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Abstract 
This document explains common fuel break design, construction, and 

protection standards and contains historical case studies examining the use 
of vegetation treatments to help mitigate the impacts of wildfires. They 

document and discuss the utilization of pre-planning and community 
involvement, as well as, wildland firefighting strategies and their impacts. 

The purpose of these case studies is to offer a look at the practical 
application of vegetation treatments and community planning efforts 

supported by CAL FIRE. 
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Fuel Break Design, Construction, and Environmental Protection 
 
A fuel break is generally wide strip of land on which vegetation has been modified so that a 
fire burning into it can be more readily controlled. Fuel breaks are not designed to stop fire 
spread, especially during periods of strong winds when fire brands can be blown across 
these linear features. However, fuel breaks do provide opportunities for firefighting success 
under less extreme fire weather conditions by providing areas of lower fireline intensities, 
improved firefighter access, and enhanced fireline production rates. The concept of a fuel 
break is simple, by providing areas of reduced fuel loading; reduced fire intensity can be 
created. In addition to reducing fire intensity, fuel breaks increase fireline construction rates, 
reduce the fire-retardant coverage level required to effectively coat vegetation, and 
provide for points of access and travel for ground-based firefighters. The lighter fuels, often 
grasses, associated with fuel breaks, also provide opportunities for indirect fireline 
construction through backfire or burn-out operations to consume fuel ahead of the spread 
of the fire. 

CAL FIRE commonly designs and constructs fuel breaks in a variety of vegetation types 
throughout the State.  There are multiple objectives that a fuel break can achieve including 
creating strategic control points to allow firefighters to safely engage a wildfire, improving 
opportunities to control wildfire in the initial attack phase, and improving opportunity to 
control a wildfire prior to it reaching homes or other assets at risk.  In addition, certain fuel 
breaks can act as part of a community fuel break system to protect the community, wildlife, 
and other watershed values.  Fuel breaks can also be used to improve ingress and egress 
routes along existing roads and driveways, allowing for safe civilian evacuations and 
emergency responder access. Despite considerable variability in fuel types there are 
common design, construction, and environmental protection standards that CAL FIRE 
considers for all fuel breaks:  

Fuel Break Design  
• Fuel Break Description: Staff must identify the purpose for protection and provide a 

brief explanation of what is being protected, why it is being protected, and where the 
protection is specifically needed. 

• Fuel Break Width and Length: The fuel break width and length must be sufficient to 
reduce fire spread and intensity. Width on level ground will vary based on fuel types; 
i.e., short widths are generally required in grasses (approx. 150 feet) and longer widths 
are required on forested sites (approx. 300 feet).  Variation in width is largely 
determined by vegetation type, slope, access, and other site specific needs and 
objectives.  Fuel break length will generally be designed to match the length of the 
ignition source to the extent feasible, such as along a road or highway. 

• Fuel Break Connectivity: Fuel breaks are designed to connect with natural or artificial 
fire barriers such as large rock outcrops, wet meadows, roads, or areas with low fuel 



loads or flammability. When possible, fuel breaks favor locations that are linked to road 
systems to facilitate firefighting access. 

Fuel Break Construction 
• Standard Fuel Treatments:  To diminish the risk and/or rate of fire spread across the fuel 

break, specific techniques are used suitable to the material being treated (e.g., 
mowing, prescribed grazing, pruning, vegetation removal, chipping, prescribed 
burning, and masticating). Treatments focus on dead, diseased, and dying trees 
before any healthy trees are removed.  When healthy trees are removed, the focus is 
on smaller diameter trees and trees that will help prevent fire from spreading from the 
forest floor into the tree canopy.  Large diameter trees with unique structural features 
will be retained to support and promote wildlife species and habitat.  

• Dead Vegetation: Generally, all downed dead trees and shrubs are removed if they 
are solid (not rotten) and are not yet embedded into the ground.  Downed trees that 
are embedded into soil and which cannot be removed without soil disturbance are 
left in place. Chipping and masticating of dead material is often used as an 
alternative to removal. 

• Fuel Break Aesthetics: When possible, fuel breaks are blended into the surrounding 
environment. This is accomplished by feathering the edges of the fuel break into the 
adjacent protected areas for aesthetic purposes. 

• Equipment Use:  Soils, site factors, and timing of application must be suitable for any 
ground-based equipment utilized for creating a fuel break to avoid excessive 
compaction, rutting, or damage to the soil surface layer. Equipment is used on the 
contour where feasible. For safety purposes and to protect site resources, treatment 
methods involving equipment are generally not applied on slopes exceeding 50 
percent. 

