
Watch out for personal safety and the safety of team members!

Debris Estimating Team Members must ensure the accuracy and completeness of 
disaster debris volume and damage estimates. Recent changes in the FEMA 
Public Assistance Program may provide specific benefits to the “Applicant” based 
on the work of the Debris Estimating Team.

ThisThis guide provides the Debris Estimating Team with a ready reference and in-
struction manual for all phases of the disaster debris estimating process. This 
guide is not all-inclusive for every possible situation. When situations arise that are 
outside the scope of this document or in conflict with mission-specific guidance, 
the Debris Estimating Team should consult with their supervisors for resolution.

Throughout this Field Guide the word “estimate” is used in referring to volumetric 
estimation.
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c. REPORTING HAZARDS



Destructive disasters, whether “man-made” or resulting from natural events, 
create a large volume of debris. This debris may be scattered over large areas 
and/or it may be concentrated into smaller geographic areas. Personnel
assigned to estimate debris volumes are often amazed by the extent of the assigned to estimate debris volumes are often amazed by the extent of the 
damage and may be stressed by the level of destruction, personal injury, and 
often death. These stressors can contribute to a sense of being overwhelmed by 
the volume of disaster-generated debris. An inaccurate calculation of debris 
volume may result if a conscious effort is not applied to remain focused on the 
actual debris load, as opposed to an amplified perception of the debris load. This 
has been described as adding the “Wow" Factor to actual debris estimates,
creating an inflated estimate.creating an inflated estimate.

FEMA now has the authority to make “grants on the basis of estimates 
agreed to by the Local government (or where no Local government is
involved, by the State government).” These grants are paid on the basis of 
estimates rather than through the reimbursement of actual costs, for
projects up to $500,000.

Accurate estimates of disaster debris by type provide those responsible for 
managing the disaster debris with vital information for planning the debris
removal and reduction operation. Good debris estimates are essentialremoval and reduction operation. Good debris estimates are essential
components in determining the scope of work in debris management.

Estimates may be used to verify the need for a Request for Direct Federal 
Assistance.



Each level of government may have different interests and priorities in preparing 
an estimate of disaster debris. There are many different ways to estimate debris. 
Being creative with the available tools, techniques, and information will provide 
the best results. The one common interest is to produce consistent and accurate 
estimates presented in a standard format.

CONCLUSION

       Using a standard format throughout the debris volume estimating
process helps prevent errors caused by different interpretations of the data. 
As the volume data is collected, processed, compiled, and reported, the
process must employ a format that is standard among individuals,
estimating teams, and disasters to maintain consistency and accuracy.

STANDARD FORMAT3

       Though by definition the process of debris estimation cannot be exact, 
estimators must maintain a high standard of accuracy in their estimating 
work. When collecting field data, applying estimating formulae, compiling 
data, and reporting data, estimators must strive to produce the highest
quality estimate possible. In most situations, estimate quality is judged by 
consistency, accuracy, and standard format.

ACCURACY2

       The importance of applying consistent methodology to the debris
estimating process cannot be overemphasized. Throughout field data
collection, applying formulae to field reconnaissance data and reporting
estimates, consistency is a key ingredient to producing accurate estimates. estimates, consistency is a key ingredient to producing accurate estimates. 
This consistency requirement applies to the individual work of each team 
member, to each team working as a part of a larger cadre estimating debris 
volume for a disaster event, and to all estimates prepared for various
disaster events. 

CONSISTENCY1



b. Roles and Responsibilities of Team Members

The potential for making “Grants on the Basis of Estimates” means that the interests and 
priorities of Federal, State, and Local government partners in the disaster debris estimate 
may vary, so agreement on disaster debris volume estimates among the government
partners is essential. Each level of government with an interest in the disaster debris 
volume estimate should have a representative on the Debris Estimating Team. In most 
situations, this will be a representative of the Federal, State, and Local partners.

a. Federal, State, and Local Partners:



Estimating debris volumes requires skill and ability in applying 
geometric formulae and mathematical calculations to produce 
accurate estimates. Team members lacking these necessary 
skills should inform their supervisor and ask for another as-
signment.

