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SYSTEM AND METHOD FOR DISTRIBUTION
OF SENSORS FOR EMERGENCY RESPONSE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit of U.S.
Provisional Application No. 61/984,716, filed on Apr. 25,
2014, the content of which is incorporated herein by refer-
ence.

BACKGROUND

[0002] The present invention is in the field of emergency
response. More particularly, the present invention is in the
technical field of sensor placement for community protection
and notification to an industrial plant during actual chemical
release events.

BRIEF SUMMARY

[0003] Embodiments of the present invention are directed
to a system, and method for selecting placement of sensors for
sensing a hazardous substance released from a plurality of
hazard points. According to one embodiment, a processor
identifies a location of a hazard point, a fenceline surrounding
the hazard point, and a toxic level of concern (LOC) for the
hazardous substance. The processor calculates a minimum
amount of the substance (Q) for which a concentration at a
centerline of a plume carrying the hazardous substance
reaches the toxic LOC at the fenceline, and simulates a
release ofthe hazardous substance in the calculated amount Q
from the hazard point. The processor further calculates loca-
tions of a pair of sensors where concentration is equal to a
minimum detectable level of concentration by the pairs of
sensors based on the simulated release. The location of the
pair of sensors is then output by the processor.

[0004] According to one embodiment of the invention, the
location is identified two numbers in a Cartesian coordinate
system. The first number corresponds to a downwind distance
from the hazard point. The second number corresponds to a
crosswind distance from the centerline of the plume, at the
downwind distance from the hazard point.

[0005] According to one embodiment of the invention, the
calculated locations are locations on the fenceline.

[0006] According to one embodiment of the invention, the
release is simulated by running a dispersion model.

[0007] According to one embodiment of the invention, the
processor assumes a wind direction in calculating the loca-
tions of the pair of sensors.

[0008] According to one embodiment of the invention, the
processor assumes a wind rotation in calculating the locations
of the pair of sensors.

[0009] According to one embodiment of the invention, the
output location of the at least one sensor is stored in memory.
[0010] According to one embodiment of the invention, the
processor identifies locations of other pairs of sensors asso-
ciated with remaining hazard points in all calculated wind
rotation angles. The processor identifies the sensors with
overlapping coverage of the hazard points, and finds, from the
identified sensors, sensors with maximum coverage of the
hazard points. The processor further removes unnecessary
sensors from the identified sensors.

[0011] According to one embodiment of the invention, the
finding of the sensors is based on a criterion that determines
the sensor with maximum source coverage.

Oct. 29, 2015

[0012] According to one embodiment of the invention, the
finding of the sensors is based on a criterion that identifies the
sensor with a maximum number of wind directions for which
the sensor is effective.

[0013] According to one embodiment of the invention, the
finding of the sensor is based on the criterion that determines
the sensor with maximum coverage length of the fenceline.

BRIEF DESCRIPTION OF THE DRAWING

[0014] FIG. 1 is a block diagram of a sensor placement
system according to one embodiment of the invention;

[0015] FIG. 2 is a conceptual diagram of sensor locations
calculated by a location finder module according to one
embodiment of the invention;

[0016] FIG. 3 is flow diagram of a process for finding all
possible sensor locations according to one embodiment of the
invention;

[0017] FIG. 4 is a conceptual layout diagram of exemplary
sensors providing overlapping coverage according to one
embodiment of the invention;

[0018] FIG.5is a flow diagram of a process for selecting an
optimal combination of sensors for detecting release from
any of hazardous locations according to one embodiment of
the invention;

[0019] FIG. 6 is an example showing a map of a fenceline of
a simulated plant site with three hazard points according to
one exemplary embodiment;

[0020] FIG. 7 is a map of the simulated plant site of FIG. 6
with locations of sensors after being optimized via the pro-
cess of FIG. 5 according to one exemplary embodiment; and

[0021] FIG. 8 is a conceptual layout diagram of an exem-
plary sensor-source matrix according to one embodiment of
the invention.

