using Water installation of external water tanks with periodic deliveries is sometimes preferred, but this requires confinming that
the indoor plumbing is not centaminated.

Use a different water source, such as botfled water, until water festing proves the water is safe for all uses. The
instaliation of extermal water tanks with periodic deliveries is sometimes preferred, but this requires confirming that
the indoor plumbing is not contaminated. If the source of the contamination can be determined, isolate it If the

If the source of the contamination can be determined, isalat i. I the water system needs to be flushed, be careful
to Contain the runcff if possible or direct itto:a channel to avoid erosion and minimize spreading the contamination.
Before you use the water, it is important to verify that there is no microbiological or chemical contamination.

PROPERTY OWNER
RESPONSIBILITY

5. Irrigation

Water | /
Meter 4. Building
| Plumbing .

@

) 2. Water System ! 3. Property Owner
Service Line | Service Line 85% of thg uU.S.
. population

ACCESS here 9 | receives water
WATER SYSTEM from a public
RESPONSIBILITY : water system

We created two 1 page inspection and
water testing guidance sheets for private
wells and building water systems

1. Water
Main

PURDUE



https://engineering.purdue.edu/PlumbingSafety/resources/wildfire-response

In-home treatment devices are not designed for some wildfire
water contamination. Know the range, then decide on use.

Water Collected Preliminary Results, ppb

and Analyze Benzene Toluene Ethyl Benzene Xylene

Entering the filter 713 911 87 212

Exiting the filter
1L 20 15 3 4
151 33 30 5 9
2L 47 46 6 11
3L 64 75 10 21
3.5L 62 75 10 20
4l 24 22 4 5
4.5L 87 98 11 21
5L 37 37 5 8

In 2019, CA OEHHA concluded that short-term 26 ppb benzene exposure would prompt an increased
risk of blood effects in children such as a decrease in lymphocytes and white blood cells; Benzene has a
5 ppb Federal MCL, 1 ppb CA MCL

PURDUE



Where and how you sample (and decon) in plumbing must
consider the specific layout and components

Trunk-and- ifold
/ \

shower
nd
2 ﬂoor Bathroom
I sink
15t floor
Outdoor ) i ; — e —
spigot a £ e 1
Basement
Heater o d Heater Washing | | aundry| Treatment
i i sink i

UNIVERSITY



Hydrocarbon Contamination and
Decontamination of Water Softeners

Raw water
_ Surface area
Riser tube .
Resin: 2,800,000+ cm?
Tank liner Liner: 9,300 cm?
Resin Gaskets: 32 cm?
Strainer
Gravel
100
2 80 Benzene
Cf; 60
2 40
S 20 i
O e N | S B | e = == R RN - T
0 3 6 9 12 15

Resin decon, days

.... of Water Supply Connectors

After the 2014 West Va. chemical spill, the Health Department
recommended discarding tubing at restaurants

Dishwasher Softener Ice-maker
connector — PVC connector — PVC tubing — PE
b
Multipurpose Faucet supply Ice-maker
line - PVC tubing — PEX

tubing — PVC

All plastics sorbed 93-100%
of the BTEX in 24 hr

9 of 11 materials still exceeded the Washing machine
benzene MCL after 9 days of decon hose — EPDM

Jankowski et al. 2023. ES&T.

Isaacson et al. In Prep.
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Wildfire Water Utility Tra

Roles and responsibilities of organizations
Disaster CONOPS - Concept of Operations Plan
Wildfire worker safety, hazards, and PPE
Public notifications and customer engagement

Water sampling, testing and decision-making

Learn from Experience

Mutual aid/WARN, interdependent utilities 2017 Tubbs Fire (California)
Return to service actions and plan 2018 Camp Fire (California)

. : . 2020 Oregon Fires (Oregon)
Recovery lessons (i.e., debris, officials) 2021 Marshall Fire (Colorado)
Tabletop exercise 2022 Calf Canyon/Hermits Peak Fires (New Mexico)

2023 Maui Fires (Hawai’i)

PURDUE
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Andrew Whelton. Ph.D. More Lessons Coming Soon
awhelton@purdue.edu www.PlumbingSafety.org

@EH&R‘;‘E \ Center for Plumbing Safety

Home  AboutUs - Current Projects ~ COVID-19 Response ~  Resources ~  Opinions News Intranet ~

Plans

— e o L e o et e e v Post-fire chemicals to test for

v’ Brief videos for emergency
managers and health officials

v' Guidance for private well owners
v Guidance for building owners

CT— 2 sy e gt v' Federal and state government
| agency resources

v FEMA mitigation guidance
v Other training resources

—and- chem

Club o

URDUE SF Water Paradise,

California

Research




