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BTOSOLIDS TRACKING SYSTEM

Background of the Invention
1. Field of the Invention

The present invention concerns the field of
sludge disposal from sewége treatment plants. In
particular, the system hereof accurately determines the
biosolid loading on a plot of land used as a disposal
site.

2. Description of the Prior Art

Publicly owned treatment works for treating
sewage generate considerable quantities of biosolids in
the form of sludge requiring many sites for disposal. The
biosolids are usually deposited on farmland as disposal
sites because the biosolids are rich in organic matter and
other plant nutrients such as nitrogen, phosphorus and
potassium, and provide a very beneficial way to improve
the land for farming. The biosolids, however, also
contain various metals and regulatory authorities place
limits on the amounts of the metals that may be deposited
on a site. Additionally, the amount of biosolids deposi-
tion must also be limited for nitrogen, phosphorus and
potassium so that allowable levels are not exceeded for
the next crop to be grown on the site. As regulatory
authorities demand higher levels of accuracy and reporting
concerning the quantity and quality of the biosolids
disposal, the administrative requirements have become
burdensome, expensive, and in some cases, unmanageable.

One source of problems has been the lack of
accurate land coordinates of the disposal sites for
precisely locating the sites so that disposal does not
occur within regulated minimum distances from a land
features such as wells, dwellings and bodies of water.
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Furthermore, accurate coordinates are required for
precisely determining the area of the site so that
biosolids loading can be accurately calculated on a per
unit basis. ‘

In the prior art, disposal operatdrs have used
topographic maps to draw by hand the boundaries of a site
based on approximations and to locate various 1land
features. A planimeter has been used to determine the
area of the site. As those skilled in the art of
cartography appreciate, these techniques lead to substan-
tial inaccuracies, but no practical alternatives have been
available.

Summary of the Invention
The present invention solves the prior art

problems discussed above and provides a distinct advance
in the state of the art. More particularly, the tracking
system hereof provides for accurate, convenient and
economical tracking, reporting and management of biosolids
disposal. In the preferred embodiment, the present
invention uses global positioning system (GPS) receivers
for accurately providing land coordinate data concerning
plots of land used as disposal sites as input to a
computer. The application software in the computer then
determines the plot area. Other inputs include the
quantity of biosolids deposited on each disposal site
along with quality analyses of the various biosolids
constituents for determining the cumulative quantities of
these constituents per unit area.

In preferred forms, digital topographic maps of site
areas, stored in the computer memory, are superimposed
over late-date digital satellite or digitized aerial
photographic imagery of the same site areas: for possible
updating of the topographic maps to reflect recent changes
such as the addition or modification of transportation

PCT/US94/07414



10

15

20

25

30

WO 95/02220

-3 -

routes, hydrography and built-up areas. A unique
interface allows efficient interaction between the
graphics data and textual data. In this way, a map of the
site can be retrieved in response to retrieval of the
textual data concerning the site. Similarly; when a site
map is displayed, the interface allows retrieval of the
appropriate textual data for’that site.

Brief Description of the Drawings
Figure 1 is a schematic representation of the

preferred apparatus in accordance with the present
invention;

Fig. 2 is a schematic representation of the
relationships among the operating programs and databases
used in the operation of the computer of Fig. 1;

Fig. 3 is an illustration of a map presented on
the display of Fig. 1 with a digitized satellite photo-
graph superposed and shown in dashed lines;

Fig. 4A is an illustration of a map showing
tracts in a field for distribution of biosolids;

Fig. 4B illustrates polygons associated with the
tracts of 4A for tracking biosolids loading;

Fig. 5A is an illustration of a map showing a
change in tracts of Fig. 4A;

Fig. 5B illustrates polygons associated with the
tracts of Fig. 5A for tracking biosolids loading;

Fig. 6A is an illustration of a map showing a
change in the tracts of Fig. 53;

Fig. 6B illustrates polygons associated with the
tracts of Fig. 6A for tracking biosolids loading;

Fig. 7A is an illustration of a map showing a
change in the tracts of Fig. 6A;

Fig. 7B illustrates polygons associated with the
tract of Fig. 7A;
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Fig. 8A is an illustration of a map showing
tracts for distribution of biosolids subject to setback
from a well and a streamn;

Fig. 8B illustrates polygons associated with the
tracts of Fig. 83;

Fig. 9A is an illustration of a map showing a
change in the tracts of Fig 8A because of a change in the
setback distance; and |

Fig. 9B illustrates polygons associated with the
tracts of Fig. 9A.