• Maintenance:  Future regrowth of natural or planted vegetation is often controlled by 
pruning, mowing, or other techniques to maintain the specified reduced fuel load.  
Maintenance activities are generally less costly and time consuming than initial 
treatment activities.  

Environmental Protection 
CAL FIRE has a suite of comprehensive and robust natural resource and environmental 
protection programs.  CAL FIRE employs various resource professionals including Registered 
Professional Foresters, Environmental Scientists, Archeologists, Hydrologists, Soil Scientists, Fire 
Scientists, and various other experts in natural resource protection. CAL FIRE uses the totality 
of its resource professionals to ensure environmental protection for any project it undertakes, 
including fuel breaks. To ensure environmental protection when designing and constructing 
fuel breaks, CAL FIRE utilizes the standard protection practice of identifying and avoiding 
sensitive resources. There is a great deal of flexibility in fuel break design and adjusting a fuel 
break location or time of construction is often all that is needed to avoid sensitive resources.   



California’s Forest Practice Act and Rules (Act and Rules) apply to all commercial timber 
operations (i.e., the cutting/removal of timber or other solid wood forest products from 
timberland for commercial purposes, PRC § 4527). The Act and Rules provide a variety of 
best management practices and protection measures designed to provide resource 
protection when conducting commercial timber operations. Although CAL FIRE’s fuel break 
construction activities largely do not involve commercial activities and are not subject to the 
Act and Rules, several standard best management practices are commonly employed 
during fuel break construction. The following represent standard protection measures often 
used when constructing fuel breaks: 

• Tractor or heavy equipment operations should not be conducted on slopes greater 
than 50%. 

• Tractor or heavy equipment operations should not be conducted on known slides or 
unstable areas. 

Watercourse and Lake Protection Zone (WLPZ) means a strip of land, along both sides of a 
watercourse or around the circumference of a lake or spring, where additional practices 
should be undertaken for protection of the quality and beneficial uses of water, fish, and 
riparian wildlife habitat, other forest resources, and for controlling erosion. The following table 
may be used to identify the standard width of a WLPZ: 
 

Procedures for Determining Watercourse and Lake Protection Zone Widths   
Water Class  
 
Characteristics 
or Key 
Indicator 
Beneficial Use  

Class I  
 
1) Domestic 
supplies, 
including springs, 
on site and/or 
within 100 feet 
downstream of 
the operations 
area and/or  
2) Fish always or 
seasonally 
present onsite, 
includes habitat 
to sustain fish 
migration and 
spawning.  

Class II 
 
1) Fish always or 
seasonally 
present offsite 
within 1000 feet 
downstream 
and/or  
2) Aquatic 
habitat for 
nonfish aquatic 
species.  
3) Excludes 
Class III waters 
that are 
tributary to 
Class I waters.  

Class III 
 
No aquatic life 
present, 
watercourse 
showing 
evidence of 
being capable 
of sediment 
transport to Class 
I and II waters 
under normal 
high water flow 
conditions after 
completion of 
tree operations.  

Class IV 
 
Man-made 
watercourses, 
usually 
downstream, 
established 
domestic, 
agricultural, 
hydroelectric 
supply or other 
beneficial use.  

Protection 
Width 

150 feet 100 feet 50 feet 50 feet 

 
• Fuel break construction within the standard width of a watercourse or lake protection 

zone should be designed to avoid impacts to riparian and aquatic function, and shall 
comply with any required Lake and Streambed Alteration Agreement. Dead or dying 
trees within a WLPZ should be marked by, or under the supervision of, a Registered 
Professional Forester prior to tree removal operations. Removal of vegetation within a 
WLPZ should be limited to situations where it is necessary to create and maintain fuel 



break function and effectiveness. A CAL FIRE Registered Professional Forester or 
designee will determine the necessity for removal of vegetation from within a WLPZ. 

• Known sites of rare, threatened, or endangered plants or animals shall not be 
disturbed, threatened, or damaged during the construction of a fuel break. 
Information on some of these sites may be available from the California Department of 
Fish and Wildlife’s Natural Diversity Database. CAL FIRE queries this database during 
project scoping and will also have a Registered Professional Foresters or designee 
onsite sufficiently during operations to evaluate the presence of biological resources 
and ensure biological resource protection through avoidance.   

