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DoW Requirements for Managing Brain
Health Risks from Blast Overpressure

Blast Overpressure (BOP) Tool
Discussion
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Mission
Responsively and responsibly create, develop, acquire
and deliver medical capabilities for the warfighter.
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Vision
Lead the advancement
of military medicine.




Public Law 115-91: A Longitudinal Medical Study On

Blast Pressure Exposure Of Members Of The Armed Forces

Longitudinal medical study goal:

Will improve the DoW'’s understanding of the
impact of blast pressure exposure from
weapon systems on Service member brain
health and better inform policy for risk
mitigation, unit readiness, and health care
decisions.
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INCORPORATED SECTIONS OF THE NDAA IN THE STUDY

Section 734 of the 2018 NDAA requires the Secretary of
Defense to conduct a longitudinal medical study on blast
pressure exposure of members of the Armed Forces.

Section 253 of the 2019 NDAA further mandates the
Secretary of Defense review the guidance on blast pressure
exposure during training to include Service members who
train with high overpressure weapon systems.

Sections 717 and 742 of 2020 NDAA mandate inclusion of
blast exposure history in medical records of Service
members and direct modification of requirements for the
longitudinal medical study on blast pressure exposure of
members of the Armed Forces and collection of exposure
information.



Five Lines of Inquiry (LOIs) Established

Offices of Primary Responsibility

HA
Defense Health Agency
TRAUMATIC BRAIN INJURY
CENTER OF EXCELLENCE ®

Health & Performance Surveillance
Traumatic Brain Injury Office of the Assistant
Center of Excellence with Secretary of Defense

the TBI Advisory Committee for Health Affairs

Weapon Systems
DoD Blast

Injury Research
Coordinating Office

Exposure Environment BIRCO
Defense Centers
for Public Health - Aberdeen

DCPH-A

Defense Centers for Public Health - Aberdeen

pHa= ) ()

LOI 2 Weapon Systems objectives

« Coordinate, collate, and analyze
information on blast pressure
resulting from heavy weapons and
blast events

 Inform strategies to account for
emerging research on the effects of
blast pressure exposure on health and
performance

Why is this important

This effort will improve training safety
protocols and will incorporate technology
and predictive analytics for early
intervention to reduce cognitive impact of
blast exposure on Service members



DoW Requirements for Managing Brain Health Risks from Blast Overpressure

* DoW issued “Interim Guidance for Managing Brain Health
Risk from Blast Overpressure (2022)," known as the “4 psi
guidance memo”

» DoW replaced this memorandum with the “Department of
Defense Requirements for Managing Brain Health Risks from
Blast Overpressure” on 8 August 2024

N LEADE RSHIP

. « ldentified specific actions to reduce risk but is not meant
to preclude or restrict commanders from conducting
s R = mission-essential weapons training

e Requireme
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e Intended to raise awareness of BOP risk

* In December 2024 the DoW issued implementation
guidance with required critical risk management actions
including, "To the maximum extent practicable, integrate
BOP exposure mitigation measures during live fire events,
including Joint Mission Essential Task List proficiency, while
not compromising training.”
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BOP Mitigation Strategies

» Implement procedures and standards for training and operations / Avoid unnecessary exposure
that incorporate BOP risk management to minimize the risk of brain

injury, including at a minimum:

Stand-off distances for personnel involved in training (e.g.,

instructors, range safety officers). Modifications may be made
in situations where increasing stand-off distance inadvertently Increased distances
introduces a safety risk (e.g., recruit training activities).

Stand-off distances for non-training audiences that maximize
distance from the weapons system to the greatest extent

possible.

Personal protective equipment for firers, trainers, and other Limit number of rounds
personnel at an increased risk of BOP exposure.

» Minimize the number of personnel in the vicinity of BOP generating Use PPE
events (i.e., personnel who are not directly involved training)

 Integrate simulations into training strategies to reduce BOP
exposure, when appropriate, and not expend excess rounds once Educate others
training standards are achieved.

