
TRASH PILES: Map them! Measure Them! How big Are They?

The Public Lab 
The Public Laboratory for Open Technology and Science is a 501(c)3 nonprofit organization 
which supports a growing community in developing and applying open-source tools 
for environmental exploration and investigation. By democratizing inexpensive and 
accessible “Do-It-Yourself” techniques, Public Laboratory creates a collaborative network 
of practitioners who actively re-imagine the human relationship with the environment. 

Our goal is to increase the ability of under served communities to identify, redress, 
remediate, and create awareness and accountability around environmental concerns. 
Public Lab achieves this by providing online and offline training, education and support, 
and by focusing on locally-relevant outcomes that emphasize human capacity and 
understanding.

Using a Spirit Level/
Clinometer to Measure 
Pile Height
Smartphone Option:
Spirit level or (in)clinometer apps can be 
downloaded for free on most smartphones.

Clinometer Option:
Works on its own.

Clinometer & Ruler Option:
 A ruler may be helpful to use as a straight 
edge with your clinometer. By looking down 
the ruler’s edge while it is attached to the 
clinometers, you may be able to more easily 
record your angle of elevation.

Level & Ruler Option:
 If you have neither a smartphone nor a 

clinometer, you will need a level 
that reads angles. You can also 
use a ruler as a straight edge 
to make sure your angles are 
correct. 

Step 1: Calibrate 
your level

If you’re using a level app on 
your phone, check the calibration 
of the smart phone level against 
a real spirit level. On a shelf that 
you’ve checked to be perfectly 
level with a real spirit level, place 
your smartphone on its side, 
then ‘zero’ it (calibrating will 
usually be an option in the menu, 
depending on the app).

Step 2: Measure the Pile
You will need to know three things 

(stand at the same point to take all three 
measurements, make sure you can see the 
top of the pile. If there’s an elevation change 
between you and the pile make sure you can 
also see the bottom of the pile):

2a. The distance from where you stand to 
the highest point of the pile (or where you 
measure your angle of elevation). 

Again, make sure from where you stand 
you can see the top of the pile. You may not 
be able to measure your distance to the top 
of the pile on-site, but don’t worry, this can 
be done using Google Maps after you have 
created a balloon map of the area. 

If you can’t measure your distance to 
the pile, it is important to take all your 
measurements from a clearly visible object 
(a fence, house, tree etc), so you will be able 
to identify where you were standing later 
when you look at the map to determine 
distances.*

 
*If you have an Android phone, you can 

download an app called Share My Position. 
This app gives you an exact readout of your 
latitude and longitude to be used later. 
There are comparable apps for iPhones. 

2b. The angle of elevation from your eye 
to the top of the pile. 

Take this measurement from the same 
spot where you can clearly see the top of 
the pile. 

While you stand and measure this angle 
(looking down the long edge of your level 
directly at the top of the pile), your partner 
should read the angle given by the level for 
the most accurate reading.

2c. The height of your eye above the 
ground. 

Use a tape measure to record not your 
height, but the distance from your eye 
(where the clinometer or level is) to the 
ground.

IMPORTANT NOTE: These measurements 
work assuming there is not an elevation 
change between you and the pile. If possible, 
stand in an area without an elevation change. 
If you are unsure if there is an elevation 
change, use Google Earth later to measure 
your distance from the pile and check for an 
elevation change. 

If you can see the bottom of the pile clearly, 
there is a way to work around possible 
elevation changes. Measure not only the 
angle from your eye to the top of the pile, 
but also the angle from your eye to the base 
of the pile (again, this will only work if the 
bottom of the pile is also visible).

Step 3: Take pictures of 
the shape of the pile.

These will help you later to better estimate 
the shape. 

Step 4: Calculate Pile 
Height

You’ll use some simple trigonometry to 
calculate the height of the pile. All you need 
is the measurements taken above and a 
calculator.  Make sure your calculator is set to 
degrees, not radians.

Pile Height = [Tangent (angle of elevation x 
distance to pile)] + height of eye

For Example:
Pile Height= [Tan(12° x 20’)] + 5’= 8’ high

If you do not have a calculator that has a 
Tangent (or Tan) button, use something such 
as Google’s online calculator.

*If you are working with an elevation 
change use the equation below: 

Pile Height = [Tangent (angle of elevation x 
distance to pile)] + [Tan (angle to base of pile 
x distance to pile)]

Step 5: Calculate Area
Once the balloon map has been 

constructed, the map can be overlaid on 
Google Earth, where distances can be 
measured. 

The width and area of the pile can be 

measured from the balloon map. 

Depending on the shape of the pile, 
different measurements may need to be 
taken to determine the area. 

