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WUI Fire Days: Camp Fire NETTRA

• Module 1: Notification and Evacuation Pre-Fire 
Conditions and Planning

• Module 2: Notification Timeline, Evacuations, 
Traffic Flow and Road Closures

• Module 3: Burnovers and TRAs

• Module 4: Rescues

• Module 5: NETTRA Summary

Last week, Nov 1
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23 Identified Burnovers

NIST TN 2135 Section 9.3 and TN 2252 Section 8. 

Source: ViralHog
Used with permission.

• Unexpectedly caught
• Life-threatening position
• Fire overtakes personnel or 

equipment
• Escape routes or safety zones are 

absent, inadequate, or compromised
• May or may not result in injury
• Possible damage to equipment

Reports describe identified:
burnovers, entrapments, and “near misses”

19 events in NIST TN 2135 (Camp 3)
4 new events in NIST TN 2252 (Camp 4)
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Summary of Burnovers

• Newly identified 
since TN 2135
(#20–23)

• Egress artery in 
bold

• Category 1 high 
severity events 
in Red

• Life safety 
impacts and 
attributes

• Many before 
09:30

5NIST TN 2252, Table 30.
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Burnover Locations

Also see NIST TN 2135 and https://doi.org/10.1071/WF22115

• 23 identified events

• Concow impacted first

• Paradise arteries impacted from 
E to W and S

• Progression from E to W

• Significant contributions from 
spot fires

• 12 on primary egress arteries

* General initial fire spread direction
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Temporary Refuge Areas (TRAs)

summary | overview | attributes
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Temporary Refuge Areas (TRAs)

NIST TN 2252, Figure 25.

• 31 different TRAs

• 12 TRAs directly in 
response to burnovers

• Parking lots, roadways, 
structures, natural 
areas

• Used for immediate life 
safety and for 
management of 
evacuees
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TRAs – Temporal Analysis

• 07:50 to 09:35 (A through J)
Concow and eastern Paradise

• 09:35 to 12:00 (K through T)
central and western Paradise

• 12:00 to 19:15 (U through AA)
Paradise and Magalia

• 00:00 to 07:45 (BB through EE)
Magalia and Concow
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One third (10/31) of the TRAs were formed between 
07:55 and 09:35; four in Concow and six in Paradise

NIST TN 2252, Table 31.
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Analysis of TRAs

• A temporal summary and brief descriptions of each TRA

• A detailed summary of the sequence of burnovers and the 
utilization of multiple TRAs in Concow

• Estimates of the number of civilians taking refuge

• An analysis of TRA characteristics, such as urgency and 
exposure levels, location types, and defensive actions, and

• A summary of technical findings.

10NIST TN 2252, Section 9.
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TRA Summaries – Appendix I

NIST TN 2252sup, Appendix I.
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TRA Appendix Details

NIST TN 2252sup, Appendix I.
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TRA Appendix Details

NIST TN 2252sup, Appendix I.
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TRA Urgency of Formation (UoF)

Relative comparison into three levels (low, moderate, high) regarding the 
need to rapidly establish a TRA to address immediate life safety issues. 

• High Urgency of Formation implies an urgent need to establish a TRA 
such as when people are trapped within a burnover. 

• Low Urgency of Formation TRAs represent events where the formation 
of the TRA occurred to address civilian evacuation concerns that were not 
immediately life threatening. In many cases, Low UoF TRAs were utilized 
to organize and coordinate the evacuation of civilians. 
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TRA Peak Hazard Level (PHL)

Relative comparison into three levels (low, moderate, high) regarding the fire 
exposure when in the TRA. 

• High PHL the exposures threatened the integrity of the TRA and immediately 
impacted the life safety of the occupants. 

• Low PHL had low fire exposures as a result of
• limited fire presence in the area (embers may still have been present)

• limited surrounding fuels

• large buffer areas (e.g., large parking lots)

• availability of firefighting personnel and equipment
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TRAs

• Listing by temporal occurrence 
– Concow / Paradise / Magalia

• All High PHL TRAs involving 
civilians started by 09:15

Civilians in 6 TRAs 
experienced High Peak Hazard 
Levels that impacted life safety

NIST TN 2252, Table 31.
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Burnovers and TRAs
relationships | timeline 
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Burnovers and TRAs

NIST TN 2252, Figure 26.
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Relationships of Burnovers to TRAs

More than half of the TRAs had connection to specific burnover 
events. Connections were classified into two levels:
• Burnover caused formation of the TRA —

The conditions presented by a burnover (fire exposure) presented a 
critical need for those involved to take immediate life-saving refuge 
at their location. 