Fewer personnel

Shorter durations

Defonse Health Agancy

Service members need information to minimize adverse health effects g




BOP Tool

Supports Department of War Requirements for Monitoring Exposure
and Managing Brain Health Risks from Blast Overpressure

Offers capability to monitor and investigate incidence of BOP
exposure of Service members

Informs training cadre, unit commanders, and range managers for
mitigating BOP risk in training

Identifies safer areas to observe and monitor

Determines previous and future exposures including cumulative
exposures (weapon system, ammunition, and # of firings)

Provides objective, standardized BOP exposure determinations for unit
level blast log records

Conveys information to minimize adverse health effects



Blast Overpressure (BOP) Tool for Monitoring and Recording BOP Exposure
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Enhance Service
member BOP awareness

and identify safer
observation and \

monitoring areas

Support range ‘
management, safety
officers, and unit

leaders in evaluating

training plans \
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Input
Screen

Output
Screen

Desktop

i

Inform training cadre,
unit commanders, and
range managers of BOP
exposure for mitigation

ot

Enable unit leaders,
researchers, and
clinicians to monitor and
record BOP exposure



BOP Tool Site Module

« Shows BOP exposure zones in
training site around the weapon
firing system

« Estimates cumulative BOP
exposure during repeated > ! _ RN
weapon firing ' ‘ |
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+ Validated against benchmark
weapon blast overpressure data

M120 (Mortar) Firing: Multiple weapon systems

Informs training plans and reinforces safety warnings to prevent
unnecessary blast exposures of Warfighters
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BOP Tool Site Module Example: M120 Mortars

-

9m Between M120 Mortars

gl
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3m Between M120 Mortars

Predicted Exposure at Multiple Heights

Displays the BOP exposure zones on a training site with

single/multiple firing stations
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BOP Tool Scene Module

e Reconstructs BOP scenes of Service
members during heavy weapon
system training

 Estimates BOP exposure on the
different human body regions

* Predicts BOP exposures on Service
members (whole body)

* Provides cumulative exposure metrics

e TN R i, T ~
QT S e

Shoulder-Launched Multipurpose Assault Weapon (SMAW)

Predicts BOP on the body and provides cumulative exposure for unit log records
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BOP Tool Scene Module Example: SMAW

Cumulative Dose Summary

Num of Firings 5

Total Duration (min} 30

NAME CUMULATIVE METRIC  VALUE
Stand LauncherHolder: Chest Impulse (PSl-s) =
Stand LauncherHolder: Chest Intensity (PSI) 7.64E-05
Stand LauncherHolder: Head Impulse (PSI-s) 1.29€-01
Stand LauncherHolder: Head Intensity (PSI) 7.15E-05
PP131 Impulse (PSI-s) 1.50E-02
PP131 Intensity (PSI) 8.31E-06
PP2 33 Impulse (PSI-s) 1.02E-02
PP2 33 Intensity (PSI) 5.68E-06
PP3 35 Impulse (PSI-s) 4.23E-03
PP3 35 Intensity (PSI) 2.35E-06
PP4 26 Impulse (PSI-s) 2.74E-02

SMAW

M3 MAAWS FrontBack DODIC CA51 2024-11-25 1638 53.853

20
- Stand LauncherHolder: Chest
= Stand LauncherHolder: Head
151 ~PP131
= PP233
a -pp335
& PP4 26
101 PP5 23
3 ~ GROUND
a
o
a
5
04
e e i A L L
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Time (Seconds)

Blast Propagation for the SMAW BOP Exposure Metrics

Displays BOP on whole body or regions including cumulative exposure over time
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Independent Assessment and Validation

Validated weapon blast overpressure
using experimental data from live-fire

BOP Tool results are consistent with
established literature, existing structural
airblast effect tools, and recent research.

training.
109 Spherical Air Burst Empirical Model Comparison 15 (Calibrated) PP# 4
- ——Kingery Bulmash, Incident : [ [ '
“‘m\n\ --—-Kingery Bulmash, Reflected
108 e © CoBi-Blast, Virtual Sensors
- o, o CoBi-Blast, Planar Sensors = 1+
e =2
o (0]
7 =
o @ 0.5
o ()
: d
% 2 0
s o
_0.5 1 1 1 1
103 ; -10 -5 0 5 10 15
-1 0 1 2 . . . .
10 10 10 10 Time relative to calibrated arrival (ms)
Scaled Distance from Source (m/kg 1;3)

