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QUANTITATIVE RISK ASSESSMENT (QRA)

= QRA is an approach to safety based on evaluating risk as a numerical value

= Considers factors such as facility construction, number of exposed
individuals, amount of time individuals are present, probability of an event

occurring, type of explosives present, and more
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INSTITUTE OF MAKERS OF EXPLOSIVES

SAFETY ASSESSMENT FOR RISK (IMESAFR)

= IME Safety Analysis for Risk (IMESAFR®) is a probabilistic risk assessment software tool that was
developed by APT, in a collaborative effort with industry and regulators, with the IME as the
original central sponsor.

= IMESAFR is designed calculate risk to personnel from explosives facilities. It also calculates
Quantity Distances based on the American Table of Distances (ATD) and a NATO-Based system.

= IMESAFR uses information about the donor structure and activity, the structure of the exposed
sites, and duration of exposed personnel to calculate risk. The program provides users with the
option of working with metric or Imperial measures, and it allows users to import maps or
drawings of their site for optimal visualization of facility layouts and calculated risk results.
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RISK BASED EXPLOSIVES SAFETY CRITERIA L

TEAM (RBESCT)

= The Department of Defense (DoD) began developing its own
approach to implementing QRA for explosives safety in 1997

= This led to the creation of the RBESCT, which developed the
Technical Paper 14 (TP-14) model/methodologies that were used to
build the Safety Assessment for Explosives Risk (SAFER) tool

= The RBESCT comprised representatives from the Department of
Defense Explosives Safety Board (DDESB) and Services (Army,
Navy, Air Force, Marines, and Coast Guard), with participation at
times from other government entities such as the Defense Contract
Management Agency (DCMA)

= APT supported the RBESCT from its inception in 1997 by providing
subject matter experts (SMEs) on QRA and explosives
effects/consequences modeling, in addition to serving as the team
secretariat and software developer for the SAFER tool
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IMESAFR HISTORY

= After the creation of the SAFER tool for use by the DoD, the Institute
of Makers of Explosives (IME) felt it would be beneficial to have a
similar tool for use in the commercial explosives community

= APT was hired by IME to create the IMESAFR tool, given the role
APT played in developing the SAFER tool and TP-14
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APT has supported the RBESCT since 1997 as
SMEs on QRA and explosives effects and IME as SMEs on QRA and explosives effects
consequence modeling, and serves as the and consequence modeling throughout the

software developers of SAFER. ﬂPT HfS[ﬂHgﬂ ’”B developmen:t of the software.
EAFEE APT is an employee-owned company, I m ESAF R

First released in 1998 headquartered in Huntsville, AL, specializing First released in 2007
in providing safety services.

APT owns the IMESAFR program and serves
as the software developer. APT supported
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-
IMESAFR PROJECT HISTORY "~

-
IMESAFR was developed with a “Three-Legged Stool” model in mind

QRA SME
APT serves as the QRA SME

A-P-T Research, Inc. | 4950 Research Drive, Huntsville, AL 35805 | 256.327.3373 | www.apt-research.com
ISO 9001:2015 Certified T-26-00105 | 7



FPT RESEARGH, INC.

an employeg-ownad company

-
IMESAFR SOFTWARE DEVELOPMENT HISTORY
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TESTING HISTORY
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NEW FEATURES IN IMESAFR V2.3

Undo and Redo Buttons NATO-Based QD

[ ope
LG4 View Settin Building | Explosives | Activity NB QD | Display | Size and Position Notes
‘h ‘ Building Type
! Undo Ctrl+Z | i B Es
L Undo Redo ES* -
< Redo Ctrl+Y
NEQD Doner Type NBQD Receptor Type
User Override
Barricade Struct e
darricade structiure r—
No Primary No items vulnerable to spall Robust Munition
No effect of lobbed munition No Open bomb bay
Internal Vol >20m*3 T-bar 3-bar
Protective Roof is Barricaded

Locked NBQD Display

Size and Position BD DFD PD 4|

Cut PES Show Arc Show Arc

Center On Screen

Delete Updats

Properties

OK Cancel
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NEW FEATURES IN IMESAFR V2.3