• Fuel break construction shall avoid damaging or otherwise disturbing significant 
archaeological or historical sites. Information on some of these sites may be available 
from the Information Centers of the California Historical Resources Information System 
within the California Department of Parks and Recreation. CAL FIRE queries this system 
during project scoping and will also have a Registered Professional Foresters or 
designee onsite sufficiently during operations to evaluate the presence of cultural 
resources and ensure cultural resource protection through avoidance.    

Prescribed Fire Practices and Protection Measures-CAL FIRE uses a variety of standard 
practices and protections measure to develop and implement prescribed fire projects.  The 
following represent commonly used prescribed fire practices and protection measures:  
 

• Burn Plan Development: A burn plan is developed that includes a fire behavior model 
output of First Order Fire Effects Model (FOFEM) and BEHAVE or other fire behavior 
modeling simulation that predicts fire behavior, calculates consumption of fuels, tree 
mortality, predicted emissions, GHG emissions, and soil heating. The results of the 
analysis are included with the burn plan. The burn plan is created with input from the 
appropriate local CAL FIRE Unit personnel. 
 

• Burn Prescription: The prescribed fire burn prescription is designed to initiate a surface 
fire of sufficient intensity that will only consume surface and ladder fuels while 
protecting soil resources from direct soil heating impacts. 
 

• Standard Public Notifications: Approximately two weeks prior to the commencement 
of prescribed burning operations, the project coordinator will: 1) post signs along the 
closest major road way to the area describing the activity, timing, and requesting for 
smoke sensitive persons in the area to contact the project coordinator; 2) publish a 
public interest notification in a local newspapers or other widely distributed media 
source describing the activity, timing, and requesting for smoke sensitive persons in the 
area to contact the local CAL FIRE Unit; 3) send the local county supervisor a 
notification letter describing the activity, its necessity, timing, and summarize the 



measures being taken to protect the environment and prevent escape; and 4) 
develop a list of smoke sensitive persons in the area and contact them prior to 
burning. 
 



FUEL BREAK EXAMPLE #1-Standard CAL FIRE Community Fuel Break 

 

 



FUEL BREAK EXAMPLE #2-Standard CAL FIRE Community Fuel Break 
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BUTTE FIRE – FUEL BREAK UTILIZATION 

 

Projects like the Pine Acres Fuel Break conducted in CAL FIRE’s Amador- El Dorado Unit as part of the 
Community Wildfire Protection Plan was conceived, constructed and has been maintained through 
the cooperative efforts of CAL FIRE, the Amador Fire Safe Council and approximately forty private 
landowners since 2002. 

The primary objective for this project is to maintain a strategically placed shaded fuel break along 
the rim of the Mokelumne River Canyon intended to support fire suppression and structure defense 
in the event of wildfire. In addition to reducing vegetation density and providing enhanced 
protection to residential structures and communities at risk from the spread of wildland fire into the 
Pine Grove area, the Pine Acres Fuel break was also designed to protect an important portion of the 
Mokelumne River watershed that provides water to the downstream Pardee and Camanche 
Reservoirs. 

