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Introduction and

e Presentation Themes

Well prepared Intermix community

Rapid Fire Spread to and within Paradise
- Impact on life safety, response and losses

Burnovers
- large number (documented versus reported)
- occurred in town and on major egress arteries
- significant impact on life safety

Not a unigue event
- how many other communities are in a similar situation?

NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

| 8
engineering laboratory &?



Introduction and ler
eioscse NIST Interface Case Studies and WUI Scale s

Studies S. Department of Commerce

NIST TN 1635 (Witch #1) NIST TN 1796 (Witch #2) (WUII\I:ESX Zglu]r-zélsscam)

NIST Technical Note 1635 NIST Technical Note 1796 NIST Technical Note 1748

. Framework for Addressing the

A Case Study of a Community A Case Study of a Community Affected by the 4 3t
Affected by the Witch and Guejito Witch and Guejito Fires: Report #2 — Evaluating _Natmm’l Wildland U':h.an In.terface
Fires the Effects of Hazard Mitigation Actions on Fire Problem — Determining Fire and
Structure Ignitions Ember Exposure Zones using a WUI
Mexsnder Mars Hazard Scale

Alexant

NIST Technical Note 1708 NIST Technical Note 1909 NIST Technical Note 1910

Initial Reconnaissance of the 2011 2011 Wildland Urban Interface A Case Study of a Community Affected by the

Waldo Fire — Event Timeline and Defensive

Wildland-Urban Interface Fires in Amarillo Fires Report #2 — Assessment Actions

Amarillo, Texas of Fire Behavior and WUI
Measurement Science
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Introduction and

wesc=e Community Differences

Interface/Intermix, housing density

2019 (post)

I~ A DN
* ._.\- \'h- R
,.e;;WaIdo Canyon Fire, Interface

o ey L H

Witch Fire, Interface equal scale images “
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Introduction and
Previous Case
Studies

Commumty leferences 200 re)

Witch Fire, Interface equal scale images “
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Introduction and
Previous Case
Studies

NIST

Intro and Previous Case Studies et

Summary of Findings: CYREVCEWEVRS

« WUI fires vary significantly geospatially e Know your community; where the
and temporally fuels are and what can be safely

« Exposures (fire and embers) can vary on defended

a parcel level (less than ¥4 acre) scale « If a structure is damaged it was

» Defensive actions have significant impact most likely defended

on structure survival |
* Reduce “fuel wicks” (fences,

Defensive actions are more effective in hedge rows, other linear features)

low exposures

 Damaged = defended  Auxiliary structures can pose
significant hazard as they can be
readily ignitable and frequently
are not regulated

« Cannot understand the post fire scene
unless we understand exposure and
defensive actions

» Parcel level combustibles (including
auxiliary structures) bring fire to the
structure

7 engineering laboratory & g



NIST

Why The Camp Fire? o e

Camp Fire Camp Fire ~ 14 % Butte County area
Overview R

R T G RS AT N R ...~_7——.;.—".-7—~4.‘——~|'

|

 Intermix Fire with:
» extreme fire behavior
* Size and losses and
e evacuation of entire town

e Data-rich scene

Camp Fire ~ 4x Washington, D.C. area

* NIST technical partnerships in place
 Fully integrated with local officials (CALFIRE)

e Representative of many other similar communities

8 engineering laboratory &g



: : . NIST
Camp Fire Overview Statistics e b
Camp Fire
overview » Size: 153 336 acres

e Start: Nov 8, 2018, ~6:30 am

» Dates: Nov 8-25, 2018 (18 days)
Structures Damaged/Destroyed: 19 531
Population Displaced: over 50 000
Fatalities: 85
Persons Located: 3266

WP

https://www.arcgis.cgm/appsiwebappviewer/index,h .“5:5306c98_cf3__8042528§Oa38d467d33728
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Standards and Technology
U.S. Department of Commerce

: : NST
Paradise Points of e

Camp Fire 7 Y
Overview
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: ' NIST
Camp Fire Structure Losses e

Camp Fire
Overview

Affected Minor Major Destroyed
(1-9%) (10-25%) | (26-50%) (>50%)

Category of Damage? Total

Single Residence

Multiple Residence

Mixed Commercial/Residential

Non-residential Commercial

“Other” Minor StructuresP

Infrastructure¢

Total

aDamage categories are adopted from Federal Emergency Management Agency preliminary damage assessment
guidelines.

b“Qther” includes uninhabitable structures such as detached garages and sheds > 11 m?2 (120 ft?).

¢ Infrastructure includes communications towers, water supply equipment, and bridges.

90% of all structures damaged or destroyed

NIST Camp Fire Report #3, Table 1. 11 engineering laboratory &?



NIST

The NIST Camp Fire Case Study e iy

NIST Camp Fire v Report #1: Camp Fire Preliminary Reconnaissance

Case Study

v' Report #2: Preliminary Data Collected from the
Camp Fire Reconnaissance

mm) Report #3: Fire Progression Timeline

e Report #4: Notification, Evacuation, Temporary
Refuge Areas, and Burnovers

 Report #5: Emergency Response and Defensive
Actions

e Data Visualization Tool

12 engineering laboratory Ag



NIST

National Institute of

Camp Fire Technical Research et

NIST Technical Note 2105 NIST Technical Note 2128 NIST Technical Note 2135

Fire Prelimi j ; ¥ i
. S [l::c 0;2;::;:?13 Preliminary Data Collected from the A Case S_t“d3 of the .Cam]? F‘n.e B
NIST Camp Fire : Camp Fire Reconnaissance Fire Progression Timeline

Case Study

Cartier Murmill "
Cartier Bob Vihnaneck
(FEMA) William 0. Wahon (1

This publication is avail
gk o 0% RIS N3 o

This peblic

hi

Mational Institute of
Standards and Technology
U5 Depertmens L5 Depaitment of Commeree

https://lwww.nist.gov/el/fire-research-division-73300/
wildland-urban-interface-fire-73305/nist-investigation-california

13 engineering laboratory & g



: i NIST
Five Research Questions st

Cae Study 1. How can a fire event of the scale of the Camp Fire be
documented to facilitate the extraction of information for
reducing future losses?

2. How did the fire spread to and within Paradise?
3. What were the primary causes of the extensive devastation?
4. What fire spread pathways caused structural ignitions?