DETAILED DESCRIPTION

[0022] Itis desirable to have an effective network of sensors
at an industrial plant-site that carries hazardous chemicals to
detect leak of such chemicals and provide early warning and
protection of the exposed population. Accordingly, embodi-
ments of the present invention are directed to a sensor place-
ment system and method that are configured to calculate
optimal number and location of sensors around an industrial
plant-site carrying hazardous chemicals. The sensors may be,
for example, a photoionization (PID), electro-chemical,
paper tape, open path, or any other type of sensors conven-
tional in the art.

[0023] The plant-site may have simple or complex geom-
etry and one or multiple hazard points. According to one
embodiment, the sensor locations may be refined further con-
sidering the wind rose and population distribution around the
plant-site. As a person of skill in the art will understand, wind
roseis a graphic tool used by meteorologists to give a succinct
view of how wind speed and direction are typically distrib-
uted at a particular location.

[0024] According to one embodiment, the sensor place-
ment system and method are configured to find a minimum
number of sensors on the boundaries of an industrial plant,
that is determined to be effective in detecting a chemical
release before such release begins to affect the surrounding
communities. In this regard, a defined toxic level of concern
(LOC) is identified for determining the location and number
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of sensors. According to one embodiment, the toxic LOC is
defined either by a plant toxicologist or by using available
published guidelines.

[0025] FIG. 1 is a block diagram of a sensor placement
system according to one embodiment of the invention. The
system includes a sensor placement server 10 coupled to a
mass storage device 16 over a data communications network
18. The data communications network 18 may be a local area
network (LAN), private wide area network (WAN), the Inter-
net, or any wired or wireless network environment conven-
tional in the art. The mass storage device may store informa-
tion about one or more plant-sites for which sensor locations
are to be determined, including for example, coordinates of a
fenceline defining an outer perimeter of the plant site, loca-
tion of hazard points, and the like.

[0026] According to one embodiment, the sensor place-
ment server 10 may be further coupled to weather sensors 20
that provide meteorological data such as wind speed and
direction to the computer over the wired or wireless data
communications network 18. Such information may alterna-
tively be obtained from other sources such as, for example,
the Internet.

[0027] The sensor placement server 10 includes a central
processing unit (CPU) executing software instructions and
interacting with other system components to perform the
instructions of the present invention. An input device such as
mouse, keyboard or any type of user facilities can control the
operation of the server.

[0028] The server 10 also includes an addressable memory
for storing software instructions to be executed by the CPU.
The memory is implemented using a standard memory
device, such as a random access memory (RAM). In one
embodiment, the memory stores a number of software objects
or modules, including a location-finder module 12 and an
optimizer module 14. Although these modules are assumed to
be separate functional units, a person of skill in the art will
recognize that the functionality of the modules may be com-
bined or integrated into a single module, or further subdivided
into further sub-modules without departing from the spirit of
the invention.

[0029] According to one embodiment, the location-finder
module 12 is configured to identify, for example, all possible
locations of sensors to be placed on the fenceline of a plant-
site. The optimizer module 14 is configured to optimize the
output of the location-finder module and identify a necessary
and sufficient number of sensors as well as their optimal
locations on the plant-site for detecting releases from n haz-
ardous points within the plant.

[0030] FIG. 2 is a conceptual diagram of a pair of sensor
locations calculated by the location finder module 12 for
detecting a release from a hazard point in one wind direction
according to one embodiment of the invention. In the illus-
trated example, a particular hazard point (also referred to as a
source) 50 is located a distance x 52 from a fenceline 54 of a
particular plant-site. Such a distance is referred to herein as a
downwind distance from the source. In determining the
placement of a pair of sensors for a single hazard point, the
location-finder module 12 identifies the location of the hazard
point relative to the fenceline, and further identifies a toxic
LOC for the hazardous substance at the hazard point 50. The
location-finder module further calculates a minimum amount
of the hazardous substance for which a concentration at a
centerline of a plume 60 carrying the substance reaches the
toxic LOC at the fenceline 54. According to one embodiment,
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the location-finder module 12 is configured to simulate the
minimum amount of hazardous substance released from the
hazard point 50, and identify intersections of the plume at the
fenceline at points 56, 58 corresponding to the minimum
detectable concentration of the substance by one or more
sensors. The release simulation is done by running a disper-
sion model. Any dispersion model may be utilized for the
sensor placement method described herein, such as the dis-
persion model disclosed in further detail in U.S. Pat. No.
6,772,071, the content of which is incorporated herein by
reference. According to one embodiment, the location of the
sensors at intersection points 56, 58 is obtained by calculating
a crosswind distance 62 from the centerline (referred to as
crosswind distance y), or the relative location of intersection
points 56, 58 with respect to the hazard point 50.

