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POST-FIRE EROSION CONTROL RESOURCES
2017 NAPA FIRE COMPLEX
Napa County in coordination with other Federal, State and local agencies have been
coordinating our resources and efforts to identify types and locations of on-site and
downstream threats to public health or safety from landsliding, debris flows, flooding, road
hazards, and other fire related hazards. Based on the results of the Watershed Emergency
Response Team (WERT) report Napa County has assembled the resources included in this
package to assist landowners with erosion control on properties that burned in the October 2017
North Bay wildfires.
Recovery efforts, potential hazards, and protection measures may evolve as site
conditions change; the resources included herein may be revised as post-fire recovery
continues. In addition, as processes change and responsible departments and agencies shift this
document will be updated to reflect those modifications. The attachments included in this
packet are informational only – professionals should be consulted and utilized for debris
removal, installation of erosion control measures, and restoration activities.
Property owners may take steps to prevent the transport of pollutants from fire areas
and stabilize property from erosion and sedimentation provided the control measures installed
DO NOT disturb burned debris and ash from structures and delay the response of the
hazardous material and debris/ash cleanup and removal process. Please remember that there
are health hazards associated with disturbing debris and ash; follow all public health guidelines
that have been issued.
Please DO NOT attempt to remove burned trees before consultation with appropriate
parties as described in this packet. Even severely damaged trees may recover, or may provide
valuable habitat if left standing. Removal of dead trees may be hazardous.
Napa County Planning, Building and Environmental Services, Napa County Public
Works, the City of Napa Water Division, the Town of Yountville Water Division, the Ag
Commission, Napa County Resource Conservation District (RCD), and USDA-NRCS are all
contributing to our local efforts to minimize flooding, and control erosion and sedimentation.
Included in this package is a description of the Napa Fire Complex Erosion Control and
Watershed Protection Program (page 1), resource information (page 3), and information sheets
regarding post-fire recovery (page 4).

Post-fire Erosion Control Resources – November 2017

2017 NAPA FIRE COMPLEX EROSION & WATERSHED
PROTECTION PROGRAM
Napa County has experienced devastating wildfires. The recovery work continues at a
rapid pace, however, we are now faced with a new challenge with rains coming. More than
70,000 acres within Napa County have burned. Vegetation that normally covers the hillsides is
gone, creating the potential for higher levels of flooding, erosion and debris movement.
Residents are concerned about the effects of the recent fires on our watersheds, the
County shares that concern and is taking the following actions:
•

•
•
•

•

•

•
•

Working closely with the Resource Conservation District (RCD), Natural Resource
Conservation Service (NRCS), and Cal Fire to evaluate all affected watersheds and
identify areas where the fire burned most intensely and categorize values at risk to
potential hazards as a result of the fires;
Coordinating with the Cities of Calistoga, Yountville, Napa, and Fairfield to
minimize potential impacts of debris and erosion on local drinking water supplies;
Providing free sandbags for residents to use to help control sediment and erosion on
their property;
Working directly with soil conservationists at the RCD and NRCS to provide
technical assistance for landowners to assess potential erosion sites and prepare their
property to prevent problems this winter;
Preparing the County roads for the upcoming rains, by removing dead and
dangerous trees, clearing drainage areas, and getting rid of debris along the
roadways;
Improving public safety by replacing road signs damaged in the fires, nearly 2 miles
of guard rails, and retaining walls; as well as stabilizing a small landslide area on
upper Redwood Road;
Patrolling County roads this weekend to look for areas of concern and to address
anything that flows onto and blocks public roads;
Reminding everyone to drive with the utmost caution. Roads have changed due to
the fires and extra vigilance is needed given the unstable nature of partially burned
trees and the ongoing restoration work of many contractors. Please be careful out
there.

Fortunately, the ground is far from saturated at this time. This provides residents with
time to plan and install proper erosion control mechanisms. Provided herein are several
brochures to guide landowners in this process.
Landowners interested in technical assistance should contact Napa County RCD or
NRCS to coordinate a site specific assessment of the potential hazards resulting from the fires. If
you have specific questions or would like to provide information related to the EPA process on
1

hazardous waste removal and/or debris and ash removal, property owners may contact the
EPA site access hotline at (415) 793-8794.
In addition, the resource package provides landowner and residents information
regarding programs available that can provide financial assistance through US Department of
Agriculture (USDA).
The watershed benefits everyone and we all share the responsibility of taking steps to
ensure its continued health, so that it has time to naturally recover from the wildfires. Napa
County is here to help landowners in this important effort.
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RESOURCES
•

Napa County – Napa Fire Complex Erosion Control & Watershed Protection Program
http://www.countyofnapa.org/NapaFireComplexErosionControl/

•

Napa County RCD Post-fire Resources for Managing your Land
http://naparcd.org/post-fire-resources-for-managing-your-land/
1301 Jefferson Street, Suite 500B
Napa, CA 94559
(707) 252-4189 x3110

•

California Office of Emergency Services Wildfire Recovery
http://wildfirerecovery.org/

•

USDA Post-fire Disaster Assistance
https://www.nrcs.usda.gov/wps/portal/nrcs/main/ca/newsroom/features/
Napa County Contact:
Emma Chow, District Conservationist
(707) 252-4189, ex. 3111
Emma.Chow@ca.usda.gov

•

NRCS Environmental Quality Incentives Program
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/eqip/

•

Local Native Erosion Control Seed Sources:
o Hedgerow Farms (Winters)
https://www.hedgerowfarms.com/online-store/Native-Erosion-Control-Mixp94443350
o LeBallisters (Santa Rosa)
http://leballisters.com/product-category/native-mixes/
o Harmony Farm Supply (Sebastopol)
https://www.harmonyfarm.com/erosion-control-seed/
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Fire Recovery Assistance from the U.S. Department of Agriculture
The U.S. Department of Agriculture has multiple agencies that provide financial and/or technical assistance to
help farmers, ranchers and rural landowners recover from natural disasters, such as wildfires. Listed below are
USDA agencies and an overview of applicable programs. Funding for some programs are contingent on the on
the annual enactment of Congressional appropriations legislation.
Farm Service Agency (FSA)
 Emergency Conservation Program (ECP). The Farm Service Agency covers a portion of the cost to
replace fence or other conservation practices. This program is contingent on funding available.
 Tree Assistance Program: Provides financial assistance to replant or rehabilitate eligible trees, bushes
and vines damaged by natural disasters. Forests are not eligible.
 Emergency Loans – low interest loans to replace farm and ranch buildings and structures, make repairs
or replace livestock or feed. Must meet disaster/emergency criteria.
• Livestock Incentives Program (LIP): Compensates producers for livestock death due to natural
disasters. Compensation is based on roughly 75% of the national average price of the livestock by type
and age. Report losses within 30 days.
• Emergency Livestock Assistance Program (ELAP): Compensates producers for a percentage of the
pasture or forage loss on private lands due to natural disasters. Payments are subject to a national
payment factor. Report losses within 30 days. Complete applications are due by Oct. 30.
• Livestock Forage Disaster Program: Compensates producers who suffer pasture or forage loss due to
drought or who have federally managed grazing leases but are not allowed to graze the lease because of
wildfire. Report losses within 30 days.
• Emergency haying and grazing of Conservation Reserve Program (CRP) acres is available. The agency will
not deduct CRP annual rental payments from contract holders volunteering their land. FSA approval is
needed before commencement. Haying must be completed TBD.
• Emergency Forest Restoration Program (EFRP: Provides payments to nonindustrial private forest land
owners for emergency measures to restore land damaged by a natural disaster. This program is
contingent on funding available.
• Non-Insured Crop Disaster Assistance Program (NAP): Provides compensation to producers who grow
uninsurable crops and have purchased NAP coverage by the crop signup dates.
• For more information, visit http://disaster.fsa.usda.gov
• To find your local FSA county office, visit http://offices.usda.gov
Risk Management Agency (RMA)
Risk Management Agency oversees the Federal crop insurance programs. Insureds must have a policy in force
with their crop insurance agent to have coverage. This program protects against the loss of their enrolled crops
or livestock due to natural disasters such as hail, drought, freezes, floods, fire, insects, disease and wildlife, or
may cover the loss of revenue due to a decline in price or other factors for applicable programs.
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Insureds must call their crop insurance agent within 72 hours of damage discovery to initiate a claim. The crop
insurance company will arrange for a loss adjuster to inspect the crop. Do not destroy evidence that is needed to
support the claim without clear direction from the insurance company, preferably in writing.
Natural Resources Conservation Service (NRCS)
•

•

Farmers, ranchers and non-industrial private forestland owners can apply for the Catastrophic Fire
Recovery EQIP (Environmental Quality Initiative Program) which is to provide immediate resource
protection in areas burned by catastrophic fires in the past eighteen months. Priority resource concerns
for the Catastrophic Fire Recovery EQIP Initiative on cropland, rangeland and non-industrial private
forestland include: immediate soil erosion protection, minimize noxious and invasive plant proliferation,
protect water quality, and restore livestock infrastructure necessary for grazing management on
Forestland and Rangeland.
The NRCS Emergency Watershed Protection (EWP) Program may be able to provide financial assistance
where a fire has created a situation were excessive soil erosion could occur from a rain event creating a
threat to life and improved property. General Requirements:
o Designed to protect what structures are still intact but may be threatened due to soil erosion and
barren soil.
o Eminent threat to life and property.
o Local sponsor is willing and able to represent the local community.
o Must be demonstrated that all local financial resources have been utilized.

Rural Development (RD)
•

•
•
•
•
•

Single Family Housing - Direct low income Home Ownership Loans, Home Ownership Loan Guarantees,
and Direct Home Repair loans and grants. Those whose property was destroyed, was severely damaged,
or who have been displaced from a rental unit by the fire may receive priority hardship application
processing.
Multi-Family Housing – If a property was destroyed by the fire, Rural Development can issue a priority
letter for next available Multi-Family Housing unit to affected residents. This is available only if a disaster
is declared.
Community Facilities – low interest loans for essential community facilities, such as fire equipment,
community centers, city vehicles, food banks, day care facilities, etc.
Water Environmental Programs – low interest loans for water and waste disposal systems and facilities
including buildings, equipment, wells and pipe.
Business & Cooperative Programs - business loans through intermediaries and guaranteed business
loans.
Electric - low interest loans to rural utilities to finance electric infrastructure. Eligible entities would
qualify for expedited loan processing.

UC ANR Extension
•

In addition to the USDA resources listed above, expertise and assistance on particular subjects (e.g. Reseeding, Erosion & Flooding, Livestock, Salvage Logging and Reforestation) may be available through
local or regional University of California Agriculture and Natural Resources (UC ANR) Extension
offices. To find contact information for your local county Extension office, or for information on topics
of interest, those sites can be accessed at: http://ucanr.edu/County_Offices/
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USDA Agency Contacts:
Farm Service Agency
810 Vaca Valley Parkway, Suite 102
Vacaville, CA 95688
Marianne Morton, Napa Executive Director
707-448-0106 x 104
marianne.morton@ca.usda.gov
Risk Management Agency - Regional Office
430 G Street #4168
Davis, CA 95616
530-792-5870

Natural Resources Conservation Service
1303 Jefferson St, 500B
Napa, CA 94559
Emma Chow, District Conservationist
707-794-1242 x 3111
emma.chow@ca.usda.gov

Rural Development - State Office
430 G Street #4169
Davis, CA 95616
(530) 792-5800
Or check this link for your local office
http://offices.sc.egov.usda.gov/locator/app

USDA is an equal opportunity provider and employer.
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GET ASSISTANCE?
If your area has suffered severe damage and may qualify
under the EWP program, you are encouraged to contact
your local flood control district or County Supervisor to
request assistance. City and county governments and
flood control districts are the most common sponsors of
EWP projects.
The sponsor's application should be in the form of
a letter signed by a qualified representative of the
sponsoring organization. The letter should include
information on the nature, location and scope of the
problem for which assistance is requested.
Information is available from NRCS offices which
explains the eligibility requirements for the EWP
program.

Natural Resources
Service
/\. N RCS Conservation
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USDA Equal Opportunity Statement

Emma Chow, Napa County District Conservationist
707-252-3111, emma.chow@ca.usda.gov

The United States Department of Agriculture (USDA)
prohibits discrimination in all its programs and activities
on the basis of race, color, national origin, gender,
religion, age, disability, political beliefs, sexual orientation,
and marital or family status. (Not all prohibited bases
apply to all programs.) Persons with disabilities who
require alternative means for communication of program
information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD).

Wendy Rash , Solano County District Conservationist
707-448-0106, wendy.rash@ca.usda.gov

To file a complaint of discrimination, write USDA, Director,
Office of Civil Rights, Room 326W, W hitten Building, 14th
and Independence Avenue, SW, Washington, DC 202509410 or call (202) 720-5964 (voice or TDD). USDA is an
equal opportunity provider and employer.

For more infonnation contact:

Jennifer Walser, Sonoma County District Conservationist
707-794-1242, jennifer.walser@ca.usda.gov

EWP

REDUCING IMMINENT HAZARDS
TO LIFE AND PROPERTY
Revised March 2014

A summary of program requirements and assistance 8from the
USDA Natural Resources Conservation Service.

What is the
Emergency Watershed Protection
program?
The Emergency Watershed Protection Program, EWP,
was created by Congress to respond to emergencies
caused by natural disasters. The program is designed
to help people reduce imminent hazards to life and
property caused by floods, fire, drought, earthquakes,
windstorms and other natural disasters.
The purpose
of the EWP
program
is to help
communities
with a
common
problem. It is
generally not
an individual
assistance
program. All projects undertaken must be sponsored
by a political subdivision of the State such as a city,
county, or a flood control district.
The USDA Natural Resources Conservation Service
(NRCS) is responsible for administering the program.

