SAND-79 - 045 C | |

PRACTICAL APPLICATIONS CF MORT CONCEPYS

A Prese:ndztiop for the Profec:ional Ceinference
of the American Seziety of Sciely Enginicers

June 20, 978, Wishinglon, B,

James [, Devidson

Safely Admiristiaiion Division
Sandia | ahoratories
Albuguzraue, RIS S5

C.

SAASTER

-

{‘ud

8001

160 0577

D



Practical /oplication of !IDRT Concepts

Useful concepts from the Management Oversight end Rick Tree (120RrT)
inte rated and plenned for fnclusion intc the safcty program of a
major reuvearch luboratory are discussed,

Progreme involving infusion of the MORT corcepts start with a Safety
Oricntotion for new and experiernced supervisors, a Safety Insneetion
Guide for firri-line supervisors, and modification Lo other sufety
docurents/programs as the Industrial Safety Mamual,

Discursion of new programs in development and upgrading of existing
programs will cover (but not be limited to) arecs such as design,
inforration syctems, accident investigation and anulysis, and
hazerd cnalysis and rick assessment,

Impact and influcnces of MORT on the adninistrative and management
systcm arc included in the discussion,




' PRACTICAL APPLICATIONS OF MORT CONIEPTS

Public demends for a higher level of safety performarce as well as com-
pliance with a broad arrey of codes, standards and regulations have
created an environment which requires application of the best m2thod-
ologies and techniques available, Scme disciplines which present the
oppertunity to borrow useful techniques are suggested in this slide,

8lide 1
What wve need <o do is evmluate our present policies, programs and imple-

mentation in light of the "best practices." Borrow what makes sense to
us and tailor for our specific needs at whatever level, Implement any
changes in an orderly, systematic way.

Mr, David V, MacCellum, in your ¥ebruary issue of Professiocnal Safety
refers to thece as the fifth force (technelepical transfer of inowledge

fraa other disciplines).

Slide 2 The Managsment Oversight and Risk Tree (lIORT) is one methodeclogy which
offers cver 1500 safety-progran elements or factors uubllshcd' through
thousands of epplicaticn cycles, The MORT program has and continues to

include the best practices from many disciplines,

(Ref: MORT Users llanual, SSDC-4,)

Slide 3 It provides pregramatic consepts and analytical methodology for consider-
ing all clements of en individval safcty pregrem and guidelines for judg-

ing the adecquacy of these elementa,
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The MORT chart configuration consists of Specific Control Factors
(8-branch) on the left side ard Management System Factors (M-branch)
on the right hand side.

The MORT logic diagrem i3 an idealized safety system model based upon
the fault-tree method of system safety annlysis, The idea of the MORT
diagraa 1s to avoid oversight and to lock at the areas which might give
us safety problems, It is not expected that everyone will utilize every
MORT method cr to the same extent,

These examples of MORT--what it is, what it docs, and sczething -~dout
its makeup--provide the basis for ocur discussion here tedy,

As an RXD laboratory, we have used and continue to use many methodclogies
vhich are ccmpatible with 1IORT. 1In addition, ocur approach has been to
analyze our safety programs, practices and decuuents using MORT concepts
a3 a gulde, Where we have found soft cpots, we are revising and upgrading
pregrams and documents, Ocxie revisicns arc furtner along than others,

We expect this to be a centinuing process,

Safety Orientaticn Mamual
One of cur first pregram changes involved developmem of a Saiety Orienta-

tion for lew Cupervisors as part of a broad orientation program. A

changing supervisory envircomment brought about by new appointments to
supervisory positions, t new safety enviromments and pressures caused

us to reevaluate and change our approach to supervisory orientation and
training.

£lide
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Blide 5 We wanted our superviscrs to have some exposure to the complex safety
and legal environzent cf today., We wanted them to understand their
roles and responsibilities, and we wanted to start the infusion of the

8lide 6 state of the art (tools) which could help them do a better job,

This program for new supervisers has now been extended to experienced
supervisors on request, Over 1C0 experienced rupnrvisers (first through
third level) have attended a session,

Eafety Inspection Guide
Our second progra. change involved the develep=unt of a Safety Inspection

Guide, Use of this document is voluniary. MORT concepts were used but
translated to cptizize use by supervisors and those individuals assigned
respensibility for safety.

(Ref: s 77-03%7.)

From a Systems Safoty standpoint, one task is to:
Slide 7 Identify hazards
List and rank hacards
Resolve/closecut hazards
Safety assurance

Slide 8 We start this identification and comtrol process by requiring a preliminary
safety analysis during the early design conccpt stage, followed by a final
analysis before start of construction, Acceptance must be contingent on
meeting specifications, For facilities or cperaticns considered hazardcus,
Safe Operating Procodures (SOPs) must be prepared and epproved befcre
opersticns begin. Inspections of the work area by supervisors and esployces
are the reguler checks to continue the identifienticn end eomtrol cf Lazarda

as cenditiens ctoraa,
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 (lide 1L
Written criteria exists and 13 specified as to what is required for an

adequate safety amalysis, for occupancy use readiness (acceptance), and
a guide exists for development of Safe Operuting Procedures, MNo adequate
eriteria existed for making inspecticns at the level envisicned by !""RT,
This was the need and as a result of that need, the Inspection Guide vas

devised.

8lide 9 - The General Guide design concepts were to provide practical tools for

Slide 1

conducting !nspections, provide uniformity and criteria and to cptimize
rescurce allccation., These were acccopliched through (1) the Guide
configuration, (2) the questioms, and (3) the forms and informaticn in

Slide 10 the appendices,

The baaic concept is that one starts evaluating hazard potentials froa
the physical werk place and centinues considering other elcments as
they are added to the physical werk place, fThis approach provides a

better understanding of the interfaces of each section to the entire

group.

Each section is examined/cxplored through the use of eppropriate |
questions, Some of the questiocas are directed to the cperator level, ;
vhile cthers are directed to the supervisor, Tho design intent is to

create a frame of mind or questicning attitude on the part of the user,

Slide 11 VORT concepts included in the Guide ccme fram both the Specific Control
¥actors and Management Branches. Scme concepts are obvious, while others
are perhaps hidden in the questicns which are asked. One obscure example

is Human Factors,
(Ref: MORT Users Manual, SSDC-4.,) 5
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Slide 13
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The revort form (Appendix A) has a simple scaling mechanisa to assist the
superviscr in determining a level of risk and the urgency for correction
of the deficiency. It alsc categerizes the information. One of the key
factors in MORT is not cnly to identify but to measure, Use of this form
for reporting inspection results to Safety is cpticnal, The supervisor
can write a memo if he wishes, The important (hings are (1) to do an
adequate inspection and (Z) to take corrective actlon,

The Profile Chart (Appendix C) which s included has two purpcses, When
used as a:
1, positive tree -- deficiencles can be categorized/visual!-ed end

fallowed up for ccrrection and used a3 o reference.

2., nemative tree ~- accldents can be analyzed to show
a, what was involved (blue)
b, what defects, oversights, cilssicns were involved (red)
¢, what changes cre necded in the manamement system as well as

specific fixes to prevent future accidents

Use of the profile chart erhances the collection of factual data, When
used in the two suggested modes, the full range of the document is
realized, These modes provide an informatiocn gnthering system, a feed-
back loop, and a simple analytical or measuring tool,

Bow are people using the Guide?

Ecamples of applications:
1, tne supervisor assigned aspplicable secticns of the Guide to each

of his employees for a scheduled inspection of their facility,
mmulmubymmmmmmjmedwm
supervisor as kncwing the least abcut that particular sudject,

2 s usir~ t™2 Coid2 &3 cn ed=22%icmal teol,

8lid
15



Slides 1k,
15

2,

3.

5.

ol

Another supervisor, who vas moving to new (modified) quarters
tock the Profile Chart and Gride quest lons and inspected the
area he was sujposed to move into, He found several deficiencies
vhich needed to be taken crre of before his organization moved

in,

Several design engineers rith years of design experience are
using the Profile Chart and Manual as a guide in their design
processes,

Other supervisors are using the Guide for special reference
purposes; i.e,,
a. section on explosives

b. section on pressure systexs

An ipdrpendent audit team at another laboratory used the Guide
in 1ts evaluation of the readiness for cccupancy (acceptance)

of a brand new facility,

Human Factors personnel cite the Guide as one way to apply
useful Human Factors concepts,

thoalnjunltuottbcmmhlotbovtummuum ’

applied,

An example of the use of the profile chart in anmalyzing en accident is

shown in the next two slides, Tke first slide is a description of an
accident. The second slide is the profile chart aralysis, These two
slides were used In our supervisor orienmtation prograa,

-



8lide 16

Slide 17

Slide 18

ence Charts
Let's use ancther methodology from }MORT--the sequence chart, The con-
cept schematic locks like this, The technique is applied during the
accident investigation process, Information derived fram witnesses,
documents, and investigators is charted step by step across a sheet of
paper. Basic e' “ts are entered in rectangles and are Joined by heavy

black lines, An arrow at one end of the line indicates direction,

Conditions applicable to a given event block are entered above or below
and a dotted line and an arrow indicates direction,
(Refs: MORT, p 385; IISE Repert MAR-T2-6.)

For cur previous eccident example (profile chart aralysis), the cvents

and causal facters schematic (sequence chart) locks like thige--

Can line supervisors use these charts or are they
Just for Safety Professionals? One of cur departments
has a requirement to coamplete a Profile Chart and a
Sequence Chart for each seriocus accident in that
organization, This sequence exa ple of a near-miss
@ccident was drawn by one of our shop supervisors.