Detailed Description of the Preferred Embodiment

As illustrated in Fig. 1, preferred biosolids
tracking apparatus 10 includes IBM compatible personal
computer 12 (486 microprocessor, 33 MHz) having 200 .
megabyte hard drive memory with a Trident video card with
20 megabytes of RAM for driving a 16 inch color VGA
monitor 14. Input 16 is preferably a conventional
keyboard and output 18 is preferably a laser printer.
Apparatus 10 also receives input information from global
positioning system (GPS) receiver 20 such as that
available from Garmin Corporation of Lenexa, Kansas.

Fig. 2 illustrates the relationships among the
programs and databases used to operate computer 12.
Graphics database 22 stores map information created by the
user or received in digitized form from other sources.
These other sources include the United States Geological
Survey providing digitized maps and digitized satellite
photographic images known as SPOTView 7.5 Imagery or
SPOTView Full Scene.

Graphics software 24 includes AutoCAD release
12.0 available from AutoDesk for creating, displaying and
modifying maps and other graphics entities on monitor 14.
Graphics software 24 also includes ArcCAD version 11.2
available from Environmental Systems Research Institute
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used as an interface between AutoCAD and graphics database
22 in which graphics information is stored in a database
format instead of a graphics file. CAD Overlay GS (or
GSX) available from Image System Technologies is also
included in graphics software 24 to display and manipulate
digital satellite imagery under a geographical survey map
image. ‘

Database 26 stores textual information and is
managed by text software 28, preferably PC Oracle avail-
able from Oracle Corporation. Interface 30 (shown on the
microfiche appendix incorporated herein) is unique
software created for allowing on-line interaction between
the graphics components 22, 24 and the textual components
26, 28.

In operation, graphiés software 24 is used to
retrieve and display a combination of digital topographic
map data and satellite imagery for a specific area from
database 22. For example, Fig. 3 illustrates a display on
monitor 14 showing a digital topographic map 32 of site 34
with satellite photographic image 36 shown in dashed lines
and superposed on map 32.

As those skilled in the art of cartography can
appreciate, topographic survey maps show considerable
detail but are often based on information many years old.
As a result, these maps may not reflect recent man-made
structures. In order to ensure accurate information,
apparatus 10 allows superposing of an image of a satellite
photograph of the same site and to the same scale. Such
photographic images can be updated as often as monthly.
As illustrated in Fig. 3, satellite image 36 reveals
housing addition 38, not shown originally on map 32.
Graphics software 24 can then be used to redraw or trace
these new features onto map 32 to reflect accurately the
current status of the site.

PCT/US94/07414
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When a new biosolids disposal location is ini-
tially developed, such as site 34, it is necessary to
first define the plot by identifying various points about
the boundary of the plot of land. In the case of site 34,
this is accomplishéd by identifying.the corners 40, 42, 44
and 46. In the preferred embodiment, the identification
is conducted in the field using GPS receiver 20, which
receives signals from a GPS;satellite and, in response,
determines the land coordinates in terms of latitude and
longitude of each of corners 40, 42, 44 and 4e. GPS
receiver 20 is also used to determine the coordinates of
other land features of interest such as well 48. Land
feature information is necessary because various regula-
tions prohibit deposition of biosolids within predeter-
mined minimum distances of such land features as wells,
dwellings and bodies of water.