What kind of assistance is available?
There are two types of assistance available:
Exigency – An imminent threat to life and property
exists and requires immediate federal action. Work must
generally be completed within 10 days of accessing the
site in order to protect life and property.
Non-Exigency – A situation where the threat to life and
property is high enough to constitute an emergency, but
the situation is not considered urgent and compelling.
Work in this category does not require immediate action,
but should be completed as soon as possible (within 220
days from starting work).
NRCS can pay up to 75 percent of emergency
measures. The remaining 25 percent comes from
local sources and can be in the form of cash, in-kind
services or a combination of both.

What are the criteria for assistance?

What kind of work can be done?

All EWP work must reduce threats to life and
property. Work must be economically and
environmentally defensible and sound from an
engineering standpoint.

EWP work is not limited exclusively to any one set of
prescribed measures. A case-by-case investigation of the
needed work is made by NRCS. EWP work can generally
include:

EWP work must yield benefits to more than one
person. All work must represent the least expensive
environmentally sound alternative.

Who is eligible?
Public and private landowners are eligible for
assistance but must be represented by a project
sponsor. The project sponsor must be a public agency
of a state, county, or city government, or a special
district.

• debris removal from stream channels, road
culverts and bridge abutments;
• reshaping and protection of eroding banks;
• correction of damaged drainage facilities;
• repair of levees and structures;
• reseeding of damaged areas.

What does the sponsor have to do?
Sponsors are responsible for providing landrights to
do repair work and for securing all necessary permits.
Sponsors are also responsible for furnishing the local
cost share and for implementation of work. The
work can be done either through local contracts
administered by the sponsor, or the sponsor can use
their own equipment and personnel. If sponsors do
not have capability to do the work by either of these
options, work can also be done by Federal Contract.
For projects where the sponsors or their consultants
prepare designs and contract documents, these
documents shall be provided to NRCS for review
and approval prior to advertising for bids or starting
work. Technical assistance costs born by the sponsor
for design and/or inspection will be compensated as
an “in-kind service” toward 25 percent cost share as
defined in the project agreement.
NRCS will not
allow work
to be done
in streams
outside the
time limits
specified in
the necessary
permits.

What EWP cannot do
EWP funds cannot be used to solve problems that
existed before the disaster. Nor can they be used
to improve the level of protection above that which
existed prior to the disaster.
EWP cannot fund operation and maintenance work
or repair private or public transportation facilities or
utilities.
EWP work cannot adversely affect downstream
water rights and EWP funds cannot be used to install
measures not essential to the reduction of hazards. In
addition, EWP funds cannot be used to perform work
on measures installed by another federal 9agency.

United States Department of Agriculture

March 2014

Incentives Program (EQIP)

EQIP

provides financial and technical

Environmental Quality Incentives Program

Overview
The Environmental Quality

assistance to agricultural
producers in order to address
natural resource concerns and
deliver environmental benefits
such as improved water and
air quality, conserved ground
and surface water, reduced soil
erosion and sedimentation or
improved or created wildlife
habitat.

USDA’s Natural Resources Conservation Service offers voluntary Farm Bill
conservation programs that benefit agricultural producers and the environment.

Benefits
Eligible program participants receive financial and technical assistance to
implement conservation practices, or activities like conservation planning,
that address natural resource concerns on their land. Payments are made to
participants after conservation practices and activities identified in an EQIP plan of
operations are implemented. Contracts can last up to ten years in duration.

Eligibility
Agricultural producers and owners of non-industrial private forestland and Tribes
are eligible to apply for EQIP. Eligible land includes cropland, rangeland, pastureland, non-industrial private forestland and other farm or ranch lands.

Helping People Help the Land
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Socially disadvantaged, beginning
and limited resource farmers, Indian
tribes and veterans are eligible for
an increased payment rate and may
receive advance payment of up to
50 percent to purchase materials
and services needed to implement
conservation practices included in
their EQIP contract.

How to apply

Applicants must:

EQIP applications will be ranked
based on a number of factors,
including the environmental
benefits and cost effectiveness of
the proposal.

•

Control or own eligible land

•

Comply with adjusted gross
income limitation ( AGI )
provisions

•

•

More Information

Visit your local USDA Service Center
to apply or visit
www.nrcs.usda.gov/getstarted.

For more information visit your local
USDA Service Center or
www.nrcs.usda.gov/farmbill.

NRCS will help eligible producers
develop an EQIP plan of operations,
which will become the basis of the
EQIP contract.

Find your local USDA Service
Center

Be in compliance with the highly
erodible land and wetland
conservation requirements

http://offices.usda.govnd manage-

What’s New in EQIP
•

The former Wildlife Habitat
Incentive Program was folded into
EQIP.

•

Advance payment opportunities
now exist for veteran agricultural
producers.

•

Advance payments for socially
disadvantaged, beginning and
limited resource farmers, Indian
tribes and veterans were raised
from 30 percent to 50 percent.

Develop an NRCS EQIP plan of
operations

Additional restrictions and program
requirements may apply.

•

Payment limitations are set at
$450,000 with no ability to waive.

w w w. n r c s . u s d a . g o v.
A water trough in a pasture keeps cattle out of critical riparian area.

USDA is an equal opportunity provider and employer.
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A conservation plan is a stepby-step road map to address a
landowner's concerns and to meet
their conservation goals. The plan can
address wildfire fuel loading and other
contributors to wildfire on private
forestland and ranchland.

For information on EQIP, emergency assistance

programs, and and the Farm Bill, please visit your

local NRCS office or the NRCS California website
at: www.ca.nrcs.usda.gov/programs/

Natural Resources Conservation Service
Helping People Help the Land

Catastrophic
Wildfire Assistance
on Private
Forestland and
Ranchlands
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EMERGENCY ASSISTANCE TO LANDOWNERS
The USDA Natural Resources Conservation Service
(NRCS) Environmental Quality Incentives Program
(EQIP) Catastrophic Fire Recovery assistance can
help agricultural operators recover from catastrophic
fires that have happened in the past 18 months.
Priority resource concerns include immediate soil
erosion protection, controlling noxious and invasive
plants, protecting water quality, and restoring
livestock infrastructure necessary for grazing
management on forestland and rangeland.
One consequence of fire is an increased potential
for soil erosion. Not only does fire destroy the litter
and plants covering the ground, but severly hot fires
actually cause a water-repelling condition called
hydrophobicity that accelerates erosion even more.
Practices to control soil erosion at burned forest and
range sites include using damaged trees or woody
residues to slow runoff water, creating check dams
in drainages, spreading straw to protect the soil, and
reseeding efforts.
The management and rotation of livestock can also
help facilitate recovery of burned sites most at risk for
erosion and weed proliferation. In some cases, range
planting may be necessary if range cover is absent.
Lastly, forestland and rangeland access roads and
culvert systems may need to be repaired due to fire
suppression activities. Emergency access roads or
trails, created for fire suppression, may need to be
addressed as these can become a source for dirt and
other material into nearby water bodies.
Interested landowners are encouraged to work with
their local NRCS office to create a conservation
plan and apply for assistance to help recover from
the damaging effects of wildfire. Available practices

include, but are not limited to, planting conifer
seedlings, spreading woody residue and/or mulch,
building new livestock watering facilities, replacement
of damaged irrigation equipment, and removing dead
or dying trees.

CONSERVATION PLANNING
The NRCS works with forest and woodland owners to
develop a conservation plan customized to meet the
owner’s objectives for their land. The conservation
plan will address resource concerns and propose
improvements that can be voluntarily implemented
on the landscape. Conservation planning provides
direction to forest and woodland owners to achieve
goals and improve natural resources. Landowners
with a conservation plan may receive priority for
Farm Bill funding.

HOW TO APPLY
Persons interested in NRCS assistance should
contact their local NRCS field office. Applications
may be submitted within 18 months of the fire's
occurence. Eligible projects will be evaluated,
prioritized and selected for funding as budget
allocations permit. Submitting an application does
not obligate the landowner to participate.

Top Practices Available Through
The EQIP Catastrophic Wildfire
Recovery Program
BRUSH MANAGEMENT
Removal of woody debris to restore natural plant
community balance, restore vegetative cover, and
enhance wildlife habitat.
FENCING
Establishing a fence serves as a constructed barrier
to livestock, wildlife, or people. Regulates animal
movement for improved pasture productivity.
CONSERVATION COVER
Maintaining a permanent vegetative cover to
reduce soil erosion while improving water, air, and
soil quality; pest management; and adding wildlife
habitat.
WOODY RESIDUE
The treatment of residual woody material that is
created due to management activities or natural
disturbances.
CLEARING AND SNAGGING
Removal of vegetation along the bank (clearing)
and/or selective removal of snags, drifts, or other
obstructions (snagging) from natural or improved
channels and streams.
MULCHING
Using ground cover to manage soil moisture,
soil temperature, erosion, and weeds. Provides
vegetative cover, and improves soil condition.
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Natural Resources Conservation Service

Post Fire Restoration
Dos and Don’ts
DO: Consult with the Natural Resources Conservation
Service (NRCS) and your local Resource Conservation
District (RCD) and/or a private land restoration consultant
before starting any landscape, slope or soil restoration
effort on areas damaged by wild fire.

DO: Re-plant damaged landscapes with drought tolerant, fire
retardant native plants with re-sprouting ability. Use planting
stock and/or seed that are native to the area and is from a
locally collected source. Consult with NRCS/RCD for a list of
plants to consider.

DO: Gather as much information as possible from Cal
Fire, U.S. Forest Service, local fire district officials, Fire
Safe Councils, NRCS, RCD, and/or local fire restoration
consultants regarding reducing fire hazard and making
your property fire safe when planning your property
restoration.

DO: Obtain any necessary permits before cutting down
trees, performing any major land grading activity, building
any retaining wall, constructing a permanent sediment or
erosion control structure, or doing any work in a riparian area,
wetland, stream course or other natural area.

DO: Evaluate and map out locations of existing and/or
pre-fire subsurface drainage, irrigation and utility facilities
on your property, including under-ground pipe drains and
outlets; roof runoff/gutter drain outlets; culverts; irrigation
systems; utilities, etc. Determine if still operable and/or
degree of damage, if any.
Note: Many underground plastic drains and irrigation lines
may have melted or otherwise been destroyed in the fire or
by fire-fighting equipment.
DO: Install sediment control measures, such as straw
wattles, mulching, plantings, slash, sediment traps and/
or other properly designed and located sediment control
measures, if necessary, and as directed by NRCS, RCD
or other resource restoration specialist, such as a Certified
Professional in Erosion and Sediment Control (CPESC).
Note: Sediment control measures will help to prevent
eroded and displaced soil from entering streams, roadside
ditches and waterways, and help protect water quality
and water supplies. Consult with licensed landscape
contractors or other licensed contractors with erosion and
sediment control experience for design and installation
assistance.
DO: Coordinate and plan restoration efforts with
neighbors and/or road and neighborhood associations.

Note: Permits and/or consultations may be needed from
your county office, California Department of Fish and Wildlife,
U.S. Fish and Wildlife Service, California Regional Water
Quality Control Board, U.S. Army Corp of Engineers, and
NOAA/National Marine Fisheries Service.
DO: Monitor and maintain fire and fuel breaks that may have
been created by fire fighters on your property. Water bars/
breaks should be provided and maintained on these fire
control measures so that runoff water does not concentrate
and cause erosion. Consult with CalFire regarding
maintenance assistance of fire and fuel breaks constructed by
fire fighters on your property during the Fire.
DO: Monitor and maintain all existing and planned erosion,
sediment, and drainage control measures, including
vegetative treatments, before during and after all future
rainfall events. Correct deficiencies as soon as possible.
Note: One of the main reasons why recommended treatment
practices fail following installation is the lack of long term
maintenance by the landowner or responsible party.
DO: Hire and/or consult with licensed contractors, preferably
ones that are certified and/or experience in soil erosion and
sediment control, for design and installation assistance of
vegetative and structural measures needed to restore slopes,
soils, proper drainage conditions and landscape.

USDA is an equal opportunity provider, employer, and lender.
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After the Fire

Natural Resources Conservation Service

Post Fire Restoration
DOS AND DON’TS

DON’T
DON’T: Be too quick to remove fire damaged vegetation,
including trees that were not completely burned. Many of the
damaged and scorched native plants will re-sprout and come
back, including oak trees that were severely burned.
Note: Consider pruning first before removing the entire
plant.
DON’T: Place loose debris, pruning’s, discarded firedamaged vegetation in gullies, drainage swales or
watercourses, over stream banks, etc. in an attempt to protect
bare soil without first consulting with NRCS. Piles of brush will
prevent plants from reestablishing under dense brush piles
and may dislodge if in contact with concentrated runoff or
stream flows causing other problems.

DON’T: Use materials such as broken asphalt or
concrete, inorganic debris or other objects as an
emergency or permanent erosion control measure,
especially if these materials can come in contact with
runoff water, natural drainages and stream courses.
Note: In some cases, rock and broken concrete
can be used as velocity dissipaters and placed
at the outlets of road culverts or other drains to
protect the soil from erosion and washout, provided
these dissipaters are designed by an appropriate
professional.

Note: Removed brush can sometimes be used as mulch if
chipped or spread thinly over the critical soil areas.

DON’T: Cover fire damaged slopes with plastic
sheeting in an attempt to prevent slope failure and
protect bare or disturbed soil from next year’s rainfall.
Plastic sheeting will: increase runoff and the likelihood
of erosion; retain moisture in the ground increasing
the possibility of slope saturation and instability; and
kills root systems of native plants trying to re-establish
naturally. Plastic sheeting is almost always the wrong
thing to do.

DON’T: Plant Erosion Control Seed Mixes. These mixes
are likely to contain non-native mix of grasses and legumes
or California natives that are indigenous to other areas of the
state and/or are not intended for wild land or fire damaged
soil/slope restoration. Don’t plant other non-native, invasive
plants or grasses, such as annual ryegrass as well.