5. How unique Is Paradise as a community at risk of WUI fires?

14 engineering laboratory & g



NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

Pre-Fire
Conditions

Pre-Fire Conditions

wind + drought + topography + fire history

Al
iﬁi%
15 engineering laboratory &ii



: : NIST
Butte County Fire Hazard Severity  sesmms

Paradise

Pre'Fl re i 4 ._ RS : I - E 0 Y ) = Unincorporated
Conditions : il i # A . 3 ] Local Respansibility Area (LRA) - Incorporated

Source: CAL FIRE.
Overlays by NIST.

engineering laboratory

NIST Camp Fire Report #3, Figure 3. 16



Pre-Fire
Conditions

Topograph

N\ o .moderate (15 % to 30 %)

NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

 Significant
steep canyons

e Localized wind
alignment

e Difficult access

» Restricted
egress

. . gentle (< 15%)

ol s . steep (30 % to 60 %)

very steep (60 % to 90 %)

cliff (> 90 %)

engineering laboratory &g



NIST

Red Flag Warning and Drought o

. Red Flag Warning

" Wednesday November 7 - Friday Nove.m_be_r 9,2018 N X ]
6 | I U S e » Widespread Red Flag
mpacts | y I
e - RS AL Warnings for November 8

» Potential for rapid spread
of fire

® Timing

Pre-Fire

. + Tonight - Friday morning
Conditions

ukah” oy MY
5-10 mph |\ W,y

2’ Winds & RH ' : e T N V7 5-20 mph . .
. Norlt:toseastwinds 20-30 mph, 3 : .*‘?ISa:a%;i)-b%ﬁr_ ) "F_;I— N ° Wlnd QUSt forecaSt ShOWIng
| - peak winds exceeding 50 mi/h

gusts 30-55 mph 1-15 mph )
*  Minimum daytime humidity 5-15% X f
+ Poor overnight humidity recovery

Source: NWS Sacramento.

 Dry conditions following
200 days without precipitation

a) 1-month b) 6-month c) 1-year

NIST Camp Fire Report #3, Figure 7. 18 engineering laboratory &g



A= e’;" c“-ase} ,Ecirrest Ranch ¥ "1 G, S 258 AT National Institute of
ire Histor ST A el o i P
ES Tomi : i/ -%‘.‘Ei / v ) 2t =l /¢ U.S. Department of Commerce

., / e ._;' :.' ."xf : _._ pe

Historic fire perimeters In
northern Butte County _ /
(1911-2018) ff;

.
2%
.
\J

Pre-Fire
Conditions

N\

Number of times each
area has burned.

o O e W N e

.y WMap and analysis by NIST,

1| Number of Times Burned

 mmno0

U.S. Census Bureau TIGER/Line Shapefiles

* 42% had never burned
Including all area in/around
Paradise.

» 17 of 20 prior years had 1 or
more fires

Number of years
since the last fire.

- |
i_|=_
L
§I:l
°c Il
(h
S N
g=
>R
sl

5
40-
30-
20-
10-
0-

F e 247 Map and analysis by NIST,
levation: USGS | Fire perimeters] CAUFIRE | Roads. Places. W sus'Bureau TIGER/Line Shapefiles

i
NIST Camp Fire Report #3, Figure 10. 19 engineering laboratory &i <




NIST

Range of Housing Density in Paradise  usmis

a) Apple Tree Village
Pre-Fire Mobile Home Park

Conditions
* =3 m (10 ft) separation

e 7 structures / acre

c) Valley Ridge Dr
* 8 m (26 ft) separation
1.4 structures / acre

>8 m separation
3.5s/ha

=25 m separation

0.7 s/ha -

100 m

NIST Camp Fire Report #3, Figure 2.

20

b) Lancaster Dr (Bille Rd)

* 3 m (10 ft) separation

e 2.9 structures / acre

d) Round Valley Ranch Rd

« 25 m (82 ft) separation

e 0.3 structures / acre

| 8
engineering laboratory &?



NIST
Pre p are d ness e e i o

U.S. Department of Commerce

Community Preparedness

prefie 1. Communities did have multiple programs in place to increase
awareness of and reduce fire hazards associated with WUI fires.

2. The Town of Paradise did have an emergency notification and
evacuation plan.

3. Paradise Public Works staff had received training in how to respond
to a WUI fire.

4. Infrastructure was specifically addressed in pre-fire preparations.

21 engineering laboratory & g



NIST
Preparedness o e

Infrastructure and Firefighting Preparedness

Conditions 1. Communication battery backup updated day before fire
2. Water systems (PID and Del Oro) at full capacity

3. Fire fighting staffing at increased level (Locally and regionally) — more
In report #5.

22 engineering laboratory & g



NIST

Pre-fire Conditions e iy
Summary: Implementation:
 Fire history, drought, weather * Prepare, prepare, prepare
event and topography all came « Know your community (fire
. together — the perfect storm history, fuel loadings, local
Conditions . . conditions and severe weather
* Well prepared intermix events)
community: « Consider fuel treatments around

critical infrastructure

« Evacuation plan in place, practiced
e Plan for COG

 Hardened infrastructure

e Public works trained in fire e Assess communications in
context of power outages and
» Fire fighting staffing at increased evacuation of key in-town
level in town and regionally facilities
» Assess the potential for loss of
water

23 engineering laboratory & g



NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

Fire Progression

IC overview | detailed narrative | analysis | maps

24 engineering laboratory



Fire Progression

NIST

Incident Commander Account sonierts ey

Detailed account of event from
|IC perspective, including:

* Resource requests

* Fire location

* Fire behavior

* Evacuation orders

» Life safety

* Response orders

e Multi-agency coordination

NIST Camp Fire Report #3, Table 10.

IC Technical Discussion

06:31 First dispatch by/under power lines, dispatch B2118, P2121, T2107, E2176, E2161, E2167, E2186, E2182,

E2162, Company 67, WT37, WT67, TD2140, TD2142, BFC2, BFC3. These were all sent up to NOPS.
06:44 First engine confirms fire off Camp Creek Road, 35 mi/h sustained wind.
06:44 ECC places request for 15 additional engines, 4 dozers, 2 water tenders, and 4 strike teams of hand crews.
06:45 Received call at home. BC informed me of the incident. Cool morning 40 °F. Fire appears on Flea
Mountain camera.
06:54 E2161 request a mandatory evacuation order for Pulga and stage resources at Scooters.
06:55 ECC called BCSO and requested Mandatory Evacuation order for Pulga.

07:02 Duty Chief calls. IC send him to Concow.

07:10 Duty Chief calls back, reports flames visible from Hwy 149.

07:14 B2118 assumes IC.

07:21 Camp IC - “Pulga has been evacuated. If you could make notifications, request representative to Scooters.
Have the Sheriff respond to Camelot area for evacuations.”

07:22 Camp IC — “Request evacuation warning for the Concow area — working on exact area and warning/order.

07:22 ECC called BCSO requesting mandatory evacuation warning for Concow Immediately.

07:26 Camp IC — “shut down Hwy 70 and standby for resource order. Close Hwy 70 from Pentz to Belden.”

07:30 Requests to early up all aircraft - Paradise burning not being considered at that time.

07:32 EVAC warning Pentz Rd west side.

07:33 Resource order for an additional 15 engine strike teams, 15 hand crew strike teams, 10 dozer strike teams,
with appropriate overhead.