[0031] FIG. 3 is a flow diagram of a process for finding all
possible sensor locations according to one embodiment of the
invention. The process starts, and in step 100, the location-
finder module 12 identifies the fenceline of a particular plant-
site as well as the location of one or more hazard points within
the plant where chemical substances are stored or processed.
The fenceline may be defined via world coordinates corre-
sponding to an outside perimeter of the particular plant-site,
such as, for example, via latitude and longitude coordinates.
According to one embodiment, information on the fenceline
and location of the hazard points are retrieved from the mass
storage device 16. Location of the hazard points are deter-
mined by a team with expertise in engineering and process
operations, using appropriate hazard analysis techniques
such as, for example, Process Hazard Analysts (PHA) as will
be understood by a person of skill in the art.

[0032] In addition to the location of the fenceline and the
hazard points, the location-finder module 12 also identifies
the toxic level of concern (LOC) associated with each iden-
tified chemical substance. According to one embodiment, the
toxic LOC is deemed to be the inhaled dosage of a chemical
substance which causes injury to human population. Gener-
ally, the lower the toxic LOC value for a substance, the more
toxic the substance is by inhalation.

[0033] According to one embodiment, the toxic LOC of a
particular chemical substance is determined by a specialist in
the plant-site, and stored in the mass storage device 16.
According to this embodiment the location-finder module 12
is configured to retrieve the stored toxic LOC value for the
particular chemical substance from the mass storage device
16.

[0034] In addition or in lieu of data provided by such spe-
cialist, the toxic LOC of a particular substance may be based
on one or more industry guidelines. The guideline that is
invoked may depend on a goal of assessing a threat due to a
chemical release. For example, if the goal is protecting the
general public, public exposure guidelines are used to assess
the threat. Public exposure guidelines are intended to predict
how members of the general public would be affected (that is,
the severity of the hazard) if they are exposed to a particular
hazardous chemical in an emergency response situation.

[0035] According to one embodiment, one of various pub-
lic exposure guidelines stored in the mass storage device 16 is
searched for finding the LOC of a particular substance. Such
public exposure guidelines include but are not limited to:

[0036] AEGLs (Acute Exposure Guideline Levels)
[0037] ERPGs (Emergency Response Planning Guide-
lines)
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[0038] TEELs (Temporary Emergency Exposure Lim-
its)
[0039] Each of these guidelines provides three tiers of

exposure values (e.g., ERPG-1, ERPG-2, and ERPG-3) for
each chemical.

[0040] ERPG-2 is defined as the maximum airborne con-
centration below which nearly all individuals could be
exposed for up to 1 hour without experiencing or developing
irreversible or other serious health effects or symptoms that
could impair an individual’s ability to take protective action.
According to one embodiment, the toxic level is determined
by a specialist in the plant-site of concern, and those toxic
level values are identified and retrieved from the mass storage
device 16 by the location-finder module 12. However, if no
toxic level has been set, the values of EKPG2s or AEGL2s
may be applied as toxic thresholds.

[0041] Inact102, the locations of the fenceline and hazard
points ate each converted from a real-world geographic coor-
dinate (e.g. latitude, longitude values) to Cartesian coordi-
nates according to conventional mechanisms.