Note: Depending on site conditions, an alternative
to plastic sheeting might be the use of hydro-mulch, a
proper application of rice straw, or an erosion control
blanket if recommended by a Certified Professional
Erosion and Sediment Control (CPESC) or geotechnical consultant.

Note: In some situations bare and disturbed soil and slopes
can be re-seeded/re-planted with native grasses and plants
but only if the seed and plant materials are from local known
sources and indigenous to the area that needs treatment.
Other native grasses and plants may discourage local natives
from reestablishing on their own, and/or compete with, and/
or slow down native re-establishment. If white ash is present,
then resident seed from pre-existing native plants may no
longer exist. White ash is an indicator that the fire burned very
hot. Any resident seed bank in the soil was likely killed during
the fire in these white ash areas. Re-seeding these areas to
native grasses and/or re-planting with native plants of the
same genotype, according to a re-vegetation plan developed
by an experienced fire ecologist/native plant specialist, may
be a good idea.

DON’T: Control and concentrate future property
drainage and runoff without a proper drainage control
design that considers proper drainage facility sizing,
location, and dispersion method. Whenever possible
keep surface runoff in natural “sheet” flow and
incorporate practices such as vegetative cover to slow
runoff and improve the water infiltration capacity of the
soil.
Note: Consult with NRCS/RCD for general planning
information on controlling drainage around your
home and property before proceeding with drainage
repairs and improvements following fire damage. For
design and installation assistance contact a landscape
contractor experienced in erosion and drainage control.

USDA is an equal opportunity provider, employer, and lender.
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DOS AND DON’TS
DON’T: Use straw bales (in whole bale form) as water
diversion and detention devices or for sediment control in
burn areas. Contrary to popular belief and use these devices
require a great deal of maintenance and are not right for most
situations. Their design, location, and installation should only
be done by a qualified contractor certified in erosion and
sediment control. Straw wattles and loose straw that is simply
spread over bare and disturbed soil is much more effective in
protecting soil than keeping it in bale form.
Note: Rice or weed-free straw should only be used to
prevent the possibility of nonnative grasses and weeds,
contained in straw bales, from colonizing treatment areas.
DON’T: Disturb the hydrophobic soil layer that forms on
some soils following fire on slopes susceptible to land sliding.
Hydrophobicity is a natural phenomenon that actually gives
the soil a water repellant ability that reduces infiltration
and the capacity of the soil to hold water. The hydrophobic
layer is normally found within 6 inches of the surface. In
other areas, it may be advisable to break up this layer to
aid in plant establishment and water infiltration lessening
the impacts of runoff and erosion. For more information on
soil hydrophobicity and/or an on-site soil evaluation and site
assessment contact NRCS.

DON’T: Disturb potentially unstable slopes, especially
those in fault areas and/or with signs of previous
movement or known historic instability. Disturbances
such as grading, cutting, removing trees root wads or
other deep excavations will increase the likelihood of
future slope failure.
Note: If these slope alternations are absolutely
necessary, then consult with a registered geologist
or geo-technical expert before slope disturbance/
restoration activity.
DON’T: Do anything. This may be the best solution
on some properties. Doing nothing will allow nature
and time to heal soil and vegetation damage naturally,
especially in wild land and other natural areas. In fact,
tampering with natural processes may very well delay
natural recovery and re-establishment of pre-existing
native cover.
DON’T: Do what your neighbor is doing. Every
situation is unique whether or not the neighbor had
expert advice or not before installing temporary or
permanent land and water protection measures. Your
property is different in many regards including soil type,
slopes, drainage conditions, type and condition of plant
cover, degree of fire damage, etc. Get expert advice
and a site damage assessment, including treatment
recommendations, from NRCS before proceeding with
your property restoration efforts.
Note: Practices such as sandbags, plastic, straw bale
basins and check dams, etc. are all temporary and
require a great deal maintenance. Furthermore, they
are not right for every situation and can actually make
problems worse or create new ones.
DON’T: Wait until the last minute to plan, design and
install erosion, sediment or drainage control practices
that may be necessary to safeguard your home and
property before next winter.

DO: Have an on-site assessment of fire damage done to your
property by NRCS or another qualified fire restoration specialist that
is certified in soil erosion and sediment control.

Note: The nature and extent of your restoration effort
will depend on the degree of damage; time needed to
get a site assessment; acquiring an appropriate plan
and design; securing any necessary permits; lining up
a contractor and doing the work.

USDA is an equal opportunity provider, employer, and lender.
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NRCS is a non-regulatory federal agency under the U. S. Department of Agriculture whose mission
is to “Help People Help the Land.” The agency was formed more than 80 years ago with the help of
landowners. Additionally, all information provided or resource data collected on private properties by
NRCS is kept confidential and only shared with the property owner or legal agent unless NRCS has
written permission, by the property owner, to release the information to others.

Contact Information
Mendocino County
Carol Mandel
District Conservationist
707-485-3233
Carol.mandel@ca.usda.gov

Napa County
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov

Solano County
Liz Colby
Field Office Engineer
707-448-0106 ext. 115
Liz.colby@ca.usda.gov

Sonoma County
Jennifer Walser
District Conservationist
707-794-1242 Ext. 3
jennifer.walser@ca.usda.gov
www.ca.nrcs.usda.gov
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Preparing for Winter Following Fire
By Rich Casale, Certified Professional Erosion & Sediment Control Specialist #3
USDA Natural Resources Conservation Service
The sound of falling rain this winter may take on a whole
new meaning for those who either suffered property
damage from wildfires or who live directly downstream of
fire damage watersheds. If you are concerned about the
possibility of erosion, mudslides, flooding or other related
winter storm impacts following fire then the following 10
Basic Rules may help you prepare and safeguard your
properties and families during future winter storm and runoff
events.

10 Basic Rules
1. Keep it under cover. Protect existing plant cover and
establish vegetative cover (or other protective cover such as
mulch) on all bare or disturbed soil and slopes immediately
around your home and other property improvements before
the winter rains. Plant materials and different types of
mulches can be used to protect soil and slopes from the
impact of falling rain and storm water runoff. Note: Seeding
and/or mulching is not recommended in wild land areas but
may have some application on soils disturbed by dozers and
along side access roads and driveways if recommended
by an appropriate professional, such as a native plant
specialist. Grass and/or plantings should be native or noninvasive non-native plant materials.
2. Do not disturb soil and slopes during the rainy season.
Slopes and soil are more susceptible to instability and
erosion when vegetation is removed or disturbed and when
soil becomes saturated.

3. Drainage facilities and potential runoff impacts on
private roadways, long driveways and even fire breaks,
especially in fire damaged areas, need to be evaluated.
Runoff control treatments including protective release points
may be needed to protect down slope areas from erosion,
slope failure and flood hazards. Consider the following 4-D
formula when dealing with drainage and runoff issues.
a. Decrease volumes and/or velocity of runoff by
providing velocity dissipation (rock or other prepared
outlets) at culvert and drain outlets and breaking up
large volumes of runoff coming from roof tops and
landscape into smaller less erosive forms.
b. Detain runoff and meter over time or store for later
use to lessen impact on saturated soil and slopes during
peak storm events. Detention basins, rain gardens, and
water harvesting systems are all ways to detain runoff.
c. Dissipate runoff where ever concentrated flows come
in contact with bare soil and/or steep slopes by installing
practices (vegetation, mulch, rock aprons, etc.) that
spread runoff and help reduce both erosive capacity
of soil and runoff volumes. Install velocity dissipaters
at all culvert and drain outlets to prevent soil erosion.
Note: Road culverts may need to be extended to a safer
discharge point if culvert outlets have been denuded by
fire.
d. Divert runoff if all else fails. Use this “D” with
extreme caution. It may be helpful to re-route runoff
and drainage away from unstable slopes, eroded areas,
unprotected soil, etc.
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10 Basic Rules
4. Monitor and maintain all existing and planned runoff,
erosion and sediment control measures (including vegetative
cover) before and throughout the rainy season. Correct
deficiencies as soon as possible. In some areas, leaf litter
may be a serious problem for roof, driveway and landscape
drainage systems because of all the fire and heat damage
done to evergreen vegetation this year. Properly designed,
located, and installed trash racks, debris barriers, gutter
guards and other similar devices will help to reduce
maintenance and allow home and property drainage systems
to function properly.
5. Use emergency/temporary practices such as sand bags,
brush and slash, plastic sheeting, and hand-dug drainage
ditches, etc. with extreme caution or don’t use at all. Do not
install without professional guidance. For example: covering
slopes with plastic sheeting or dumping brush into gullies or
other eroded areas is almost always the wrong thing to do.
An improperly designed or placed emergency practice can
be worse than no practice at all. Additionally, emergency
measures may cause new hazards or problems and provide
a false sense of security.
6. Prune or remove high hazard fire damaged trees capable
of falling on to living structures or roads before winter storms.
Note: Don’t remove healthy or slightly damaged trees
unnecessarily. Tree root systems are still holding soil and
slopes in place and tree cover is protecting soil from impact
of falling rain as well as reducing winter runoff. Consult with
Cal Fire and/or a registered professional forester (RFP) or
certified arborist for assistance. Contact Forestry hotline at
800-738-TREE (8733); forestryhelp@gmail.com for a list of
RPFs or certified arborists.
7. There is an increased threat of rock fall in some areas
because of damage to vegetation and shallow rocky soils
and slopes in affected watersheds. Debris barriers and
rock fall netting can be effective in capturing smaller rocks,
but larger rocks will require more substantial measures.
If there is a threat of large rocks releasing from slopes on
your property or adjacent properties, then seek professional
assistance. Contact the USDA Natural Resources
Conservation Service or the resource conservation district.
8. Get professional help with design and installation of any
temporary or permanent practices to control runoff, prevent
an erosion problem, or address a slope stabilization concern.

9. Work with neighboring property owners when
determining permanent solutions for drainage and runoff
issues. Runoff normally extends beyond property lines. You
may be liable for both controlled and uncontrolled releases
of collected runoff on to down slope neighboring properties
if you decide not to be concerned with potential off site
impacts.
10. Be prepared and don’t stay in your home when
it becomes unsafe. Have a home and neighborhood
evacuation plan. Have an emergency plan for your pets and
livestock as well. Stockpile emergency supplies including
sandbags, a supply of sand, straw, etc. Pay close attention
to weather forecasts, flash flood and storm warnings, water
levels in nearby creeks, etc. throughout the winter. Monitor
property rainfall with a rain gauge. Evacuation plans should
always include at least one alternative escape route and a
list of important/emergency numbers, including numbers of
neighboring property owners.
Roadway related problems, flooding, existing gullies and
eroded areas, including stream bank erosion are all likely to
appear or get worse this first winter following fire. Sediment
levels in creeks and waterways are expected to rise,
reducing channel capacities and increasing the likelihood
of flooding on properties and down stream. Note: If flooding
and/or mudslides occur and impact road surfaces, do not
attempt to drive over flowing water or mud.
Some signs of impending danger from debris flows,
landslides and severe erosion or imminent flooding include:
an intense storm event (1-2 inches per hour), especially
following previous rainfall that caused ground saturation;
water flowing over the landscape where it hadn’t appeared
in previous winters; leaning or falling trees; tension cracks
along the top edge of slopes and along driveways and
roads; seeps or increased spring activity in slopes; severely
disturbed and unprotected slope areas caused by firefighting
efforts or from recent activities to remove fire damaged trees
and other slope holding vegetation.
For more information, helpful publications, erosion control
plant lists, drainage control and road maintenance guides or
other natural resource information contact:
NRCS: Emma Chow, District Conervationist, 707-252-4189 x 3111 or
emma.chow@ca.usda.gov or Napa RCD: Leigh Sharp, Executive
Director, 707-690-3119 or leigh@naparcd.org

USDA is an equal opportunity provider, employer, and lender.
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Preparing for Winter Following Fire in
Vineyards, Orchards, and Rangelands
The sound of falling rain this winter may take on a whole
new meaning for those who either suffered property
damage from wildfires or who live directly downstream
of fire damaged watersheds.
If you have an existing Napa County-approved
Erosion Control Plan (ECP) for your vineyard, a
Sonoma County-approved Vineyard and Orchard Site
Development Ordinance (VESCO) permit for your
orchard or vineyard, or a Ranch Water Quality Plan
(RWQP) for your grazed land in the Sonoma Creek
or Napa River watershed, follow it. Further guidance
may be found in Sonoma County’s Best Management
Practices for Agricultural Erosion and Sediment
Control and the Napa County Code (Chapter 18.108,
Conservation Regulations).

10 Basic Rules
If you don’t have one of the above plans and/or are
concerned about the possibility of erosion, mudslides,
flooding, or other winter storm impacts following fire,
then these 10 Basic Rules may help you prepare your
property and family for future winter storm runoff.
1. Cover disturbed areas. Protect remaining
plant cover. Spread mulch (straw, wood chips,
etc.) and establish vegetation by seeding bare
or disturbed soils before winter rains, especially
around buildings, structures, firebreaks, and
access roads and driveways. Seed mixtures
should either be native or, if non-native, should
be non-invasive species. Note: seeding and
mulching is generally not recommended in
rangeland and wildland areas.
2. Prevent soil disturbance. Minimize travel on,
and tillage of, burned areas during the rainy

season. Slopes are less stable, and soils are
more erodible, when vegetation is burned, soil
has been impacted by heat, and when soil
becomes saturated.
3. Evaluate roads and drainage facilities.
Look for damage on earthen and gravel roads,
firebreaks, culverts, and stream crossings.
Runoff control treatments, including armored
outlets, may be needed to protect downslope
areas from erosion, slope failure, and flood
hazards. Use the “4-D formula” to:
a. Decrease volumes and/or velocity of
runoff by providing energy dissipation
(rock or other armoring) at culvert and
drain outlets and dividing large flows
from roofs and landscapes into smaller,
less erosive forms.
b. Detain or collect runoff and either
release it over time or store it for later
use to lessen impact on saturated soils
and slopes during large storms.
c. Dissipate runoff where ever
concentrated flows come in contact
with bare soil and/or steep slopes by
installing practices that spread runoff
(grass, mulch, rock aprons, etc.) and
reduce soil erosion and runoff volume.
Extend culverts to a safer discharge
location or install velocity dissipaters
at culvert and drain outlets if they have
been denuded by fire.
d. Divert runoff as a last resort and do so
with extreme caution. It may be helpful
to re-route runoff and drainage away
from unstable slopes, eroded areas, or
unprotected soils.