As those skilled in the art will appreciate,
initial coordinate data is accurate within about 100
meters. To improve this accuracy, the data is sent by
way of a modem to a GPS base station for correction. The
corrected data within an accuracy of about one meter is
returned and stored. More particularly, the corrected
coordinate data concerning corners 40-46 and well 48 are
entered and stored in the memory of computer 12. Graphics
software 24 then retrieves topographic map 32 from
graphics database 22 and precisely draws the boundary of
site 34 using the coordinate data.

As illustrated in Fig. 3, well 48 is also shown
with the location precisely known from the coordinates.

The rightmost boundary of site 34 can be
reconfigured as shown to provide a disposal free radius as
required by regulations. The display of housing addition
38 also provides assurance that the boundary of site 34 is
not within the minimum distance.
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As can be appreciated, site 34 may present a
large area and it may be desirable to subdivide site 34
into fields 50 and 52. As illustrated, field 52 is
further subdivided into tracts 54 and 56. Typically, the
subdividing 1is configured so that a disposal plot
corresponds to the land for a particular crop, which
governs the amount of biosolids deposition so that
desirable nutrient levels aré not exceeded.

After plotting fields 50, 52 and tracts 54, 56,
the corner coordinates of these subdivisions can be deter-
mined directly from map 32. Using this information along
with GPS receiver 20, the corners of these subdivisions
can be marked in the field with stakes or the like so that
the biosolids disposal can be confined to the designated
plot. Further, stakes can be used to define the irregular
portion of the boundary about site 34 near well 48 or any
other land feature of interest. With the sites, fields and
tracts precisely defined using land coordinates, the area
of each plot can also be accurately determined in computer
12 using functions available in the ArcCAD software.

When site 34 is initially developed, other
information is also entered into computer 12 using the
keyboard of input 16. This information includes analysis
of current soil conditions for each plot including plant
nutrients and metals, the land owner, current occupant and
lease holder, if any, a physical description of the plot,
and the crop to be planted on the plot. 1In the preferred
embodiment, the metals to be tracked include arsenic,
cadmium, chromium, copper, mercury, molybdenum, nickel,
lead and others.

From the current soil analysis and target yield
for the intended crop, computer 12 then determines the
limits and target applications for plant nutrients such as
phosphorus, nitrogen and potassium. This ensures that
safe limits for that crop are not exceeded. As can be
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appreciated, a portion of these plant nutrients carry over
from year to year and the carry over amount is calculated
in computer 12 for use in subsequent years so that the
allowable limits are not exceeded.

Similarly, the existing metals in the soil and
allowable limits for the metals are also known. Using
this information, computer 12 calculates the cumulative
amount of metals so that the regulatory limits are not
exceeded.

During operation, laboratory analyses of
selected constituents including the plant nutrients,
metals, and percent solids are produced on an ongoing
basis. In the preferred embodiment, computer 12 is coupled
for data transmission with the laboratory so that the most
recent analyses are received and stored automatically.

When biosolids are loaded on a vehicle for
transport to a disposal site, the net weight and desig-
nated disposal tract are entered into computer 12. In the
preferred embodiment, the net weight of the transport
vehicle is entered electronically into computer 12
directly from the scale. In addition, the vehicle
includes a barcode readable by a laser scanner, for
example, that identifies the vehicle in association with
the weight, hauler and destination.

In most cases the laboratory analysis of the
bio-solids loads will already be known and entered into
computer 12. In other cases, this information may be
entered later. By using the laboratory analysis,
including a percent solids, the net weight, and the
identity and area of the tract, computer 12 determines the
cumulative quantity per unit area of the constituents
deposited.

In this way, the status of every site is known
on a constantly updated basis. This status includes the
number of loads deposited on the plot, the wet and dry

PCT/US94/07414



10

15

20

25

30

WO 95/02220

-0

quantity, the quality of every load, and the cumulative
load on a per unit area basis. With this information
readily available, reports can be easily designed and
produced using text software 28 in the formats required
for all of the regulatory agencies and for internal
management as well.

