
  

        

                                                                                 

 

 

 

 

 

 

 

 

 

 

 

   Defense Threat Reduction Agency 

   8725 John J. Kingman Road, MS       

   6201 Fort Belvoir, VA 22060-6201 

T
E

C
H

N
IC

A
L

 R
E

P
O

R
T

DTRA-TR-18-54 

Source Parameter Estimation using 

the Second-order Closure Integrated 

Puff Model   

Distribution Statement A. Approved for public release; distribution is 
unlimited. 

     May 2018 HDTRA01-13-C-0034 

R. Ian Sykes et al.

Prepared by: 
Sage Management 
15 Roszel Road 
Suite 102 
Princeton, NJ 08543 



DESTRUCTION NOTICE: 

Destroy this report when it is no longer needed. 
Do not return to sender. 

PLEASE NOTIFY THE DEFENSE THREAT REDUCTION 
AGENCY, ATTN: DTRIAC/ RD-NTF, 8725 JOHN J. KINGMAN ROAD, 
MS-6201, FT BELVOIR, VA  22060-6201, IF YOUR ADDRESS  
IS INCORRECT, IF YOU WISH IT DELETED FROM THE  
DISTRIBUTION LIST, OR IF THE ADDRESSEE IS NO  
LONGER EMPLOYED BY YOUR ORGANIZATION. 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 
 

2. REPORT TYPE 
 

3. DATES COVERED (From - To) 
  

4. TITLE AND SUBTITLE 
 

5a. CONTRACT NUMBER 
 

 
 

5b. GRANT NUMBER 
 

 
 

5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
 

5d. PROJECT NUMBER 
 

 
 

5e. TASK NUMBER 
 

 
 

5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

 
 
 
 
 

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
   
   
  11. SPONSOR/MONITOR’S REPORT  
        NUMBER(S) 
   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
 
 
 
 

13. SUPPLEMENTARY NOTES 
 

14. ABSTRACT 
 

15. SUBJECT TERMS 
 

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
 

a. REPORT 
 

b. ABSTRACT 
 

c. THIS PAGE 
 

  
 

19b. TELEPHONE NUMBER (include area 
code) 
 

 Standard Form 298 (Re . 8-98) v
Prescribed by ANSI Std. Z39.18 

00-05-2018 Technical March 1, 2013 - March 1, 2016

Source Parameter Estimation using the Second-order Closure Integrated Puff Model  HDTRA01-13-C-0034

R. Ian Sykes, B. Chowdhury, D.S. Henn

Sage Management 
15 Roszel Road 
Site 102 
Princeton, NJ 08543 

Defense Threat Reduction Agency 
8725 John J. Kingman Road, STOP 6201 
Fort Belvoir, VA 22060-6201

DTRA

DTRA-TR-18-54

Distribution Statement A. Approved for public release; distribution is unlimited.

A new method for estimation of source parameters from sensor measurements, using the Second-order Closure Integrated Puff 
Model (SCIPUFF) is proposed. The sensor measurements are categorized as triggered and non-triggered based on the 
recorded concentration measurements and a threshold concentration value. Using each measured value, sources of adjoint 
material are created from the triggered and non-triggered sensors, and the adjoint transport equations are solved to predict the 
adjoint concentration fields. The adjoint source strength is inversely proportional to the concentration measurement for the 
sensor, and the adjoint source duration is equal to the averaging time of the sensor. Using the non-triggered adjoint 
concentrations at each location in the domain, each triggered adjoint concentration is weighted and the source release location 
is obtained by finding the location at which the triggered adjoint concentrations are closest to each other. Based on the release 
location, the release mass can also be ascertained. The method is tested using data from the Fusion Field Trial 2007 (FFT07) 
and the European Tracer Experiment (ETEX). 