USDA is an equal opportunity provider, employer, and lender.
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10 Basic Rules
4. Monitor and maintain existing measures. Check
existing erosion and sediment control structures and
treatments (including vegetative cover) before and
throughout the rainy season. Correct deficiencies as
soon as possible. Leaf litter may clog roof, driveway,
and surface drainage systems because of the fire
and heat damage done to evergreen vegetation.
Properly designed and installed trash racks, debris
barriers, gutter guards, and other devices will reduce
maintenance and allow home and property drainage
systems to function properly.
5. Use caution with emergency treatments. Use
caution when employing sand bags, brush and
slash, plastic sheeting, and hand-dug drainage
ditches, or don’t use them at all without professional
guidance. For example, covering slopes with plastic
sheeting can speed up rainfall runoff and dumping
brush into gullies may clog downstream drainage
structures. An improperly designed or placed
emergency practice can be worse than not doing
anything at all, adding new hazards and a false
sense of security.
6. Treat high hazard, fire damaged trees. Prune or
remove trees that may fall onto people, animals,
structures, or roadways before winter storms. Note:
don’t remove healthy or slightly damaged trees
unnecessarily. Healthy tree root systems still hold
soil and slopes in place and the tree canopy protects
soil from the impact of falling raindrops while
reducing winter runoff. Consult Cal Fire and/or a
Registered Professional Forester for assistance.
7.

Consider debris barriers below rocky slopes.
There is an increased threat of falling rocks from
steep slopes and shallow, rocky soils in affected
watersheds. Debris barriers are effective for
catching smaller rocks, but larger rocks will require
more substantial measures. If there is a threat of
large rocks releasing from slopes on your property
or adjacent properties, then seek professional
assistance. Contact the USDA Natural Resources
Conservation Service (NRCS) or your local
Resource Conservation District (RCD).

8. Seek professional assistance. For the design
and installation of any temporary or permanent
practices to control runoff and/or prevent erosion,
services from NRCS and RCDs are here for you.
www.ca.nrcs.usda.gov.

9. Work with neighbors. Permanent solutions for
drainage and runoff issues may be better with the
cooperation of neighboring landowners since runoff
rarely follows property boundaries. You may be
liable for both controlled and uncontrolled releases
of collected runoff on to downslope properties if you
do not consider potential off-site impacts.
10. Be prepared with an evacuation plan. Don’t stay if
it becomes unsafe to do so. Prepare a property and
neighborhood evacuation plan and an emergency
plan for pets and livestock. Stockpile emergency
supplies including sandbags, straw mulch, etc. Pay
close attention to weather forecasts, flash flood and
storm warnings, and creek water levels throughout
the winter. Evacuation plans should include at least
one alternative escape route and a list of emergency
phone numbers, including those of neighbors.
Roadblocks, flooding, gullies and streambank
erosion are often worse in the first winter following
fire. Sediment levels in creeks and waterways are
expected to rise, reducing channel flow capacities
and increasing the likelihood of flooding on
properties and downstream. Note: do not attempt to
drive through flowing water or mud on roads.
Some signs of impending danger from debris flows,
landslides, severe erosion, and/or imminent flooding
include: an intense storm event (1” to 2” per hour)
especially following recent rainfall; water flowing over
the landscape where it hadn’t appeared in previous
winters; leaning or falling trees; tension cracks along
the top edge of slopes and along driveways and
roads; seeps and increased spring activity in slopes;
severely disturbed and unprotected slopes caused
by firefighting work or from recent removal of fire
damaged trees or other stabilizing vegetation.
For more information, helpful publications, erosion
control plant lists for fire-prone areas, drainage
control and road maintenance guides, or other
natural resource information for your property,
contact:
USDA Natural Resources Conservation Service
Emma Chow, District Conservationist
707-252-4189 x 3111, emma.chow@ca.usda.gov
Napa Resource Conservation District
Leigh Sharp, Executive Director
707-252-4189 x 4, leigh@naparcd.org
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Post Fire Restoration on Forestland
and Woodland areas
Private landowners with wooded areas or nonindustrial forestland affected by wildfire are very
concerned about what might happen to fire-damaged
soils, slopes, and water courses when the rains
come.
They are also wondering what can be done now to
minimize the effects of erosion and sedimentation
processes before any storm events. Still others are
questioning whether or not to remove fire damaged
or destroyed trees and other vegetation now, to leave
alone or to wait.
The Natural Resources Conservation Service
(NRCS), a federal non-regulatory agency under
the U.S. Department of Agriculture, provides
assessments of fire damages to natural resources
and watersheds to forest land owners and managers.
Some of the more important post fire actions to take
include the following:
(1) Have an on-site assessment of fire damage done
to your property by a NRCS specialist, Registered
Professional Forester (RPF), Certified Professional in
Soil Erosion and Sediment Control (CPESC), or other
qualified fire restoration specialist.
(2) Don’t be too quick to remove fire damaged trees
and other vegetation, especially redwood and coastal
live oak trees that have thick and/ or fire resistant

bark. On some properties, doing nothing may be the
best solution, allowing nature to restore vegetative
cover naturally. In areas where trees were partially
damaged by fire, smoke or heat there will be an
enormous leaf drop through the fall that will provide
soil protection from rain and runoff in the coming
winter. Consult with a RPF or Certified Arborist for
specific advice on which trees to cut or save. Contact
the California Forestry Stewardship Program’s
Forestry Helpline at: 800-738-TREE (8733) or at
forestryhelp@gmail.com for more information and a
list of Registered Professional Foresters and Certified
Arborists practicing in California.
(3) Monitor and maintain any pre-existing and new
fire/fuel breaks, access roads and trails that might
exist on your property to make sure that surface
runoff does not concentrate and cause these facilities
to erode or cause damage to slopes, soils and water
courses. Proper grading and/ or correctly spaced
and constructed water bars and/or drainage/rolling
dips will help to prevent these bare soil and disturbed
areas from being an erosion problem during the rainy
season.
Note: In some cases, water bars may actually cause
problems if not located, constructed or maintained
properly. In other cases, they might not even be
needed. Bare and disturbed soil areas can also
be protected with a layer of slash or weed-free
22

USDA is an equal opportunity provider, employer, and lender.

After the Fire

Natural Resources Conservation Service

Hillside
Post Fire
Home
Restoration
Drainage

Post Fire Restoration on Forestland
and Woodland areas
straw mulch. Consult with NRCS and/or CalFire for
assistance on preventing erosion on fire/fuel breaks
and access routes constructed in the firefighting
effort.
(4) Do not plant non-native erosion control seed
mixes. These mixes are not intended for forestland.
Where soil and sunlight conditions are desirable,
some seeding of equipment/dozer disturbed areas
(usually around home sites and not in the wildland
landscape) may be beneficial but should only be done
in accordance with appropriate native or short-lived,
non-invasive, non-native grasses and advice provided
by NRCS, fire restoration expert, or a CPESC.
Note: Seeding will delay native plant regeneration and
actually compete with natural recovery of the forest
landscape.

(5) Runoff control will be imperative in the first few
winters following wildfire, especially where drainage
facilities on roads and around structures were
damaged, destroyed or inadequate. Efforts should be
made to minimize concentrated flow especially over
steep slopes. Whenever possible, runoff should not
be channeled but allowed to either sheet over the soil
and slopes as it naturally would or be controlled in
such a way that it does not cause slope saturation or
erosion. Contact NRCS for runoff control strategies
and further details.
(6) Control non-native, invasive plants that will want to
take over fire damaged soils and slopes following fire
and in the years ahead. Non-native plants will slow
natural regeneration and will likely create a higher fire
and soil erosion hazard over time.

Contact Information
Mendocino County
Carol Mandel
District Conservationist
707-485-3233
Carol.mandel@ca.usda.gov

Napa County
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov

Solano County
Liz Colby
Field Office Engineer
707-448-0106 ext. 115
Liz.colby@ca.usda.gov

Sonoma County
Jennifer Walser
District Conservationist
707-794-1242 Ext. 3
jennifer.walser@ca.usda.gov
www.ca.nrcs.usda.gov
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Hillside Home Drainage
CAUTION: After a fire many trees are weakened from burning around the base of the trunk.
The trees can fall over or blow down without warning. Shallow-rooted trees can also fall.
Therefore be extremely alert when around burned trees.

Drainage tips for hillside homeowners:
Hillside lots that have been damaged by fire or are located in a fire-damaged watershed can be susceptible to erosion,
drainage and other runoff related problems. Torrential or prolonged rains cause the most damage. To treat surface
drainage problems, you will first need to identify the sources of surface water (runoff) flowing onto or over your property.
Walk outside and around your home. As you walk, observe the “lay” of your lot and the surrounding properties. Also,
observe your roof and driveway. Is your home on top of a hill where all surface waters drain away from your home? If so,
you will be concerned with holding topsoil on your property. Few homeowners live on top of a hill. So, it is more likely that
water will flow onto your property from an adjacent hillside. Where will the water concentrate and how can you control
the sediment that is carried with the water?

Gutters and downspouts direct roof runoff:
Be sure that your roof is properly fitted with gutters and downspouts that will release water onto a non-erodible surface
such as a paved driveway. Or you can connect downspouts firmly to solid plastic pipe that will carry water down slope
away from your home to a place where it will be released safely such as a paved roadside or storm drain ditch. Because
twigs, pine needles and leaves can clog gutters and downspouts, the use of gutter guards of 1/4 to 1/2-inch hardware
cloth screen is highly recommended. Clear your gutters regularly and inspect them to ensure your roof runoff system is
working properly.
USDA is an equal opportunity provider, employer, and lender.
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Curbs and berms protect sensitive slopes:

Hillside Home Drainage

A concrete curb, a compacted earth berm, or other similar structures on the outside edge of a driveway or building pad
can direct runoff away from sensitive slopes to an area where it can be released safely. The recommended height of the
berm is a minimum of
12-18 inches. (see other fact sheets for information on temporary flood barriers). A pipe drop may be used to carry runoff
down slope to a place where it can be released safely, such as a lined roadside ditch or storm drain.

Lined ditches handle road & driveway runoff:
Roads and driveways can be graded toward a lined ditch or street side gutter designed to handle sheet flow water from
paved surfaces and uphill slopes. At specific intervals along the main road, water may be transported under the road
through a culvert and released safely onto a non-erodible surface. An energy dissipater, such as a rock lined outlet, can
serve this purpose where slope is minimal. In steeper areas or where large volumes of water may accumulate, other
precautions may be needed to prevent wash-outs or localized flooding.

Proper grading promotes good drainage:
Proper grading of your land helps prevent water from pooling around foundations, flooding basements or below grade
structural components, and concentrating water into destructive volumes. In general, grade surfaces around a home so
runoff flows away from foundations at a minimum slope of 1-2 feet for every 100 feet. Grade and compact surfaces evenly
since water can collect in depressions or channelize into destructive flows.

Contact Information
Natural Resources Conservation Service
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov
www.ca.nrcs.usda.gov

Napa Resource Conservation District
707-252-4189 Ext. 4
www.naparcd.org

USDA is an equal opportunity provider, employer, and lender.
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Hydromulching
CAUTION: After a fire many trees are weakened from burning around the base of the trunk.
The trees can fall over or blow down without warning. Shallow-rooted trees can also fall.
Therefore be extremely alert when around burned trees.
What is hydromulching?
Hydromulching is spraying a mixture of water, fiber mulch, and tackifier on burned slopes to prevent soil erosion or
foster revegetation. Seed, fertilizer, or soil stabilizing polymers may also be applied with the hydromulch.

When is hydromulching used?
Hydromulch is used on severely burned or otherwise highly erosive areas with 20 percent to 60 percent slopes.
Hydromulching is an expensive erosion control method and therefore is generally limited to treating high risk areas
to protect valuable properties, surface water supply sources, or important habitat. Due to its expense, conventional
mulching is generally used on slopes less than 20 percent. Use of ground applied hydromulch is limited to areas
within 300 feet of the roads or trails that are necessary to provide access for the application equipment.
Uniform aerial application of hydromulch is difficult to accomplish and as a result has proven less
effective for erosion control, so it is seldom recommended. Hydromulch is generally not recommended where there is
more than 25 percent surface rock cover, in areas where there is appreciable needle-cast, or where there is good potential
for regrowth of vegetation within the first year after a fire.
Hydromulching utilizes a 1,000 to 3,000 gallon tank mounted on a truck or trailer that
is equipped with a special pump and continuous agitation system. The pump forces the slurry through either a
discharge nozzle mounted on top of the tank or a nozzle on the end of a hose. Hoses are typically limited to 200 feet
in length. Fiber mulch and tackifier are added to the water in the tank and thoroughly mixed prior to application.
USDA is an equal opportunity provider, employer, and lender.
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Hydromulching
Methods and Materials:
The type and amount of mulch and tackifier is selected to provide a minimum of 70 percent surface cover that will
remain in place for at least one growing season. Application rates in the range of 2,000 to 3,000 pounds of wood fiber
mulch and 75 to 100 pounds of Guar based tackifier per acre are typical. Fiber mulch has natural tackifying properties,
but adding a tackifier is necessary to ensure the mulch remains in place when it is applied to burned slopes. Use of
500 to 1,000 pounds fiber mulch per acre and tackifier can be applied over loose, blown straw to tack it down where
crimping is impractical.
The actual materials and application rates to be used at any location should be determined by erosion control experts
with consideration for the specific site characteristics and the level of protection required.