Interface 30 allows the user to quickly move
between graphics and textual displays. When site 32 is
being viewed on monitor 14 as illustrated in Fig. 3,
graphics software 24 is using the information in graphics
database 22 to produce the image. If textual information
is needed concerning the current metals deposition on
tract 54, for example, interface 30 provides the proper
interaction with text software 28 to retrieve and display
the requested information specifically for tract 54 from
text database 26. Similarly, if textual information is
being viewed concerning tract 56 and it is desired to view
the corresponding map, interface 30 provides the proper
commands for graphics software 24 to retrieve and display

the appropriate map from graphics database 22.

Overlap Tracking
Figs. 4A-7B illustrate the concept of the

present invention for tracking biosolids loading on field
58 over time as tract boundaries change and overlap with
previous tracts. A tract is an actual land area used for
biosolids application and typically is associated with an
individual crop during a growing season. Tracts may
change boundary conditions over time. A season is a
period of time defined by the user corresponding to a crop
growing season, an application season, changing typo-
graphic conditions, or other time frame found useful in
mahaging a land application program. Thus, a season could
extend over many years.

PCT/US94/07414
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Fig. 4A illustrates a display of field 58 having
tracts 60 and 62 with the boundaries illustrated. For
tracking biosolids loading, each tract is defined as the
combination of one or more polygons which in turn are
determined in the software (database 26 as mahaged by text
software 28) of computer 12 and stored therein. The
software determines the polygon boundaries as the
superposition of all of the fract boundaries historically
defined in the area of interest including the present'
season. Ndrmally, the polygons themselves are not
displayed but are tracked and maintained even when tracts
have been deleted or changed. The polygons are used as
the basis for accurately tracking the cumulative loading
of biosolids. For a given tract, the biosolids loading
corresponds to the cumulative biosolids loading for each
polygon making up the tract and the loading for each
polygon is the sum of the loading of all tracts that have
included that polygon. For example, Fig. 4B illustrates
polygons 64 and 65 which are defined as corresponding to
tracts 60 and 62.

Fig. 5A illustrates a subsequent season in which
tract 60 has been sub-divided into tracts 68 and 70, with
tract 62 remaining the same. With this new tract
definition, new polygons 72 and 74 shown in Fig. 5B are
defined as respectively corresponding to new tracts 68,
70.

Fig. 6A illustrates a third season in which new
tracts 76 and 78 have been defined for biosolids distribu-
tion. 1In response, new polygons 80 and 82 (Fig. 6B) are
created from old polygon 66. With this change, tract 76
is defined as the combination of polygons 72 and 80.
Similarly, tract 78 is defined as the combination of
polygons 74 and 82.

Fig. 7A illustrates the fourth season in which
old tracts 76 and 78 have been deleted (taken out of

PCT/US94/07414
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service) and new tract 84 has been defined in the lower
right corner of field 58. 1In this situation, the upper
left corner of new tract 84 overlaps a portion of old
tracts 62 and 78. In order to track the biosolids
loading, computer 12 defines new polygons 86; 88 and 90.
As will be noted in Fig. 7B, polygons 86 and 88 correspond
to old polygon 82, and the boundaries of all of the
polygons illustrated in Fig. 7B correspond to the
superposition of all of the boundaries of all of the
tracts historically defined on field 58 including the
present season.

Polygon 88 is the overlap area of tract 84 (Fig.
74), tract 78 (Fig. 6A) and tract 62 (Fig. 4A). In order
to determine accurately the biosolids loading on tract 84,
it is necessary to add the biosolids loading of all of the
tracts that have any polygon in common with tract 84.
Polygon 88 is common to tracts 84, 78 and 62. Thus, the
biosolids loading for that portion of tract 84 correspond-
ing to polygon 88 is the sum of all of the loading for
tracts 84, 78 and 62. Biosolids loading for the remaining
portion of tract 84 is the loading for that tract only.