07:40 T2107 needs 5 engine strike teams on Hoffman Rd can’t get ahold of Camp I1C — request relay info.

07:44 ECC takes call at 1900 Drayer Dr/Pentz Rd reporting fire on the Paradise side of canyon — reporting 3
spots.

07:45 At ICP develop incident objectives, box it in: North of Hwy 70, east of Pentz, then west of Pulga and south
of Empire Creek. Before objectives are announced on the radio, there are spot fires reported outside the
box.

07:44 1C change over to new IC — for remainder of first day.

07:45 Camp IC - “We are extending the mandatory evac zone to east of Pentz Rd 3, 8, 14 and everything east of
Pentz Rd and everything north of Hwy 70.”

07:46 ECC calls BCSO requesting the above Evacuation Warning. Not thinking spot fires is a crazy issue, spot
fires are normal.

25 engineering laboratory & g



NIST
Fire Progression —Three Levels of Detall st

1. Overview In Executive Summary and report
findings/conclusions (3 pages)

2. Detalled fire behavior — by focus regions (71 pages)
 Fire progression described by region and by time
* 14 large format maps by time (3 ft x 4 ft)

3. All of the data Iin Appendix F (113 pages, 8 font)

26 engineering laboratory A g



: : : : NIST
Fire Timeline Focus — 15 Regions s

U.S. Department of Commerce

1. Detailed Narration

EI[aott Rd H os‘?:llal

w2 Tabulated Highlights —~— WS Skl i

* Time
* Description 29764
 General Location QN7 it

Butte Creek Canyon
and Lower Skyway

Fr

o Information Source(s) EesssIRa. Al

Roads, Water. U.S. Census Bureau TIGER/Line Shapefiles 0 1.2 3 4 5km

Note some regions overlap slightly indicated by relative discoloration.

NIST Camp Fire Report #3, Figure 23. 27 engineering laboratory dﬁ



Fire Progression

Concow Fire Progression

NIST

National Institute of

Standards and Technology

U.S. Department of Commerce

First report of vegetation fire via 911. Caller reports fire under electric transmission lines
06:25 06:40 within 6 m (20 ft) of tower, estimated size 30 m x 30 m (100 ft x100 ft). Others call to
report same fire.

First engine gets sight of well-established fire, reports difficult access in nearly
inaccessible location. Approximately 15 m/s (35 mi/h) sustained winds. Captain declares
potential for a major incident.

West side Feather River, CA
Hwy 70 at Poe Dam

West side Feather River, CA
Hwy 70 at Poe Dam

911-001-1
911-002-1
911-004-1

TD-028

Investigators determined a second power line ignition started another fire which was
enveloped in the Camp Fire.

Fire begins threatening structures in Pulga.

Engine reports fire is now 80 ha to 120 ha (200 ac to 300 ac) with rapid rate of spread
toward Concow Reservoir.

Near intersection of Rim Rd
and Concow Rd

Pulga

Pulga

VTD-28
TD-029

TD-028

Fire spread SW from origin and got established in Flea Valley above Pulga.

Pulga

TD-028

Wind pushing fire up slope W, WSW; fire extending up slope and well beyond ridge to W

Multiple (5) small spot fires (3 m x 3 m, 10 ft x10 ft) visible on east facing slopes west of
Concow Reservoir.

Engines attempting access to the north flank of the fire encounter large, a well-
established spot fire, 0.1 ha to 0.2 ha (0.25 ac to 0.5 ac).

Spot fires are igniting in Concow and homes start to catch fire.

Engines responding to Concow encounter 6 m x 6 m (20 ft x20 ft) spot fire burning
upwind, threatening homes.

First 911 call reporting active fire in yard.

Spot fires up on Rim Rd have grown to several acres within 10 min, spreading up slope,
consuming the draw.

Multiple 911 calls report multiple spot fires just below Sawmill Peak, burning on the
Paradise side.

Fire is well-established in Concow. Multiple structures are burning, and fire is impacting
evacuation.

NIST Camp Fire Report #3, Table 11.

Pulga
West side of Concow Reservoir

Rim Rd between Concow and
Pulga

Concow
Concow Rd at Cribbage Ln

Concow
Rim Rd between Concow and
Pulga

Sawmill Peak

Concow

TD-028

TD-013

TD-005

TD-062
TD-013
911-037-1
TD-005

911-048-1
911-058-1

911-075-1

engineering laboratory



Fire Progression

Caltrans Pulga Maintenance Yard, 07:23 e

U.S. Department of Commerce

Video courtesy of TD-028, 07:23.
Used with permission.
Composite image by NIST.

* View of the fire looking north from Highway 70.
e Panorama created from video recording.

NIST Camp Fire Report #3, Figure 24. 29 engineering laboratory &?



Fire Progression

Concow Fire Progression

NIST

National Institute of

Standards and Technology

U.S. Department of Commerce

First report of vegetation fire via 911. Caller reports fire under electric transmission lines
NV 06:25 06:40 within 6 m (20 ft) of tower, estimated size 30 m x 30 m (100 ft x100 ft). Others call to
report same fire.

First engine gets sight of well-established fire, reports difficult access in nearly
11/8 inaccessible location. Approximately 15 m/s (35 mi/h) sustained winds. Captain declares
potential for a major incident.

Investigators determined a second power line ignition started another fire which was
enveloped in the Camp Fire.

Fire begins threatening structures in Pulga.

Engine reports fire is now 80 ha to 120 ha (200 ac to 300 ac) with rapid rate of spread
toward Concow Reservoir.

11/8 Fire spread SW from origin and got established in Flea Valley above Pulga.

Wind pushing fire up slope W, WSW; fire extending up slope and well beyond ridge to W

Multiple (5) small spot fires (3 m x 3 m, 10 ft x10 ft) visible on east facing slopes west of
Concow Reservoir.

West side Feather River, CA
Hwy 70 at Poe Dam

West side Feather River, CA
Hwy 70 at Poe Dam

Near intersection of Rim Rd
and Concow Rd

Pulga

Pulga

Pulga
Pulga

West side of Concow Reservoir

911-001-1
911-002-1
911-004-1

TD-028

VTD-28
TD-029

TD-028

TD-028

TD-028

TD-013

Engines attempting access to the north flank of the fire encounter large, a well-
established spot fire, 0.1 ha to 0.2 ha (0.25 ac to 0.5 ac).

Rim Rd between Concow and
Pulga

TD-005

Spot fires are igniting in Concow and homes start to catch fire.

Engines responding to Concow encounter 6 m x 6 m (20 ft x20 ft) spot fire burning
upwind, threatening homes.

First 911 call reporting active fire in yard.

Concow
Concow Rd at Cribbage Ln

Concow

TD-062
TD-013
911-037-1

Spot fires up on Rim Rd have grown to several acres within 10 min, spreading up slope,
nsuming the draw.

Rim Rd between Concow and
Pulga

TD-005

Multiple 911 calls report multiple spot fires just below Sawmill Peak, burning on the
Paradise side.