Hyrdroseeding:
When seed is applied with the mulch (Hydroseeding) split applications are generally more effective than applying all
materials in one pass. About 500 pounds of mulch per acre is applied with the seed (and fertilizer if recommended) in
the first pass followed by a second application of 1,500 to 2,000 pounds of mulch and tackifier.

Safety concerns:
Ground hydromulching uses existing roads that may have other traffic. A road safety plan is needed to identify and
explain how to mitigate traffic related hazards. Personnel applying hydromulch must wear the type and extent of
personel protective equipment that is appropriate for the type and nature of material being applied. Fiber mulch is
dyed to aid in uniform distribution, and care should be taken to avoid application on concrete, painted surfaces, or
other structures/areas where mulch is not intended to be applied.

Contact Information
Natural Resources Conservation Service
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov
www.ca.nrcs.usda.gov

Napa Resource Conservation District
707-252-4189 Ext. 4
www.naparcd.org

USDA is an equal opportunity provider, employer, and lender.
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Log Erosion Barriers
CAUTION: After a fire many trees are weakened from burning around the base of the trunk.
The trees can fall over or blow down without warning. Shallow-rooted trees can also fall.
Therefore be extremely alert when around burned trees.
What are Log Erosion Barriers?
Log Erosion Barriers (LEBs) are logs placed in a shallow trench on the contour to intercept water running down a slope and
trap sediment. This treatment may also be known as contour log felling, log terraces or terracettes.

When are log erosion barriers used?
Log erosion barriers are used on moderate or severely burned slopes ranging between
20 percent to 60 percent, with erosive soils. LEBs are used where erosion rates have increased significantly because of the
fire and there are high values at risk downstream. The site must have enough trees of adequate size to meet treatment
objectives (at least 60 trees per acre). Soils can be shallow, but not less than about 8 inches. LEBs increase infiltration, add
roughness, reduce erosion, and help retain small amounts of eroded soil on site. LEBs should be effective for a period of
one to two years, providing short-term protection on slopes where permanent vegetation will re-establish and provides
long-term erosion control.

Materials needed:
•
•
•

6-12 inch diameter logs, 10-30 feet long
An expert sawyer and labor crew with hand tools
Machines may be used for moving logs or trenching them in on 30 percent or flatter slopes
USDA is an equal opportunity provider, employer, and lender.
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Log Erosion Barriers
How are log erosion barriers installed?
A contour line is marked on the slope to identify the approximate cross slope alignment. Trees along this line are felled
on the upstream side of the contour line as much as possible. Stumps are left about 12” high to brace the tree. The logs
are cut to a length that permits safe handling and placement for the crew, generally 10 to 30 feet. Tree limbs are removed
to the extent necessary for the log to lie flat on the ground. A shallow trench (about 4 to 6 inches deep) is dug along the
contour. The log is placed in the trench and seated with tamped backfill such that water flowing down the slope will
not run under it. For this practice to be effective, enough trees must be felled along the contour line to create a semi
continuous barrier to the movement of water down the slope, as shown in Figure 1 & 2.

Fig. 1 - Theoretical log terracing pattern

Contour line

10 ft - 30 foot logs, 6 - 12 inch diameter

Horizontal spacing

Fig. 2 - Typical log & bedding detail
Foot-tamped backfill
4 in to 6 in deep trench

10 ft - 30 foot logs, 6 - 12 inch diameter
Existing slope

USDA is an equal opportunity provider, employer, and lender.
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Log Erosion Barriers

How many LEBs are required?

Depending on characteristics of the slope, somewhere between 60 and 152 trees per acre are needed for use of LEBs to
be effective. Figure 1 depicts the pattern of LEBs on the slope, and Table 1 shows recommended spacing.

Table 1: Recommended spacing for contour slope treatments
Burn Intensity

Slope Steepness
(percent)

Moderate

10 - 20%
20 - 50%

60
30

40
20

>50%

15

10

Severe
Spacing (feet)

Contact Information
Natural Resources Conservation Service
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov
www.ca.nrcs.usda.gov

Napa Resource Conservation District
707-252-4189 Ext. 4
www.naparcd.org

USDA is an equal opportunity provider, employer, and lender.
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Sandbag Barrier
CAUTION: After a fire many trees are weakened from burning around the base of the trunk.
The trees can fall over or blow down without warning. Shallow-rooted trees can also fall.
Therefore be extremely alert when around burned trees.

What is a sandbag barrier?
A sandbag barrier is an inexpensive temporary wall, one to two feet high that is constructed by stacking sand-filled or
earth-filled sandbags and placing them to divert mud and other debris flows away from buildings. These barriers do not
provide protection from high debris flows.

When is a sandbag barrier used?
These barriers are used to protect building sites vulnerable to low mud debris flows from steep, erodible slopes that are
partially or completely void of vegetation due to wildfire burns. This is an inexpensive, temporary protection method that
can be used by homeowners before predicted rainfall. Sandbags deteriorate when exposed to continued wetting and
drying for several months If the bags need to be used for more than a few months, cement can be mixed with the sand. The
cement and sand mixture will harden when the bags dry.

How is a sandbag barrier installed?
These barriers are easy to construct using burlap or plastic bags, sand, plastic, lumber, cement and plywood. Sandbag
Protection lends itself well to installation by volunteer groups and individual landowners.

USDA is an equal opportunity provider, employer, and lender.
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How is a sandbag barrier installed (cont)?

Sandbag Barrier

Selecting Treatment Areas: Begin by trying to direct debris flows away from buildings and other structures. Clear a path
for the debris. Do not try to dam it or stop it. Protect your most valuable property first. Debris can enter a building through
doors and windows. They should be boarded up and waterproofed with plastic sheets. Sandbags will not seal out water.
Filling Bags: Fill sandbags one-half full. Use sand, if available, or, local soil. Fold the top of the sandbag down and place the
bag on its folded top (see illustration).
Placing Bags: Refer to the illustration. Place each sandbag as shown, finishing each layer before starting the next. Limit
placement to two layers unless they are stacked against a building or sandbags are pyramided. It is important to place the
bags with the folded top in the upstream or uphill direction facing the flow of water to prevent them from opening when
water runs by.

Illustration: Sandbag filling and placement

Contact Information
Natural Resources Conservation Service
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov
www.ca.nrcs.usda.gov
Napa Resource Conservation District
707-252-4189 Ext. 4
www.naparcd.org

USDA is an equal opportunity provider, employer, and lender.
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Seeding
CAUTION: After a fire many trees are weakened from burning around the base of the trunk.
The trees can fall over or blow down without warning. Shallow-rooted trees can also fall.
Therefore be extremely alert when around burned trees.

Why seed after a wildfire?
Loss of vegetation leaves land vulnerable to increased runoff, erosion, and sedimentation. It also encourages weeds;
degrades habitat; and impairs forest regeneration. Re- establishment of permanent vegetation provides long-term erosion
control, may restore lost habitat values, and may help suppress noxious weed invasion after a wildfire.
However it takes time and favorable climatic conditions to establish vegetation from seeding operations. Therefore it
may be six months or a year before the full benefits of seeding are realized. Seeding must be combined with other land
treatments, such as mulching, to provide an immediate erosion control benefit, and to assure the seed remains in place
until it can germinate.

When is the right time to seed after a fire?
Seed grasses and forbs in late fall or winter (even if there are a few inches of snow). To improve the probability for a
successful seeding, use a national or local weather services to time your seeding within 30 days of precipitation. The prime
time to seed is immediately prior to the ground freezing. Trees or shrubs should be planted in the fall or early spring when
plants are dormant.

USDA is an equal opportunity provider, employer, and lender.
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Seeding

What areas need to be seeded?

Severely burned sites should be seeded to decrease the likelihood of erosion and sediment movement down slopes, to
discourage weed invasion, or to fulfill management objectives.
The area to be seeded should have adequate soil to support vegetation. Seeding slopes steeper
than 60 percent is difficult, and not especially effective for reestablishing permanent vegetation. These steep slopes may
need the use of erosion control mats to keep soil and seed in place. These mats are expensive so use only on critical areas.
Vegetation in areas of light and moderate burn severity will recover on its own after a wildfire, and seeding perennial
species is usually not necessary. Seeding a temporary species may provide some ground cover or reduce intrusion of
weeds until the permanent vegetation can reestablish.

How should the seeding be done?
Most seeding are done by hand, use of self-propelled ground equipment, or by aircraft. Landowners can seed small areas
using a hand-crank seed broadcaster. If there is access to the site and the slope is less than about 30 percent it is usually
easier and more cost effective to seed areas larger than about 1-2 acres with broadcast seeders mounted on all terrain
vehicles or tractors. Large contiguous areas lend themselves to aerial seeding, which can also be used on slopes that are
too steep or otherwise inaccessible for use of ground equipment. Seeding included with a hydromulching operation
should be considered when re-vegetation is essential to protecting high value properties immediately downstream of the
area being treated. If fire seals or rain smooths soil surface, then it may be helpful for small areas to rake by hand and for
larger areas to roughen up the surface mechanically (see Mechanical Scarification) prior to broadcast seeding, for improved
success.

What variety of seeds should be used?
Perennial grasses and forbs are slower to establish, but provide long-term cover for reseeded sites. For example, slender
wheatgrass is a native grass that establishes quickly and is moderately long-lived. Over time, as the slender wheatgrass begins
to die out, other native species begin to fill in the site.
Small grains are useful when quick establishment is key; however, they only provide one year of protection. Revegetate with
annual species where perennial grasses will recover naturally, including moderately burned sites with slopes greater than 15
percent. For severely burned areas it would be appropriate to include perennial species with the small annual grains. You
should use certified seed of a known variety to get the best results. If a specified variety is not available, be sure the original
seed (germplasm) source is within 200 miles north/south; 500 miles east/west; and 3,000 feet elevation of your property. Be
sure seed does not contain any noxious weeds.

USDA is an equal opportunity provider and employer.
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Seeding

What variety of seeds should be used?

Most seeding recommendations are seed drilling rates expressed in terms of pounds of pure live seed (PLS) per acre
(PLS=%Purity x %Germination). Broadcast rates for burned areas should be at least dourble the drilling rates.
Contact the local NRCS, Extension Service, or conservation district office for recommended varieties and seeding rates.

What should be done along with the seeding?
Mulching will stabilize the soil surface to prevent movement of soil particles and loss of seed. Use straw or grass hay
mulch. Apply mulch at 70 lbs/1,000 sq. ft. (about 43 bales per acre). Use weed free material. Do not fertilize the first year.
Use netting to keep the mulch in place on small areas of steep slopes or erosion mats that act as mulch. Hydromulching
and seeding is very expensive, but it can be accomplished in one operation. Maintain seeded areas by repairing any spots
of failure with new seed and mulch if possible.

Contact Information
Natural Resources Conservation Service
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov
www.ca.nrcs.usda.gov

Napa Resource Conservation District
707-252-4189 Ext. 4
www.naparcd.org

USDA is an equal opportunity provider and employer.
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Hand Raking
CAUTION: After a fire many trees are weakened from burning around the base of the trunk.
The trees can fall over or blow down without warning. Shallow-rooted trees can also fall.
Therefore be extremely alert when around burned trees.

What is a hand raking?
Hand raking is a treatment performed by a crew of laborers using hand tools such as rakes, hoes, Pulaskis or McLeods to
scarify or loosen the upper part of the soil profile. It can also be accomplished with light equipment such as an all terrain
vehicle (ATV) pulling a harrow where there is sufficient access for the equipment and slopes are less than 30 percent.

When is hand raking used?
Hand Raking or light scarification is used on severely burned slopes with hydrophobic soil properties that will also be
treated by mulching for erosion control, and may also include seeding to reestablish vegetation. It is primarily applicable
to areas that are too small for efficient use of large machines, or are not accessible by machines due to slope steepness
or presence of obstructions. The soil must be fairly loose to begin with such that it can be tilled with hand tools or a light
harrow.
The primary use of this practice is to improve seedbed conditions immediately ahead of a seeding operation.

USDA is an equal opportunity provider, employer, and lender.

36

After the Fire

Natural Resources Conservation Service

Hand Raking
When is hand raking used?
Hand raking does not till the soil deep enough to have any appreciable effect on infiltration of or reducing runoff. In
cases where the fire has induced hydrophobic characteristics that exist only at or near the ground surface hand raking
may have some benefit to reduce the hydrophobic effect by mixing affected soil with unaffected soil from deeper in the
profile.
Hand raking increases the erodibility of the soil so it must be used in combination with erosion control treatments, such
as mulching.

How is hand raking performed?
Laborers outfitted with rakes, hoes, Pulaskis, or other rugged hand tools, and appropriate personal protective equipment,
loosen and mix the soil to a depth of 2 to 4 inches over the areas to be treated. On slopes of less than 20% with few
obstructions light scarification can be accomplished with an ATV pulling a tined harrow.
The entire slope may be raked to achieve the maximum effect. To reduce treatment costs on large areas hand raking can
be accomplished in 8 foot wide strips spaced uniformly over the slope. A contour line is marked about 1/3 the way down
the slope to establish a key line.
The strips are marked and raked parallel to this key line. The maximum recommended spacing between strips is shown
below:

Slope gradient
(percent)

Raked strip spacing
(feet)

< 5%
5 - 10%
10 - 20%
20 - 30%

160
120
60
30

Contact Information
Natural Resources Conservation Service
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov
www.ca.nrcs.usda.gov

Napa Resource Conservation District
707-252-4189 Ext. 4
www.naparcd.org

USDA is an equal opportunity provider, employer, and lender.
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Contour Sandbags
CAUTION: After a fire many trees are weakened from burning around the base of the trunk.
The trees can fall over or blow down without warning. Shallow-rooted trees can also fall.
Therefore be extremely alert when around burned trees.