On September 9, 2015, the Butte Fire had started. At the time the fire was contained, 70,760 acres 
had been burned. Of this, 3,680 acres were in Amador County. Within the 3,680 acres, 1,458 acres 
were within the perimeter of the Pines Acres Fuel Break. Approximately 3.3 miles of the Butte Fire 
perimeter control lines utilized this fuel break. Originally, a single dozer line was constructed along 
the previously treated parts of the fuel break and then this line was improved later. Defensive firing 
techniques were used with no additional pretreatment to save structures. On the third day of this 
incident, the fire made a run towards the Pine Acres Subdivision. The community had already been 
evacuated and dozers were able to continue to improve the fuel break. Several strike teams of 
engines were in place along the fuel break scouting and prepping the subdivision. Consequently, this 
pre-designated fuel break location allowed fire crews to conduct a successful firing operation while 
holding and improving the line reporting no structures lost or damaged within this area. 
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	A fuel break is generally wide strip of land on which vegetation has been modified so that a fire burning into it can be more readily controlled. Fuel breaks are not designed to stop fire spread, especially during periods of strong winds when fire brands can be blown across these linear features. However, fuel breaks do provide opportunities for firefighting success under less extreme fire weather conditions by providing areas of lower fireline intensities, improved firefighter access, and enhanced fireline production rates. The concept of a fuel break is simple, by providing areas of reduced fuel loading; reduced fire intensity can be created. In addition to reducing fire intensity, fuel breaks increase fireline construction rates, reduce the fire-retardant coverage level required to effectively coat vegetation, and provide for points of access and travel for ground-based firefighters. The lighter fuels, often grasses, associated with fuel breaks, also provide opportunities for indirect fireline construction through backfire or burn-out operations to consume fuel ahead of the spread of the fire.
	CAL FIRE commonly designs and constructs fuel breaks in a variety of vegetation types throughout the State.  There are multiple objectives that a fuel break can achieve including creating strategic control points to allow firefighters to safely engage a wildfire, improving opportunities to control wildfire in the initial attack phase, and improving opportunity to control a wildfire prior to it reaching homes or other assets at risk.  In addition, certain fuel breaks can act as part of a community fuel break system to protect the community, wildlife, and other watershed values.  Fuel breaks can also be used to improve ingress and egress routes along existing roads and driveways, allowing for safe civilian evacuations and emergency responder access. Despite considerable variability in fuel types there are common design, construction, and environmental protection standards that CAL FIRE considers for all fuel breaks: 
	Fuel Break Design 
	 Fuel Break Description: Staff must identify the purpose for protection and provide a brief explanation of what is being protected, why it is being protected, and where the protection is specifically needed.
	 Fuel Break Width and Length: The fuel break width and length must be sufficient to reduce fire spread and intensity. Width on level ground will vary based on fuel types; i.e., short widths are generally required in grasses (approx. 150 feet) and longer widths are required on forested sites (approx. 300 feet).  Variation in width is largely determined by vegetation type, slope, access, and other site specific needs and objectives.  Fuel break length will generally be designed to match the length of the ignition source to the extent feasible, such as along a road or highway.
	 Fuel Break Connectivity: Fuel breaks are designed to connect with natural or artificial fire barriers such as large rock outcrops, wet meadows, roads, or areas with low fuel loads or flammability. When possible, fuel breaks favor locations that are linked to road systems to facilitate firefighting access.
	Fuel Break Construction
	 Standard Fuel Treatments:  To diminish the risk and/or rate of fire spread across the fuel break, specific techniques are used suitable to the material being treated (e.g., mowing, prescribed grazing, pruning, vegetation removal, chipping, prescribed burning, and masticating). Treatments focus on dead, diseased, and dying trees before any healthy trees are removed.  When healthy trees are removed, the focus is on smaller diameter trees and trees that will help prevent fire from spreading from the forest floor into the tree canopy.  Large diameter trees with unique structural features will be retained to support and promote wildlife species and habitat. 
	 Dead Vegetation: Generally, all downed dead trees and shrubs are removed if they are solid (not rotten) and are not yet embedded into the ground.  Downed trees that are embedded into soil and which cannot be removed without soil disturbance are left in place. Chipping and masticating of dead material is often used as an alternative to removal.
	 Fuel Break Aesthetics: When possible, fuel breaks are blended into the surrounding environment. This is accomplished by feathering the edges of the fuel break into the adjacent protected areas for aesthetic purposes.
	 Equipment Use:  Soils, site factors, and timing of application must be suitable for any ground-based equipment utilized for creating a fuel break to avoid excessive compaction, rutting, or damage to the soil surface layer. Equipment is used on the contour where feasible. For safety purposes and to protect site resources, treatment methods involving equipment are generally not applied on slopes exceeding 50 percent.
	 Maintenance:  Future regrowth of natural or planted vegetation is often controlled by pruning, mowing, or other techniques to maintain the specified reduced fuel load.  Maintenance activities are generally less costly and time consuming than initial treatment activities. 
	Environmental Protection