[0042] In act 104, the location-finder module 12 selects an
arbitrary wind direction 0, for determining the sensor location
for a jth hazard location. According to one embodiment, 0,
represents an initial value for an array of wind direction
(6=[06, 0, ...0,]). According to one embodiment, two suc-
cessive wind directions are maintained by the location-finder
module when calculating placement of sensors for the plant-
site: 0,,,,and 0_,,. A current wind direction is represented by
0,0, An 0ld wind direction is represented by 0,

[0043] Inact 106, the location-finder module 12 computes
the location of pair of sensors for each potential release source
by keeping the wind direction constant. Specifically, to find
the location of the sensor for the jib hazard location and the
current wind direction 0,7, the location-finder module 12
computes a minimum amount of hazardous chemical (Q) for
which a centerline concentration reaches the toxic LOC at the
fenceline. According to one embodiment, the amount of haz-
ardous chemical (Q) is calculated using Gaussian dispersion
modeling according to Equation 1:

1( v,)z (1)

2r0, o uCe\ 7y

B ,L(Ei)z ,1(,@)2
e 2 Ty +e 2 Ty

[0044] Where:

[0045] C—ground level pollutant concentration (g/m>)
[0046] Q=mass emitted per unit, time (g/s)

[0047] o, =standard deviation of pollutant concentration in

y (horizontal) direction (m)
[0048] o,=standard deviation of pollutant concentration in
7 (vertical) direction (m)

[0049] u=wind speed (m/s)

[0050] y=distance in horizontal direction (m)
[0051] z=distance in vertical direction (m)
[0052] H=effective stack height (m)

o, and o, at are the standard deviation from normal on the
Gaussian distribution curve in the y and z directions, respec-
tively, and both are the function of atmospheric stability and
downwind distance from the source. To find the minimum Q
for a given ground level release, C is considered attoxic LOC,
zand H are assumed to be zero and o, and o, are calculated for
the worst-case weather condition defined as a very stable
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atmospheric condition (F stability) and a wind speed of, for
example, 1.5 m/s. The most commonly used classification of
atmospheric stability was developed by Pasquill and Gitford
on 1961. They defined 6 classes, named A through F, with A
the most unstable class, D neutral atmosphere and F the most
stable class. According to one embodiment, for the stability
class F and open (rural) terrain the following Equations 2 and
3 are applied for determining o, and o,:

0,=0.04x(1+0.0001x)~%> )
0,=0.016x(1+0.0003x)"! 3)
[0053] In this regard, the locations of the sensors are iden-

tified by simulating a release scenario by amount of Q from
the jth hazard source and the wind direction 6,7 and finding
the intersection of a plume of the toxic release and the fence-
line at points corresponding to the lower threshold of the
sensor (the minimum detectable concentration of the sensor).
According to one embodiment, the locations of the sensors
are determined as x and y in the Cartesian coordinate system.
In this regard, the x component of a sensor location corre-
sponds to downwind distance x from the source (release
location), and the y component is obtained by calculating the
crosswind distance y from the centerline, at the downwind
distance x of the hazard point from the release location,
according to the following Equation 4:

05 @
s o)
7Ty U Csensor

[0054] where C,,,,,, s the minimum detectable concentra-

tion of the substance by the sensor.

[0055] In act 108, the location-finder module 12 stores the
location of the sensors for all of the sources in a matrix in the
memory.

[0056] Inact110,thelocation-finder module 12 finds a new
wind direction by rotating the wind direction A¢/ from the last
wind direction according to the following formula:
0,,,,7=0,,/+A¥ . The superscript j is the source indicator and
can be varied from 1 to n, where n corresponds to the number
ofhazard points. According to one embodiment, A® the rota-
tional angle of the wind in such a way that the leftmost edge
of'the plume, corresponding to the lower threshold limit of the
sensor for the current wind direction, matches with the right-
most sensor obtained from a previous wind direction. Accord-
ing to one embodiment, A® is not constant but is determined
by geometry.

