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Summary
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What are Risk-Based Decisions?What are RiskWhat are Risk--Based Decisions?Based Decisions?

NOT SAFE

SAFESAFE

PES

Guard

Few people Office

Many people

Mall

Many, many 
people

• Historical basis
• Less debate 

~ arbitrary
• Good record

• Enhances safety in some cases
• Reduces resources in some cases
• Better understanding in all cases
• Allows comparison and evaluation

• Prioritize resources to highest risk
• Risk-based decisions provide a more 

thorough treatment of explosive 
effects, structures, exposure, and 
uncertainty in risk estimates.
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• Based on fragment density
• Does not consider:

- number of people exposed
- blast effects (press/impulse)
- glass breakage
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Prior Use of Risk-Based Explosives Safety Criteria Prior Use of RiskPrior Use of Risk--Based Explosives Safety Criteria Based Explosives Safety Criteria 

Switzerland (DoD)

United Kingdom (DoD)

United States
Papers

SAFER – (US DoD)

Other NATO Countries 
(Norway, Netherlands, 
Germany, etc.)

Australia (DoD)

1970 200019901980

Developed risk assessment approach procedures and methods used today

• Cost efficiency
• AMMORISK, RISKAMEXS, EXADAT

Quantitative Risk Analysis (QRA) for explosives storage

• ALARP
• Risk Wing

Explosives storage

• AMMORISK, RISK-NL, and others

• Q-RISK

MAR 97 AUG 98

2010

IMESAFR – (US Industry)

Use of risk-based explosives standards for providing explosives safety has a
history of acceptance among our allies.  The U.S. DoD has begun using risk-

based methods for siting explosives facilities.  The commercial explosives 
manufacturing community is also moving towards use of risk-based standards.

Use of risk-based explosives standards for providing explosives safety has a
history of acceptance among our allies.  The U.S. DoD has begun using risk-

based methods for siting explosives facilities.  The commercial explosives 
manufacturing community is also moving towards use of risk-based standards.
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RiskRisk--Based Explosives Safety Criteria Team Based Explosives Safety Criteria Team 
(RBESCT)(RBESCT)

In 1997, the Risk-Based Explosives Safety Criteria Team (RBESCT) was 
chartered by the DoD Explosives Safety Board (DDESB) to evaluate the 
feasibility of using a risk-based approach for explosives facilities siting in 
the U.S.

The RBESCT acts as the technical advisor to the DDESB on risk-based 
methods and policy.

Since 1997, the RBESCT has:
► Developed a risk-based process and supporting computer model, 

• Safety Assessment for Explosives Risk (SAFER), which evaluates 
risk to persons from an accidental explosives event

► Defined risk acceptance criteria, and 

► Developed recommended DoD policy for risk-based decisions.

• DoD 6055.9-STD, “Risk Based Siting,” Chapter 17 (in approval)

The work of this team forms the basis for the 
SAFER Ordnance Removal protocol.

The work of this team forms the basis for the 
SAFER Ordnance Removal protocol.
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SAFER Overview

sponsored by DDESB, U.S. military services

uses best available principles / techniques

peer reviewed, IV&Vd

enhances the safety of explosive operations

approved for use in DoD siting decisions
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Current Policy on Use of SAFERCurrent Policy on Use of SAFER

Multi-year trial period has been completed

RBESCT has recommended that guidance on the use of SAFER be 
incorporated into DoD 6055.9-STD

Risk-based approval may be granted when:

► Current Q-D policy would require a waiver for approval

► Risk analysis is performed using current SAFER version or 
equivalent analytical model

► Analysis uses maximum values for NEW and Yield inputs

► Analysis demonstrates compliance with Risk Criteria:

Individual Risk Pf < 1E-06 (annual)
Group (collective) Risk Ef < 1E-05 (annual)
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Application of SAFER Based Process to Ordnance Application of SAFER Based Process to Ordnance 
Removal at  FUDS, BRAC, and Range Sites Removal at  FUDS, BRAC, and Range Sites 

Use of the risk-based methodology for Ordnance Removal operations 
is a logical extension of current policy.

