Attachment 3

Debris Estimation

This attachment contains the following tabs:
1. Tab A – Estimating Debris Quantity.  

This tab includes two worksheets (Worksheet 1 and Worksheet 2) which outline a methodology that can be used to estimate the quantity of debris produced by a disaster.  The methodology allows the user to estimate the debris in various geographic areas (sectors) and then sum the amount of debris in each sector to determine the overall volume of debris that must be dealt with.  The sectors developed in this process can be used in operational planning and contracting.  To the extent possible, sectors should be drawn to encompass areas with buildings of similar construction and vegetative cover.

[The methodology in this tab should not be used for hurricane debris; use the methodology in Tab E instead.]
2. Tab B – Estimating Debris Removal Time.  This tab includes two worksheets (Worksheet 3 and Worksheet 4).  The worksheets provide a methodology that can be used to estimate the time in days that it will take to remove specific quantities of debris given a known set of hauling resources and a reasonable estimate of the cycle time for those resources (time spent in pickup, hauling, unloading, and, waiting on one trip).  
3. Tab C – Estimating Debris Disposal Quantity.  Worksheet 5 outlines a method to determine the volume of debris that will have to be disposed of after sorting and volume reduction, given information on the composition of debris that must be disposed of.   To utilize this methodology, you must remove a sample of debris in each sector and sort it to determine the characteristics of the debris from that sector.  If the sample of debris is not representative of debris in the sector, this method will be inaccurate.  
4. Tab D – Estimating Requirements for Debris Processing.  Worksheet 6 can be used to estimate how much space will be required for temporary debris storage and reduction facilities.  This worksheet is based on a US Army Corps of Engineers methodology.
5. Tab E – Estimating Hurricane Debris Quantity.  Worksheet 7 can be used to estimate the quantity of debris produced by a hurricane.  This worksheet is based on US Army Corps of Engineers methodology.
Tab A

ESTIMATING DEBRIS QUANTITY

Complete a separate Worksheet 1 for each Sector.

Transfer results from each Worksheet 1 to Worksheet 2.

CF = cubic feet & CY = cubic yards

Use Tab E for Estimating Hurricane Debris

	WORKSHEET 1
	
	
	
	

	Sector:
	
	
	
	

	Description: 
	
	N = 

Number
	M = Multiplier
	 CY =

(NxM)

	
	
	
	
	

	A.  Homes (1800-2000 square feet)
	
	100
	300
	30000

	B.  Mobile Homes
	
	130
	80
	10400

	
	
	
	
	


	C.  Other Buildings


	L =

Length/ft
	W =

Width/ft
	H =

Height/ft
	CF =

(LxWxH)
	CY =

(CF/27) x.33

	
	
	 
	
	
	

	Apex Center
	250
	60
	10
	150000
	1833

	Anchor Fire Station
	100
	100
	12
	120000
	1467

	Teasdale School
	125
	100
	10
	125000
	1527

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Subtotal  [sum the right column]
	
	
	
	
	4827


	D.  Debris Piles


	L =

Length/ft
	W =

Width/ft
	H =

Height/ft
	CF =

(LxWxH)
	CY

(CF/27)

	
	
	 
	
	
	

	Crystal Creek @ Compton
	150
	8
	4
	4800
	177

	Hungry Hollow Bridge
	80
	20
	8
	12800
	474

	Willow Road @ Newton
	100
	16
	5
	8000
	296

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Subtotal  [sum the right column]
	
	
	
	
	947


	WORKSHEET 2
	Sector A
	Sector B
	Sector C
	Sector D

	
	
	
	
	

	Debris Volume Estimate (cubic yards/CY)
	
	
	
	

	A.  Homes [from Worksheet 1]
	30000
	4200
	
	

	B.  Mobile Homes [from Worksheet 1]
	10400
	2400
	
	

	C.  Other Buildings [from Worksheet 1]
	4827
	1021
	
	

	      SD = Structural debris  (A + B + C)
	45227
	7621
	
	

	      V = Vegetation Multiplier  [see note]
	1.3
	1.1
	
	

	      ST = Subtotal   (SD x V)
	58795
	8383
	
	

	D.  Debris Piles [from Worksheet 1]
	947
	1200
	
	

	E.  SV = Sector Volume (ST + D)
	59742
	9583
	
	

	
	
	
	
	