What is a contour sandbags?
Biodegradable bags are filled with on site soil and bedded in a shallow trench
forming a continuous barrier along the contour (across the slope) to intercept
water running down the slope.

Sandbags are places along the
contour of the slope.

When are contour sandbags used?
Contour Sandbags are used on burned slopes that have less than 30% of the original ground cover remaining and are
at risk for increased erosion. They can be installed on slopes up to 70 percent; however their effect diminishes greatly
on slopes steeper than 50 percent. Soils can be shallow, but not less than about 6 inches. Contour Sandbags increase
infiltration, add roughness, reduce erosion, and help retain eroded soil on the slope. Contour Sandbags should be effective
for a period up to one year, providing short term protection on slopes where permanent vegetation will be established
to provide long term erosion control. Contour Sandbags can accomplish the same treatment as Log Erosion Barriers, but
require less skilled labor to install and can be placed on the slope more effectively. Sandbags should not be placed across
drainage swales and channels with more than one acre of contributing drainage area because they are not sturdy enough
to resist the forces of concentrated flows.

USDA is an equal opportunity provider, employer, and lender.
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Contour Sandbags

How are contour sandbags installed?

Installation of Contour Sand Bags is straight forward and is an easy practice for untrained laborers, landowners and
volunteer groups to complete.
• Layout a contour line on the slope with a hand level and wire flags.
• Dig a shallow depression, about two to three inches deep along the flag line
• Use the soil from the trench excavation to fill bags half to three-quarters full.
• Fold the top over and lay the filled bags end to end in the trench.
• Seat the bags with foot tamped backfill on the upstream side such that water flowing down the slope will not run
under them.
What Materials are Needed?
• Sandbags
• Hand tools -shovels, pulaskis

How many sandbags are required?
The horizontal spacing of Contour Sandbags is determined with consideration for normal rainfall intensity, slope
steepness, soil characteristics, and the extent of surface cover remaining after the fire. Figures 1 depicts the placement of
sandbags on the slope. Table 1 shows recommended spacing for treating burn areas.

Fig. 1 - Typical contour sandbag installation
Horizontal spacing
Foot-tamped backfill
Existing slope

Soil filled sandbag

Table 1 - Recommended spacing for contour sandbags
Slope Steepness
(percent)
< 5%
5 - 10%
10 - 20%
20 - 50%

Low Intensity
Spacing (feet)

250
200
120
60

Quantity (bags/
acres)

135
164
272
544

Burn Intensity
Moderate Intensity
Spacing (feet)

160
120
60
30

Quantity (bags/
acres)

204
272
544
1088

USDA is an equal opportunity provider, employer, and lender.

Severe Intensity
Spacing (feet)

130
90
40
20

Quantity (bags/
acres)

250
364
818
1634
39
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Hillside Home Drainage

Contact Information
Natural Resources Conservation Service
Jennifer Walser
District Conservationist
707-794-1242 Ext. 3
jennifer.walser@ca.usda.gov
www.ca.nrcs.usda.gov

Sonoma Resource Conservation District
Jeff Schreiber
707-569-1448 Ext. 110
sonomarcd.org

USDA is an equal opportunity provider, employer, and lender.
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Erosion Control Mats
CAUTION: After a fire many trees are weakened from burning around the base of the trunk.
The trees can fall over or blow down without warning. Shallow-rooted trees can also fall.
Therefore be extremely alert when around burned trees.

What are erosion control mats?
An erosion control mat (ECM) is a protective mulch blanket or soil stabilization mat constructed with Rolled Erosion Control
Product (RECP). The ECM is anchored on a slope to limit erosion from rainfall or overland flow, or to enhance revegetation.
The RECP can be as simple as fiber (jute or coir) or synthetic netting staked down over straw mulch; or as complex as a
multi-layer geosynthetic composite blanket.

When are erosion control mats used?
ECMs are used on severely burned slopes that have lost protective vegetative cover. ECMs are expensive so their use is
generally limited to small areas to prevent erosion that would otherwise cause significant damage to high value properties.
ECMs can be used in conjunction with or as an alternative to mulches. ECMs are not appropriate in all situations.
ECMs are not recommended for steep slopes with sandy soils, or slopes with many rocks on the surface, or for slopes with a
significant amount of fire burned vegetation remaining. The ground surface must be fairly smooth, and such obstructions
would prevent good contact between the ECM and the soil.

USDA is an equal opportunity provider, employer, and lender.
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How are erosion control mats installed?

Erosion Control Mats

The soil surface should be reasonably smooth. Rocks and other obstructions which rise above the level of the soil and
mulch must be removed.
The chosen RECP should be applied up and down the slope - never along the contour. The upper end of the roll at the top
of the treated area should be buried in a trench at least 8 inches deep. Rolls should be laid out so that edges overlap each
other by at least 6 inches across the slope. When more than one roll is required going down the slope. The ends going
down the slope should overlap by at least 3 feet. This is extremely important!
Anchor pins or staples are used to anchor the netting to the soil surface. Anchor pins are made of rigid 0.12 inch diameter
or heavier galvanized wire with a minimum length of 10 inches for hook or “J” type pins. Staples should be of wire .09
inches in diameter or greater and should have ‘U” shaped legs that are at least 6 inches in length. Longer staples are needed
for sandy soils.
Staples or anchor pins need to be driven perpendicularly into the slope face and should be spaced about 5 feet apart down
the sides and center of the roll. Spacing between staples at the upper end of a roll, and at the end overlap of two, rolls
should not be greater than 1 foot.

Contact Information
Natural Resources Conservation Service
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov
www.ca.nrcs.usda.gov
Napa Resource Conservation District
707-252-4189 Ext. 4
www.naparcd.org

USDA is an equal opportunity provider, employer, and lender.
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Hazard Tree Removal
CAUTION: After a fire many trees are weakened from burning around the base of the trunk.
The trees can fall over or blow down without warning. Shallow-rooted trees can also fall.
Therefore be extremely alert when around burned trees.

What is hazard tree removal?
The work consists of removing dead and/or damaged trees that pose a hazard to people, animals, personal property,
utilities, and other structures that might be damaged from falling trees.

When should trees be removed?
Dead trees that pose a threat to life or property may be located adjacent to homes, outbuildings, access roads and other
structures. Assessing tree mortality is an important step in determining the risk to life and property. Refer to University of Idaho
Extension’s “After the Burn” or WA DNR’s “Fire Injured Trees: Making an Initial Assessment of Whether a Tree is Likely to Die” for
guidlines in assessing tree mortality.

How should trees be removed?
Work should be completed by qualified fallers and/or equipment operators. Inspect the tree prior to falling to identify any
hazards such as cracks, mistletoe brooms or deformities in the bole or canopy that can increase the complexity of falling the
tree. When cutting hazard trees, you should try to limit soil disturbance and the number of vehicular trips across your land.
This will help to minimize erosion and noxious weed introduction. All branches should be cut from the tree and the trunk of
tree should lay flat on the soil surface. Cut-tree material is often more valuable left on-site. Broadcasting chips from dead trees
USDA is an equal opportunity provider, employer, and lender.
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Hazard Tree Removal

How should trees be removed?

back onto the burned land can help reduce erosion. Log erosion barriers may help stabilize soils on slopes in some areas (see
specification on Log Erosion Barriers). In addition, lopping and scattering limbs and finer material can help reduce surface
water flow, erosion and improve soil condition by replacing organic matter and nutrients.

Safety precautions
Removing hazardous trees in burned areas is dangerous due to a significant risk that burned trees may fall unexpectedly
or drop branches on workers with little or no warning- especially during times of high winds, heavy precipitation and/or
saturated soils. Always use the appropriate personal protection gear when operating a chainsaw, such as: hard hat, gloves,
eye protection, hearing protection, chaps and steel toed boots. Use chainsaws with spark arresters and review their safety
instructions. Review safety instructions when using ATVs or other machinery.
In the years following the fire, many of the trees will begin to fall on their own as roots, trunks and limbs decay.
Landowners should continue to be aware of these hazards.

Contact Information
Natural Resources Conservation Service
Emma Chow
District Conservationist
707-252-4189 Ext. 3111
emma.chow@ca.usda.gov
www.ca.nrcs.usda.gov

Napa Resource Conservation District
707-252-4189 Ext. 4
www.naparcd.org

USDA is an equal opportunity provider, employer, and lender.
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Storm Proofed Roads
The following abbreviated criteria identify common characteristics of storm-proofed roads. Roads are stormproofed when delivery to streams is strictly minimized. This is accomplished by dispersing road surface
drainage, protecting stream crossings from failure or diversion, and preventing failure of unstable cutbanks or
fillslopes from delivering sediment to a stream. For typical drawings and more information related to road
storm proofing visit, http://www.napawatersheds.org/roads
Storm-proofed stream crossings
•
•
•
•
•

Ensure that culvert inlet, outlet, and bottom are open and in sound condition.
Ensure that any plastic culverts have not melted due to exposure to heat.
Ensure that culverted stream crossings have no diversion potential (functional critical dips are in place).
Ensure that culverted stream crossing inlets have low plug potential (single-post trash rack). You should
expect streams to flow with more debris than has been previously observed.
Ensure that bridges have stable, non-eroding abutments. Check the decking as well as the underside of
wooden brigs for any significant damage.

Storm-proofed cutbanks and fillslopes
• Monitor cutbanks and fillslopes for slumping, rock falls, or other landsliding. These areas may become
more unstable due to lack of vegetation.
• Excavated soil should be placed in locations where it will not enter a stream.
• Excavated soils should be placed where it will not cause further slope failures or landslides.
• Unstable soils may be too saturated to excavate during the rainy season so treatments may have to wait
until dryer time of year.
Road surface drainage
• All road surfaces can be storm proofed by implementing a variety of surface drainage techniques
including construction of rolling dips and /or waterbars, and berm removal.
• Ditches and cutbanks can be storm proofed by frequently draining them with rolling dips or waterbars
&/or ditch relief culverts. Ensure that these features do not discharge to streams or onto active (or
potentially active) landslide areas.
• Monitor outflow from rolling dips, waterbars, and ditch relief culverts during the rainy season.
• Watch for gully development along the outside edge of the road throughout the rainy season. If gullies
do develop then dewater them to best extent possible.
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Typical Critical Dip Design for Stream Crossings
with Diversion Potential
Road bed

Critical dip

A

Fill
Native hill slope
Culvert

Cross section

Critical dip
Isometric
Critical Dip Construction:

1. Critical dip will be constructed on the lower side of crossing.
2. Critical dip will extend from the cutbank to the outside edge of the road
surface. Be sure to fill inboard ditch, if present.
3. Critical dip will have a reverse grade A from cutbank to outside edge of
road to ensure flow will not divert outside of crossing.
4. The rise in the reverse grade will be carried for about 10 to 20 feet and then
return to original slope.
5. The transition from axis of bottom, through rising grade, to falling grade,
will be in the road distance of at least 15 to 30 feet.
6. Critical dips are usually built perpendicular to the road surface to ensure
that flow is directed back into the stream channel.
Napa County Resource Conservation District
www.naparcd.org / 1303 Jefferson St, Suite 500B, Napa Ca, 94559 / (707)252-4188
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Typical Drawing # 1c

Typical Design of a Single-post Culvert Inlet Trash Rack
Cross section view
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D - Culvert diameter
D* - If the culvert is designed for the 100-year peak storm flow, the trash rack height above the streambed
should equal D.
If the culvert is undersized, then the trash rack needs to be extended vertically above the streambed
to match or exceed the expected headwall height.

Plan view
Notes:
1. Many materials can be used for a singlepost trash rack including old railroad
track, galvanized pipe, and fence posts.

Outboard fillslope

Road surface

Culvert
inlet

D

Culvert

2. The diameter of single-post trash racks
should be sized based on the size of
expected woody debris. As a basic rule
of thumb, the diameter of the trash rack
should be equal to the diameter of the
expected woody debris up to 4 inches.
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Pacific Watershed Associates Inc.

Geologic and Geomorphic Studies • Watershed Restoration • Wildland Hydrology • Erosion Control • Environmental Services
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Typical Drawing #3
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Skew axis of dip 30
degrees or greater to road
length.

Rolling DIP (Typical)

Discharge dip into
vegetative cover
On existing tread
build downslope crest
with compacted fill

Begin

8 inch depth (min)

End
2ft long flat reach at
base of trough

Downroad
Tail

Reverse
grade

Up road
approach

Dip Axis
Accelerated slope at
outlet of dip to facilitate
drainage
3 to 5% outslope

ROAD
GRADE (%)

<5%
10%
15%
>15%

+8%

TROUGH

A: REVERSE GRADE

Minimum depth
below
downslope crest
8 inches

Minimum distance and grade from trough axis
to downroad crest (ft)
15 feet at 5%

7 feet at 10%

B: UP ROAD APPROACH
DOWN ROAD TAIL
Distance from up-road
Grade (%)
start of rolling dip to
trough axis (ft)
50
10%
50
15%
30
20%
30
25%

Rolling dip instructions:
• A rolling dip is a long, permanent dip constructed into native soils. The dip can be constructed to
drain the inboard ditch or just the road surface.
• On existing roads the cut of the dip should start 30-50 feet upslope of the trough, with an outslope of
2-4%.
• Dip axis should be skewed down road at 30 degree off of centerline of road length – this will
facilitate in efficiently draining the road without buildup of sediments in trough and makes the dip
more drivable (i.e. the "roll" of the dip)
• The trough of the dip should be outsloped 3-5% with a flat reach of 2 feet.
• The reverse grade of the dip shall generally be sloped 5% for a minimum of 15 feet to form a minimum
8 inch deep dip. Road surface, where fill material will be placed, should be ripped first to ensure fill
material interlocks with existing tread.
• The crest of the reverse grade should be a 2 foot long flat reach and the fill material should
continue for a minimum of 30-50 feet before tapering to original grade.
• On roads steeper than 15% a steeper/shorter reverse-grade dip may be required.
• Dips shall be placed as specified in the plans. If not specified, then dips shall be placed at maximum
150-200 foot spacings.