Source Term Estimation, Reverse Transport Modeling, SCIPUFF, ETEX

Unclassified Unclassified Unclassified

         SAR        34
Dr. Ronald G. Meris

703-767-2906



  2015-11-16 

UNIT CONVERSION TABLE 

U.S. customary units to and from international units of measurement
* 

U.S. Customary Units 
Multiply by  

International Units 
 Divide by

†
 

Length/Area/Volume    

inch (in) 2.54 × 10
–2

 meter (m) 

foot (ft) 3.048 × 10
–1

 meter (m) 

yard (yd) 9.144 × 10
–1

 meter (m) 

mile (mi, international) 1.609 344 × 10
3
 meter (m) 

mile (nmi, nautical, U.S.) 1.852 × 10
3
 meter (m) 

barn (b) 1 × 10
–28

 square meter (m
2
) 

gallon (gal, U.S. liquid) 3.785 412 × 10
–3

 cubic meter (m
3
) 

cubic foot (ft
3
) 2.831 685 × 10

–2
 cubic meter (m

3
) 

Mass/Density    

pound (lb) 4.535 924
 

× 10
–1

 kilogram (kg) 

unified atomic mass unit (amu) 1.660 539 × 10
–27

 kilogram (kg) 

pound-mass per cubic foot (lb ft
–3

) 1.601 846 × 10
1
 kilogram per cubic meter (kg m

–3
) 

pound-force (lbf avoirdupois) 4.448 222  newton (N) 

Energy/Work/Power    

electron volt (eV) 1.602 177 × 10
–19

 joule (J) 

erg 1 × 10
–7

 joule (J) 

kiloton (kt) (TNT equivalent) 4.184 × 10
12

 joule (J) 

British thermal unit (Btu) 

(thermochemical) 
1.054 350 × 10

3
 joule (J) 

foot-pound-force (ft lbf) 1.355 818  joule (J) 

calorie (cal) (thermochemical) 4.184  joule (J) 

Pressure    

atmosphere (atm) 1.013 250 × 10
5
 pascal (Pa) 

pound force per square inch (psi) 6.984 757 × 10
3
 pascal (Pa) 

Temperature    

degree Fahrenheit (
o
F) [T(

o
F) − 32]/1.8 degree Celsius (

o
C) 

degree Fahrenheit (
o
F) [T(

o
F) + 459.67]/1.8 kelvin (K) 

Radiation    

curie (Ci) [activity of radionuclides] 3.7 × 10
10

 per second (s
–1

) [becquerel (Bq)] 

roentgen (R) [air exposure] 2.579 760 × 10
–4

 coulomb per kilogram (C kg
–1

) 

rad [absorbed dose] 1 × 10
–2

 joule per kilogram (J kg
–1

) [gray (Gy)] 

rem [equivalent and effective dose] 1 × 10
–2

 joule per kilogram (J kg
–1

) [sievert (Sv)] 
*
Specific details regarding the implementation of SI units may be viewed at http://www.bipm.org/en/si/.  

†Multiply the U.S. customary unit by the factor to get the international unit. Divide the international unit by the factor to get the 

U.S. customary unit. 









SUMMARY 

A new method for estimation of source parameters from sensor measurements, using the 

Second-order Closure Integrated Puff Model (SCIPUFF) is proposed. The sensor 

measurements are categorized as triggered and non-triggered based on the recorded 

concentration measurements and a threshold concentration value. Using each measured 

value, sources of adjoint material are created from the triggered and non-triggered sensors, 

and the adjoint transport equations are solved to predict the adjoint concentration fields. The 

adjoint source strength is inversely proportional to the concentration measurement for the 

sensor, and the adjoint source duration is equal to the averaging time of the sensor. Using the 

non-triggered adjoint concentrations at each location in the domain, each triggered adjoint 

concentration is weighted and the source release location is obtained by finding the location 

at which the triggered adjoint concentrations are closest to each other. Based on the release 

location, the release mass can also be ascertained. The method is tested using data from the 

Fusion Field Trial 2007 (FFT07) and the European Tracer Experiment (ETEX). 
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