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Overview of ESMRM Policy

DoD Directive 6055.9E “Explosives
Safety Management and the DoD
Explosives Safety Board”

DoD Instruction 6055.16 “Explosives .| DoD Manual 6055.09-M “DoD

Safety Management Program” » Ammunition and Explosives
(ESMP) Safety Standards”

s DoDM 6055.09 DDESB “Explosives Safety

(e.g. QD) satisfied? and Munition Risk
Management” (ESMRM)

ESMRM MRAs & the
derived quantitative measure

Site Plan Submittal ESMRM C & Rl
through Service assessment & the derived

Component qualitative measure (e.g.
ASAP-Xin TP 23)

\_/_

GCC Risk Decision
(Review, Modification,
Acceptance)

DDESB Review
for Acceptance Provide copies to JCS &
or Modification DDESB per DoD Directive

6055.9E
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Risk Puzzle

Risk = Probability of Event(P,) X Consequences X Exposure

Risk Criteria
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Current Probability of Event (P,)

P, Matrix in TP 14 Rev. 4a

Elements Compatibility Group
I L,AB,GHJF
Il c

Originally developed in the late 1990’s Il D,E,N

Notes: The elements in the matrix are
comprised of Compatibility Groups.
Definitions of the Compatibility Groups
can be found in DoD 6055.09-M. Ref 5
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Proposed Probability of Event (P,)

Activity HD 1.1/1.2/1.5 HD 1.3 HD1.6
Assembly / Disassembly / LAP / Maintenance / Renovation 5.37E-04 1.61E-03 5.37E-06
Burning Ground / Demil / Demolition / Disposal 7.78E-03
Lab / Test 9.75E-04
Loading / Unloading 3.15E-05 9.45E-05 3.15E-07
Inspection / Painting / Packing 2.05E-04 6.16E-04 2.05E-06

HD 1.5 blasting agents should have a (beneficial) scaling factor of 0.01. HD 1.5 water-based
explosives should have a (beneficial) scaling factor of 0.03.

CGs L, A, B, G, H, F, Jshould not have any scaling factor.
CG C should have a beneficial scaling factor of 0.3 in addition to the environmental factors.
CGs D, E, N should have a (beneficial) scaling factor of 0.1 in addition to the environmental factors.

The environmental factors can be beneficial (i.e., < 1.0) in TP-14 Rev 5, in addition to the detrimental
environmental factors in TP-14 Rev 4a. Temporary storage and in-transit storage will be added as
environmental factors.
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Consequences in TP-14 4a

Personnel Category Current Pass/Fail Criterion

Individual 1E-04
Related
Group 1E-03
: Individual 1E-06
Public
Group 1E-05
Individual Group
Public/Unrelated Related Public/Unrelated Related
1E-03
1E-04
1E-05
1E-06
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Proposed vs. Current Consequences

Unrelated Individual Unrelated Group

Current Proposed Current Proposed

1E-04
Pass &
1E-05 | oo |
1E-06
1E-07
Related Individual Related Group
Current Proposed Current Proposed
1E-03
Pass &
1£-04 1E04 A

Pass &
1E-05 Warning
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Uncertainty Modeling

NATFRAC
INPUT VARIABLES Ref. Input Distribution Variable Normal | Lognormal | Triangular
median value of delta t At, Median of delta t
Delta t X
std dev of delta t oatl RV1 Std dev of delta t
median value of Scale Factor So Median of Scale Factor
Scale Factor X
std dev of Scale Factor os| Rv2 Std dev of Scale Factor
i Median of lambda
median value of A0 Moo Lambda X
std dev of Ao o] RV3 Std dev of lambda
Ep Median Daily Exposure Eoo Ep Median Daily Exposure N
Rand Var std dev Exposure o] RV4 Daily Exposure Ep std dev of Exposure
Ep std dev of Exposure ool RVS Rand Var std dev Exposure X
Ep Median Pfle blast Pf|100 Ep Median Pfle blast X
Ep std dev for blast 010 RvV6 |Blast Ep std dev for blast
. Std dev for variation in blast X
std dev for variation in blast o1l Rv7 =1 Modian Pfle bid T
: edian Pfle collapse
Ep Median Pfle bldg damage Pf|200 P ! g P X
- Ep std dev for bldg collapse
Ep std dev for bldg damage o20| Rv8 |Building Collapse o=
. Std dev for variation in bldg X
std dev for variation in bldg damage o2| RV9 collapse
Ep Median Pfle debris Pf300 Ep Median Pfle debris
. X
Ep std dev for debris 630| RV10 |Debris Ep std dev for debris
std dev for variation in debris o3| Rvil Std dev for variation in debris X
Ep Median Pfle glass Ptj400 Ep Median Pf|e glass N
Ep std dev for glass o) RV12Z  |Glass Ep std dev for glass
std dev for variation in glass os] RV13 Std dev for variation in glass X
Ep std dev Pfle due to Yield oyo| RV14 Vield Ep std dev Pf|e due to Yield X
ie :
Std Dev Pfle due to Yield oy| RV15 Std dev Pfle due to Yield X
Std Dev Rnd Var A due to NEW onewil RV16  [NEW St dev Pfe due to NEW X
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Monte Carlo Simulation for Uncertainty Modeling

v

Loop for K reps
v

1. Sample models for P, factors:

At, S, 3'0! 8NEW1’ 8e1

pne = correlation between &4, &
2. Solve for A = A, * 8y et * e
3. SolveforP_=A =At*S*A

el

!

Sample models for Pflk,o, k=1,23,4

]

Sample model for E,

¥

Go to Inner Loop

F 3

v

Loop for Y years

¥

1. Sample models for P, factors:
8,5 Syewas S0 K=1,2,3,4

2. Solve for Py,:
Pr||< = Pf|k,l] * 8k * By* 8

3. Solve for P

k=1,234

NEW2’
fle

i

1. Correlation between E and A by:
log§,,=r*logé,; r=o,, /o,
2. SolveforE=E; "5,

¥

—| Outer Loop : Epistemic Uncertainty I—

Return from Inner Loop

Solve for expected fatalities given
event: EF . =E"P,,

{

No

Last Rep?

Yes

Assess uncertainty distribution of EF

Figure 11.

F 3

Solve for expected fatalities per
year: EF =3, *EF_,

|_

Aurepaosun Aiolealy : dooT Jauuy|

—

Last Year?

Yes

SolveforEF=(XEF_ )/ Y

Two-Loop Monte Carlo Experiment to Evaluate SAFER MOW
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Distribution Point Estimate Sahpason
References

, Lognormal Median CE1-17-00300

2 Lognormal Mean CE1-17-00300
3a Triangular Mode CE1-17-00301
Median CE1-17-00301
Median / Mode
Mean / Mode

Normal
Mixed*
Mixed*

= Mixed Distribution Selections detadied on next chart

Analytical Model

Case 2: Case 3:
Low-Narrow High-Wide

Case 1:
Low-Wide

Case 4:
High-Narrow

Input:
Distribution
Pomt Estlmate Monte Carlo Model

Case 2: Case 3:
Low-Narrow High-Wide

Case 1:
Low-Wide

Case 4:
High-Narrow
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CASE 3 (HIGH-WIDE) RESULTS

Solution Method

Part 4, Case 3 (High-Wide)

Part4
Experimental Parameters

Expect Val Std Dev 95th %
Analytical Method | 2.35E-04 3.12E-04 7.42E-04 Outer Loop : K Reps 50,000
Experimental (Monte Carlo) | 2.47E-04 3.54E-04 8.32E-04 Inner Loop: Y Years 50,000
A% 5.01% 13.50% 12.11% Random Number Seed 35611
2000 -
1600 4 s
X
> 1200 95%
o
s
@
=1
=3
o
W 800 -
] ||“||H
v,
0
0.0E+00 1.6E-04 3.2E-04 4.8E-04 6.4E-04 8.1E-04 9.7E-04

Annual Expected Fatalities, EF

(Part 4, Case 3 Results)
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Risk Acceptance Criteria (ALARP)

The ALARP principle

(As low as reasonably practicable)

Unacceptable or Figk cannot be justified except
intolerable region in extraordinary circumsiances
Tolerable only if nsk reduction
i= impracticable or if its costis
groszly disproportionaie to the
improvement gained
The ALARP or Tolerakility
region (Risk iz accepied
only if a bensfit is desired)
Tolerable if the oost of
reduction would excesd the
improvement gained
Broadly — ﬁm-dmr::d.j:ﬂenslm
(Mo need for detailed work Meed to maintan assurance
to demonstrate ALARF) that nsk remains at this level

Megligible nsk

13
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Risk Acceptance Criteria (F-N Curves)

<>

Frequency of N or more fatalities per year

________________________________________________________________

N ! . ANCOLD / AGS

i
i
:
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i | i
i
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i i