[0057] Inact112,thelocation-finder module 12 determines
whether 6,,/>6/ OR 6,,,,/>360°+6, for j=1 . .. n, where 6/ is
a final wind direction and determined by leftmost sensor
locations associated with the initial wind direction (0,). Cal-
culations for jth hazard location end if 6,7>67 OR
0,,.,/>360°+06,.

[0058] The calculations performed by the location-finder
module 12 to find the placement of a pair of sensors may be

shown by the following example.

EXAMPLE 1

[0059] Ifthetoxic LOC of a hazardous chemical is 50 ppm,
the lower threshold of the sensor is 1 ppm, the downwind
distance from the release location (x) is 500 meters, and the
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wind speed is 1.5 m/s, the minimum amount of Q and location
of two sensors (y@x) are obtained by following procedure:

[0060] @500 m:

©,=0.04x500(1+0.0001x500)~**=19.52 (m)

0,=0.016x500(1+0.0003x500)"1=6.97 (m)

[0061] @H=0 and z=0 the centerline (y=0) concentration
of 50 ppm:

Q =rx19.52x6.97x1.5 x50 =32057 ppm

=+19 52[21;{—32057 ]]05 =54.59
yEE X006 ISxT )| o+ m

[0062] As aperson of skill in the art should appreciate, it is
possible, due to the geometrical configuration of hazard
points and fenceline, that a sensor specified for detecting the
release from a particular hazard point and wind direction, is
able to detect releases form other hazard points in the same or
different wind direction. In this scenario, the one sensor may
function for providing coverage for more than one hazard
points. This scenario is hereinafter referred to as “overlapping
coverage”.

[0063] FIG. 4 is a conceptual layout diagram of exemplary
sensors providing overlapping coverage according to one
embodiment of the invention. In the example of FIG. 4 a
plant-site includes three hazard points 212, 214, 216. It is
assumed that the location-finder module 12 output locations
of a pair of sensors for each of the three hazard points using
the process described in FIG. 3, as follows: sensor locations
200, 202 used for detecting a release from hazard point 212;
sensor locations 204, 208 are used for detecting a release from
hazard point 204; and sensor locations 206 and 210 are used
for detecting a release from hazard point 216. As shown in this
example, one sensor (either sensor 200 or 202) is needed for
detecting the release from hazard point 212. For the remain-
ing four sensors 204-210, either sensor 206 or 208 is posi-
tioned to detect release from both hazard points 214 and 216.
Thus, a minimum number of sensors needed for detecting a
release from hazard points 212, 214, and 216, are two. Spe-
cifically, there are four appropriate combinations of sensors:
(sensor 200 and sensor 208), (sensor 200 and sensor 206),
(sensor 202 and sensor 208), and (sensor 202 and sensor 206).
According to one embodiment, the optimizer module 14
selects the optimal combination of sensors based on one or
more criteria while sensors that are not selected are removed
from a final set of sensors needed to be placed on the fence-
line.

[0064] FIG. 5is a flow diagram of process for selecting an
optimal combination of sensors for detecting release from
any of the n hazardous location based on a matrix of sensor
locations output by the location-finder module 12 according
to one embodiment of the invention.

[0065] The process starts, and in act 300, the optimizer
module 14 receives the matrix of sensor locations from the
location-finder module 12. According to one embodiment,
the sensor location matrix contains information such as, for
example, the location of sensors, the direction of the wind, the
concentration, of the hazardous material at the centerline of
the plume, and the like. According to one embodiment, one of
the columns (e.g. the last column) of the matrix corresponds
to the number of wind rotation’s (r;) associated with particular
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sources. Using the data of this column of the matrix, in act
302, the optimizer module identifies a maximum number of
wind rotations (r,) associated with the n hazardous sources.
According to one embodiment, r, strongly depends on geom-
etry of the plant-site, the LOG of the hazardous material, and
the threshold of the sensor. According to one embodiment, act
302 also produces the sensor-rotation matrix, showing the
number of wind rotations for which a specific sensor can be
effective, regardless of which hazard source(s) is (are) being
considered.