Fire is well-established in Concow. Multiple structures are burning, and fire is impacting
evacuation.

NIST Camp Fire Report #3, Table 11.

Sawmill Peak

Concow

911-048-1
911-058-1

911-075-1

engineering laboratory



NIST

Strong Wind at Rim Road ey

Fire Progression

e SR BN _
e T SRR W ..\\ﬂ\,,’& Tl \ v -Video courtesy of TD-005, 07:32.
B st R R e .s.,fz'-""’v- Feie) el R -~ Used with permission.

 Spot fires on ridgetop and into Concow
 Strong east/northeast winds blowing rocks o

NIST Camp Fire Report #3, Figure 25. 31 engineering laboratory



NIST

14 E-size Maps (3 ft x 4 ft) s

s 24
. '“‘. i

-
ol

<] 0845
A spot fire begins on Skyway near
the intersection of Clark Rd.

-

Fire Progression i e - =, . : | psac-0m00
OR30-08'45 ’ - LT 7 : 1 The fire front arives, burns through
Saveral spot fires ignite west of Skorway in = ’
Little Butte Creek Canyon and off Bille Rd.

|

08:30-02:00
Mumenaus spot fires contines to
ignite: desper into Paradise, I

-

o : ol
Intense fire and ember exposure L : Fire Observations .
impacts FRH and Pentz Rd | i - - November 8, 2018 —08:30 to 09:00 — -
_—r saro _0899/080) 9BEYITI -0 =

|. II ‘T"-w":

NIST Camp Fire Report #3, Section 9.1, Maps 2-14 engineering laboratory &g



. : NIST
Fire Progression Summary o06:15 to 07:50  srsmsme

U.S. Department of Commerce

Magalia

« Y %5 4 'onition near Pulga

o

O
[ A g ym
| | ..‘I g\‘ _
Fire Progression | ; : ‘ a St ) ) - .
~ Parag'*se o/ &8 Rapid fire growth in

' steep terrain and
1 ' high winds
/ ‘ = - “-Yfe-f:-.m ———r
Initial spot fires | ' Spot fires ignite |
along Pentz Rd throughout Concow -

@ Spot fire
V Vegetation fire
| @ Residential structure fire Landsat Perimeter, 10:45

Map created by NIST @ Commercial structure fire Il Final Camp Fire Perimeter
Roads. Places. Water: U.S. Census Bureau TIGER/Line Shapefiles A General fire © (Faded symbols indicate

Durham 5 km

Fire Data Points: NIST | Elevation: USGS | Fire Perimeters: NIFC, NASA. NIST

: previous observation) o -
33 engineering laboratory &g



Fire Progression

NIST

National Institute of

Fire Progression Summary o7:50 to 08:40 sy

U Magalia

Many spot fires ignite _ | 7 '
deeper into community | AR
—— < 5y “

7 TV RR

Intense fire activity
continues in Concow

v T w——

Chico

Fire front impacts |

_|

@ Spot fire
Durham V Vegetation fire

B Residential structure fire

@ Commercial structure fire bl Final Camp Fire Perimeter
Roads. Places. Water; U.S. Census Bureau TIGER/Line Shapefiles A G : @ (Faded symbols indicate
eneral fire : : T
- previous observation) . g

Landsat Perimeter, 10:45

Map created by NIST

Fire Data Points: NIST | Elevation: USGS | Fire Perimeters: NIFC, NASA. NIST

34 engineering laboratory



NIST

National Institute of

Fire Progression Summary 0s:40 to 09:45 sy

Fire impacts

09:45 | IR
Nov. 8, 201827 /= /7l f.

Spot fire ignites in A Y= | .
Honey Run Canyon N & Heavy fire continues
Chicor = 27 | 86 L i Concow

- - ——— —~

Fire Progression

%

Fire impacts FRH and
spreads west of Pentz Rd

m— I I e

@ Spot fire
Durham V Vegetation fire
| B Residential structure fire Landsat Perimeter, 10:45

@ Commercial structure fire ] Final Camp Fire Perimeter
@ (Faded symbols indicate
previous observation)

35 engineering laboratory &g

Map created by NIST

Roads. Places. Water. U.S. Census Bureau TIGER/Line Shapefiles G .
eneral fire
Fire Data Points: NIST | Elevation: USGS | Fire Perimeters: NIFC, NASA. MIST A



Fire Progression

Fire Progression Summary o09:4s to 10:45

Multiple fires are well | Yellow shows extent

NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

-y >

TMPTAE established within the [ | of fire at 10:45
P center of Paradise | e

Chico

Fire burns over
evacuees on Skyway |

Fire burns over evacuees on
\Ey Pearson, Pentz, and Bille Rds

i qﬂp"

Fire burns over
evacuees on Clark Rd |

@ Spotfire

Durham V Vegetation fire
: B Residential structure fire Landsat Perimeter, 10:45

@ Commercial structure fire Il Final Camp Fire Perimeter
Roads. Places, Water: U.S. Census Bureau TIGER/Line Shapefiles A General fire @ (Faded symbols indicate

Map created by NIST

Fire Data Points: NIST | Elevation: USGS | Fire Perimeters: NIFC, NASA. NIST previous observation)

36 engineering laboratory &g




NIST

Fire Progression Summary by 10:4s e

L« \z "
" bl | magery: USGS/NASA Landsat

37 engineering laboratory “




NIST

National Institute of

Fire Progression Summary (Day 1)  swsmtos

09:00

Nov.9,2018| = /= Magalla

{\q 4-—-——/ et

""”‘ T Concow‘

=

Fire Progression £ N, Paradise

- Generalized Fire Spread Vector (NIST)
D Final Perimeter (Nov. 25, 2018)
Durham ‘
IR Flight Perimeter (Nov. 9, 2018)

Map created by NIST N
Roads. Places. Water. U.S. Census Bureau TIGER/Line Shapefiles

Fire Spread Vectors: NIST | Elevation: USGS | Fire Perimeters: NIFC 1l g
i 38 engineering laboratory &
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: : NIST
Fire Progression X

Summary: Implementation:
* Fire spread rate of 7 miles in 90 » Consider extreme weather
minutes (4.7 mph) when establishing trigger

» Spotting arrived 40 minutes points for evacuation

before fire front _ _ _
« Consider spotting potential

Fire Progression o F|re _Spre_ad was not of local fuels
unidirectional

: : « Consider impact of far field
At several locations fire “hang- spotting on egress routes

up” for many hours

* |dentify high hazard
locations and installations
and have info ready to
communicate to mutual aid

e Local extreme fire behavior with
flame lengths over 100 ft

39 engineering laboratory & g



NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

Burnovers

Burnovers 19 documented
11 incidents occurred 7:50 am — 10:00 am

40 engineering laboratory



- ] NIST
19 Identified Burnovers sl

Report describes identified:
burnovers, entrapments, and “near misses”

* Unexpectedly caught

» Life-threatening position

Burnovers

* Fire overtakes personnel or
equipment

« [Escape routes or safety zones are
absent, inadequate, or compromised

« May or may not result in injury

Source: ViralHog

* Possible damage to equipment - Usediwithpernicsion:

41 engineering laboratory “




Burnovers

NIST

L ocations of Documented Burnovers . el

Y. ' 4
[ 4 i "
M ed by NIST, | /
ap created by NIS ., /
Data paints: NIST | Elevation: UbG. 15 - 2

Fire Perimeter; NIFC | Roads, Water. U.S. Cer sus Bureau TIGER/Line Shape

NIST Camp Fire Report #3, Figure 47.