Validated against benchmark weapon blast data



Example: M120 Mortar System BOP Characterization/Validation

M120: Weapon Validation Results

Red-Front Red-Rear Orange
—— Model
4 ft. . 4 —— Experimental Data Ave.
> Range pole 1: 3 s Experimental Data AVE.+2STD.

o
Pressure 1. 4FT ( ) P

sensing side 2. 2FT (Green) ‘g 2
Range pole 2 : @

1. 4FT (Red) S0
>
@]

2. 2FT ( )

450 Range pole 3: -2
1. 2FT (Blue)

Yellow Blue

Overpressure (psi)

=5 0 5 10 155 0 5 10 156 0 5 10 15
Time (ms) Time (ms) Time (ms)

» Full Range Training Round (FRTR, DODIC CA09) with Red-Front sensor is used for calibration, while the other
4 charges; 5 pencil probes on 5 stands; 20 shots sensors are used for validation

32 B3 sensors: 4 Service members, 4 on the helmet, Experimental data indicate interference by humans and

4 on the body structures




BOP Tool: Weapon Systems BOP Library

Shoulder Mounted Assault Weapon Systems
M3 MAAWS AT4/M136 84 mm M72 LAW

TEET bemseem s

Rifles and Machine Guns

M107 Sniper Rifle M2A1 .50 MG MK15 Sniper Rifle

Breachers

Exterior Wall

M119 A3

&

GAU-21 MG
—‘

Interior Wall

Indirect Fire System (Howitzer)

M777 A2 155 mm M109 A6 155 mm

g

Indirect Fire System (Mortar)

-

M224 60mm

A

L]

M1 8Tmm M120 120mm

LI



Potential of the BOP Tool

Potential Applications of the BOP Tool Capability

Inform unit of predicted exposures
Blast overpressure is an invisible force. Reinforce safety warnings issued during weapons
training by informing Service members about blast exposure hazards

Service members Involved
in Weapons Training

Inform training plan decisions

Specify plan options (e.g., firing lane positions, positioning of observers) that would prevent Range Management/Unit

unnecessary exposures. Leadership
Inform weapon design Research, Development
Within the context of real ranges, provide developers with additional information about Test and Evaluation
exposures resulting from their weapon systems. (RDT&E)
Provide exposure data for health and performance studies
Calculate presumptive exposures in cases where measured exposure is not available to RDT&E
researchers.
. - : l
Inform range modernization decisions ﬂ] I

Provide data to support range design modifications that could prevent unnecessary exposures. REMZE WY EMEgIEr e

Inform clinical decisions
Provide information on presumptive exposures in cases where measured exposure is not Clinical
available to the clinician.
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BOP Tool Desktop

BOP Tool Site and Scene Modules

Blast Overpressure (BOP) Tool m] X

Blast Overpressure (BOP

Provides blast overpressure exposure of Service
members during firing of weapon systems

Shows BOP exposure zones Reconstructs and predicts
around weapon systems Service member BOP exposure

@ é
= Q\ - = O > >

Open SITE Module Open SCENE Module

= Cont .

- <N/ == WRAR FEDERAL
u'“" ;bj 9"*3) Woter oo Ay MITRE @RATFGIFS
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L% | BOP SITE V;
Site Definition

Configuration

30807

BOP Tool Desktop

Site Module

Timesteps TimeStepValue Outputfrequancy

+ 200 SE05 10
M136 (Single Firing Station) %
M120 (Single Fiing Station) | | x_ RUN SIMULATION ADD WEAPON
Weapon Charges
DODIC  Weapon Activation Time Mass -
€995 ¥ SMAW (M136) Live Rour 0000000 0002000 M ©
995 v SMAW (M136) Live Rour 0000000 | 0035000 [
€995 v SMAW (M136) Live Rour 0000000 0002000 [
€995 v SMAW (M136) Live Rour 0000000 0035000 @ ©
€995 v SMAW (M136) Live Rour 0000000 0002000 W ©
ADD CHARGE
Planes
Visible  Name Grid Width  Grid Spacing Z
2 Name 20000 0250 o000 |
ADD PLANE
Sensors
Name X Y z
ADD SENSOR