Team members must work cooperatively to produce results 
that have team concurrence. If you have difficulty working in a 
team environment, you need to be assigned to other work.

Each team member must be prepared to represent their level 
of government and have an adequate understanding of the
applicable policies, laws, and regulations to facilitate
recognizing potential issues and concerns.

In order to function as a team membeIn order to function as a team member, each person must be 
able to deal with the physical and mental demands of the
assignment. Twelve-hour days are the norm, weather
extremes are certain, and hot meals are uncommon.



b. “NICE TO HAVE ITEMS”

• Handheld GPS 
• Tape Measure (minimum 100 foot)
• Handheld Calculator
• Measuring Wheel
• Flagging Tape & Spray Marking
  Paint for Marking Limits of Sample 
• Digital Camera• Digital Camera
• Maps of Area
• Aerial Photographs (preferably
  before and after the disaster)
• Several Cans of “fix flat” for Inflating
  Punctured Tires
• Radio or Cell Phone for
  Communication with “Base”  Communication with “Base”
• First-Aid Kit
• Bottled Water

a. MINIMUM REQUIREMENTS



Hazardous waste, pressurized containers, commercial debris, private property debris, 
stream debris, wet debris, metals, etc.

h. OTHER

Consists of any debris that will decompose or rot, such as animal carcasses and other 
fleshy organic matter.

g. PUTRESCENT DEBRIS

Generally, a vehicle or vessel that presents a hazard or immediate threat, blocks ingress/ 
egress within a public-use area, or is abandoned may be considered as disaster debris.

f. VEHICLES OR VESSELS

Discarded household appliances, such as refrigerators, freezers, air conditioners, heat 
pumps, ovens, ranges, washing machines, clothes dryers, and water heaters. Many white 
goods contain ozone-depleting refrigerants, mercury, or compressor oils.

e. WHITE GOODS

E-waste refers to electronics that contain hazardous materials, such as cathode ray tubes. 
Examples include computer monitors and televisions.

d. ELECTRONIC WASTE (E-waste)

HHW refers to hazardous products and materials used and disposed of by residential con-
sumers, rather than commercial or industrial. HHW includes some paints, stains, varnish-
es, solvents, pesticides, and other products or materials containing volatile chemicals that 
catch fire, react, or explode under certain circumstances, or that are
corrosive or toxic.

c. HOUSEHOLD HAZARDOUS WASTE (HHW):

The definition of construction and demolition debris may vary between States. C&D debris 
can be defined as damaged components of buildings and structures, such as lumber and 
wood, gypsum wallboard, glass, metal, roofing material, tile, carpeting and floor coverings, 
window coverings, pipe, concrete, fully cured asphalt, equipment,
furnishings, and fixtures.

b. CONSTRUCTION & DEMOLITION (C&D):

Consists of whole trees, tree stumps, tree branches, tree trunks, and other leafy material.
a. VEGETATIVE:

Estimating Guidelines



The Federal government may provide grants through the Public Assistance Program to 
reimburse the response and recovery efforts of an applicant (State and Local
governments and certain private non-profit organizations) for Presidential declared
disasters. To receive supplemental disaster assistance under the Public Assistance 
Program, applicants must meet FEMA eligibility criteria.

Applicants may conduct debris operations in any manner they deem appropriate.
However, only costs associated with applicants, facilities, and work deemed eligible
according to FEMaccording to FEMA eligibility criteria and complying with special consideration
requirements are reimbursed under the Public Assistance Program. The eligibility
criteria should be considered when developing estimates of disaster debris. Policy
governing eligibility is subject to frequent change, even in the midst of a Debris mission. governing eligibility is subject to frequent change, even in the midst of a Debris mission. 
The Federal Team member should be prepared to advise the Debris Estimating Team 
on applicable eligibility criteria. A good reference document for this subject is FEMA 
Publication 325, Public Assistance Debris Management Guide. It is available on the 
web at the following address:

Typical debris streams associated with various types of disasters are shown in the following table:



A Sampling Plan is a document that describes a process for gaining an estimate of
disaster debris. A good Sampling Plan will ensure that the estimate answers the right 
questions and communicates the strategy for obtaining the desired results. Most
sampling plans will address the following topics:
  • Project Goals
  • Parameters to be Measured (e.g. households, road miles, city blocks)
  • Sample Site(s):  Designated point(s) to perform debris volume estimates, which may  • Sample Site(s):  Designated point(s) to perform debris volume estimates, which may
    be identified in latitude/longitude format or street address format
  • Sample Size Determination:  The number of sample sites
  • Sample Site Allocation:  The random placement of sample sites
  • Sample Unit:  The surface area for which a disaster debris volume estimate is
    computed at an assigned sample site

b. THE EVENT SPECIFIC DEBRIS ESTIMATE SAMPLING PLAN

By separate document, a Sampling Methodology has been developed that uses Statistical 
Science and event physical characteristics to develop event-specific Debris Estimate
Sampling Plans. The methodology prescribes sample size (number of samples) and 
sample locations to achieve a desired level of accuracy within specified confidence limits.

a. DEBRIS ESTIMATE SAMPLING METHODOLOGY

The Estimating Process



The Sampling Plan may prescribe for estimating all disaster debris in all parks, certain 
named parks, a single park, or specific size area(s) within one or more parks in an
applicant's geographic area. It is important to capture the location and name for each park 
where estimates are taken. Whatever the sample size used in estimating disaster debris 
for park(s), some general guidelines will apply:

  • Normally, only the developed and improved areas of parks are eligible for disaster
    debris removal work. Downed vegetation in wooded or forested areas is not eligible and
    should not be included in the estimate. In most situations, if an area were maintained    should not be included in the estimate. In most situations, if an area were maintained
    prior to the disaster, it is considered to be an eligible area.

e. ESTIMATING PARKS

The Federal government may provide grants through the Public Assistance Program to
reimburse the response and recovery efforts of an applicant (State and Local governments 
and certain non-profit organizations) for Presidential declared disasters. Each applicant’s 
costs are independently evaluated for reimbursement eligibility under the Public
Assistance Program. It is imperative that disaster debris estimates provide independent 
estimates for each applicant. All Sampling Plans should consider this requirement.

d. PER-APPLICANT ESTIMATES

A tablet-style computer with GPS capability is being developed to record field data and
position data into a GIS. The potential to pre-load the Sampling Plan into such a system, 
travel through the prescribed sampling area while concurrently estimating and recording 
data, and then upload the data to a central server for calculation of overall volume and 
data display is believed to be very promising. Following testing and validation, this tool will 
be incorporated into this Debris Estimating Guide.

c. GPS-BASED SOFTWARE/HARDWARE

  • Application of the Sampling Plan:  The Sampling Plan will be the Debris Estimating
    Team’s “playbook.” It should provide specific information pertaining to:
     • Where to sample within the impacted area = Sample Site(s).
     • Size of the sample area = Sample Unit. The Sample Unit is defined as the surface
        area for which a disaster debris volume estimate is computed at an assigned sample
        site. The default Sample Unit is defined as an area 100 yards along a designated
        public right of way with a width equal to the estimated width of the public right of wa        public right of way with a width equal to the estimated width of the public right of way.
        The estimate of debris shall include all observed eligible disaster debris located on
        private property that is anticipated to be moved to the public right of way within the
        sample unit area (excluding any demolition debris). The sample site will include the
        volume of eligible disaster debris within, or anticipated to be brought to, the public 
        right of way for a distance of 50 yards in both directions from the center point.
     • The Sampling Plan also should provide instructions pertaining to any specific, unique,
       or event-specific data collection requirements.       or event-specific data collection requirements.