In the preferred embodiment, the graphical
display of the biosolids loading of tract 84 would be
illustrated by showing polygons 88 and 90 in different
colors, for example, or by polygon boundary lines.
Normally, however, only the current tracts are shown in
the graphical display with the polygons being hidden and
tracked in the memory of computer 12. The polygon
tracking is maintained even when the user deletes a tract
from the current disposal scheme.

Setback Tracking
Figs. 8A-9B illustrate the use of polygons in

tracking biosolids 1loading for tract boundaries that
change because of a change in the setback requirement with

PCT/US94/07414
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regard to wells, streams and other land features that
require a setback. For example, Fig. 8A illustrates a map
display for field 92 having well 94 in the center and
stream 96 running therethrough. For the season illus-
trated, well 94 requires a setback X1 from the center and
stream 96 requires a setback Yl. These setbacks define
boundary 98 for well 94 and the boundaries 100 and 102
parallel to stream 96. Well.boundary 98 defines a portion
of the boundaries of tracts 104 and 106, and stream
boundary 100 forms a portion of the boundary of tract 106
as illustrated.

Fig. 8B illustrates polygons 108 and 110
corresponding to tracts 104 and 106 respectively. Other
polygons are also defined including polygon 112 for the
area defined by well boundary 98, polygon 114 for the area
between stream 96 and stream boundary 100, and polygon 116
for the area between stream 96 and stream boundary 102.

Fig. 9A represents a situation in which the
areas of tracts 104 and 106 have been changed because of
an increase in the setback distance required by regula-
tions. More particularly, the setback distance for well
94 has increased to X2 defining circular boundary 118, and
the setback distance for stream 96 has increased to Y2
defining boundaries 120 and 122 on either side thereof.

Because of the setback changes, the polygons for
field 92 are also redefined as illustrated in Fig. 9B.
New well boundary 118 defines new polygons 124 and 126,
and new stream boundary 120 defines new polygon 128. (A
new polygon adjacent boundary 122 is not defined because
this new area is outside field 92.) It will be noted in
Fig. 9B that old polygons 112, 114 and 116 remain so that
historical loading data can be tracked even though tracts
104 and 106 no longer include these polygons.

As those skilled in the art will appreciate, the
present invention can be used to track disposal of a wide

PCT/US94/07414
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variety of waste matter including hazardous wastes,
chemicals, contaminated soil and the liké, and other types
of bio-solids such as waste water solids and solid waste
for landfill disposal.

Having thus described the preferred embodiment of the
present invention, the following is claimed as new and
desired to be secured by Letters Patent:
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Claims:

1. A method of tracking the depositing of

waste matter on a plot of land comprising the steps of:

(a) identifying a plurality of points about the
boundary of a plot of land; '
(b) at said boundary points, receiving global posi-
tioning system signals in a global positioning
satellite receivervand, in response, determining
in said receiver the coordinates of each of said
points;
(c) storing said coordinates in the memory of a
computer;
(d) determining in said computer the area of the plot
using said coordinates;
(e) producing an analysis of selected constituents of
the waste matter for depositing on the plot;
(f) storing in said computer memory data representa-
tive of the quantity of waste matter deposited
on the plot and data representative of said
analysis; and
(g) determining in said computer the cumulative quan-
tity per unit area of said constituents depos-
ited on the plot using said plot area, quantity
data, and analysis data,
said method further including the steps of
repeating steps (a) - (g) for a plurality of
plots,

determining in said computer whether any of said
plots overlap to form an overlap area, and

performing step (g) for the plot including the
overlap area for determining said cumu-
lative quantity separately for the overlap
area and for the remainder of the plot
without the overlap area.

PCT/US94/07414
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2. The method as set forth in claim 1, said
computer including means for presenting a display, said
method further including the steps of storing in said
computer memory a graphical illustration of the plot and
selectively displaying said illustration.

3. The method as set forth in claim 2, further
including the step of storing said graphical illustration
as a portion of a topographic map.