[0066] Inact304, an initial wind direction is identified and
the current rotation r is initialized to 0.

[0067] Inact306, the optimizer module generates a sensor-
source matrix for the current wind rotation. According to one
embodiment, the sensor-source matrix shows how many sen-
sors cover the release from specific sources as well as the
number of sources that can be protected by a specific sensor.
[0068] The optimizer module 14 selects the collection of
sensors among all entries of the sensor-location matrix for
current rotation r. According to one embodiment, three fol-
lowing items are considered to “accept” or “reject” a sensor
during act 306:

[0069] The number of sources that can be covered by the
sensor in the wind direction of concern.

[0070] The number of wind directions for which release
from any of one or multiple hazard locations can be detected
by the sensor.

[0071] Thelength ofthe fenceline with respect to a fix point
on the fenceline that can be covered by the sensor.

[0072] According to one embodiment, the above criteria
are considered successively by the optimizer module 14 in
accepting or rejecting a sensor to generate the collection of
sensors with maximum source coverage. [fthere is more than
one sensor with the same source coverage, the second criteria
is applied to the collection of sensors satisfy the first criterion.
Again, if more than one senor is found by considering the
second criteria, the sensor with maximum fenceline coverage
is selected.

[0073] To automate this procedure, in each wind rotation,
the optimizer module 14 generates the sensor-source matrix
in act 306. The dimension of this matrix (m+1)x(n+1), where
m is the number of sensors and n is the number of hazard
points. The element Aij (O<i<=m and 0<j<=n) of the matrix is
either 0 or 1, representing that the source j is covered by the
sensori(1)ornot(0). A, ,(0<j<=n) shows the total number
of sensors that can cover sourcej, and A, ;, (0<i<=m) shows
the total number of sources that can be covered by sensor i.

[0074] In act 308, this information along with the above-
referenced criteria is used to “accept” sensor i in the final list
of required sensors, or “reject” it because of the existing
overlapping coverage. This matrix is created r; times by suc-
cessively increasing each current rotation in act 310, where r,
is the maximum number of wind direction for all sources. The
process ends when the maximum number of wind rotations
(r;) have been reached.

[0075] FIG. 8 is a conceptual layout diagram of an exem-
plary sensor-source matrix 400 for the wind direction of F1G.
4 according to one embodiment of the invention. The sensor-
source matrix identifies, for each hazard point (source) 212-
216 and sensor ID 200-206 of FIG. 4, whether the sensor may
detect a hazardous release from the particular hazard point. If
s0, a value of 1 is stored for the particular hazard point/sensor
ID combination. Otherwise, a value of 0 is stored.
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[0076] The matrix also includes a total source column 402
that identifies a sum of all entries of each row reflecting a total
number of hazard points that may be identified by the sensors
in each row. In the illustrated example, sensor 200 can detect
arelease from a total of 1 hazard point while sensors 206 and
208 can detect a release from a total of 2 hazard points.
Further, the matrix includes row 404, which determines a total
number of sensors associated with the detection of release
from each source 212-216. In accepting or rejecting a sensor
during act 306 of the process of FIG. 5, the optimizer module
considers the first selection criterion, which is the number of
sources that can be covered by the sensor in the wind direction
of concern. According to first selection criterion, sensors 206
and 208 both can detect any release from two sources, so both
of them are candidates to be selected for the rest of the
procedure. Since more than one sensor is associated with the
maximum coverage (in this example, 2 sources), the opti-
mizer module considers the second criterion, which takes into
account the number of wind directions for which release may
be detected from any one or multiple hazard locations. To
apply the second criterion, the optimizer module uses the
sensor-rotation matrix. Assume, for purposes of this example,
that the sensor-rotation matrix indicates that sensor 206 can
be effective in detecting release from three wind directions
and sensor 208 can be effective in detecting release from four
wind directions. Because sensor 208 covers more wind direc-
tions than sensor 206, sensor 208 is selected to continue the
rest of selection procedure.

[0077] According to the sensor-source matrix 400, sensor
208 can cover sources 214 and 216. The goal in each wind
rotation is to find the minimum number of sensors that, when
merged together, can build an array with “1” entries. Accord-
ing to the present example, by selecting sensor 208, there
remains one “0” entry, which corresponds to source 212.
According to the matrix 400, both sensors 200 and 202 may
be selected as being capable of detecting a release from
source 212. Since the coverage of both sensors are the same
(i.e. each covers one source), the optimizer module applies
the second criterion for selecting between the two sensors 200
and 202. Again, assume for purposes of the present example
that both sensors can be effective in two wind rotations. Thus,
the optimizer module applies the third criterion, which con-
siders the clockwise arc distance of a sensor from a fixed point
on the fenceline. According to the third criterion, a sensor is
selected if the clockwise angle created by traveling from a
fixed point on the fenceline toward the sensor is larger than
those of other sensors. In this example, if the fenceline has a
convex shape, the optimizer module selects sensor 202 based
on the third criterion. By selecting sensors 202 and 208, all
hazard points are assigned at least one sensor in the current
wind rotation. The other sensors 200, 204, 206, and 210 are
eliminated as providing overlapping coverage with sensors
202 and 208. The process is then repeated for other required
wind directions.

[0078] FIG. 6 is a map of a fenceline of a simulated plant-
site with three hazard points according to one exemplary
embodiment. The hazard points include two ammonia hazard
points (NH;-1) and (NH;-2) and one hydrogen sulfide hazard
point (H,S-1). A total number of 128 sensor locations are
output by the location-finder module 12 based on these haz-
ard points. The sensor locations may be output as x and y
coordinates of a Cartesian coordinate system. According to
one embodiment, the server 10 is configured to convert the x
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and y coordinates to real-world geographic coordinates for
actual placement of sensors in the identified geographic loca-
tions.

[0079] FIG. 7 is a map of the simulated plant-site of FIG. 6
with locations of sensors after being optimized by the opti-
mizer module 14. In this example, the output of the optimizer
module 14 is as follows: 15 locations in which ammonia
sensor are to be installed; 4 locations in which both ammonia
and hydrogen sulfur sensors should be installed, and 18 loca-
tions in which hydrogen sulfide sensors should be installed.

[0080] The total number of sensors (considering all chemi-
cal substances) may be reduced even more by taking into
consideration the wind rose and the location of communities.
For example, if the wind rose of a plant-site shows that the
frequency of winds blowing from particular directions are
extremely low, or there is no community in a particular region
around the plant-site, the location-finder module 12 or opti-
mizer module 14 may be configured to eliminate sensor loca-
tions associated with this particular wind direction or region.
According to the example for this plant-site, the population
distribution is assumed to be uniform in the neighborhood,
and there is no preferred wind direction.

[0081] It is the Applicant’s intention to cover by claims all
such uses of the invention, and those changes and modifica-
tions which could be made to the embodiments of the inven-
tion herein chosen for the purpose of disclosure without
departing from the spirit and scope of the invention. Thus, the
present embodiments of the invention should be considered in
all respects as illustrative and not restrictive, the scope of the
invention to be indicated by claims and their equivalents
rather than the foregoing description.

1. A system for selecting placement of sensors for sensing
a hazardous substance released from a plurality of hazard
points, the system comprising:

a processor; and

a memory, wherein the memory has instructions stored

therein that, when executed by the processor, cause the

processor to:

identify a location of a hazard point;

identify a fenceline surrounding the hazard point;

identify a toxic level of concern (LOC) for the hazardous
substance;

calculate aminimum amount of the hazardous substance
(Q) for which a concentration at a centerline of a
plume carrying the hazardous substance reaches the
toxic LOC at the fenceline;

simulate a release of the hazardous substance in the
calculated amount Q from the hazard point;

calculate locations ofa pair of sensors where a minimum
level of concentration of the hazardous substance is
detected by the pair of sensors based on the simulated
release; and

output the locations of the pair of sensors.

2. The system of claim 1, wherein the location is identified
via two numbers in a Cartesian coordinate system, a first one
of the two numbers corresponding to a downwind distance
from the hazard point, and a second one of the two numbers
corresponding to a crosswind distance from the centerline of
the plume, at the downwind distance from the hazard point.

3. The system of claim 1, wherein the calculated locations
are locations on the fenceline.

4. The system of claim 1, wherein the instructions that
cause the processor to simulate the release include instruc-
tions that cause the processor to run a dispersion model.
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5. The system of claim 1, wherein the instructions cause the
processor to assume a wind direction in calculating the loca-
tions of the pair of sensors.

6. The system of claim 1, wherein the instructions cause the
processor to calculate a degree of wind rotation in calculating
the locations of the pair of sensors.

7. The system of claim 1, wherein the output locations of
the pair of sensors is stored in the memory.

8. The system of claim 1, wherein the instructions further
cause the processor to:

identify locations of other pairs of sensors associated with

remaining hazard points in all calculated wind rotation
angles;

identify the sensors with overlapping coverage of the haz-

ard points;

find, from the identified sensors, sensors with maximum

coverage of the hazard points; and

remove unnecessary sensors from the identified sensors.

9. The system of claim 8, wherein the finding of the sensors
is based on a criterion that determines the sensor with maxi-
mum source coverage.

10. The system of claim 8, wherein the finding of the
sensors is based on a criterion that identifies the sensor with a
maximum number of wind directions for which the sensor is
effective.

11. The system of claim 8, wherein the finding of the
sensors is based on a criterion that determines the sensor with
maximum coverage length of the fenceline.

12. A method for selecting placement of sensors for sens-
ing a hazardous substance released from a plurality of hazard
points, the method comprising:

identifying, by a processor, a location of a hazard point;

identifying, by a processor, a fenceline surrounding the

hazard point;

identifying, by a processor, a toxic level of concern (LOC)

for the hazardous substance;

calculating, by a processor, a minimum amount of the

hazardous substance (Q) for which a concentration at a
centerline of a plume carrying the hazardous substance
reaches the toxic LOC at the fenceline;
simulating, by a processor, a release of the hazardous sub-
stance in the calculated amount Q from the hazard point;

calculating, by a processor, locations of a pair of sensors
where concentration is equal to a minimum detectable
level of concentration by the pairs of sensors based on
the simulated release; and
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outputting, by a processor, the locations of the pair of
sensors.

13. The method of claim 12, wherein the location is iden-
tified wherein the location is identified via two numbers in a
Cartesian coordinate system, a first one of the two numbers
corresponding to a downwind distance from the hazard point,
and a second one of the two numbers corresponding to a cross
wind distance from the centerline of the plume, at the down-
wind distance from the hazard point.

14. The method of claim 12, wherein the calculated loca-
tions are locations on the fenceline.

15. The method of claim 12, wherein the release is simu-
lated by running a dispersion model.

16. The method of claim 12, wherein the processor
assumes a wind direction in calculating the locations of the
pair of sensors.

17. The method of claim 12, wherein the processor calcu-
lates a degree of wind rotation in calculating the locations of
the pair of sensors.

18. The method of claim 12, wherein the output location of
the at least one sensor is stored in memory.

19. The method of claim 12 further comprising:

identifying, by the processor, locations of other pairs of

sensors associated with remaining hazard points in all
calculated wind rotation angles;

identifying, by the processor, the sensors with overlapping

coverage of the hazard points;

finding, by the processor, from the identified sensors, sen-

sors with maximum coverage of the hazard points; and
removing, by the processors, unnecessary sensors from the
identified sensors.

20. The method of claim 12, wherein the finding of the
sensor is based on a criterion that determines the sensor with
maximum source coverage.

21. The method of claim 12, wherein the finding of the
sensor is based on a criterion that identifies the sensor with a
maximum number of wind directions for which the sensor is
effective.

22. The system of claim 12, wherein the finding of the
sensor is based on the criterion that determines the sensor
with maximum coverage length of the fenceline.

#* #* #* #* #*