USACE recognizes the benefit of applying a risk-based method to 
cleanup and has begun an effort order to:

► Develop a risk analysis protocol, 

► Define potential policy changes, 

► Identify modifications to the SAFER model, and

► Automate protocols into analysis tool
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SAFER for Ordnance Removal ConceptSAFER for Ordnance Removal Concept

Exclusion  Distance

Risk = P(e) × P(f/e) × Exposure

Goal of SAFER Protocol Tool: 
Determine necessary exclusion distance

Goal of SAFER Protocol Tool: 
Determine necessary exclusion distance
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SAFER MEC Protocol SAFER MEC Protocol –– Probability of Event, Probability of Event, P(eP(e))

An explosives event is defined as an initiation and subsequent release of 
energy from an explosive that occurred during a munition response 
action while UXO procedures were being used.

Use historical data to estimate accident probability, Pe.
Determine number of digs performed by past removal actions

Determine number of applicable explosive events that have occurred

Compute PeDIG and its variance using statistical methods
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SAFER MEC Protocol SAFER MEC Protocol –– Probability of Fatality given Probability of Fatality given 
an Event and People,  an Event and People,  P(f|eP(f|e))

Utilize existing SAFER weapon models

Two additional weapon models have been developed for 
the SAFER MEC model (81mm M43 and 2.36” Rocket M6A3)

User is asked to select largest weapon anticipated
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P(f|e) by Weapon (assumes NEWQD = NEWQD of 1 weapon)
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SAFER data for each munition (weapon) type have been
developed off-line and pre-loaded into a “protocol tool” that runs the full 

Uncertainty Model of SAFER Version 3.0

SAFER data for each munition (weapon) type have been
developed off-line and pre-loaded into a “protocol tool” that runs the full 

Uncertainty Model of SAFER Version 3.0
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SAFER MEC Protocol SAFER MEC Protocol –– ExposureExposure

Exposure calculation will be based on 
site specific data

► Anticipated number of digs

► Maximum number of digs likely

► Expected / maximum number of 
people exposed to each dig

► Number of digs to which most exposed 
person is anticipated to be subjected

► Maximum number of digs to which any 
one person will be subjected

► User confidence in Exposure Inputs
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Protocols A and BProtocols A and B
Evacuation PlanningEvacuation Planning

Select analysis 
type

Input Pe Data

Determine P(f|e)

Select exclusion 
distance to meet 

Risk Criteria

• Individual or group?

• Anticipated/Maximum
Number of digs

• Expected munitions type
• Off-line SAFER runs

Input Exposure 
Data

PROTOCOL B: PLANNING UPDATE
1. Update project data after geophysical

- actual number of planned digs
- refined understanding of likely items

2. Determine exclusion distance to be used 

PROTOCOL A: EVACUATION PLANNING

during excavations

1. Input estimated project data
- number of digs
- number of people
- expected munition items

2. Determine exclusion distance to be        
used for project planning
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Protocol CProtocol C
BlowBlow--inin--Place OperationsPlace Operations

Select analysis 
type

Input Pe Data

Determine P(f|e)

Select exclusion 
distance to meet 

Risk Criteria

• Individual and group risks

• Planned event

• Actual munition

Input Exposure 
Data

PROTOCOL C: Blow-In-Place
1. Select BIP Risk analysis 

- sets Pe = 1.0   
- sets criteria based on digs in project      

2. Enter Known Project Data                       
- use actual weapon type                  
- set Anticipated & Maximum number 
of digs to 1

3. Determine exclusion distance to       
meet risk criteria

4. Compare risk-based distance to 
exclusion distance required by Q-D 

5. Implement local rules
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Development of SAFER MEC Protocol ToolDevelopment of SAFER MEC Protocol Tool

Protocols have been implemented in MS Excel model 

Model incorporates the full SAFER Version 3.0 statistical model

The SAFER version 3 model was used to calculate the P(f|e) 
parameters associated with:

► Open potential explosion site (PES)

► Varying distances (5 foot increments – 10-2000 ft)

► User-selected weapon type

► Open exposed site (ES) 