4. The method as set forth in claim 2, further
including the step of storing said graphical illustration
as a portion of a digitized photographic image.

5. The method as set forth in claim 2, further
including the steps of storing said graphical illustration
as a portion of a topographic map and of a digitized
photographic image and displaying said map and photograph
in superposed relationship.

6. The method as set forth in claim 1, said
computer including means for presenting a display, said
method further including the steps of

storing in said computer memory a graphical illustra-
tion of at least a portion of the plot and
selectively displaying said illustration,

storing in said computer memory textual data concern-
ing said plot, and

providing a computer program interface between said
illustration and textual data allowing at least
one of retrieval of said illustration in
response to retrieval from said memory of
selected portions of said textual data, and
retrieval from said memory of said textual data
in response to retrieval of said illustration.

PCT/US94/07414
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7. The method as set forth in claim 1, further
including the steps of storing in said computer memory
textual data concerning said plot.

8. The method as set forth in claim 7, further
including the step of storing said plot area, quantity
data and analysis as part of said textual data.

, 9. The method as set forth in claim 1, further
including the step of identifying said points as corner
points of the plot.

10. The method as set forth in claim 1, further
including the step of performing steps (a)-(g) for waste
matter including biosolids. '

11. The method as set forth in claim 10,
further including the step of performing steps (a)-(g) for
biosolids including sewage treatment sludge.

12. The method as set forth in claim 1, step
(e) including the step of performing said analysis on said
constituents to include at 1least one of nitrogen and
metals.

13. The method as set forth in claim 1, the
waste matter being deposited on the plot in loads of waste
matter, said analysis including the percent of solids in
each of said loads.

14. The method as set forth in claim 1, further
including the step of producing an output from said
computer as a report representative of said cumulative
amount.

PCT/US94/07414
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15. The method as set forth in claim 1, using
a personal computer as said computer.

16. The method as set forth in claim 1, further
including the step of repeating step (g) for successive
quantities of waste matter deposited on the plot.
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17. An apparatus for tracking the depositing of

waste matter on plots of land comprising:

a global positioning system receiver operable for

receiving signals from global positioning satel-
lites and for determining land coordinates
therefrom; and

a computer including memory operable for receiving

and storing input as land coordinates produced

by said receiver, said coordinates being

representative of a plurality of points about

the boundaries of plots of land, said computer

including

means for determining the area of the plot using
said coordinates,

means for storing in said computer memory data
representative of the quantity of waste
matter for depositing on the plot and
representative of an analysis of selected
constituents of waste matter for depositing
on the plots, and '

means for determining in said computer the cumu-
lative quantity per unit area of said
constituents deposited on the plot using
said plot area, quantity data, and analysis
data,

said computer including means for determining
whether any of said plots overlap to form
an overlap area and means for determining
said cumulative quantity separately for the
overlap area and for the remainder of the
plots without the overlap area.
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18. The methed as set forth in claim 1, the
plots being tracts of land for disposal of waste matter
thereon, said method further including the steps of
determining a plurality of polygons defined by the

5 boundaries of said plots, tracking said cumulative
quantity for each polygon as the sum of said cumulative
guantities for each tract inclusive of said each polygon.

10
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19. A method of tracking the depositing of

waste matter on a plot of land comprising the steps of:

(a)

(b)

(c)
(d)
(e)

(£)

(9)

said

identifying a plurality of points about the
boundary of a plot of land and any setback loca-
tion in the vicinity of the plot;

at said boundary points, receiving global
positioning system signals in a global posi-
tioning satellite receiver and, in response,
determining in said receiver the coordinates of
each of said points;

storing said coordinates in the memory of a
computer;

determining in said computer the area of the
plot using said coordinates;

producing an analysis of selected constituents
of the waste matter for depositing on the plot;
storing in said computer memory data representa-
tive of the quantity of waste matter deposited
on the plot and data representative of said
analysis; and

determining in said computer the cumulative
guantity per unit area of said constituents
deposited on the plot using said plot area,
quantity data, and analysis data, ‘
setback location having a predetermined setback
distance defining a setback area associated
therewith, step (d) further including the steps
of determining whether the setback area overlaps
the plot and if so, determining the area of the
plot without any setback area overlapping the
plot and determining the boundary of the plot to
include the boundary of any setback area.
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20. The method as set forth in claim 19, said
setback location including a well, the boundary of said
setback area being defined by a circle surrounding said
well. |