Areas such as cemeteries, streams, beach areas, and utility right of ways are often cov-
ered by disaster specific eligibility guidance. Event specific sampling guidance should 
guide the debris estimation process in these special use sites.

g. ESTIMATING DEBRIS VOLUME IN SPECIAL USE SITES

f. ESTIMATING SCHOOLS



Earthquakes generate shock waves and displace the ground along fault lines. These seis-
mic forces can bring down buildings and bridges in a localized area and damage buildings 
and other structures in a far wider area. Secondary damage from fires, explosions, and
localized flooding from broken water pipes can increase the amount of debris. For
damaged structures that are still habitable, residents and businesses will usually begin 
soon after the main shock to clean up broken glass and ceramics, spilled foods and
liquids, and broken furniture and appliances. Later, demolition material, including concrete, 
asphalt, bricks, gypsum wallboard, metal, and soil comprises the majority of the disaster-
related waste stream. Earthquake debris includes building materials, personal property, 
and sediment from landslides. Considerations for estimating earthquake debris include:
  • Older communities may not be constructed to earthquake building codes and so may
    have more serious structural damage than is obvious. This can lead to a significant
    under estimation of debris volume.

j. ESTIMATING EARTHQUAKES

Estimating disaster debris volumes associated with flood damage is challenging at best. 
The event creating the flood damage may have been a river flooding or tsunami event with 
no associated wind damage. It also may have been an event such as a hurricane,
resulting in high winds, river flooding and/or storm surge. In catastrophic events, the
flooding may have totally destroyed all structures and moved the debris significant
distances from its point of origin. When flood damaged structures exist, the key to
estimating the volume of debris resulting from the flood damage is to identify the height of estimating the volume of debris resulting from the flood damage is to identify the height of 
the water intrusion into the structure. The estimator is usually not able to see inside the 
structure. Once the flood elevation is established for each structure, the estimator can then:
  • Estimate floor covering volume using the size of the structure.
  • Estimate the wall board or wall covering volume using the height of the damage to yield
    the estimated interior wall surface area damaged.
  • Estimate additional volumes for any basement areas to include furnishings.

i. ESTIMATING FLOOD DAMAGE

The Debris Estimating Team may be asked to provide initial reconnaissance for roof 
damage assessment. This preliminary assessment information could aid disaster
managers in determining the need for assistance in providing temporary roofing. The 
Team may be asked to provide an assessment based on the following criteria for all the 
roofs within its sample area. The following criteria are used in evaluating roof damage. 
Residential facilities (single and multi-family) and facilities used as shelters with sloped 
roofs covered with composite shingles, and:
  • Less than 50% of the deck is damaged.  • Less than 50% of the deck is damaged.
  • Less than 50% of the rafters are damaged, and
  • The structure is structurally sound and can provide safe shelter once plastic sheeting is
    installed.
  • Structures with flat, tile, or metal roofs do not qualify.

h. ESTIMATING ROOF DAMAGE



NOTE
             Estimating debris can be a daunting task. Consider the
following techniques to aid in the estimating process:

    • Collect data from previous disaster experiences as a check or means of
      comparison.
    • If vegetative debris is fairly uniform, mark out a section, measure it, and
      calculate the volume. Use that data to extrapolate for the entire area.
    • Look at aerial photography combined with the measured/extrapolated
      technique.
    • Use computer modeling. Explore the latest techniques being developed    • Use computer modeling. Explore the latest techniques being developed
      incorporating GPS, GIS, and automated data processing.

k. DEALING WITH ANOMALIES

Depending on the sample site(s) identified in the Sampling Plan, the Debris Estimating Team 
may encounter special challenges, such as mobile home parks, gated communities, and 
highways in the Federal Aid Road System. Proceed with producing estimates consistent 
with the Sampling Plan. However, record any special situations such as those mentioned 
above. Estimating formulae and guidelines for mobile homes are included in Tab 4.

  • Estimate “downed” debris and structures that will obviously be demolished and placed
    on the public right of way.
  • Estimate building debris using the formula shown at Tab 4 and convert to cubic yards.
    To convert cubic yards of C&D to approximate tons, see Tab 4.







L = Length of building in feet
W = Width of building in feet
S = Height of building expressed in stories
VCM = Vegetative Cover Multiplier:
     • Light:  (1.1 multiplier) includes new home developments where  more ground is visible
        than trees. These areas will have sparse  canopy cover.
     • Medium:  (1.3 multiplier) generally has a uniform pattern of open      • Medium:  (1.3 multiplier) generally has a uniform pattern of open  space and tree
        canopy cover. This is the most common  description for vegetative cover.
     • Heavy:  (1.5 multiplier) is found in mature neighborhoods and  woodlots where the
        ground or houses cannot be seen due to the  tree canopy cover.
H = Height of building in feet
.33 = A constant to account for “air space” in the outbuilding
27 = A conversion factor from cubic feet to cubic yards 
0.2 =0.2 = A constant to account for “air space” in the residential building

e. NOTES:

L’ X W’ X H’
27

= ____ cyd. DEBRIS PILES:

• The 0.33 factor is not applied due to compact construction.