Defonse Health Agancy
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Informing Firing Position Separation

2

P_ine_Mas
Meters

Psi

P_Inc_Max
Feet

Ps|

-

|dentifying BOP levels at different heights




P Tool Desktop

Scene Module

lew BOP
ropagation

T <

L¥ | BOP-SCENE V1,00 0011425
Scenario Definition Blast Load Metrics

Runs
Howitzer M777_DODIC_DA13_2025-0¢ ~ CURRENT &

Pressure Summary

Threshold (PSI) 4

NAME DESCRIPTION

John: Chest  Stand_Shuffle Standing, one foot forward, with arm:-
John: Head  Stand_Shuffle Standing, one foot forward, with arm¢
James: Chest Stand_Shuffle Standing, one foot forward, with arm¢
James: Head Stand_Shuffle Standing, one foot forward, with arm:
PP138 User placed Sensor.

M777 DODIC DA13 2025-09-30 1421 11.942

\
)

14 -+ John: Chest
- James: Chest

Pressure (PSI

\
)

Pressure (PSI

-

Cumulative Dose S y

Num of Firings 5

Total Duration (min) 1

NAME CUMULATIVE METRIC  VALUE
John: Chest  Impulse (PSI-s) 2.28E-02
John: Chest  Intensity (PSI) 3.80E-04
John: Head  Impulse (PSI-s) 1.73E-02
John: Head  Intensitv (PSI 2.88F-04

- Seres o Dislay Howitzer | seres o Dslay Howitzer

M777 DODIC DA13 2025-09-30 1421 11.942

4

|

I\ ~ John: Head

f\/\; James: Head
| N

| 1\

|

|

0 0005 001 0.015 002 0025 0.03 0.035 0.04
Time (Seconds)

=

0

0.005 0.01 0.015 0.02 0.025 0.03 0035 0.04
Time (Seconds)

HAZ Jj |dentifying individual’s exposures at different body regions and cumulative over time

Defonse Health Agancy ®



50 Cal

Weapon class

BOP Tool Mobile Application

Example Inputs from the Mobile App for Different Weapons

SMAW

Weapon class

‘ 50cal

X ‘ [ SMAW

Weapon system

GAU21
M107
M2A1

MK15

[ _

Kneel Prone

Firing stations

1 2

Training session duration (min)

30

Number of firings

10

—— e
Defonse Health Agancy ®

N

R

Stand

NS

Weapon system

M136-AT4
M3-MAAWS
M72-LAW
P &
- |
Kneel Prane S;aan

Firing stations

1 z 3

Training session duration (min)

30

Number of firings

10

Breacher

Weapon class

Breacher

Weapon system

Door-Water

Fence

Interior-Door

Wall-Fracture

Wall-GBuster

Firing stations

1 i

Training session duration (min)

30

Number of firings

10

Howitzer

Weapon class

Howitzer

Weapon system

M109

M119
M777
foo— |
Kneel Prone Stand
Firing stations
1 2 3

Training session duration (min)

30

Number of firings

10

Mortar

Weapon class

Mortar

Weapon system

120mm

60mm

81Tmm
A= ]
Kneel Prone Stand

Firing stations

1 2

Training session duration (min)

30

Number of firings

10



BOP Tool Mobile Application

Example Outputs from the Mobile App for Different Weapons

Mo ePmB « N Rl 21% &
<

nm7eEa

—

60mm Kneel GAU21 Kneel M777 Stand M136-AT4 Stand Door-Water Kneel

Downrange Overpressure Downrange Overpressure Downrange Overpressure Downrange Overpressure Downrange Overpressure