• Burnover related to the TRA —
Fire conditions from an identified burnover prevented egress, 
contributing to the need to establish/utilize a TRA to coordinate and 
organize civilians for evacuation when conditions improved.
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Burnovers and TRAs before 9:30

• 11 BOs started 
before 09:30

• 11 BOs related 
to 15 TRAs

20

6 TRAs within Burnovers — High Peak Hazard Levels

NIST TN 2252,Table 32.
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Burnovers and TRAs

NIST TN 2252, Figure 26.
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Burnovers and TRAs

NIST TN 2252, Figure 26.
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Burnovers and TRAs

NIST TN 2252, Figure 27.
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Concow TRA Sequence Summary
Time Concow Events, 07:15 to 8:17, Nov 8

7:15 911 calls, fire in yards 

7:22 IC requests evacuation of Concow, fire fighters on Hoffman

7:45 Several responding engines, crews, and dozers encountered heavy fire 
conditions on Concow Road and had to wait to gain access beyond 
Tweedy Lane. 

7:50 Firefighters scout out the fire and announce evacuations on Hoffman 
Road and observe multiple spot fires along the road. Concow Road 
burnover starts (BO #2) .

7:55 Law enforcement officers in Camelot informed the ECC via radio that 
they may not be able to escape Camelot due to fire conditions. The 
pre-designated Camelot Meadow Wild Fire Safety Zone was the only 
option and was on fire (BO #20). Officers planned to park all vehicles in 
the field after the grass burned. 

8:00 Firefighters returning eastward on Hoffman Road encountered 4 
civilians running westbound from Concow Road toward the low water 
crossing. Their clothing was burned, and their hair was on fire. The 
road ahead was blocked by fire, and they could not make it out to 
Concow Road. Visibility was less than 3 m (10 ft). 

8:10 A dozer was able to progress further on Concow Road

8:00 
to  

8:17

10 to 15 civilian vehicles were blocked by fire on Hoffman Road along 
with the firefighters. Two firefighters extracted all the civilians (n=24) 
from their vehicles and took shelter in the creek. Fire shelters were 
deployed to protect against radiation as the fire burned through dense 
vegetation. Several homes and vehicles were also burning, and 
propane tanks were exploding. 

Time Concow Events, 08:17 to 10:00, Nov 8

8:17 Civilians and firefighters were trapped at the Hoffman Road TRA, there 
were approximately 15 civilian vehicles and additional law enforcement 
vehicles in Camelot. Visibility there was less than 100 m. 

8:15 
to 

8:23 

Dozer accesses and was able to clear Hoffman Road from Concow 
Road to the creek to find the trapped group. Civilians packed into 8 
unburned civilian vehicles and the firefighter’s pick-up truck and were 
led to the Concow Road intersection. 

8:23 On Concow Road, the burnover (BO #2) which started at 07:50 was 
continuing and there were downed powerlines just north of the 
intersection. The Hoffman Road convoy was trapped again, along with 
additional civilian vehicles and fire engines attempting to get to the 
Camelot Meadow Fire Safety Zone. To provide additional space for the 
Hoffman Road convoy and the other vehicles at the intersection, the 
dozer operator pushed out an area on the east side of Concow Road, 
the “dozer zone” (TRA-C). The dozed area was approximately 0.15 ha 
(0.37 ac) [nominally 50 m × 30 m]. 

8:31 A fire engine managed to drive from the intersection to Camelot but 
reported that it was not yet safe to escort the civilian convoy through. 

8:47 
to

8:55

Civilians are escorted to Camelot Meadow Fire Safety Zone (TRA-A). 
Civilians that sheltered in the creek were involved in two high peak 
hazard level exposure TRAs for over one hour before they were 
escorted to safety.