42
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. . . NIST
ldentified Burnover Locations by Time of B

Occurrence and Risk of Injury or Death

| ID | Burnover Location | Time | Risk of Injury/Death Category
1 Hoffman Rd

[EEN

Concow Rd
Chapman Ln
Skyway (upper, between Clark Rd and Wagstaff Rd)

Pentz Rd
Pearson Rd
Bille Rd
Wagstaff Rd
10 Clark Rd / American Way
11 Clark Rd / Airport Rd
12 Skyway (lower, west of Princeton Way)
13 Jordan Hill Rd /Granite Hill Rd
14 Clark Rd / Black Bear Diner
15 Rattlesnake Flats Rd
16 Coutolenc Rd
17 Chestnut Cir
18 Ponderosa Way
19 Concow Fire Station 37

a Burnover conditions existed prior to the first recorded observation.
b November 9.

2
3
4
5 Windermere Ln
6
7
8
9

Burnovers

B NENERE NDE NDINDNDNDDNDERE R PR R R RN

(AL
NIST Camp Fire Report #3, Table 33. 43 engineering laboratory &



: NIST
Burnovers Appendix B e

1. Hoffman Ro:
Tim
Location:

Coordinates:

Time Source

015 ; & " g TD-110

Source

TD-013

Burnovers

40 min

Extent of burnov m {0.15 mi}
of road afTected

Fire direction across road: | northeast ithwest
Wind intensity estimated 13 m B m/s (30 mi/h to 40 rom north
Fuels: brush / tn

Fire beha

Related TD:

Map cotatea by 95T
Borecuein WET (mugery Googe Masar Tecbaskgas USG5 USEA Taem Serims Aeazy

offman Road Burnover Detalls

44 engineering laboratory & g



Burnovers

Burnover #1: Ho ffman Rd

[ 4
Map created by NIST.

e 4 4 f
F
Data points: NIST | Elev‘ation: USGS !,

Fire Perimeter: NIFC | Roads, Water. U.S. Census Bureau TIGER/Line Shapefiles

NIST Camp Fire Report #3, Figure 47. 45

NIST

National Institute of
Standards and Technology

U.S. Department of Commerce
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NIST

Burnover #1: Hoffman Rd sonar ey

Hoffman Rd low water crossing
Bi aps

R

Burnovers

Rapid expansion of fire

* Vehicles, vegetation, structures
burning
» Trees and fire blocking roadway R v e A
. : __.._P._ost-f_ire Image, NIST photo Mar 28, 2019
« Approx. 30 civilians took refuge in creek

46 engineering laboratory %‘




Burnovers

Burnover #4: Upper Skyway

[ 4
Map created by NIST.

e 4 4 f
F
Data points: NIST | Elev‘ation: USGS !,

Fire Perimeter: NIFC | Roads, Water. U.S. Census Bureau TIGER/Line Shapefiles

NIST Camp Fire Report #3, Figure 47. 47

NIST

National Institute of
Standards and Technology

U.S. Department of Commerce
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NIST

Burnover #4: Upper Skyway e

U.S. Department of Commerce

Burnovers

" 4 :
Photo courtesy of TD-205, 13:58. r 4 Photo courtesy of TD-041, 10:49 (Nov 9).
Used with permission. = & . Used with permission.

* Prolonged period of hazardous « Abandoned vehicles burning in
conditions roadway

- Rapid spread of initial spot fires  + Prevented evacuation from points
- Standstill traffic north

J ?‘1
48 engineering laboratory &!



NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

1
e
T TR
P . T

Burnovers

>~ 7 /& / 5
.-" ‘:/ P J “_"s A oy g s X - s 3
. ; (-"/ ;j o 'r/_,. :. 4 _t.ii' E - & g
= 2 i 4 e — \&s
r : - -~ - -
e - * (& e 4 4 /
.. ¥, & A W i /
; b / - / & '] ‘L
£ 4 ; e O d 3 oy
Map created by NIST. | ¥ o . , !i \

Data points: MIST | Elevation: USGS ! m - \

Fire Perimeter: NIFC | Roads, Water: U.S. Census Buréau TIGER/Line Shapefiles 47 3km il g

engineering laboratory

NIST Camp Fire Report #3, Figure 47. 49



NIST

Burnover #6: Pentz Road et

Burnovers

Video courtesy of TD-090, 10:15.
Used with permission.

Zero visibility, on foot,
re-directing traffic

\NIST Camp Fire Report #3, Figure 48.

U.S. Department of Commerce

Widespread spot fires
Standstill traffic
Zero visibility

Burning vegetation, structures,
and vehicles along roadway

Multiple civilian rescues

Shelter-in-place and traffic
redirection

Video courtesy of TD-090, 10:50.
Used with permission.

Conditions south of
hospital after burnover

50 engineering laboratory “



NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

Burnovers

e ;.' ¢ 5
/| = i
/ /s | IF . B A - bd
= 2 i 4 e — \&s
P y v & T L
" 4 v [ o e 4 /
- # & A - 7 / ’ P
¥ ol - 4 r = y ¥ { el
[ 4 r ) i "
Map created by NIST. | ¥ o . ,
Data points: MIST | Elevation: USGS ! m -

Fire Perimeter: NIFC | Roads, Water. U.S. Census Bureau TIGER/Line Shapefiles ; y il g

engineering laboratory

NIST Camp Fire Report #3, Figure 47. 51



NIST

National Institute of

Burnover #7: Pearson Road Sontrd i

Burnovers

Photo courtesy of TD-122, 09:40.
Used with permission.

e Standstill traffic

* Intense vegetation fire in
drainage near Stearns Rd and

Hilbe Dr

NIST Camp Fire Report #3, Figure 36.

52

Photo courtesy of TD-122, 09:40.
w.Used with permission.

Igniting vehicles and structures

Fire engines and dozers assisted
civilians into temporary refuge

area
engineering laboratory “




NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

Burnovers

Ve { .
y, / v 0] ' E . o
- P 'r/‘.i" - _t. - 7 =
d o e J‘_;’
a4 ‘... Fi -I £ r d
BT s ) A < / By

Map created by NIST. | i aa ,

Data points: MIST | Elevation: USGS !. @ -

Fire Perimeter: NIFC | Roads, Water. U.S. Census Bureau TIGER/Line Shapefiles ; y il g

engineering laboratory

NIST Camp Fire Report #3, Figure 47. 53



: NIST
Burnover #8: Bille Road sonird ooy

NoPE e TN

& ,a'z; b - Fire impacted standstill traffic

3 ;1!9} : S s

S ii”ﬁ =« Evacuees fled on foot,
@%. "“ abandoning vehicles
e ‘
ST ” 4 “ * Fire engine at Pentz Rd and
Bille Rd protected temporary

Sy refuge area with water spray

* Burning vehicles blocked
roadway all day

S5 Photo courtesy of TD-041, 09:04 (Nov 10).
T Used with permission.

NIST Camp Fire Report #3, Figure 34. 54 engineering laboratory %lﬁ



: NIST
Life Safety i

%
2
A

/)

e A
S ¥
e —matme ¥ A A PR O"Z’,f e
vt I
74
. R
AT

g

oo -

:‘. T

Photo courtesy of TD-122, 09:40. §

Burnovers “Used with permission. |

Photo courtesy of TD-041, 10:49 (Nov 9). o = Photo courtesy of TD-041, 09:04 (Nov 10).
-\ Used with permission. L s P e -_E,’_:-é. : Used with permission.

Burning vegetation, structures, and
vehicles along roadway

« 13 of 19 impacted civilian evacuation

« Standsitill traffic; abandoned vehicles

. Zero visibility * Multiple civilian rescues

« Shelter-in-place and traffic redirection “

55 engineering laboratory




NIST

National Institute of

Severity of Local Conditions et
» Severe |local exposures impact life safety and buildings .

e Parcel and fuel ownership may not correlate
* Might not have control over fuels giving the high exposures

- 24
» o . . Photo courtesy of TD-112, 11:53.
i Used with permission.
Photo courtesy of TD-155, 10:21.

Used with permission.
——

Burnovers

Video courtesy of TD-127, 10:17.
Used with permission.

. JO T
y & B :m?‘g

L. ———

Photo courtesy of TD-209, 09:03.
Used with permission.

Difference 0.25 mi and 4 min.

oto courtesy. of FR-101, 12;
o :l & ,-- hp ermis ._-
56 engineering laboratory “

Photo courtesy of TD-101, 12:22.
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Burnovers

NIST

Burnovers Summary st T

Summary: Implementation:

* Life safety issue for public and first » Consider possible burnover
responders locations in and out of town

« Can impact not only local traffic but o Consider fuel treatments to
overall community egress reduce burnover potential

e Can block arteries for hours « Consider safety zones in and

- Can generate extreme local fire out of town, in context of
behavior impacting local traffic and extreme fire spread and
surrounding parcels/fuels burnovers

« Backups from one burnover can » Consider fuel ownership in
cause traffic to get in another assessing and mitigating

: otential burnovers
Can prevent first responders from P

accessing parts of the incident

Exposures may be from fuels on
neighboring parcels

57 engineering laboratory & g



NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

General Fire Behavior

effects of wind and terrain | spot fires
structure ignition pathways

General Fire
Behavior

‘ﬁ
58 engineering laboratory A



. : NIST
Impact of Winds, Wildland Fuels e

and Terrain on Fire Behavior

 Firsthand observations on Rim Road at 07:20 on
November 8 talked of “softball size rocks hitting the
engine” [TD-005]

e Local winds in the range of 22 m/s to 27 m/s (50 mi/h to
60 mi/h)

 Values agree with the forecasted ridgetop winds

59 engineering laboratory & g



NIST

Impact of Winds, Wildland Fuels e
and Terrain on Fire Behavior

» During the Coutolenc Road burnover at 00:30 on
November 9

e very strong, gusty winds coming up from the West Branch
canyon

e estimates of 22 m/s (50 mi/h) [TD-041, TD-061, TD-209]

* Terrain also directly impacted fire behavior

e dramatic fire behavior around 18:00 on November 8

e flame lengths of 30 m to 60 m (100 ft to 200 ft) breaking
out of the Butte Creek Canyon into Wilder Drive [TD-117]

60 engineering laboratory & g



General Fire
Behavior

NIST

National Institute of

Early Spot Fires in Paradise e

— ‘_4‘_}-" Distance into community (km)
s [7 s 5 [4

L

Spot Fire Ignitions
@ 07:49 — 08:30 (N=30)

& 4
Edge of community xt-'*'} ‘

o

@ 08:30 — 10:30 (N=35)

Map, data points, and overlays by NIST. i |
Elevation: USGS | Roads, Water: U.S. Census Bureau TIGER/Line Shapefiles

30 identified spot fires within first 40 minutes (red) o
engineering laboratory &

NIST Camp Fire Report #3, Figure 51. 61



. : NIST
Structure Ignitions — Exposure and e

Structure Hardening Relationship

HARDEN
i STRUCTURE™®

REDUCE
EXPOSURE 2

General Fire Ch apter 49,
Benavior Defensible Space Chapter 7A

Chapter 7A Subcommittee 6

a Reduce fire and/or ember exposures b Hardening for embers and/or fire
62 engineering laboratory




General Fire
Behavior

Structure Ignition Pathways e

U.S. Department of Commerce

Wildlands WUI

Other Ornamental
Residences Vegetation

Detached Combustibles

Residence Fences

Eaves/ roof W0_0d pile_s
Vents Railroad ties

Siding Mulch/ground debris

Wildland

Vegetation

Window and door frames Playsets

Garage door Retaining walls
Vehicles

Secondary Structures Attached Combustibles
* Sheds » Decks

* Barns » Pergolas

e Car Ports * Awnings

NIST Camp Fire Report #3, Figure 54. 63 engineering laboratory



NIST

National Institute of

Vulnerabilities — Failure Points Sontrd i

windows

General Fire
Behavior

YL

! !" o=
64 engineering laboratory &t g
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NIST

National Institute of

Vulnerabilities — Failure Points Senderds o Tedmology

eaves / vents

? 1 |

General Fire {,.' !

Behavior e
Failure: multiple Failure: eave at facia board Failure: eaves/roof truss

near eave vent

65 engineering laboratory “
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. NIST
Structure Ignition, Example 1 e

Wildlands WUI

Other Ornamental
Residences Vegetation

Detached Combustibles

Residence \Ij\(/ancdes_l
ood piles
Wildland Eaves/ roof ey p :
_ Vents ailroad ties
Vegetation Siding Mulch/ground debris
Window and door frames Playsets
: Garage door Retaining walls

General Fire Vehicles
Behavior

Secondary Structures Attached Combustibles
* Sheds » Decks

* Barns » Pergolas

e Car Ports * Awnings

NIST Camp Fire Report #3, Figure 54. 66 engineering laboratory



. ' NIST
Structure Ignition, Example 1 e

General Fire Photo courtesy of TD-041, 03:20 (Nov 9). Photo courtesy of TD-041, 03:22 (Nov 9).
Behavior Used with permission. Used with permission.
a)t=0s b)t=139s

Structure ignition on Dade Ct in Magalia. Images are two
minutes apart and show fire spread from surface fuels to fence
to vegetation to eaves. The combustible fence is estimated to be
approximately 1.8 m (6 ft) away from the structure.