Typical Drawing48#11b

Typical Road Surface Drainage by Waterbars

Waterbar installation:
1. Waterbar construction for seasonal use roads. Specifications are average
and may be adjusted to conditions.
2. A tie-in cut and berm to cutbank.
3. B angle waterbar 300-400 downgrade with road centerline.
4. C berm height should be 4”-6” above the roadbed.
5. D cut depth should be 4”-6” into roadbed.
6. E approach should be 3’-4’ length.

Waterbar spacing: 1,000/slope gradient
Example: @20% slope waterbar spacing =1,000/20=50 feet
Napa County Resource Conservation District
www.naparcd.org / 1303 Jefferson St, Suite 500B, Napa Ca, 94559 / (707)252-4188
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Typical Drawing #21

If you live in a recently burned area, and there is
a rainstorm…
Prior to Storms
1. Watch the patterns of storm-water drainage near your home, and note the places where runo
water converges, increasing flow in channels. These are areas to avoid during a storm.
2. Contact your local authorities to learn about the emergency-response and evacuation plans for your
area. Develop your own emergency plan for your family or business.

During a Storm
1. Stay alert! Many debris-flow and flood fatalities occur when people are sleeping. Listen to the radio
for warnings of intense rainfall. NOAA Weather Radio All Hazards tone alert will let you know of
hazards in your area. Be aware that intense bursts of rain may be particularly dangerous, especially
a er longer periods of heavy rainfall.
2. If you are in an area susceptible to flooding or debris flow (or has experienced flooding or debris
flow in the past), consider leaving if it is safe to do so. Remember that driving during heavy
rainstorms can be hazardous.
3. If you are near a stream or a channel, listen for any unusual sounds that might indicate moving
debris, such as trees cracking or boulders knocking together. A trickle of flowing mud or debris may
precede larger flows. Be alert for any sudden increases or decreases in water flow and for a change
from clear to muddy water. Such changes may indicate debris-flow activity upstream, so be
prepared to move quickly. Don't delay! Save yourself, not your belongings.
4. Keep in mind that rises in water levels during flash floods and debris flows may occur much more
rapidly, and may be significantly larger, than those produced when the watershed is not burned.
https://landslides.usgs.gov/research/wildfire/whattodo.php

50

5. Be particularly alert when driving. Bridges may be washed out, and culverts overtopped. Do not
cross flooding streams!! Turn Around, Don't Drown ®! Embankments along roadsides are
particularly susceptible to landsliding. Watch the road for collapsed pavement, mud, fallen rocks,
and other indications of debris flow.
Warnings and Watches for post-fire flash flood and debris flow are based on rainfall intensity-duration
thresholds. Such thresholds have been developed for recently burned areas in southern California by
comparing characteristics of storms known to have produced flash floods and debris flows with those
that did not. Thresholds are defined by identifying those combinations of rainfall intensity and duration
that are unique to flash flood and debris-flow producing storms. Where available, information on known
times of flood or debris-flow occurrence is incorporated into the thresholds. Threshold lines delineate a
range of rainfall combinations - from short duration, high intensity to longer duration, lower intensity any of which can result in flash-flood or debris-flow activity. Post-fire threshold conditions change with
time as sediment supplies are depleted and vegetation recovers, and so in addition to thresholds that
are useful for immediately a er a fire, thresholds for the following rainy season have also been
developed.
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Landslides 101
What is a Landslide?
The term landslide includes a wide r ange of gr ound mo vement , such as r ock f alls, deep f ailur e of
slopes, and shallo w debris flo ws. Although gravity acting on an over-steepened slope is the primary
reason for a landslide, there are other contributing factors:
erosion by rivers, glaciers, or ocean waves create oversteepened slopes
rock and soil slopes are weakened through saturation by snowmelt or heavy rains
earthquakes create stresses that make weak slopes fail
earthquakes of magnitude 4.0 and greater have been known to trigger landslides
volcanic eruptions produce loose ash deposits, heavy rain, and debris flows
excess weight from accumulation of rain or snow, stockpiling of rock or ore, from waste piles, or
from man-made structures may stress weak slopes to failure and other structures

Slope material that become saturated with water may develop a debris flow or mud flow. The resulting
slurry of rock and mud may pick up trees, houses, and cars, thus blocking bridges and tributaries causing
flooding along its path.

Where do Landslides Occur?
Landslides oc cur in e very state and U.S. t errit ory. The Appalachian Mountains, the Rocky Mountains
and the Pacific Coastal Ranges and some parts of Alaska and Hawaii have severe landslide problems. Any
area composed of very weak or fractured materials resting on a steep slope can and will likely experience
landslides.
Although the physical cause of many landslides cannot be removed, geologic investigations, good
engineering practices, and e ective enforcement of land-use management regulations can reduce
landslide hazards.
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USGS scientists continue to produce landslide susceptibility maps for many areas in the United States.
In every state, USGS scientists monitor streamflow, noting changes in sediment load carried by rivers
and streams that may result from landslides. Hydrologists with expertise in debris and mud flows are
studying these hazards in volcanic regions.

Why Study Landslides?
Landslides ar e a serious g eologic haz ard common t o almo st every State in the Unit ed States. It is
estima ted tha t in the Unit ed States, the y cause in e xcess of $1 billion in damag es and fr om about 25
to 50 de aths e ach y ear. Globally, landslides cause many billions in damages and thousands of deaths
each year.
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Landslide Preparedness
Landslide Warning Signs
Springs, seeps, or saturated ground in areas that have not typically been wet before.
New cracks or unusual bulges in the ground, street pavements or sidewalks.
Soil moving away from foundations.
Ancillary structures such as decks and patios tilting and/or moving relative to the main house.
Tilting or cracking of concrete floors and foundations.
Broken water lines and other underground utilities.
Leaning telephone poles, trees, retaining walls or fences.
O set fence lines.
Sunken or down-dropped road beds.
Rapid increase in creek water levels, possibly accompanied by increased turbidity (soil content).
Sudden decrease in creek water levels though rain is still falling or just recently stopped.
Sticking doors and windows, and visible open spaces indicating jambs and frames out of plumb.
A faint rumbling sound that increases in volume is noticeable as the landslide nears.
Unusual sounds, such as trees cracking or boulders knocking together, might indicate moving
debris.

Areas that are generally prone to landslide hazards
On existing old landslides.
On or at the base of slopes.
In or at the base of minor drainage hollows.
At the base or top of an old fill slope.
At the base or top of a steep cut slope.
Developed hillsides where leach field septic systems are used.
Areas that are typically considered safe from landslides
On hard, non-jointed bedrock that has not moved in the past.
On relatively flat-lying areas away from sudden changes in slope angle.

At the top or along the nose of ridges, set back from the tops of slopes.
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What To Do Before a Landslide
Do not build near steep slopes, close to mountain edges, near drainage ways, or natural erosion
valleys.
Get a ground assessment of your property.
Contact local oicials, state geological surveys or departments of natural resources, and university Ā
departments of geology. Landslides occur where they have before, and in identifiable hazard
locations. Ask for information on landslides in your area, specific information on areas vulnerable to
landslides, and request a professional referral for a very detailed site analysis of your property, and
corrective measures you can take, if necessary.
Watch the patterns of storm-water drainage near your home, and note the places where runo Ā
water converges, increasing flow in channels. These are areas to avoid during a storm.
Learn about the emergency-response and evacuation plans for your area. Develop your own
emergency plan for your family or business.
Minimize home hazards:

Have flexible pipe fittings installed to avoid gas or water leaks, as flexible fittings are more
resistant to breakage (only the gas company or professionals should install gas fittings).
Plant ground cover on slopes and build retaining walls.
In mudflow areas, build channels or deflection walls to direct the flow around buildings.
Remember: If you build walls to divert debris flow and the flow lands on a neighbor's property,
you may be liable for damages.

What To Do During a Landslide
Stay alert and awake. Many debris-flow fatalities occur when people are sleeping. Listen to a NOAA
Weather Radio or portable, battery-powered radio or television for warnings of intense rainfall. Be
aware that intense, short bursts of rain may be particularly dangerous, especially a er longer
periods of heavy rainfall and damp weather.
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If you are in areas susceptible to landslides and debris flows, consider leaving if it is safe to do so.
Remember that driving during an intense storm can be hazardous. If you remain at home, move to a
second story if possible. Staying out of the path of a landslide or debris flow saves lives.
Listen for any unusual sounds that might indicate moving debris, such as trees cracking or boulders
knocking together. A trickle of flowing or falling mud or debris may precede larger landslides.
Moving debris can flow quickly and sometimes without warning.
If you are near a stream or channel, be alert for any sudden increase or decrease in water flow and
for a change from clear to muddy water. Such changes may indicate landslide activity upstream, so
be prepared to move quickly. Don't delay! Save yourself, not your belongings.
Be especially alert when driving. Bridges may be washed out, and culverts overtopped. Do not cross
flooding streams!! Turn Around, Don't Drown®!. Embankments along roadsides are particularly
susceptible to landslides. Watch the road for collapsed pavement, mud, fallen rocks, and other
indications of possible debris flows.
Be aware that strong shaking from earthquakes can induce or intensify the e ects of landslides.

What to Do if You Suspect Imminent Landslide Danger
Contact your local fire, police, or public works department. Local o icials are the best persons able
to assess potential danger.
Inform a ected neighbors. Your neighbors may not be aware of potential hazards. Advising them of
a potential threat may help save lives. Help neighbors who may need assistance to evacuate.
Evacuate. Getting out of the path of a landslide or debris flow is your best protection.
Curl into a tight ball and protect your head if escape is not possible.
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What To Do After a Landslide
Stay away from the slide area. There may be danger of additional slides.
Listen to local radio or television stations for the latest emergency information.
Watch for flooding, which may occur a er a landslide or debris flow. Floods sometimes follow
landslides and debris flows because they may both be started by the same event.
Check for injured and trapped persons near the slide, without entering the direct slide area. Direct
rescuers to their locations.
Help a neighbor who may require special assistance - infants, elderly people, and people with
disabilities. Elderly people and people with disabilities may require additional assistance. People
who care for them or who have large families may need additional assistance in emergency
situations.
Look for and report broken utility lines and damaged roadways and railways to appropriate
authorities. Reporting potential hazards will get the utilities turned o as quickly as possible,
preventing further hazard and injury.
Check the building foundation, chimney, and surrounding land for damage. Damage to foundations,
chimneys, or surrounding land may help you assess the safety of the area.
Replant damaged ground as soon as possible since erosion caused by loss of ground cover can lead
to flash flooding and additional landslides in the near future.
Seek advice from a geotechnical expert for evaluating landslide hazards or designing corrective
techniques to reduce landslide risk. A professional will be able to advise you of the best ways to
prevent or reduce landslide risk, without creating further hazard.
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The intensity of wildfire and the injury it causes to trees
varies considerably across a landscape. Conifers are
killed outright when all foliage in the crown is consumed
by flames or killed by extreme heat. Trees may also sustain lesser injuries to the crown, stem and roots and survive. These trees, however, may die prematurely if the
injuries are severe. How well a tree survives fire injury is
influenced by a variety of factors, including:
 Tree species
 Tree age, size, and vigor
 Extent and location of injury on the tree
Fire impacts trees by heating and killing tissues such as
foliage, buds, inner bark and cambium. In extreme cases,
foliage, twigs, bark and decayed wood are consumed.
Even though severe fire intensity can kill trees directly,
the wood in larger sound roots, branches and trunks is
typically not degraded until pest organisms invade the
tree.
Fire-injured trees may have a reduced probability of survival depending on the level of injury. Most tree mortality takes place within five years post-fire, with the highest levels occurring within the first two years. Fire
injuries can also have longer lasting impacts on tree health and may contribute to mortality beyond this time
frame, such as if root disease or decay gains entrance to the tree as a result of the injury.
Insects in the families Buprestidae, Cerambycidae, and Siricidae are principal colonizers of fire-killed or severely fire-injured trees. Some of these insects are attracted by smoke and will lay eggs on trees that are still
smoldering; because they colonize trees that are dead or dying from fire injury, they are not considered a direct
threat to tree survival. Bark beetles (primarily Dendroctonus species), in contrast, are more likely to colonize
trees that are lightly to moderately fire injured and may kill some trees that might otherwise have survived.
Bark beetle activity typically increases and may persist for several years in burned areas, but rarely spills over
into healthy, uninjured trees or trees in adjacent unburned areas.
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Pioneering research on estimating the survival of fire-injured trees in California was published by forest
pathologist Willis Wagener (1961). Subsequent research has been conducted both in California and other parts
of the western US that expanded upon and refined our understanding of tree survival (see references). While
all of this information is valuable, it also has limitations and complexities that influence effective application
by land managers. Using this research, the Forest Health Protection group within the USDA Forest Service
has developed and tested guidelines for evaluating tree survival across a range of landscapes, tree species, and
fire conditions in California. The report Marking Guidelines for Fire-Injured Trees in California (Smith
and Cluck 2011) is the result.
This Tree Note does not attempt to duplicate the USFS Guidelines, but rather serves as an introduction to fire
injury and tree survival, and presents a basic version of the Guidelines. Land managers desiring more information should consult the USFS Guidelines and other references.
MEASURING INJURY
For all conifer species studied, fire injury to the crown is the most important variable influencing survival. Another important variable is injury to the inner bark and cambium at the base of the main stem. Bark beetle attacks in response to injury can be an additional predictor of mortality. The USFS Guidelines include evaluation protocols that range from basic to complex. The basic level of evaluation requires an estimate of crown
injury and stem diameter. Additional measures, such as cambial kill and bark beetle activity may improve
predictions of survival. Because most fire-related mortality takes place within 5 years following the fire, this
is the time frame for which survival estimates have been developed.
Crown Injury
Crown injury is defined as the percentage of the tree’s pre-fire live crown (all branches supporting green needles) killed by fire. For most conifer species, this can be estimated by measuring the percentage of foliage that
was consumed or killed by the fire. For ponderosa and Jeffrey pines, due to more fire resistant buds and twigs,
the percentage of foliage killed is typically much greater than the percentage of crown killed. An accurate
measurement of crown kill for ponderosa and Jeffrey pines usually requires waiting until new foliage is produced the following spring. If waiting to evaluate crown kill for ponderosa and Jeffrey pine is not practical,
the Guidelines also provide a survival prediction based on fire-killed foliage alone (Table 1a), before the level
of crown kill can be determined.
Obtaining a full view of the crown under good light conditions is important when estimating injury. Overcast
skies and shade can make it difficult to distinguish green (live) from brown (dead) needles. Ideal lighting is
direct sunlight coming from behind the observer with the sunlit crown viewed against a clear sky. Injury is
often heavier on one side of the crown, so the best estimate takes this variation into account (Figure 1).