~10:00 Civilians were escorted out of the Camelot Meadow TRA.

until 
12:00

A number of search and rescue activities extended through the 
morning in Camelot. Severe exposures significantly impacted some of 
these operations (BO #5). 

NIST TN 2252, Section 9.2.
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Concow Burnover/TRA 
Sequence

NIST TN 2252, Section 9.2.

07:50

1 08:00–08:23
2 3

08:23–08:47

4
08:47–08:555

08:00

“multiple spot fires” to “impassable” in 10 minutes
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Concow Burnover/TRA 
Sequence

NIST TN 2252, Section 9.2.

07:50

1 08:00–08:23
2 3

08:23–08:47

4
08:47–08:555

6
08:00

Multiple TRAs used en route to safety zone
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Exposures at TRAs
types | locations | fuels 
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TRA Types and Sizes (area)
TRA Types 
• 14 parking lots
• 7 roadways 
• 6 structures
• 3 natural areas (e.g., roadside creek), and 
• 1 maintained natural area (e.g., ballfield, 

maintained meadow)

TRA Area

Differences between preplanned Wild Fire 
Safety Zones and TRAs created under High 
Urgency of Formation were driven by local 
options

Areas range from 0.1 acre to 8.3 acre

28NIST TN 2252, Table 40.
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Fuels around TRAs and Exposure 
Considerations

• Fire exposures are local from fuels surrounding the 
TRAs

• Local: in the vicinity of the TRA up to ~150–200 ft

• Smoke and ember exposures can be from local or 
remote sources

• Remote: hundreds of feet to several miles
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Local Conditions Drive Fire Exposures 
and Peak Hazard Levels at TRAs
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Managing Hazard Levels

Peak Hazard Levels at Wild Fire Safety Zones 
can be reduced by:

1. Local fuels reduction and/or 

2. Increasing distance (for radiation attenuation), 
i.e., increasing the area of the Wild Fire Safety 
Zone

30
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Pentz Road TRAs

NIST TN 2252, Figure 7c.
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Pentz Road TRAs

• TRAs along Pentz Rd utilized 
many of the readily visible and 
accessible parking lots, 
highlighted by blue dots. 

• Additional parking areas are 
indicated by yellow dots.

32NIST TN 2252, Figure 34.
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Bille Road TRA

NIST TN 2252, Figure 28; Appendix I, TRA-I.

Hydrant view indicated above

Burnovers

Temporary Refuge 
Areas (TRAs)

Relationships of 
Burnovers and 
TRAs

Exposures at
TRAs

Analysis of TRAs

Technical
Findings



0.4 ac
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Different Fuel Loadings

Wagstaff Road and Clark Road 
Paradise Plaza TRA

Wagstaff Road and Pentz Road

7.4 ac
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Camelot Wild Fire Safety Zone

NIST photos of the Camelot meadow looking 
north from Camelot Ln, October 29, 2019.
(~1 year post-fire)

NIST TN 2252, Figure 32.
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Analysis of TRAs
number of civilians | duration | evacuation

defensive actions
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Civilians in TRAs

Estimated number of individual civilians 
depending on vehicle occupancy

Estimated head count of civilians in each TRA
• Number of pedestrians
• Number of vehicles
• Accounts for combined TRAs

NIST TN 2252, Table 37 and 38.
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Civilians in TRAs

Cumulative head count of 
civilians and TRAs over time. 

Maximum civilian head count 
values show:
• the uncertainty in the 

number of people or 
vehicles, and

• the uncertainty in vehicle 
occupancy.