• Typical quantities for mobile homes:
   • Singlewide = 290 cy.
   • Doublewide = 415 cy.

L’ X W’ X H’
27

= ____ cyc. MOBILE HOMES:

L’ X W’ X H’ X .33
27

= ____ cyb. OUTBUILDINGS:

a. RESIDENTIAL BUILDINGS:

Estimating Formulae and Conversion Factors



The amount of personal property within an average flooded single-family 
home has been found to be:

• Slab on grade house:  25 – 35 cy.

• House with basement:  45 – 50 cy.

• Mobile homes have less wasted space due to their construction and use.
  The walls are narrower, and the units contain more storage space.
  Therefore, the typical mobile home generates more debris by volume than a
  single-family home. Historicall  single-family home. Historically, the volume of debris from mobile homes
  has been found to be:

• Singlewide mobile home: 290 cy.
• Doublewide mobile home: 415 cy.

g. FLOODING — ESTIMATING PERSONAL PROPERTY

• Look beyond the curb into side and backyards and at the condition of
  homes. Most debris in these areas will eventually move to the curb.
• Wet storms will produce more personal property debris (e.g., household
  furnishings, clothing, rugs) if roofs are blown away or homes are flooded.
• Look for hanging debris, such as broken limbs, after an ice storm.
• Flood-deposited sediment may be compacted in place. Volume may
  increase as debris is picked up and moved.  increase as debris is picked up and moved.
• Using aerial photographs in combination with ground measurements will
  help determine if there are any voids in the middle of large debris piles.
• Treat debris piles as a cube, not a cone when estimating volume.
• 15 trees, 8 inches in diameter = 40 cubic yards (average).
• One acre of debris, 3.33 yards (10 feet) high = 16,117 cubic yards.

f. REMINDERS and TIPS:



• If the structure has blown away or the square footage is unknown, measure the area
  of the floor slab and then use the table. Similarly, once a square footage has been
  generated from the floor slab, multiply by the number of floors, if that can be determined
  from the homes in the surrounding neighborhood.

• Determining which vegetative cover multiplier to use becomes easier with experience. A
  new home may have had little or no vegetative cover. Older homes in densely wooded
  areas would be expected to have heavy vegetation.  areas would be expected to have heavy vegetation.

• For multiple story buildings, multiply the debris from one story by the number of stories.
  Vegetative cover should still be determined by using the multiplier from a one-story home.

Debris Forecasting Table
for Totally Destroyed Single-
Family, Single-Story Homes
in the Applicable Vegetative 
Cover Category

f. REMINDERS and TIPS:



30 percent solid material
12 feet
22 feet
9 cubic yards

15 percent solid material
18 feet
17 cubic yards

For estimating purposes, the tree's canopy 
(limbs, branches, leaves, etc., above the trunk) 
can be approximated by either a sphere (defined 
simply by its approximate diameter) or a cone 
(defined by an approximate height and base
diameter).  Since the volume of the canopy is diameter).  Since the volume of the canopy is 
not perfectly solid, the computed volume should 
be adjusted by a factor that reflects the amount 
of air space that exists between limbs, branches, 
leaves, etc.  For example, in the figure
illustrating a tree with a canopy approximated by illustrating a tree with a canopy approximated by 
a sphere of diameter D, only 15 or 20 percent of 
the volume appears to be actual solid material.  
Therefore, estimating with a percentage factor 
will compute a volume of debris reflecting only 
the solid material (limb, branches, leaves, etc.).  
The volume of the tree trunk itself can be 
thought of as being included in the approximate thought of as being included in the approximate 
volume of the canopy. 





Approximate Conversions
Material Conversion Rates:


