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The Problem
In the event of a toxic chemical release, personnel at the affected 

facility and emergency responders will begin working as quickly as 

possible on two parallel tracks. The first track is to affect the safety 

of everyone in the immediate path of the plume — and this usually 

involves evacuation or a shelter-in-place strategy. The second track 

is to prevent or minimize the wider danger to the surrounding region 

by predicting the path, area and severity of the plume’s impact — 

and this requires a dispersion model.

The problem is, an accurate dispersion estimation of a toxic plume 

requires weather data, identification of the chemical (and an 

understanding of its behavior) and the release rate of this chemical. 

And determining an accurate release rate is often extremely difficult, 

for several reasons, such as:

• Atmospheric turbulence, changes in wind direction and speed, 

and other factors can lead to plume meandering

• Sensors in different areas of a plume might detect the chemical 

concentration at different times — some early after the release, 

others not until later

• Some sensors in a plume’s path might become unusable early 

after the initial release, if they become saturated or reach the 

maximum limit of their reading range

For these and other reasons, the release rate of a chemical incident 

is often the most elusive data point and the greatest barrier to 

quickly developing a useful dispersion model.

The Solution
To address this problem, and to help chemical facilities and 

emergency responders more quickly and accurate arrive at a 

dispersion model following a toxic release, SAFER Systems has 

developed and patented a unique scheme for estimate the release 

rate of a rogue chemical plume.

The algorithm developed to implement this scheme, called Advanced 

Back Calculation™ (ABC), 1 essentially involves reverse engineering 

a dispersion model.

In other words, while the release rate is typically used as an input 

to arrive at a dispersion model and obtain an estimate of the 

concentration field for the plume-impacted area, the Advanced 

Back Calculation algorithm takes into account the inherent difficulty 

of obtaining an accurate release rate — and instead uses the 

other concentration-field data to work backward and estimate the 

chemical’s release rate.

Introducing a patented and unique scheme for quickly determining one of 
the most important — and elusive — data points in a chemical incident
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How This Solution Works
The Advanced Back Calculation system gathers and analyzes 

data through a combination of fixed and portable sensors. When a 

chemical is released, fixed sensors will pick up the concentration 

first. Portable sensors can then be deployed to gather more data — 

and their positioning can be aided by a wind corridor, which is an 

angle depicted on a Geographic Information Systems (GIS) map. The 

angle origin is placed at the release point, and its width is based on 

atmospheric stability.

Additionally, because sensors residing on the edge of the plume can 

show strong concentration fluctuation due to plume meandering, 

leading to inaccuracies, the Advanced Back Calculation algorithm 

will either filter or exclude altogether the data gathered by these 

sensors in its release-rate estimate module.

Consider the dispersion of an accidental release of a chemical 

as depicted in Figure 1. The impact of the plume on each sensor 

differs due to its travel time and/or wind shift with respect to the 

position of each sensor. Therefore, some sensors might not detect 

a gas concentration until later in an event while other sensors might 

register it much earlier. In addition, some sensors might be unusable 

if they become saturated or reach the maximum upper limit of their 

reading range.

Assume the following hypothetical situation for the first few moments 

of a release. The inner area represents the lowest level we will model, 

but not necessarily the lowest level that can be measured. The outer 

area represents the area where some level of the cloud may be 

monitored at a range below the level of concern.

Assume sensors 1, 2, 3 and 10 are fixed and that 4, 5, 6, 7, 8 and 9 

are portable sensors.

Figure 1. Typical Plume With Fixed and Portable Sensors
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Fixed sensors, along with the deployed portable sensors, start 

transmitting their data to the Advanced Back Calculation module. 

The portable sensors are equipped with GPS, so their position will be 

known and visible on the SAFER Systems GIS. The following data in 

Table 1 shows typical information received through SAFER Systems 

data acquisition to the Advanced Back Calculation module:

The continuous measurement of the concentration at each sensor 

will be sampled at 1 Hz and averaged over one minute. Figure 2 

shows a typical sensor response to a plume impact. The averaged 

one-minute values are used by the Advanced Back Calculation 

module to create a profile as close to the measurement profile as 

possible within a tolerance level. The convergence is over time and 

concentration for each point.

Sensor 
ID

Location
Concentration 

(ppm)
Time

Saturation 
(ppm)

1 X1, Y1, Z1 C1 t1 C1limit

2 X2, Y2, Z2 C2 t2 C2limit

- - - - -

N Cn tn Cnlimit

Figure 1. Typical Plume With Fixed and Portable Sensors

Figure 2. Typical Sensor Response to Plume Concentration
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The diagram in Figure 3 depicts the process.

The complex problem of plume meander due to atmospheric 

turbulence and the wind direction and speed changes over 

concentration measuring devices requires that not only the 

concentration but also its time of measurement at each recording 

location be relayed to the Advanced Back Calculation module. The 

ABC module, with its sophisticated mathematical algorithm, hunts for 

the optimum release rate to match the concentration/time profile at 

all measuring stations within a reasonable tolerance level, enabling 

the dynamic prediction of release rates for constant or variable flow 

sources.

When all the measured concentrations and times are within the 

specified tolerance for all sensors, the trial release rate will be 

recorded to be utilized for dispersion simulation.

The whole process is very simple yet powerful. The SAFER data 

acquisition will automatically poll data from the meteorological 

tower and sensors. The GPS-enabled portable sensors report their 

positions as they are being moved around during the event. The 

portable sensors use radio frequencies to transmit the data to 

the SAFER data acquisition program. The data is run through the 

Advanced Back Calculation algorithm to calculate the release rate, 

run the dispersion model, plot the results on the GIS map, and 

calculate the impact on the affected areas and receptors 

(see Figure 4).

Figure 3. Comparison of Model Predictions Against Sensor 
Measurements

Figure 4. The Advanced Back Calculation Algorithm
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The Advanced Back Calculation module from SAFER Systems 

provides emergency responders with the best scientifically 

defendable picture into an event that is useful both during the event 

and for post-event analysis.

With this ability, SAFER Systems has created a powerful alliance 

with two industry leaders — RAE Systems for sophisticated sensors, 

and Coastal Environmental Systems for leading meteorological 

instrumentation — to offer a turnkey and completely integrated 

solution.

RAE Systems is a leading global developer and manufacturer of 

rapidly deployable, multisensor chemical detection monitors. Coastal 

Environmental Systems is a leader in wireless solid-state weather 

monitoring equipment. SAFER Systems, the leader in chemical 

emergency response solutions, provides the plume measurement 

software — our patented Advanced Back Calculation module.

A Rapid Deployment Kit (RDK) with a military-grade case includes 

four wireless AreaRAE monitors with in-case charging and a host 

controller for monitoring from a command center up to two miles 

away. The unit, shown below in Figure 5, is easy to transport and 

deploy.

When deployed, the AreaRAEs and a Coastal WeatherPak unit will 

establish a connection to a RAELink2 by radio signal. The RAELink2 

provides data to the ProRAE Remote Host application. The distance 

between an AreaRAE and the RAELink2 can be up to two miles. 

The ProRAE, in turn, relays the data to the SAFER Data Acquisition 

Server (DAS). Data can be provided to the SAFER DAS either locally 

or through TCP/IP over the Internet. The ABC plume measurement 

software will utilize the sensors and weather data to estimate the 

release rate and provide an accurate assessment of the impact of the 

chemical plume, as illustrated in Figure 6.

Figure 5. The SAFER Systems Rapid Deployment Kit

Figure 6. Schematic for a Rapid Deployment Emergency System
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SAFER Systems 

4165 E. Thousand Oaks Blvd. Suite 145 Westlake Village, CA 91362 

800.621.7237 • www.SAFERSystem.com

Based on the patented scheme outlined in this paper, the Advanced 

Back Calculation software provides the following unique benefits:

1. Answers the question of how much chemical is being released.

2. Creates a scientifically defendable method for release rate

estimation, helping first responders make critical decisions

regarding emergency management procedures.

3. Leverages complementary technologies to offer a

comprehensive solution for emergency response.

4. Helps responders understand where to position the portable

sensors.

5. Enables a portable, remote industrial solution for quick-

deployment plume measurement — via RAE Remote software

loaded on a laptop, along with four AreaRAE monitors, and a

RAELink, all packed into military-grade cases called a Rapid

Deployment Kit (RDK).

Reference
1. SAFER Systems Advanced Back Calculation: US Patent No.
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About Safer Systems
Safer Systems, LLC provides the platform to help organizations in the 

chemical, petrochemical and first-responder markets more effectively 

prepare for and respond to dangerous chemical incidents. Safer 

Systems is becoming the go-to Decision Support Tool for emergency 

management and environmental monitoring of chemical incidents 

and helping to protect lives, communities and the environment.

Our products help business address:

• Chemical release event management

• Fence-line monitoring

• Regulatory compliance

• Leak detection

• Post incident analysis

• First response

• Litigation support

• PHA/PSM

For more information about how Safer Systems can help your 

business, please contact us anytime:

Safer Systems 

www.safersystem.com 

sales@safersystem.com

805-383-9711

Conclusion: The Advanced Back Calculation Module 
Offers Chemical Facilities Unique Benefits
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