Side-Impact % Blocked Report

Projectile Trajectories: Hits vs Misses

Missed
—— Hits ES
—— Hits Barricade

Weighted Percent Blocked: 0.00%
% Hits Barricade and ES (BLOCKED): 0.00%
% Hits ES: 0.09%

mmm ES Height

100
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P” and I” Calculation Updates

v2.3 versus v3.3 Final Pressures near z,, 100

Final Pressure (P", PSI)

Distance Adjusted Pressure (Z,p)

— 2.2

v2.3Modified TP14 e= «=y23TP-14
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Risk Results Panel

¥ Risk Results
Risk Results
Max Indnidual Pif) Max Site Group E{f)
1.0E-6 1.0E-5

Site Public Group Risk
Public Site E(f) § 99e-08

Highest Public Group Risk
ES: E(f) 8.99¢-08

Failing Public Individual Risk

Passing Public Individual Risk
ES: I(f) 8.75e-09

Site Related Group Risk
Related Sate E(f) 0.00=~00

Highest Related Group Risk
No Related Entnes

T-26-00105 | 11



FPT RESEARGH, INC.

an employeg-ownad company

NEW FEATURES IN IMESAFR V2.3

P(e) Matrix and Storage Updates

_ HD 1.2 Inclusion
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| 7 Options (]

General Contours | Auto-Save || Activity | Reports

Enable Storage (Demonstrated Enhanced Safety/Security Practices)

Checking this box will enable the selection of a reduced P(e) value for Storage
activities (accessed through the Activity Type drop-down menu on the Activity tab of
the PES Properties dialog), and should only be selected if applicable and defensible,
When the “Storage (Demonstrated Enhanced Safety/Security Practices)” activity type
is selected for a PES, it will be flagged in IMESAFR reports. This option will remain
enabled unless the user deselects the checkbox.

Enable "Storage (Demonstrated Enhanced Safety/Security Practices)” |
OK Cancel
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NEW FEATURES IN IMESAFR V2.3

ISO
= Debris Logic Updates e
Updated parameters used in debris
probability density functions
Updated Mass Bin distribution for e
Steel and Standard Concrete
mOdels 1 000E+00 P(f) ch?r(I)zontal
Updated the mass per component
(roof, side walls, front wall, and rear
Wall) for ISO Containers 1222E22O 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Added a “new” Large Concrete ey e

PES type

= Example comparison plots:
Consequence values for an ISO
Container at nominal loading
density
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CURRENT STATUS OF REGULATORY USE

IMESAFR

v2.2 &v2.3
Complete
Regulatory
Integration

Partial Regulatory i v »
Integration i 7 W /
Regulatory Users v

Defense Sector -
Users

Commercial Users

H EER [

Created with mapchart.net
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HOW TO GET TRAINED

= The IMESAFR training class is held
several times a year at the APT
Safety Engineering and Analysis

Center (SEAC) headquarters in i
Huntsville, AL.
= Classes are also offered in Canada, Institute of Makers of Explosives
. \ B
Australia, and Europe at least once \ \'[ il A
p er ye ar % Safety Analysis 'D:.EE«S::

= Additional training options are
available as need/demand warrants,
including virtual upgrade trainings
when new versions of IMESAFR are
released
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CURRENT USER BASE

IMESAFR v2.2 Users by Geography IMESAFR v2.3 Users by Geography

75, (37%)

37, (60%)
125, (63%)

= US = International = US = International

IMESAFR v2.2 Users by Economic Sector IMESAFR v2.3 Users by Economic Sector

80, (40%)

108, (54%) |

44, (71%)

12, (6%)

» Commercial Explosives Regulator = Defense » Commercial Explosives Industry = Commercial Explosives Regulator = Defense = Commercial Explosives Industry
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FUTURE PLANS - TESTING

= More empirical data will be required to implement new models and capabilities into
IMESAFR

= To support the acquisition of this additional data, APT, IME, and ATF hope to jointly conduct
tests on ammonium nitrate in overhead bins and small quantities in small ATF magazines