Number of fatalities (N)
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Universal Risk Scales (Voluntary, Individual)

Individual Risk (P;)
(Voluntary Actions)

Regulatory Standards
and Legal Precedents

* Nuclear Power Plant Workers

(UK-HSE) 103

* IsraeliMOD Launch Operations
e 10¢

(Mission Essential)
Swiss Ammunition Storage
> Chemical Workers »

(Directly Involved) »

+ RCC Std. 321-97

(Mission Essential) (Court Case)
+_Swiss Ammo Storage 10-5
(Handling by Army
Personnel)
106
107

DDESB Criterion
(Maximum Allowable)

Annual Risk

Actual Risk Experience

<-Going-over NiagaraFalls-in-a-barrel (1901-2010)-°
< Climbing Mt. Annapurna (1990-2003)8 < Russian Roulette

<—Space Vehicle Crew-Member, US(1967-2011)12

< Logging, US (2011-2014) 11
< Commercial Fishing (2000-2010) 1°

< Chemical Manufactunng 52012)1

< Hang Gliding &J 19
<M|n|ng/Quarry|ng S (2003-2012) 4

< Hostile Actions, US Military (1989-2010) 3

< Oil and Gas Extraction GOM (1996-2006) 2
< Oil and Gas Extraction All(1996-2006) 22

< Agriculture, US%ZOOS -2012)14

4 gbjlrg (j:al/Ng 5c C%Wféizﬁtlons (2008-2010) 7

< Construction Worker, US (2003-2012) 14

ing, US (2004-2015) 15

Sky Diving,
YJ b-Related, US (1993-2012) 14

Al < Manufacturing, US (2003-2012) 14

< Government, US (2003-2012) *

< Football Players (2009-2014) 18
< Accidental Drowning (1992-2010) 4

MVA = Motor Vehicle Accidents

15
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Universal Risk Scales (Involuntary, Individual)

Regulatory Standards apnual Risk

Individual Involuntary Ps

(the maximum anmnual risk potential allowed
for any single individual)

Hazardous Material Storage
{Hengkong)=

Huclear Power Flants (UKHSEI = 104

* Swiss Ammunition Storage

(Mon-paricipating Third Parties &

Army Personnelin Exposure Region *
* |sraeliMOD (| aunch Opermtions) #= » 1 0—5
v Future Muclear Power Plants (UK HSE} =
v Methrertands Ammunition{exsting facilities )

RCC 5td.-321-97(General—
Public)*#

Muclear Power Plants &
IndividoatChemicatindustry
Facilities (Dutch) #
AustratizAmmunitionStorage
Meth ertands Ammmonition{new
facilities)

Sweden Ammunition Storage
UK Civil Guidancs

J

- 5106

MNorwegianMOD »

Ammunition i
Storage=s 1 0
Future Nuclear 5 108
Power Plants
(Dutch) ==

ﬁr DDESB Criterion (Maximum allowable)

< MR, England(1993-2013)
= MR, Methertands (1998-2013] < MR, Australia (1598-2013}7 < MR, US (1953-2013)

Actual Risk Experience

(the actual avermge annual rate of death for individuals in the population)

< MR, Hungary (1888-2013)

< Cardiovascular Disease, US (1990-2010) 7=

< Cancer, U5 (1884-2010) =~

<R, US WMilitary {1985-2011}

<Emphysema (1985-2010)7<=
<Homicide, Washington DC (2000-2012) 2522
< Homicide, Los Angeles County (2000-2013)2=21

< Falls, US{2000-2010} 1+ ] .
=L g < Poisoning U5{1585-2012 4=
< Homicide, Mew York City (2000-2013) =22 < Homicide, US “992_1394}2532 '

< MR, LIS Military accident (1988-2011)
< Siroke (1990-2010)

< Tom&does,ﬁdﬂbﬂm&{mﬁﬂ-ﬂmd}iﬂ{ Fi Uninterd [0S (580017 4=
< Hypothermia, IS (1879.2002) 23 trearms Unirtentional, US !