	TOTAL  [add entries in row E above]
	69325
	
	
	


Note:

V= Vegetative Multiplier:

Vegetative Cover

V =





None



1






Light



1.1






Medium


1.3






Heavy



1.5

Tab B

ESTIMATING DEBRIS REMOVAL TIME

Worksheets 3 and 4 may be used to estimate the time it will take to remove a quantity of debris given information on the quantity and capacity of the hauling resources available and estimates of the cycle time for those resources.   Cycle time is the time it takes a cargo truck to complete a round trip.  Cycle time is computed by adding the time it takes to load a truck, the round-trip travel time between the loading point and the off-load point, unloading time, and any unproductive waiting time.  This methodology will be most accurate if you use times observed during actual operations, not theoretical numbers.

	WORKSHEET 3
	Sector A
	Sector B
	Sector C
	Sector D

	
	
	
	
	

	A. Debris to be Removed in cubic

yards (CY) from Worksheet 2 or 7
	59742
	9583
	
	

	
	
	
	
	

	Removal Cycle (all times in hours)
	
	
	
	

	B. Estimated loading time
	.2
	.2
	
	

	C. Estimated travel time (roundtrip)
	.4
	.6
	
	

	D. Estimated unload time
	.1
	.1
	
	

	E. Estimated waiting time
	.1
	.1
	
	

	F. Cycle time  (B+C+D+E)
	.8
	1.0
	
	

	G. Daily work period 
	7.5
	7.5
	
	

	H. Cycles per day  (G / F)
	9
	7
	
	

	
	
	
	
	

	Removal Time
	
	
	
	

	I.   Capacity (CY) per cycle [ Worksheet 4]
	136
	136
	
	

	J.  Capacity (CY) per day  [H x I]
	1224
	952
	
	

	K.  Days to Clear Sector [A / J]
	48.8
	10.0
	
	

	L. Days to Clear All Sectors

[add entries in Row K above]
	58.8
	
	
	


	WORKSHEET 4
	Truck Capacity (CY)
	Units Available
	C.

 Group Capacity  

(AxB)

	Equipment
	
	
	

	
	
	
	

	Dump Truck, Light
	6
	4
	24

	Dump Truck, Medium
	8
	4
	32

	Dump Truck, Heavy
	10
	8
	80

	
	
	
	

	Capacity Per Cycle (CY)

[sum the right column]
	
	
	136


Note:  In estimating units available, it is essential to consider that some equipment may not operationally ready each day.  Hence, an out-of-service factor based on local experience should be applied to obtain a realistic estimate of equipment available for use on a daily basis.

Tab C

ESTIMATING DEBRIS DISPOSAL QUANTITY

Worksheet 5 provides a method of estimating the volume of debris that will have to be disposed of after volume reduction.  It requires taking a sample of the debris in each sector to determine the percent of burnable debris (B below), the percent of burnable C&D debris (C below), the percent of non-burnable debris (D below) broken down by recyclable materials (D-1) and other material (D-2), and the percent of hazardous debris.  In taking a sample, it is desirable to include debris from at least 10 properties. 

	Worksheet 5
	Sector 1
	Sector 2
	Sector 3
	Sector 4

	Sample Debris Characteristics
	
	
	
	

	A. Debris volume [from Worksheet 2]
	59742
	9583
	
	

	B.  % Burnable Natural Debris
	.30
	.40
	
	

	C.  % Burnable C&D Debris
	.32
	.28
	
	

	D.  % Non-Burnable Debris
	.35
	.32
	
	

	      D-1. Potentially Recyclable
	.07
	.10
	
	

	      D-2. Landfill
	  .28
	.20
	
	

	E.  % Hazardous Debris
	.03
	.02
	
	

	Disposal Volume (cubic yards)
	
	
	
	

	F.  Burnable Natural Debris   (A x B)
	17922
	3833
	
	

	     F-1. Amount to be chipped/ground 1
	200
	0
	
	

	     F-2. Amount to be burned
	17722
	3833
	
	

	G. Burnable C&D Debris    (A x C)
	19117
	2683
	
	

	H. Total Burnable  (F-2 + G)
	36839
	6516
	
	

	I.  Volume for disposal after burning 

     (H x .05)
	1841
	326
	
	

	J.  Volume for disposal after chipping or

     shredding  (F-1 x .25)
	50
	0
	
	