► SAFER outputs are pre-loaded into tool

The user will enter required project data

Excel model will provide risk and variance at distance user specifies

Protocol tool provides immediate capability to perform project analyses
while working toward full software implementation in future SAFER 

release

Protocol tool provides immediate capability to perform project analyses
while working toward full software implementation in future SAFER 

release
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Example Screen Example Screen –– SAFER MEC ProtocolSAFER MEC Protocol
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SummarySummary

The DDESB has approved use of SAFER and risk acceptance criteria for 
siting of explosives facilities (when Q-D criteria are not met)

Use of the risk-based methodology for Ordnance removal operations is a 
logical extension of current policy. 

USACE recognizes the potential benefit of applying risk-based methods to 
the planning and execution of UXO removal operations

Analysis protocols have been developed 

Development of automated tool nearing completion –-

► future potential for full software implementation

Approach is being evaluated by USACE and RBESCT for future use

► For use in response action only, not applicable to Long Term Site Management

Methodology could apply to FUDS, BRAC, Range, and other applications.
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BACKUPSBACKUPS
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1. Enter explosives data2. Enter PES data, Pe data, 
calculate Pe

3. Select ES data, exposure data,  calculate Ep
Probability of Event (per PES-year)

I, IIIIIA1, A2Deep Storage (1 month - year)

IIIIIITemporary Storage (1 day - 1 month)
IIIIIIIn-Transit Storage (hrs - few days)

IIIIIIA1, A2, B1, B2, 
B3, B4

Loading / Unloading

IIIIIIA1, A2, B1, B2Inspection / Painting / Packing
AllA4, A5Manufacturing

IIIIIIA1, A3, A4, A5, 
B1, B2, B3, B4

Lab / Test / Training

IIIIIIA1, A4, A5, A8, 
B1, B2

Assembly / Disassembly / LAP / 
Maintenance / Renovation

IIIIIIA1, A2, A8, B1, 
B2

Burning Ground / Demilitarization / 
Demolition / Disposal

3E-11E-13E-21E-23E-31E-33E-41E-43E-51E-53E-61E-6Allowable 
Scaling Factors

PES used primarily for:

Probability of Event (per PES-year)

I, IIIIIA1, A2Deep Storage (1 month - year)

IIIIIITemporary Storage (1 day - 1 month)
IIIIIIIn-Transit Storage (hrs - few days)

IIIIIIA1, A2, B1, B2, 
B3, B4

Loading / Unloading

IIIIIIA1, A2, B1, B2Inspection / Painting / Packing
AllA4, A5Manufacturing

IIIIIIA1, A3, A4, A5, 
B1, B2, B3, B4

Lab / Test / Training

IIIIIIA1, A4, A5, A8, 
B1, B2

Assembly / Disassembly / LAP / 
Maintenance / Renovation

IIIIIIA1, A2, A8, B1, 
B2

Burning Ground / Demilitarization / 
Demolition / Disposal

3E-11E-13E-21E-23E-31E-33E-41E-43E-51E-53E-61E-6Allowable 
Scaling Factors

PES used primarily for:

B.  I ncr ease Peby  a fac tor  of 3 (one column to the r ight)  
for :

1. Outdoor  s tor age/operat ions normally  done 
indoors

2. Home station ac tiv ities during 
exerc ises /contingenc ies /alerts

3. Flight line holding areas
4. TDY oper ations  during peacetim e

A.   Inc rease P e by  a factor  of 10 (two columns to the ri ght ) for:
1. Outs ide C ontinental U nited S tat es (O CO NUS) oper ations  in support of w ar time ac tions
2. Operat ions involving danger ously  unserviceable it ems  awaiti ng dest ruc ti on 
3. Init ial tests of new sys tems  
4. Operat ions occurr ing in hazardous  envi ronments with gases , f ibers, etc .
5. Required r emote operat ions
6. Temporary  D uty  (TDY)  ac tivi ties  dur ing exerc ises/ cont ingenc ies /aler ts
7. Integr ated Combat Tur n ( ICT) oper ati ons
8. Operat ions involving exposed explos ives