< Lightning, US (2002-2011) =3

< Tornadoes, US(19588-2013) =23
< Hurricanes, U3 (1985-2013) %2

< Bombing, US{1580-2013} =35

< 3nake, Lizard, Spider Bites, LIS (19582-2010) 4=

MR = Mortality Rate (deathsfrom all causes)

16
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Universal Risk Scales (Voluntary, Group)

o

Voluntary Group Risk (E;)

Expected Fatalities Per Year

Annual Risk

Regulatory Standards

Actual Risk Experience

< Suicide, US (2008-2010) ¢~ \iot0r Vehicle Accidents (2008-2012) 4

d, US (1993-2012) 14

< Surgical/Medical Complications (2008-2010) 7

< Construction Worker, US (2003-2012) 14

ure, US(2003-2012) 4 < Manufacturing, US (2003-2012) 4

< Truck Transportation (2008-2012) 23

< Oil and Gas Extraction, Total Fatalities (2009-2012) 22

jon (2008-2010) **

< Hostile Actions, US Military (1989-2010) 16 < Metal Mining (2003-2012) 23

1
10 < Pipeline Transportation (2003-2011)23 _<_Oil-and Gas Extraction, GOM (1996-2006) >~

thall-(2000-2014)-18
Footbal(2009-201

< Fixed Site Amus,em_gnt Park Rides !1987-2014) 19,20 .

< Climbing Mt. Annapurna (1990-2003)2

100°

_<_Space Vehicle Crew Member, US (1967-2011) 2

ical-Facilitv- ) (Santa-Barb
ility (

Countv)
Y

101

11l MOD Launch Operaons (vission Essenial » ] ()-2

Space.Launch-Eastern.& Wi

103

17
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Universal Risk Scales (Involuntary, Group)

Involuntary Number of Fatalities Ava/Year
Annual Risk

< MR, U

AT

Regulatory Standards ctual Risk Experience

0= = T

CHoke | TS0 20Ty ==

E-Z20TT erebrovascular Disease,
2078~ < Emphysema {156-2010)" "

% Falls {2010 ==

< Poisoning. IS (15552012 ==

<MR, US Militsry (1583-2011)" « Homicide, Los Angsles County (1355201032

< Homict

SIS, WSS LR 0 VORI

T R L (S

¢ Lig "'-7--1-- it 3 e R
< Bombing {1950 2017 =2
= i <_Tomadoss, Alsbama {1585-2014) =22

ST
Tt

101

10-2
Sritish Miftary Defense »

Muclear Power Plants and Chemical Industries -

104

105

108

MR = Mortslity Rate (desthsfrom all causes)

18
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Development of Risk Acceptance Criteria

Key factors
* potential loss;
« costs for risk mitigation;
» decision-maker’s risk attitude preference; and
» stakeholder’s perceptions and biases. for example, the public opinion

weather < hurricane
natural <_ diseases  earthquake
fata|,ty< sports, smoking, alcohol

voluntar
y< motor vehicles
man-made

work-related — OSHA
EPA, food addition & drug

mvoluntary ,
government é nuclear plants

: explosives sitin
Approaches in the past, present and future P 9

 public safety with historical data (past);
* cost-benefit analysis (present); and
» multiple criteria decision-making, MCDM (future).
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Risk Characteristics for Different Facilities

NA/FAC
facility potential loss Pe PAR causes benefits | alternative
huge
nuclear long term remote large government | indirect yes
plants no remedy
dams large very low | medium | government | indirect yes
explosives medium low small government | indirect maybe
chemical medium low small commercial | indirect yes
plants
offshore medium very low | small commercial | indirect yes
health small to medium | medium large natural direct no
bridges | small to medium | low medium | government | direct maybe
vehicle | small high large voluntary direct maybe

20
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Risk Acceptance Criteria for Different Facilities

Individual Group Individual Group
(public) (public) (related) (related)
nuclear
plants
dams 0.001/ N
for N < 100
explosives 3.5x10° 0.001/ N 35 x 106 0.01/ N
for N < 15; for N < 5;
0.001/ N1> 0.01/ N1>
chemical 0.001/ N 0.01/ N
plants
offshore 10 x 106 100 x 10®
health 0.01/ N
bridges 10 x 10°® 100 x 106
vehicle 100 x 10® 300 x 106

21
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Path Forward

Moving forward, the DDESB Risk Analysis Program will focus on

() Increasing the usability of QRA for explosives safety management
by the Services;

(i) Developing the computer module to implement the DDESB QRA
methodology so that the Services can simply turn on the tool,
enter a few new inputs, and complete QRA.

(i) Improving each of the elements in calculating risk within DDESB's
QRA methodology, including estimating the probability of events
(P.,), uncertainty modeling, and establishing risk acceptance
criteria, which has been discussed herein to attempt to improve
the overall safety associated with explosives operations.

22
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