= Further testing of JPGs will be necessary considering that some parameters/variables were
not able to be tested in the first test series; more details on this test series are covered in
2024 ATF Perforating Gun Test Series to Support Quantitative Risk Assessment

= ATF has expressed interest in a testing program on pyrotechnics in order to build a unique
pyrotechnics model/engine in the future
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-
FUTURE PLANS - RESEARCH "~

= Some of the new features and capabilities planned for future version
of IMESAFR require additional research before they can be fully
Implemented into the program
Pyrotechnics engine/models
Underground Storage engine/models

= Other features have already been researched extensively and are
pending implementation, such as the prompt propagation logic; which
is covered in detail in Implementation of Prompt Propagation Logic in
a QRA Tool
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FUTURE PLANS - SOFTWARE n

= There are numerous potential new features and capabilities that could
be added to future versions of IMESAFR

= APT has confirmed some of the potential new features will be
implemented in future version, while other new features remain on a
wishlist for tracking purposes

= Some of the confirmed new features coming to future versions of
IMESAFR include the prompt propagation logic mentioned previously,
an updated JPG model, adding in a live, cloud-based GIS interface, a
3D user interface, and further optimizing the software runtime
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FUTURE PLANS - SOFTWARE

2025 2026 2027 2028 2029 2029
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Ver2.3 Ver 3.0 Ver3.1
o Bug Fixes
']
c
§ Small performance improvements D I { A I I
E
o
=
Automatic Updates
NATO QD Optimize SWto reduce
run time User defined reports LR el Inter-Scenario Copy +Paste
Undo Types Py
- Network and Read-only :
[} . Fireworks model GUI
& Unit sys. .
;E; R Propagation ModelInterface Multiple Exp. Types per PES
5 . Comparison Tools Between
o Ple) PES Auto-Locator User-Defined PES R
updates and ESTypes 3D GUI Updates
Rigk Map-based GIS GUl interface ANE Model GUI updates Underground model
Results
Side Panel Debris Logic updates - cont. Multiple EATypes per PES Non-Centered Charges
" Debris Logic PES and ES Scaling Fireworks Model/Engine
£ updates
;EL HD1.2 Perf Gun PES update User-Defined PES and ES Types Multiple Exp. Types per PES
g . . :
g Barricade Barricade Improvements-Cont.  ANE ModeUEngine Underground model 3D Logic/Topography
5 improvements Considerations
Propagation Model ES Orientation (Glass, Blast) ComponentES Response
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SUMMARY

= QRA is gaining in acceptance for explosives safety regulatory
applications and provides a more comprehensive evaluation of risk than
QD

= IMESAFR is a QRA tool developed by APT for use by the commercial
explosives industry, but is also used in the international defense sector
= The tool uses methodologies originally based on DDESB TP-14

= Since its initial release in 2007, IMESAFR has undergone numerous
updates based on empirical test results, regulator engagement, and
scientific review

= New features in the latest version (IMESAFR 2.3) include NATO-based
QD logic, updated debris logic, HD 1.2 addition, and updated pressure
and impulse ingress calculations

= IMESAFR is used internationally by both regulators and the commercial
explosives community, as well as the defense sector to a limited extent

= On-going development efforts are focused on improving models, further
testing, and implementing new capabilities such prompt propagation
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Questions?

A-P-T Research, Inc. | 4950 Research Drive, Huntsville, AL 35805 | 256.327.3373 | www.apt-research.com
ISO 9001:2015 Certified T-26-00105 | 22



	QRA for Regulatory Applications Using IMESAFR©
	Outline
	Quantitative Risk Assessment (QRA)
	Institute of Makers of Explosives Safety Assessment for Risk (IMESAFR)
	Risk Based Explosives Safety Criteria Team (RBESCT)
	IMESAFR history
	IMESAFR Project History
	IMESAFR Software development history
	Testing History
	New Features in IMESAFR v2.3
	New Features in IMESAFR v2.3
	New Features in IMESAFR v2.3
	New Features in IMESAFR v2.3
	Current Status of Regulatory Use
	How to get Trained
	Current User Base
	Future Plans - Testing
	Future Plans - Research
	Future Plans - Software
	Future Plans - Software
	Summary
	Slide Number 22