	K. Non-Burnable Debris  (A x D)
	20910
	3067
	
	

	L. Less Non-Burnables to be Recycled 2
	5400
	767
	
	

	M. Volume of Non-Burnables for Disposal

(K – L)
	15510
	2300
	
	

	N. Volume (Non-hazardous) for

     Landfill Disposal   (I + J + M) 3    
	17401
	5693
	
	

	N. Total for Landfill Disposal

[add quantities in row N above]
	23094
	
	
	

	O. Volume for Hazmat Disposal  (A x E)
	1792
	191
	
	

	P. Total for Hazmat Disposal

     [add quantities in row O above]
	1983
	
	
	


Notes:

1.   Local officials need to decide how much debris to chip or grind instead of burning.  The quantity should be based on a)  the amount of chipped/ground wood that local government wants to retain for use as mulch and b) the amount that can be disposed of without cost or at some profit to landscape products firms.  Since chipping and grinding costs approximately the same as burning and produces a higher volume of residue, there is little reason to chip and grind instead of burning if you also have to pay to have the resulting mulch hauled away.

2.   This number should be based on the proportion of recyclable materials for which you can determine there is a ready market.  Recycling materials for which there is no market simply leaves you sorted debris to haul to the landfill.

3.   If mulch produced in the chipping and grinding operation is hauled away without cost, do not include it (Item J) in the equation because disposal of that material is no longer your problem.

Tab D

ESTIMATING REQUIREMENTS FOR DEBRIS STORAGE & PROCESSING SITES

This methodology may be used to determine the space required for debris storage and processing sites.

It assumes that:

1. Debris will be stacked 10 feet high.

2. 40 percent of a site will be used for storage; 60  percent will be used for sorting areas, separation between debris piles, roads, site buffers, and burn pits

	WORKSHEET 6
	
	

	
	
	

	A.  Debris Volume in cubic yards (CY)

[From Worksheet 2 or 7]
	
	69325

	
	
	

	B.  CY per acre assuming 10’ stack height 1
	
	16117

	
	
	

	C.  Acres for debris storage only  (A/B)
	
	4.3

	
	
	

	D.  Multiplier for processing, roads, & buffers
	
	1.66

	
	
	

	E.  Required facility area in acres 2
	
	7.1

	
	
	

	
	
	


Notes:

1. If you plan to use a stack height other than the typical 10 feet, use the following formula to compute CY per acre:

CY = (stack height in feet / 3) x 4840

2. Where the area requirement is large, the requirement is generally satisfied by establishing several sites that, taken collectively, provided the needed area. 
Tab E

ESTIMATING HURRICANE DEBRIS QUANTITY

Worksheet 7 may be used to estimate the quantity of debris that must be removed.  This worksheet uses the formula Q = H x C x V x B x S,  where:

Q = the quantity of debris in cubic yards (CF)

H = the number of households

C = the storm factor in CY:

V = the vegetation characteristic multiplier:

B = the business/commercial use multiplier

S = the storm precipitation characteristic multiplier

	WORKSHEET 7
	Sector A
	Sector B
	Sector C
	Sector D

	
	
	
	
	

	Debris Volume Estimate - Hurricane
	
	
	
	

	1.  H = households
	5167
	2100
	
	

	2.  C = Storm category
	26
	8
	
	

	3.  V = Vegetation multiplier
	1.5
	1.1
	
	

	4.  B = Business/commercial multiplier
	1.3
	1.0
	
	

	5.  S = Storm precipitation multiplier 
	1.3
	1.3
	
	

	6.  Q = H x C x V x B x S
	340557
	24024
	
	

	
	
	
	
	

	TOTAL  (add columns in item 6 above)
	364581
	
	
	


Notes:

1. H = Households.  If you do not know the number of households, estimate the number by dividing the population of the area by 3.

2. C = Hurricane Category

Category

C =

1 2

2 8

3 26

4 50

5 80 

3.  V= Vegetative Multiplier

Vegetative Cover
V =





None


1






Light


1.1






Medium


1.3






Heavy


1.5

4.  B = Business/Commercial

Density


B =
            Density Multiplier

Light


1.0






Medium


1.2






Heavy


1.3

5.  S = Storm Precipitation

Precipitation

S =



            Multiplier


None to Light

1.0






Medium to Heavy
1.3