21. The method as set forth in claim 19, said
setback location including a stream, the boundary of said
setback area being defined by a line generally parallel to
the stream at a predetermined distance.

22. The method as set forth in claim 19, said
computer including means for presenting a display, said
method further including the steps of storing in said
computer memory a graphical illustration of the plot and
selectively displaying said illustration.

23. The method as set forth in claim 22,
further including the step of storing said graphical
illustration as a portion of a topographic map.

24. The method as set forth in claim 22,
further including the step of storing said graphical
illustration as a portion of a digitized photographic
image.

25. The method as set forth in claim 22,
further including the steps of storing said graphical
illustration as a portion of a topographic map and of a
digitized photographic image and displaying said map and
photograph in superposed relationship.

PCT/US94/07414
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26. The method as set forth in claim 19, said
computer including means for presenting a display, said
method further including the steps of

storing in said computer memory a graphical illustra-
tion of at least a portion of the plot and
selectively displaying said illustration,

storing in said computer memory textual data concern-
ing said plot, and

providing a computer program interface between said
illustration and textual data allowing at least
one of retrieval of said illustration in
response to retrieval from said memory of
selected portions of said textual data, and
retrieval from said memory of said textual data

[

in response to retrieval of said illustration.

27. The method as set forth in claim 19,
further including steps of storing in said computer memory
textual data concerning said plot.

28. The method as set forth in claim 27,
further including the step of storing said plot area,
quantity data and analysis as part of said textual data.

29. The method as set forth in claim 19,
further including the step of identifying said points as
corner points of the plot.

30. The method as set forth in claim 19,
further including the steps of performing said steps for
waste matter including biosolids.

31. The method as set forth in claim 30,
further including the step of performing said steps for
biosolids including sewage treatment sludge.

PCT/US94/07414
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32. The method as set forth in claim 19, step
(e) including the step of performing said analysis on said
constituents to include at least one of nitrogen and
metals.

33. The method as set forth in claim 19, the

~ waste matter being deposited on the plot in loads of waste

matter, said analysis including the percent of solids in
each of said loads.

34. The method as set forth in claim 19,
further including the step of producing an output from
said computer as a report representative of said cumula-
tive amount.

35. The method as set forth in ciaim 19,
further including the step of using a personal computer as
said computer.

36. The method as set forth in claim 19,
further including the step of repeating step (g) for
successive quantities of waste matter deposited on the
plot.

PCT/US94/07414
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37. An apparatus for tracking the depositing of
waste matter on a plot of land comprising:
a global positioning system receiver operable for
receiving signals from global positioning
satellites and for determining land coordinates
therefrom; and
a computer including memory operable for receiving
and storing inputnas land coordinates produced
by said receiver, said coordinates being repre-
sentative of a plurality of points about the
boundary of a plot of land and representative of
any setback location in the vicinity of the
plot, said computer including
means for determining the area of the plot using said
coordinates,
means for storing in said computer memory data
representative of the quantity of waste
matter for depositing on the plot and
representative of an analysis of selected
constituents of waste matter for depositing
on the plot, and

means for determining in said computer the cumu-
lative quantity per unit area of said con-
stituents deposited on the plot using said
plot area, quantity data, and analysis
data,

said computer further including means for
determining a setback distance defining a
setback area associated with the setback
location, for determining whether the
setback area overlaps the plot and if so,
determining the area of the plot without
any setback area overlapping the plot and
determining the boundary of the plot to
include the boundary of any setback area.
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