Pre-fire
live
crown
(A)

Estimate length of
foliage / crown kill
(B) using line of
best fit

Fire-killed foliage / crown

Figure 1.
Percentage of foliage or crown killed by fire = B/A x 100

Measurement of crown kill requires an estimate of the live crown before the fire occurred.
The pre-fire live crown is defined as all
branches with needles, both green (live) and
brown (fire-killed), as well as any branches
whose needles were consumed by the fire. If a
branch has fine blackened twigs but no needles, the observer should assume it had needles
before the fire. Over time, loss of fire-killed
needles will reduce the ability to estimate the
pre-fire live crown. Therefore, the appropriate
timeframe for using the Guidelines is after the
fire through fall of the following year (a 12- to
17-month post-fire timeframe). If an evalua82

tion is done during the second growing season following the fire, be sure that the new year’s (spring) growth is
apparent before evaluating crown kill. Any branch with new growth is part of the live crown.
Cambial Injury
The vascular cambium is a cylinder of actively dividing cells within the stem that produces phloem (inner
bark) to the outside and xylem (wood) to the inside. The outer, corky layer of bark helps prevent injury, but
its ability to do so varies with tree species, age, and characteristics of the fire. If the cambium is killed, the
adjacent phloem and xylem die and become non-functional. Cambium at the base of the tree’s stem is particularly susceptible to injury. When the amount of cambium killed at the base of the stem is 25% of the circumference or less, this is likely to be inconsequential to tree survival. As this percentage increases, the loss of
vascular tissues becomes critical and at some point the tree is effectively girdled. Non-lethal cambial wounds
can be healed by the tree over time. Larger wounds provide an entryway to pathogens that cause root disease
and wood decay, and may never heal completely.
Cambial kill at the base of a tree’s stem can be roughly estimated by examining the outer bark. Assume the
cambium is alive beneath portions of the bark that are not blackened. At the other extreme, assume the cambium is dead beneath bark that is completely blackened and eroded (consumed) to the point where its structure is
no longer discernable. The bark may even be eroded and cracked to the point where the wood beneath is visible. Heavy pitch flow concentrated on a portion of the bark is also a good indication that the cambium beneath has been killed. When the condition of the outer bark falls between these extremes, i.e. the bark is
blackened but has little or no pitching or loss of structure, it is best to inspect the cambium directly to determine its condition.
The protocol for directly estimating cambial kill is to use an axe to sample
a small portion (about 1 square inch or less) of the inner bark / cambium
at 4 equally spaced locations around the circumference of the stem, a few
inches above ground line (Figure 2). Live inner bark and cambium is
cream-colored and moist, often with a tinge of pink. Dead tissue dries and
darkens with time and may be resinous. Brown, shrunken tissue is unequivocally dead. Cambial injury is rated as 0 to 4 based on the number of
samples with dead cambium. For most trees, a cambial injury rating of 2
to 4 will increase the probability of mortality. Although the Guidelines do
not require an evaluation of cambial injury, it is still a good idea to quickly inspect the lower stem for injuries that may significantly influence survival. A review of the Guidelines will help determine the value of assessing cambial injury to improve survival estimates.

Figure 2. Cambial sample

Non-lethal cambial injury can have a negative impact on tree health during and beyond the five years post-fire
for which these guidelines apply. When wound-invading wood decay or root disease pathogens gain entrance
to a tree, this can lead to hazardous conditions due to stem or root failure. While white and red firs are particularly prone to this, any tree with significant wounding has the potential to become a safety risk. Likewise, if
a tree’s vascular system has been significantly impaired by wounding and decay, the tree will have slower
growth and may have a higher probability of dying, especially during periods of drought.
Insect Attack
While a variety of factors may contribute to tree mortality, a common feature of tree dieback and death is colonization of the cambial region by insects and associated microorganisms. In some instances, colonizing insects and fungi cause tissue death, while in other instances, the invaders are simply colonizing dying tissue.
When colonization completely encircles the stem, this is a sure sign the tree is dead.
Recognizing successful colonization by insects can enable you to determine if a tree is dead or dying, regard83

less of crown and cambial injury. External evidence of bark beetle attack occurs in the form of pitch tubes,
pitch streaming (which also occurs due to fire injury), pitch granules, and boring dust. Release of pitch is a
defensive response of conifers and is a sign that the tree is successfully defending itself against beetle attack.
“Dry” boring dust (i.e., with little or no pitch) in bark crevices indicates that tissues beneath are dead and being successfully colonized by insects. White dust is produced by ambrosia beetles that bore directly into the
sapwood, while yellow-brown or red-brown dust is produced by bark beetles. Successful insect attack can be
confirmed by cutting into the bark at or near spots where boring dust has accumulated and looking for live
beetles (adults, eggs, or larvae) and their tunnels. When successful attacks encircle the stem, the tree is dying.
The red turpentine beetle (RTB) is one of the first bark beetles to attack fire-injured ponderosa, Jeffrey, and
sugar pines. Its main flight period is in the spring, and this is typically when RTB becomes active in recently
burned areas. RTB pitch tubes at the base of the stem can provide additional information for estimating tree
survival.
Dead or dying trees (all foliage consumed or killed) will quickly be colonized by wood-boring insects and associated fungi that cause wood stain and decay. Evidence of colonization may not be apparent immediately
after the fire but will increase over time as coarse woody shavings are expelled by developing beetle larvae.
BASIC GUIDELINES (Abbreviated form of the USFS Guidelines – Smith and Cluck 2011)
The Guidelines are based on probabilities, i.e. what is the likelihood that this tree will die from its fire injuries
within 5 years? Table 1a uses percentage of foliage killed and Tables 1b to 7 use percentage of crown killed
to determine probability of tree mortality, irrespective of cambial injury or insect attack. Measuring only foliage or crown kill is the quickest and easiest way to determine probability of mortality. Listed beneath some of
the tables is information on how cambial injury and RTB pitch tubes modify the probability of mortality.
Little information exists on the impacts of fire injury on long-term tree health, but we know that such impacts
occur. These impacts occur because the vascular system or structural integrity of the tree has been impaired.
Disease organisms are often involved. How to address long-term impacts depends upon management goals
for the property. Tree hazard needs to be addressed when there is a risk to life or property. Tree growth and
longevity are important considerations for lands being managed for timber.
Tables for determining probability of mortality begin on the next page.
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Tables 1a & b. Mortality of Fire-Injured Ponderosa and Jeffrey pines (based on Hood et al. 2010)
Table 1a. Evaluation made before the next growing season
* Percentage of foliage killed by fire
Probability the tree will die

30%

50%

70%

DBH (diameter of stem at breast height)
10 to < 30”

70 *

80

90

30 to 40”

35

45

60

> 40”

15

30

40

* length of crown with dead (brown) + consumed foliage ÷ length of entire crown (all foliage) × 100
Modifications to Table 1a based on Cambial Injury Rating
trees 10 to < 30” DBH
 Rating of 0 or 1 reduces the probability of mortality by 20-30%
 Rating of 2 causes no change
 Rating of 3 or 4 increases the probability of mortality by 5-30%
trees > 30” DBH
 Rating of 0 or 1 reduces the probability of mortality by 0-10%
 Rating of 2 increases the probability of mortality by 10%
 Rating of 3 or 4 increases the probability of mortality by 10-30%
For fires that occur before pine foliage has fully elongated (May and much of June): shoots and fire-scorched needles may continue to grow, producing brown needles with green bases (post-fire growth). When this occurs, consider
portions of the crown with these needles as alive and utilize Table 1b to rate probability of mortality.

Table 1b. Evaluation made during the growing season following the fire
(one winter has passed and the new year’s growth is apparent; any branch with new growth is part of
the live crown)
* Percentage of live crown killed by fire
Probability the tree will die
DBH (diameter of stem at breast height)

30%

50%

70%

10 to < 30”

40 *

50

60

30 to 40”

10

25

40

> 40 to 50”

--

10

25

* length of killed crown (branches with only brown or consumed foliage) ÷ length of entire crown (all foliage) × 100
Modifications to Table 1b based on Cambial Injury Rating
trees 10 to < 30” DBH
 Rating of 0 or 1 reduces the probability of mortality by 10%
 Rating of 2 causes no change
 Rating of 3 or 4 increases the probability of mortality by 15-20%
trees > 30” DBH
 Rating of 0 or 1 reduces the probability of mortality by 5-10%
 Rating of 2 causes no change
 Rating of 3 or 4 increases the probability of mortality by 5-10%
Red Turpentine Beetle
 When pitch tubes are absent, probability of mortality remains the same or decreases slightly (up to 10%)
 When pitch tubes are present on trees10 to < 30” DBH, probability of mortality increases slightly (up to 10%)
 When pitch tubes are present on trees > 30” DBH, probability of mortality increases significantly (up to 40%)
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Table 2. Mortality of Fire-Injured Sugar Pine (based on Hood et al. 2010)
* Percentage of live crown killed by fire
Probability the tree will die

30%

50%

70%

40 *

50

60

DBH (diameter of stem at breast height)
10 to 60”

* length of killed crown (brown + consumed foliage) ÷ length of entire crown (all foliage) × 100
Modifications to Table 2 based on Cambial Injury Rating
 Rating of 0 to 3 reduces the probability of mortality 5-15%
 Rating of 4 increases the probability of mortality by 40%
Red Turpentine Beetle
 When pitch tubes are absent, probability of mortality decreases a moderate amount (10-20%)
 When pitch tubes are present, probability of mortality increases a moderate amount (10-20%)

Table 3. Mortality of Fire-Injured Lodgepole Pine (based on Ryan and Reinhardt. 1988)
* Percentage of live crown killed by fire (the guidelines for lodgepole pine use volume of crown
killed rather than length)
Probability the tree will die

40%

60%

80%

< 10”

--

5

40

> 10 to 15”

--

35

55

> 15 to 20”

25 *

40

60

DBH (diameter of stem at breast height)

* volume of killed crown (brown + consumed foliage) ÷ vol. of entire crown (all foliage) × 100
No other variables are recommended; however, lodgepole pine has relatively thin bark and significant bark charring
around the entire stem (cambial injury rating of 4) is likely to lead to mortality.

Table 4. Mortality of Fire-Injured White Fir (based on Hood et al. 2010)
* Percentage of live crown killed by fire
Probability the tree will die

30%

50%

70%

10 to 35”

65 *

75

80

> 35”

45

60

70

DBH (diameter of stem at breast height)

* length of killed crown (brown + consumed foliage) ÷ length of entire crown (all foliage) × 100
Modifications to Table 4 based on Cambial Injury Rating:
 Rating of 0 causes no change in the probability of mortality
 Rating of 1 or 2 increases the probability of mortality by 10-20%
 Rating of 3 or 4 increases the probability of mortality by 15-30%
Hazard Tree Alert: white firs have a high probability of stem failure due to cambial kill and subsequent wood decay.
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Table 5. Mortality of Fire-Injured Red Fir (based on Hood et al. 2007a)
* Percentage of live crown killed by fire
Probability the tree will die

30%

50%

70%

45 *

70

80

DBH (diameter of stem at breast height)
6 to 40”

* length of killed crown (brown + consumed foliage) ÷ length of entire crown (all foliage) × 100
No other variables are recommended.
Hazard Tree Alert: red firs have a high probability of stem failure due to cambial kill and subsequent wood decay.

Table 6. Mortality of Fire-Injured Douglas-fir (based on Hood 2008)
* Percentage of live crown killed by fire
Probability the tree will die

30%

50%

70%

25 *

65

75

DBH (diameter of stem at breast height)
4 to 40”

* length of killed crown (brown + consumed foliage) ÷ length of entire crown (all foliage) × 100
Modifications to Table 6 based on Cambial Injury Rating:
 Rating of 0 to 2 causes little change in the probability of mortality
 Rating of 3 or 4 increases the probability of mortality by 15-30%

Table 7. Mortality of Fire-injured Incense Cedar (based on Hood et al. 2010)
* Percentage of live crown killed by fire
Probability the tree will die

30%

50%

70%

75 *

85

90

DBH (diameter of stem at breast height)
10 to 60”

* length of killed crown (brown + consumed foliage) ÷ length of entire crown (all foliage) × 100
No other variables are recommended.
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