Between 1,200 and 3,000 Civilians in TRAs

NIST TN 2252, Figure 33.
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High Urgency TRAs (07:55 to 09:35)

Listed headcount assumes one person per vehicle.
NIST TN 2252, Table 39.
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Evacuation of TRAs
Primary Evacuation Outcome of each TRA

• Drove out 
• Transported out
• Escorted out
• Escorted/transported to another TRA
• (no data)
• (no civilians)

NIST TN 2252, Table 35.
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Evacuation of TRAs

Unsuccessful TRA Evacuation Attempts

Primary Evacuation Outcome of each TRA
• Drove out 
• Transported out
• Escorted out
• Escorted/transported to another TRA
• (no data)
• (no civilians)

INBOUND

INBOUND

INBOUND

OUTBOUND

NIST TN 2252, Table 34.
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Evacuation With Transit Buses

Effective coordination and use of mass transportation facilitated evacuation 

NIST TN 2252, Table 36.
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TRAs and Merging of TRAs

NIST TN 2252, Figure 27.
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Duration of TRAs

Active duration of each TRA was influenced by two 
primary factors:
1. Local conditions  

• TRA use was kept to an absolute minimum in the cases 
when TRAs were within burnover areas and high 
exposures were present (e.g., Hoffman Road, TRA-B, 23 minutes)

2. Fire and traffic conditions between the TRA and 
• another TRA (if used)
• a complete evacuation from the fire area 
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Duration of TRAs
• 9 TRAs active >3 hours
• None of these long-duration 

TRAs experienced high peak 
hazard levels

• 78 % of civilians, (minimum 
count between 955 and 1675) 
took refuge in one of nine 
TRAs for 3 to 9 hours 

• FRH only long-duration TRA 
formed with high urgency due 
to:

– early onset of severe fire 
conditions, 

– its location on Pentz Road, 
and 

– the vulnerable population at 
the hospital
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Duration of TRAs

• 12 moderate duration TRA 
events (1–3 hr). 

– 3 TRAs were both high 
urgency and high peak hazard 
level.

– 9 experienced moderate peak 
hazard level. 

• Minimum estimated head 
count of 1222 civilians who 
were in at least one TRA

– 319 (26 %) were in TRAs 
active between 1 and 3 hours. 

– Out of the 319, 147 (46%) were 
in high urgency of formation 
and high peak hazard level 
TRAs

46

Burnovers

Temporary Refuge 
Areas (TRAs)

Relationships of 
Burnovers and 
TRAs

Exposures at
TRAs

Analysis of TRAs

Technical
Findings



Duration of TRAs

• 10 TRAs (32 %) were active 
for less than one hour 

• Account for ~10 % of the total 
number of civilians in TRAs. 

• Most of these people were 
exposed to High PHL in 
Urgent TRAs

– Between 90 and 145 people 
(80%) were in high urgency 
TRAs

– 84 to 139 (75 %) were in TRAs 
with high peak hazard levels 
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Defensive Actions at TRAs

NIST TN 2252, Figure 35.

Defensive actions by first responders took place at half of the TRAs

1. Life safety 

2. Protect infrastructure 

3. Reduce exposures

Photo courtesy of TD-112, 15:10.
Used with permission.

Photo courtesy of TD-041, 14:12.
Used with permission.

Photo courtesy of TD-127, 03:09 (Nov 9).
Used with permission.
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Category 2

Category 1
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Civilian Decision Making and 
Evacuation Intent

Civilian intentions during evacuation in the context of TRAs can be divided into 
the following categories:

1. Civilians sought shelter in a Wild Fire Safety Zone or TRA by themselves. 

2. Civilians trying to leave an area became trapped by fire in a burnover. In 
many cases civilians in burnovers were redirected to TRAs.

3. Civilians trying to leave the area (either for evacuation purposes or other 
reasons) and fire forced their redirection to a TRA. 

4. Civilians were placed in a TRA because of traffic flow and fire exposures 
but were not in any immediate danger from fire exposures. 
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Temporary Refuge Areas
technical findings & recommendations
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Technical Findings
Temporary Refuge Areas

TF-TRA 1. Thirty-one different TRAs were formed during the first 25 hours, 27 of which involved 
civilians.

TF-TRA 2. Of the 18 pre-designated public assembly areas and Wild Fire Safety Zones, only four were 
used as TRAs during the Camp Fire. Another four were used for incident response staging.

TF-TRA 3. TRAs were selected to leverage natural and/or manmade features. TRAs types included 14 
parking lots, 7 roadways, 6 structures, 3 maintained natural areas, and 1 unmaintained 
natural area. 

TF-TRA 4. Roadways and natural area TRAs were frequently the only local options [35 % (11/31) of 
TRAs during the Camp Fire].