NIST Camp Fire Report #3, Figure 53. 67 engineering laboratory



. NIST
Structure Ignition, Example 2 e

Wildlands WUI

Other Ornamental
Residences Vegetation

Detached Combustibles

Residence \Ij\/enCcTS'l
ood piles
Wildland Eaves/ roof oy p :
: Vents ailroad ties
Vegetation Siding Mulch/ground debris
Window and door frames Playsets
: Garage door Retaining walls

General Fire Vehicles
Behavior

Secondary Structures Attached Combustibles
* Sheds » Decks

* Barns » Pergolas

e Car Ports * Awnings

68 engineering laboratory



. _ NIST
Structure Ignition, Example 2 e

v g ,
' Structure m——
!g | ignition SRLLLLLLL

e

General Fire
Behavior

¥

"Photoby NIST (Dec 1,2018). .~

X

b) Associated evidence of the fire
ignition and defensive actions
encountered during NIST damage
assessments.

NIST Camp Fire Report #3, Figure 52. 69 engineering laboratory

a) A dozer displaced the
vehicle to stop fire spread




NIST

National Institute of

Structure Ignition, Example 3 s i

Other Ornamental
Residences Vegetation

Detached Combustibles

Residence Fences_
Eaves / roof qud plle.s
Railroad ties

Vents _
Siding Mulch/ground debris
Window and door frames Playsets
Garage door Retaining walls
General Fire Vehicles
EEENC] Neighboring

e Secondary Structures Attached Combustibles
Sheds » Decks
e Barns » Pergolas
« Car Ports * Awnings

70 engineering laboratory



General Fire
Behavior

Fire Spread Pathway:
Shed to Fence to Shed to House

Structure Ignition, Example 3

Shed ignition leading to residence destruction

71

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce
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NIST

Residential Structure Ignition Pathways s.smees
ldentified by Direct Observation

Mulch /
vegetation
Detached
combustibles
General Fire
Behavior

Structures

NIST Camp Fire Report #3, Table 35.

U.S. Department of Commerce

Data Source| of Obs.

TD-005

TD-091

TD-036

TD-108

TD-091

TD-015

TD-017

TD-064
PPD

TD-044

TD-060

TD-100
TD-101

TD-091

Time

10:20
14:06
14:58
17:01
17:09

11:06

14:53
17:23

Location?
Canyon View Dr
Neal Rd

Skyway
Clark Rd
Neal Rd

Skyway

Valley Ridge Dr

Sweetbriar Ln

Pearson Rd

Sutter Rd

alocation in Paradise unless noted.

Source to Target
Distance

Building Ignition Pathwa m ft
Bark mulch to wall of house (OSB and vinyl) unknown

Mulch to garage unknown

Juniper vegetation to eave against house
Juniper vegetation to house 1.3 4
Burning bark mulch into subfloor vents of house unknown

Fence to wall of building

Woodpile to house

Structure ignition via radiation from neighboring
structure on fire

Commercial structure to commercial structure roof
to eave

8 m x4 m (26 ft x 13 ft) shed to house eaves

72 engineering laboratory &g



Residential Structure Ignition Pathways =

Ident|f|ed by DlreCt Observatlon s it ey

Source to Target
Time Distance
Data Source| of Obs. | Location? Building Ignition Pathwa m ft
. TD-091 Lewis Ranch Rd Burning car to side of house
Vehicles .
TD-205 Clark Rd Boat on fire to eaves of house
TD-045 Chris Ct Shed to fence to shed to house®
Multi ple TD-092 Neal Rd Burning car to shed to house unknown
_ hazards TD-044 Valley Ridge Dr Fence to boat to house 2.7-3.6 9-12
gggz\rﬁ;r’:”e TD-041 Dade Ct, Magalia Fence/ground fuel to tree to eaves of house 1.5 5
@Location in Paradise unless noted.
b Second shed fire resulted in an explosion that caused a firefighter injury.
cNovember 9.

NIST Camp Fire Report #3, Table 35. 73 engineering laboratory &E



General Fire
Behavior

NIST

General Fire Behavior s i

Summary: Implementation:

Spotting rate in town was 30 in 40

e (= our) e Consider spotting and ignition

potential in and around town
Heavy spotting occurred in the first 3

miles from the community’s upwind e Consider structure survivability
edge In the absence of defensive
actions

Spotting could have traveled from

further upwind in the wildfire - Consider parcel-level hazard

Structure ignitions result from reduction

relationship between exposures and _ _

structure hardening » Consider parcel-to-parcel fire
propagation

Structure ignitions at the parcel level
can occur from flames and/or embers

Structure ignitions can occur through
one or more parcel fuels

74 engineering laboratory & g



NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

Primary Driving Factors

Ignition potential + fuel density + wind/terrain + extent of fire front

Primary Driving
Factors

75 engineering laboratory



] . ] NIST
Primary Drivers Influencing the Extent  assis

of Damage and Destruction

1. Fuel ignition potential
2. Density of vegetative and structural fuels
3. Wind and terrain

4. Extent/size of fire front reaching the communities

Primary Driving
Factors

It was the confluence of these four factors that

resulted in very aggressive fire behavior.

76 engineering laboratory &g



- . . _ NIST
Fuel Ignition Potential iy

 Dry fuels receptive to ignitions from embers

* “100 % ember ignitions” [TD-041, TD-079]

* Numerous spot fires ignited in fine fuels (pine needles,
ornamental vegetation) well ahead of the fire front

* In Paradise, ignitions started approximately 30 min to 40 min
before the arrival of the fire front

Primary Driving
Factors

Fuel receptivity within the communities caused

the large number of spot fire ignitions.