> o X, Y axes measured in feet (ft) X, Y axes measured in feet (ft) B 17 10 5 0 5 10 1517
X, Y axes measured in feet (ft) — _ “ X, Y axes measured in feet (ft)
0 2 4 20 >20 0 2 4 20 >20

s e — — —— psi pe p— [ ——

o ¢ el < Ca =20 i/ . B ¢ s i Distance from Blast 0 ft Distance from Blast 0 ft ° z - ¢ 0 o2
Distance from Blast . 0 ft Distance from Blast 0 ft PMAX 19.07 psi PMAX == : - 26.50 psi Distance from Blast 0 ft
Y e 8.14 psi PMAXIS=== st mns e === 4 66 DS Impulse - 2.84 psi-s lmpulsese==—==——mm s 9160 iy PMAX =ooommmmmmm e 270.23 psi
Impulse ---- - 0.19 psi-s Impulse 0.40 psi's Intensity 1.58e-3 psi Intensity 1.46e-3 psi Impulse 13.17 psi-s
Intensity ==———c=—=v=—--—— 1l (6e-4'D5} Intensity =s=mre=—-——c=mee o - 2.22e-4 psi i e < m 0O < [EGElY soessmmmsammemnreoasshoares=: 7.32e-3 psi

~ DHA= B} (i)




BOP Tool ArcGIS

B Egc-9 S

Project  Map  Insert  Analysis  View  Edit  Imagery  Share  Help BOP
E+' 1 -, %j\a}mmmp
v
bl User Manual

Create Ma
BOP  BOP Setup Release Notes

Blast Overpressure BOP Admin

Range Manager Toolkit Stand Alone BOP Tool

JBLM | R com EEfcoc-5. s

Project Map  Insert  Analysis  View  Edt  Imagery  Share  Help

Ll About BOP
Fe oot
Create Manage | Bop U°=rManue
BOP  BOP Setup Release Notes

Blast Qverpressure BOP Admin

Contents

JBLM [Backup In Progress] | £ Command Search Alt+Q)

Raster Layer Data BOP

CreateBOPView

Weapen Parzmeters

Weapon CIass: [small arms

Weapon: [s0cal .
Munition 2P M1 ap1-TM20 AC ] /

\ R
Shooter Parameters \
Posture: |pmE " \
PPELevel [q ]
Firing Site .
| 'm6Rs || umm || po || pom || pms | -
[1oTET2589108093 | N

SceneName: |

Generate Il Cancel ]

N
) |

§§§ . b : RoadCenterline
NN

T ‘Ssarth
=08/ K&

Drawing Order

A =5
N\

7

b Military Target L
FiringSite L

b MilitaryObservationPosition_P

p v MilitaryRange

-i}\ ~
3 \\\ AL

R / A "‘l a L-|| tallati
\. ,/nnsa lation

b v Military TrainingLocation_TrgA

[om @ Est|

Contents  CreateBOPView

. [+ Bopo0I
- - \ 4 Value
L g W <2psi
( Ve J\ == 24P
) \\}& ‘k\ \\ W apsi
\’%\\\“‘-A\' b jblm_dem
\‘\ b jelm_hs
7 <1 " fr | 4 Standalone Tables
122.6680274°W 46.9863863°N v B bop_output_parameters (JBLM) v [0

BB 74

122.6257852°W 4T.O160557°N v

- o= O ()




Next Steps

« Continue engagement with operational community leveraging end user feedback for iterative product refinement
» Finalize educational materials and user manuals

* Formalize transition to advanced development

» Integrate BOP Tool with other DoW modeling tools and range safety applications (e.g., RMTK)

» Integrate BOP Tool function into range safety and operational use

» Review existing blast overpressure recording data from training scenarios for BOP Tool enclosed space modeling
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BOP Tool Team
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Thank youl!

Point of Contact

Raj K. Gupta, Ph.D., BCE

Deputy Director & Senior Science Advisor

DoW Blast Injury Research Coordinating Office (BIRCO)

Joint Trauma Analysis and Prevention of Injury in Combat (JTAPIC)
US Army Medical Research and Development Command

504 Scott Street, Fort Detrick, MD 21702

Telephone: (301) 619-9838
Email: raj.k.gupta.civ@health.mil
Teleworking Tel#: (240) 409-2785

Pls visit our website: https://blastinjuryresearch.health.mil



mailto:raj.k.gupta.civ@health.mil
https://blastinjuryresearch.health.mil/
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