Step 6: Calculate Volume
6a.  Look up the angle of repose (or the 
steepest angle at which a sloped surface is 
formed from loose material). If the material 
is the same all the way through, you may be 
able to find the angle of repose online, for 
example the angle for repose for petcoke is 
35 degrees.

6b. Use this stockpile calculator (http://
www.arthon.com/calculators/stockpile.shtml) 
to estimate the volume of stockpiles.

Step 7: Estimate Weight

After you have the volume of the pile, 
weight can be calculated by multiplying 
volume by the weight per cubic foot. 

For mixed debris, FEMA has a brochure 
called ‘Debris Estimating Field Guide’ from 
September 2010 that details volume/weight 
estimations. 

FEMA estimates:
Construction & Demolition Debris: 1 ton = 2 
cubic yards 
Mixed Debris: 1 ton = 4 cubic yards 

Vegetative Debris
Hardwoods: 1 ton = 4 cubic yards 
Softwoods: 1 ton = 6 cubic yards

http://publiclab.org/notes/Holden/03-11-2014/
estimating-volume-and-weight-of-petroleum-waste-
piles-in-southeast-chicago

I continue to explore use of free 
Surface From Motion (SFM) tools for 
autostitching aerial images, making 
scaled measurements, and area and 
volume calculations. It builds off of 
Holden Sparacino’s Research Note: 
Estimating Volume and Weight of 
Petroleum Waste Piles.

I used the directory of 27 images used 
to make the  Saugus map.  I selected 
additional images for a set of 70 and 
uploaded them to Autodesk’s 123DCatch 
web tool to make a 3D model (70 images 
is the max number allowed).

I downloaded the model and used 
MeshLab  to view & examine it. Next 
steps will be to scale the model and select 
regions to make measurements if that 
appears useful. I posted the model and 
asked Jeff Warren whether there was as 
steep an edge as appears at the edge of 
the black material with equipment, or 
if this was a processing glitch. Several 
people reported issues viewing the web-
based model and Jeff suggested taking 
a few screenshots of the model and 
sharing them, especially the steep edge 
I’d mentioned.

I’d like to continue to explore Meshlab 
and Meshmixer’s model manipulation 
and automatic volume measurement 
capabilities. These and earlier initial 
results from an actual SFM model 
from aerial mapping of mounds are 
encouraging.  Follow Pat’s research at 

http://publiclab.org/profile/patcoyle

mappers:  Basurama
cartographer:  Basurama
license:  creative commons 
attribution 3.0 unported
average resolution: 8.8 cm/pxt
bounding box: 
(42.439096379208635 N, 
-70.98818869286761 E)
publication date:  April 29, 2012

On Monday October 10th, 2011 
Basurama organized a visit to 
the landfill where the ashes of 
Cambridge waste are deposited. 
Cambridge’s trash is burnt in the 
waste incinerator plant beside the 
landfill. 

What seemed to be an old 
quarry is now receiving ash 
from Cambridge and other 
communities including: Beverly, 
Chelsea, Everett, Gloucester, 
Ipswich, Lynn, Malden, 
Marblehead, Medford, Milton, 
Revere, Rockport, Saugus, 
Swampscott, and Woburn.

We used Public Lab’s balloon 
mapping methodology to hang a 
camera from a kite to photograph 
the landfill from above even 
though the site was fenced off with 
barbwire. The map seen here was 
stitched together from several 
photographs from that trip using 
MapKnitter. For more on mapping in 

Saugus check out publiclab.org/tag/

saugus

Clinometer 
(also called an inclinometer, 
tilt meter, or slope gauge) is 
an instrument to measure the 
slope, elevation, or depression of 
an object. 

A clinometer measures the 
angular tilt of an object 
compared to a horizon.
 

Spirit Level 
(aka bubble 

level or level) is 
an instrument that uses an air bubble in a liquid tube to indicate 
whether a surface is level.

Estimating the Volume and Weight of Waste Piles Holden Sparacino

3D Modeling Waste Piles with SFM
Pat Coyle

Saugus Ash Landfill, Massachusetts

Trans-Load America Pondview Waste Facility, East Providence, Rhode Island

mappers:  Sara Wylie, Jo-Ann Durfee, 
Corliss Blanchard, Lynn Wolbast and Tox-
ics Action Center
cartographer:  Holden Sparacino
license:  creative commons attribution 3.0 
unported
average resolution: 34 cm/pxt
publication date:  December 14, 2013

Rhode Island Department 
of Environmental 
Management is actively 
engaged in the closure of 
this facility.

The method described here is based on common 
practices for measuring the height of a tree with a 
clinometer. 

Eye Height Angle of Elevation

Distance from Pile

[tan (Angle of Elevation) x Distance from pile] + Eye Height= Height of Pile

H
ei

gh
t 

of
 P

ile

Ash

Pablo Rey Mazón