TF-TRA 5. At least 1200 to 2100 civilians were involved with TRAs. If average vehicle occupancy is 
assumed to be two, the estimated number of civilians increases to 3300. 

TF-TRA 6. Individual TRA occupancy ranged from 1 to 550 civilians including people in vehicles and 
on foot.
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Technical Findings
Temporary Refuge Areas

TF-TRA 7. High hazard conditions impacted at least 261 civilians in eight TRAs between 07:55 and 
09:35 (100 minutes). Seven of the eight TRAs were formed in direct response to burnover 
events. 

TF-TRA 8. Rapid event evolution prevented residents in Concow from reaching their local Safety Zone. 
It took one hour and two TRAs to get from Hoffman Road to the Camelot Meadow Wild Fire 
Safety Zone, a travel distance of 1 km (0.6 mi) [300 m (0.2 mi) straight-line distance].

TF-TRA 9. The Camelot Wild Fire Safety Zone burned before it was usable as a TRA. This event 
highlights the need to design and maintain TRAs for ready access. Irrigated and maintained 
Safety Zones like Crain Memorial Park or gravel areas may provide additional safety in 
quickly developing events.

TF-TRA 10. The extensive use of TRAs points to the critical need of developing an evacuation plan that 
includes scenarios where immediate evacuation out of the fire may not be possible.

TF-TRA 11. TRAs along major evacuation arteries enhanced civilian life safety because in many cases 
civilians did not have to go out of their way (off the evacuation route) to get to the TRA.

TF-TRA 12. Consolidation of TRAs and groups of civilians facilitated management and evacuation of 
TRAs by first responders.
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Recommendations
Temporary Refuge Areas

• Ideally, civilians will have time and ability to safely evacuate before the fire 
impacts their community. 

• In events where this is not possible, a system of pre-planned Wildfire Safety 
Zones can be used to enhance life safety to limit civilian exposure to fire 
during evacuation, especially in intermix communities. 

• The recommendations focus on the development and implementation of a 
Wildfire Safety Zone System; however, they also apply to the identification of 
TRAs. 

• The use of ad hoc TRAs is, by default, a last resort and does not provide the 
full benefit of a pre-planned Wildfire Safety Zone System. 
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Recommendations
Temporary Refuge Areas

R-TRA 1. There is a need for a distributed pre-planned Wildfire Safety Zone System in 
communities to reduce the travel time needed to access these areas so they 
can be quickly accessed in case a rapidly moving and widespread fire near 
the community prevents a timely evacuation of the community. 

R-TRA 2. The number, size, and spatial distribution of safety zones need to be factored 
into the design of a community-wide Wildfire Safety Zone System and based 
on fire exposure consideration, population density in the surroundings, and 
number and size of other safety zones.

R-TRA 3. Placement of and access to safety zones should consider civilian access 
pathways and address potential burnover locations, informed by fire history, 
fuel loading, and dangerous topographical features. 
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Recommendations
Temporary Refuge Areas

R-TRA 4. Identify high fuel-load areas such as heavily wooded areas, areas of flashy 
fuels (e.g., unburned tall dry grass), combustible structures, high density 
residential areas, and topographical features like chimneys and ravines. 
Assess civilian egress/transit to safety zones that may traverse these areas. 

R-TRA 5. Use Wildfire Safety Zones on major evacuation arteries to enhance civilian 
life safety. 

R-TRA 6. Consider spatial density (and minimum size) of safety zones, as well as their 
maintenance. The difficulty of getting to Camelot Wild Fire Safety Zone 
highlights the need to carefully place and maintain safety zones.

R-TRA 7. Beyond the pre-planned safety zones, first responders should be aware of 
nearby natural and manmade areas conducive to TRAs, such as large 
parking lots, gravel areas, irrigated natural spaces (e.g., parks, cemeteries), 
roadways/intersections, and other open spaces.
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Thank You

Contact Information:

Eric Link
eric.link@nist.gov

Alexander Maranghides
alexm@nist.gov

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

Camp Fire

Direct links to NETTRA reports:

https://doi.org/10.6028/NIST.TN.2252

https://doi.org/10.6028/NIST.TN.2252sup
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