77 engineering laboratory &E



NIST
Density of Vegetative and Structural ===

Fuels

« Century-long community growth

* Wildland-urban intermix developed within wildland vegetation
« Smaller residential lot sizes
 Locally low structure separation distances

* No fire history within Paradise and Magalia
* Long-term accumulation of vegetative fuels

Primary Driving

e Post-fire fuel transition to brush and finer fuels In
Concow area [TD-008]

78 engineering laboratory A g



Primary Driving
Factors

Density of Vegetative and Structural

Fuels — Addressing the Hazard

REDUCE
EXPOSURE 2

Displace Fuels Remove Fuels

a Reduce fire and/or ember exposures

HARDEN
STRUCTURE b

Fire Resistant
Design

Ignition/Fire Spread
Resistant Materials

Community Design Active Systems

b Hardening for embers and/or fire

79 engineering laboratory
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iy NST
Structure Ignition Pathways — Fuels BUL s o

Reduction

Wildlands WUI

Other Ornamental
Residences Vegetation

”

Detached Combustibles

Residence * Fences

Eaves/ roof W0_0d pile_s
Vents Railroad ties

Siding Mulch/ground debris

Window and door frames Playsets
Garage door Retaining walls

. Vehicles

Wildland

Vegetation

Secondary Structures tached Combustible
* Sheds » Decks

* Barns » Pergolas

» Car Ports * Awnings

Primary Driving
Factors

NIST Camp Fire Report #3, Figure 54, 80 engineering laboratory dﬁ



NIST

National Institute of

Fuel Treatment Around Critical s i
Infrastructure (Paradise Irrigation

|-k‘1 ot e 1 =] -
* r'_-::z.- oy 3 ; b e g i

s

Fuel treatment and
reduction conducted
pre-fire, 2018

.:. f’;rr’
i
- .-:‘T‘- '1_-
et ’-:k‘ dg i = il *Emesiind S oamc s ¢ . o . S o \
Primary Driving T s 5 7 i Photo by NIST (June 24, 2019). | Xl g _E:;,élf‘ -
Factors Rap|d post-ﬁre Vege'[a'[ive grovvth in : - | Imagery: Google, Landsat/Copernicus. Overlays by NIST.
pre-fire fuel treatment areas Note: Imagery captured before completion of fuel treatment

engineering laboratory
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NIST

Fuel Treatment Around Critical st T A
Infrastructure (pine Ridge School, Magalia)

U.S. Department of Commerce

s 2% S
: )
.n.‘_“ii;‘:
o) @
. i F |
oE ZERL oo BN UMK
e 5 £ W h‘ Y

e o -

* Reduced severity of fire exposure

Primary Driving

e Thinning and mastication fuel treatment
and reduction conducted pre-fire .

Firefighter safety zone

Designated, pre-planned community
assembly point (not used in Camp Fire)

82 engineering laboratory %‘




Wind and Terrain

« Jarbo Gap is known for its high
winds [TD-003, TD-008]

« Wind* event + topography + dry
fuels

* Rapid fire growth

* Fire could not be contained soon
after ignition

Primary Driving
Factors

* Wind was not extreme throughout the event (temporally and spatially)

83

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

Used with permission.
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engineering laboratory &1 .



NIST

National Institute of

Extent/Size of Fire Front Reaching sty
the Communities

} ) Interface
Wildlands Length (IL)

) . Community
Fire front reaching

WUI Community,

|dealized relationship between with length FFL .
5 At 0 i nitial\low ember
Ignition location, near or far from Tenition |\ 18 ;rdlu

WUI COmmunlty, and flre front Initial high ember
. ﬂux exposure Zore

and ember exposures reaching :

the community.

The wind is directed from left to
rlg ht. o Iniz‘iaﬁfow ember
Jhix exposure zone

Primary Driving
I

Factors

|
|
/

Critical difference in

Increased length and depth of
initial high ember flux exposure zone

community-scale exposure

Ignition far from WUI community

NIST Camp Fire Report #3, Figure 57, 84 engineering laboratory &g



Primary Driving
Factors

Summary:

* |gnition potential, terrain and wind
played significant role is extreme fire

behavior and losses

Fuel density vegetative and
structural/parcel level also played a
significant role

Fuel density is the only critical attribute
that can be controlled on and around

residential and commercial parcels

Extend/size of fire front reaching the
community rapidly overwhelmed
available resources and impacted
community evacuation

Primary Driving Factors Summary

Implementation:
* |dentify areas where local high

85

NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

winds may cause extreme fire
behavior and consider how this
may impact evacuations

Consider fuels reductions within
communities, at the parcel level,
to reduce ignition potential

Consider far field ignitions and
potential size of fire front reaching
the community under extreme
conditions

Consider far field ignitions when
developing evacuation trigger
points

engineering laboratory & g



. . ' NIST
Community WUI Fire Hazard Framework s.ssemss

« WUI fire spread has significant impact on communities well
beyond the loss of structures:
e community evacuation
* incident response

 WUI Fire Hazard Framework components:

Community details * Notification / Evacuation
 Demographics » Critical infrastructure

* Vegetative and structural fuels e Continuity of operations and
* Fire history government

 Weather  Response

Primary Driving
Factors

Standardized comprehensive community pre-fire

hazard documentation is needed

| 8
engineering laboratory &?
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Recommendations

: NST
Recommendations sonird ooy

R1. Characterize fire behavior that leads to burnovers and quantify burnover severity. This information
will inform fuel setback guidance for primary egress arteries and provide technical input to
evacuation plans. (Section 10.3, F15, F16, F17, F18)

R2. Develop technical guidance to quantify parcel level exposures. (Section 12.2, F20, F21, F22)

R3. Quantify fire spread within parcels with focus on fire exposures. (Section 12.2, F20, F21, F22)

R4. Quantify exposures from adjacent parcels, specifically from neighboring structures, and develop
design guidance for structure separation distances. (Section 12.2, F20, F21, F22)

R5. Develop methodology to connect field-collected ember data, such as ember flux and size
distribution, to laboratory scales and develop worst case ember exposure criteria.
(Section 15.2, F7, F10, F11)

R6. Develop spacing/hardening cost benefit relationships for high energy release sources (fences,
wood piles, sheds, vehicles, RVs, and residences) and target structures (residential and
commercial). (Section 15.2, F20, F21, F22)

R7. Characterize the relationships among fire history, fuel treatments, and fire behavior.
(Section 14.2, Section 15.1, F5, F6, F7, F8, F9, F10, F11, F12, F13, F17, F19, F21, F22)

R8. Develop a standardized methodology for assessing the exposures from ornamental vegetation.
(Section 12.2, F20, F21, F22)

R9. Develop a plant list for vegetation with unacceptably high fire hazard for northern California and
other locations with WUI fire risks. (Section 12.2, F20, F21, F22)
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. NIST
Contributors — THANK YOU! sy

Technical Discussions

100 Fire Department

19 Law Enforcement

((I:_- '&3}|IEL_3‘I%E\ PANY
15 Town of Paradise E—

13 Transportation

2 Water Districts

1 Emergency Medical Services

1 National Weather Service

/"\';ill?;‘\
@ ,{#"‘ *""@.\\
OO
b~ 5
@ %) v/
CCagpget
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Thank You

Contact Information:

Alexander Maranghides
alexm@nist.gov

202-567-1634

NIST

Eric Link

eric.link@nist.qov
NIST

NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

Report: https://doi.org/10.6028/NIST.TN.2135

NIST Camp Fire Website:
https://www.nist.gov/el/fire-research-division-73300/wildland-
urban-interface-fire-73305/nist-investigation-california

89 engineering laboratory &g




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