Scal ing Factor s

B.  I ncr ease Peby  a fac tor  of 3 (one column to the r ight)  
for :

1. Outdoor  s tor age/operat ions normally  done 
indoors

2. Home station ac tiv ities during 
exerc ises /contingenc ies /alerts

3. Flight line holding areas
4. TDY oper ations  during peacetim e

A.   Inc rease P e by  a factor  of 10 (two columns to the ri ght ) for:
1. Outs ide C ontinental U nited S tat es (O CO NUS) oper ations  in support of w ar time ac tions
2. Operat ions involving danger ously  unserviceable it ems  awaiti ng dest ruc ti on 
3. Init ial tests of new sys tems  
4. Operat ions occurr ing in hazardous  envi ronments with gases , f ibers, etc .
5. Required r emote operat ions
6. Temporary  D uty  (TDY)  ac tivi ties  dur ing exerc ises/ cont ingenc ies /aler ts
7. Integr ated Combat Tur n ( ICT) oper ati ons
8. Operat ions involving exposed explos ives

Scal ing Factor s

Notes: The e lements i n the matrix a re compris ed of Compatibi lity Gr oups. 
Definitions of the Compati bil ity Groups c an  be fo und i n DoD 6055.9- STD.

L, A, B , G, H, J, F
C
D, E,  N

I
II
II I

Com patibility GroupsElements

Notes: The e lements i n the matrix a re compris ed of Compatibi lity Gr oups. 
Definitions of the Compati bil ity Groups c an  be fo und i n DoD 6055.9- STD.

L, A, B , G, H, J, F
C
D, E,  N

I
II
II I

Com patibility GroupsElements

SAFER Software 
Architecture 

26-Step Process

All cases 
done?

All ESs 
done?

User 
done?

Next 
yield

Next 
ES

Next 
PES

Input, P(e), Exposure Branch

Effects and Consequence Branch

Pressure, Impulse Branch

Glass and Building Failure Branch

Debris Branch

Temperature Branch

Risk Aggregation Branch

22. Assess Pf(t)

The lethality of thermal 
effects is calculated.

22. Assess Pf(t)

The lethality of thermal 
effects is calculated.

5. Determine open-air P, I
Values for open-air 
pressure and impulse 
are based on 
simplified Kingery-
Bulmash hemispherical 
TNT equations.

5. Determine open-air P, I
Values for open-air 
pressure and impulse 
are based on 
simplified Kingery-
Bulmash hemispherical 
TNT equations.

6. Adjust P, I (due to PES)
The Blast Effects 
Computer (BEC) is used 
to determine the pressure 
and impulse values 
outside of the PES.  The 
damage to the PES is also 
assessed.

6. Adjust P, I (due to PES)
The Blast Effects 
Computer (BEC) is used 
to determine the pressure 
and impulse values 
outside of the PES.  The 
damage to the PES is also 
assessed.

7. Adjust P, I (due to ES)

The pressure and impulse is adjusted again 
taking into account the exposed site.

7. Adjust P, I (due to ES)

The pressure and impulse is adjusted again 
taking into account the exposed site.

8. Assess Pf(o)

The lethality due to lung rupture, whole body 
displacement, and skull fracture is based on Dutch 
probit functions.

8. Assess Pf(o)

The lethality due to lung rupture, whole body 
displacement, and skull fracture is based on Dutch 
probit functions.

9. Determine P, I effect on ES (building 
failure and glass hazard)
Lethality from glass shards 
and building collapse is 
determined.  The 
percentage  of the exposed 
site damaged is assessed.

10. Assess Pf(b)

The lethality of glass 
fragments and building 
collapse is summed.

10. Assess Pf(b)

The lethality of glass 
fragments and building 
collapse is summed.

23. Sum Pf|e
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Blast, glass, building collapse, debris, 
and thermal lethality mechanisms are 
summed.
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Blast, glass, building collapse, debris, 
and thermal lethality mechanisms are 
summed.

11. Describe primary fragments
The number of primary fragments and the 
maximum throw range is determined IAW 
with DDESB Technical Paper #16 
“Methodologies for calculating primary 
fragment characteristics.”

11. Describe primary fragments
The number of primary fragments and the 
maximum throw range is determined IAW 
with DDESB Technical Paper #16 
“Methodologies for calculating primary 
fragment characteristics.”

14. Describe secondary fragments 
and crater ejecta
The number of secondary 
fragments (by PES component) and 
the maximum throw range (by PES 
component) is calculated.

14. Describe secondary fragments 
and crater ejecta
The number of secondary 
fragments (by PES component) and 
the maximum throw range (by PES 
component) is calculated.

15. Define expected arriving debris 
table

The primary, secondary, and crater debris are 
distributed using a bivariate normal distribution 
function and stored in arriving debris tables.

17. Reduce debris due to ES
The amount of  
primary, 
secondary, and 
crater debris that 
penetrates the ES is 
calculated.

17. Reduce debris due to ES
The amount of  
primary, 
secondary, and 
crater debris that 
penetrates the ES is 
calculated.

24. Calculate P(f)

pefeESf EPPE ∗∗= /)(
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The individual and group risk for a 
PES/ES pair is calculated.

24. Calculate P(f)
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The individual and group risk for a 
PES/ES pair is calculated.

18. Assess Pf(d)
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The lethality of the penetrating fragments is 
determined using the RCC debris lethality S-
curve.

18. Assess Pf(d)
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The lethality of the penetrating fragments is 
determined using the RCC debris lethality S-
curve.

12. Calculate  primary fragment containment by PES
(post P, I)

The percentage of primary fragments 
contained by the PES is calculated 
considering the percentage of the PES that 
is intact after the blast wave.

13. Reduce number of primary fragments (due to PES)
The number of primary fragments that exit 
the PES are calculated based on the 
percentage of the fragments that were 
contained within the PES.

13. Reduce number of primary fragments (due to PES)
The number of primary fragments that exit 
the PES are calculated based on the 
percentage of the fragments that were 
contained within the PES.

16. Combine PES debris

The arriving fragment Kinetic Energy (KE) 
tables are summed to form one arriving 
debris table.

16. Combine PES debris

The arriving fragment Kinetic Energy (KE) 
tables are summed to form one arriving 
debris table.

19. Determine nominal thermal hazard 
factor A thermal hazard 

factor based on the 
yield and distance 
between the PES and 
the ES is calculated.

19. Determine nominal thermal hazard 
factor A thermal hazard 

factor based on the 
yield and distance 
between the PES and 
the ES is calculated.

20. Adjust thermal hazard factor (due to 
PES)

An adjusted thermal 
hazard factor is 
calculated that 
considers the presence 
of the PES.

20. Adjust thermal hazard factor (due to 
PES)

An adjusted thermal 
hazard factor is 
calculated that 
considers the presence 
of the PES.

21. Determine ES protection
A thermal blocking 
factor that describes 
the thermal protection 
provided by the ES is 
calculated.

The Potential Explosion Site 
(PES) inputs include the PES 
building number, type, and 
the activity at the PES.  The 
probability of event is 
calculated.

The Exposed Site (ES) 
inputs include the ES 
building number, 
building type, roof 
type, the percentage 
and type of glass, and 
the number of persons 
present.  The personnel 
exposure is calculated.

The explosives data includes the 
weapon type, the hazard 
division, storage compatibility 
group, and explosives weight.

4. Calculate yield(s)

25.  Sum E(f) from single PES.  
Search for maximum P(f) for 
PES.

∑=
sitesES

ESfPESf EE )()(

The individual and group risk for a PES 
is calculated.

25.  Sum E(f) from single PES.  
Search for maximum P(f) for 
PES.

∑=
sitesES

ESfPESf EE )()(

The individual and group risk for a PES 
is calculated.

26.  Sum E(f) for site.  Search for 
maximum P(f) for site.

∑=
sitesPES

PESfsitef EE )()(

The individual and group risk for a site 
is calculated.

26.  Sum E(f) for site.  Search for 
maximum P(f) for site.

∑=
sitesPES

PESfsitef EE )()(

The individual and group risk for a site 
is calculated.

NEW x K Exp Type

Input

Science

Summation
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