	CAL FIRE has a suite of comprehensive and robust natural resource and environmental protection programs.  CAL FIRE employs various resource professionals including Registered Professional Foresters, Environmental Scientists, Archeologists, Hydrologists, Soil Scientists, Fire Scientists, and various other experts in natural resource protection. CAL FIRE uses the totality of its resource professionals to ensure environmental protection for any project it undertakes, including fuel breaks. To ensure environmental protection when designing and constructing fuel breaks, CAL FIRE utilizes the standard protection practice of identifying and avoiding sensitive resources. There is a great deal of flexibility in fuel break design and adjusting a fuel break location or time of construction is often all that is needed to avoid sensitive resources.  
	California’s Forest Practice Act and Rules (Act and Rules) apply to all commercial timber operations (i.e., the cutting/removal of timber or other solid wood forest products from timberland for commercial purposes, PRC § 4527). The Act and Rules provide a variety of best management practices and protection measures designed to provide resource protection when conducting commercial timber operations. Although CAL FIRE’s fuel break construction activities largely do not involve commercial activities and are not subject to the Act and Rules, several standard best management practices are commonly employed during fuel break construction. The following represent standard protection measures often used when constructing fuel breaks:
	 Tractor or heavy equipment operations should not be conducted on slopes greater than 50%.
	 Tractor or heavy equipment operations should not be conducted on known slides or unstable areas.
	Watercourse and Lake Protection Zone (WLPZ) means a strip of land, along both sides of a watercourse or around the circumference of a lake or spring, where additional practices should be undertaken for protection of the quality and beneficial uses of water, fish, and riparian wildlife habitat, other forest resources, and for controlling erosion. The following table may be used to identify the standard width of a WLPZ:
	Procedures for Determining Watercourse and Lake Protection Zone Widths  
	Class IV
	Class III
	Class II
	Class I 
	Water Class 
	Man-made watercourses, usually downstream, established domestic, agricultural, hydroelectric supply or other beneficial use. 
	No aquatic life present, watercourse showing evidence of being capable of sediment transport to Class I and II waters under normal high water flow conditions after completion of tree operations. 
	1) Fish always or seasonally present offsite within 1000 feet downstream and/or 
	1) Domestic supplies, including springs, on site and/or within 100 feet downstream of the operations area and/or 
	Characteristics or Key Indicator Beneficial Use 
	2) Aquatic habitat for nonfish aquatic species. 
	2) Fish always or seasonally present onsite, includes habitat to sustain fish migration and spawning. 
	3) Excludes Class III waters that are tributary to Class I waters. 
	50 feet
	50 feet
	100 feet
	150 feet
	Protection Width
	 Fuel break construction within the standard width of a watercourse or lake protection zone should be designed to avoid impacts to riparian and aquatic function, and shall comply with any required Lake and Streambed Alteration Agreement. Dead or dying trees within a WLPZ should be marked by, or under the supervision of, a Registered Professional Forester prior to tree removal operations. Removal of vegetation within a WLPZ should be limited to situations where it is necessary to create and maintain fuel break function and effectiveness. A CAL FIRE Registered Professional Forester or designee will determine the necessity for removal of vegetation from within a WLPZ.
	 Known sites of rare, threatened, or endangered plants or animals shall not be disturbed, threatened, or damaged during the construction of a fuel break. Information on some of these sites may be available from the California Department of Fish and Wildlife’s Natural Diversity Database. CAL FIRE queries this database during project scoping and will also have a Registered Professional Foresters or designee onsite sufficiently during operations to evaluate the presence of biological resources and ensure biological resource protection through avoidance.  
	 Fuel break construction shall avoid damaging or otherwise disturbing significant archaeological or historical sites. Information on some of these sites may be available from the Information Centers of the California Historical Resources Information System within the California Department of Parks and Recreation. CAL FIRE queries this system during project scoping and will also have a Registered Professional Foresters or designee onsite sufficiently during operations to evaluate the presence of cultural resources and ensure cultural resource protection through avoidance.   
	Prescribed Fire Practices and Protection Measures-CAL FIRE uses a variety of standard practices and protections measure to develop and implement prescribed fire projects.  The following represent commonly used prescribed fire practices and protection measures: 
	 Burn Plan Development: A burn plan is developed that includes a fire behavior model output of First Order Fire Effects Model (FOFEM) and BEHAVE or other fire behavior modeling simulation that predicts fire behavior, calculates consumption of fuels, tree mortality, predicted emissions, GHG emissions, and soil heating. The results of the analysis are included with the burn plan. The burn plan is created with input from the appropriate local CAL FIRE Unit personnel.
	 Burn Prescription: The prescribed fire burn prescription is designed to initiate a surface fire of sufficient intensity that will only consume surface and ladder fuels while protecting soil resources from direct soil heating impacts.
	 Standard Public Notifications: Approximately two weeks prior to the commencement of prescribed burning operations, the project coordinator will: 1) post signs along the closest major road way to the area describing the activity, timing, and requesting for smoke sensitive persons in the area to contact the project coordinator; 2) publish a public interest notification in a local newspapers or other widely distributed media source describing the activity, timing, and requesting for smoke sensitive persons in the area to contact the local CAL FIRE Unit; 3) send the local county supervisor a notification letter describing the activity, its necessity, timing, and summarize the measures being taken to protect the environment and prevent escape; and 4) develop a list of smoke sensitive persons in the area and contact them prior to burning.
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