Sequence charting is an excellent tool to visualize (1) a "pre-accident"
chain of events and conditions (design changes, administrative actions,
ets); (2) an accident event/condition/situaticn, and (3) post accident
events and conditions, Witness testumony can be charted to identify
@aps in information, to clarify confusion in observations, to identify
8 lying witness, to show chronology of events for the accident, and so



8lide 19

Slide 20
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In sddifiicn, I have found this toal useful iz apalyzing documzents as
a policy statement, a job cafety analysis, a progranm izplementation

proposa...

Relationships/impacts and time elements are more readily apparemt than
when looking a* the normal written page.

Writing the sccident report and the reccemendations for corrective
action are enhanced when the thirking process kas been clarified through
uge of the Events and Causal Pactors Chart (seguence charting).

Diseussicns with supervisors and briefings of tcp management or others

are greatly improved with the use of sequence charts,

Chanre-Bagsed Analysis

Experience has chown that cne of the more {mportant factors in producing
aceidents is change, Another useful MORT tool is change-based analysis.
Simply stated, change amalysis is the systematic concideration and evelua-
tion of changes which have token place (with hardware, procedures, or

personnel) over a given time span,

wormumortum,wmmamqn.
(Ref: The Rational Mamazer, Kepner-Tregos.)

One application of specific change analysis is when an sccident situation
is ccmpared to a comparable accident-free situatiom, *nd all known
diffsrences are analyzed for effect cn producing the accident. The
information develrped is then used in the accident investigation process
and for leter recommended corrective actions,

Slide 21

Slide 22
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Another application of change-based enalysis is this result combined
wvith a sequence chart, which might lcck like this exarple. A change

in a personnel policy which impacts safety in an unsuspected or
unani‘cipated way., Tou can develop this concept further by substituting
a piece of hardware or a procedure in place of the versomnel pelicy and
enter appropriate information in the other blocks, It may also be
necessary to change the blocks ocnd the ccnaectinz line relationships,
Change analysis and s:quence charting a.2 by no mezns limited to just
accident situaticns, Thesy can be used for many other applications

(acecunting, security, ete).

Encrry Censiderations
VORT sets forth considerable criteria for exonination and review of

cnergles, energy-control techniques, and barricrs to prevent unwanted

enevgy flow,

Frem a preactive ctendpoint, energy considercticns should he addressed
in the design phase and analysis, the construction phase, the cperational
phagse, and the subsequent Inspections of the cperaticnal phase,

One concept epplication for an accident investigation is a meticulous
trace of enerpgy sources, elong vwith consideration of the adequacy of
barriers provided to focus upon factors comtributing to the accident,

Sections D and E of the Guide focus on Energy Scurces and Management
Control Factors, Appendix D of the Guide is a listing of energy sources
borrowed from MORT documenta,




Slide 23
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Use of experts fram various disciplines, previcus incidents review,
testirg and analysis, analysi: of physical evidence, ccxmputer modeling
and calculations are just same of the ways in vhich energies can be
traced and evaluated,

The Profile Chart permits a third application, if the user so desires,

If the user has sufficient data from imspections (most hazardous areas/
problems) or preferably data from accident occurrences, the results

fram this data can be plugged into the Profile Chart fo. evaluation and
review., The user will probably find (as we have) that Categories A<D
shes up as being involved at cne level, whereas those that are responsible
(causative) for an accident will show up at a different level,

The "E" category (management factors) {s 100% responsible and should

have been involved 1003 (if you belleve that any accident which occurs
is a management failure), Clues that we get fram this type of analys!s
should help us to concentrate on cur seriocus problems/soft spots and &

more realistic allocation of resources,

The applications discussed here today are small steps with brcad implica-

ticns, Our approach will perhaps sugjast seze ideas for your consideration,
Thank you for ycur attoention,

Are there any questions?

mw . T -
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SYSTEVATIC _APPLICATION

CEST EUGINECRING PRACTICES/VETHODS

BEST SAFETY PRACTICES/METHODS

BEST MANAGEMENT PRACTICES IMETHODS

CEST ANALYTICAL PRACTICES/METHODS

CEST BEHAVIORAL PRACTICES/METHCDS

- ——
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MORT
A BRIEF ABSTRACT

10T is @ comprehicnsive analytical procedure that providss
a disciplined method for determining causes and contributory
fcctors of major accidents.

It presents over 1500 specific elements of an idaal "universal"
maoncgement program for maximizing occupational safcty.

PAANT ANMTIMIINATIAN




IAORT COUFIGURATION

Progremnciic ConccptslAnchjtical Methadalogy

Examplcs :

DO D DObopoo 00 0O OODO

System SciclylAnalysis
Best Safcly Practices
Human Foliors
Organizziion Systems/Services
Analytical Scicinces
Mczsurcmcnt Techniques
Energy Control Techniques
Sarrice Ceaciliiliions
Error Rcduction Techniques
Change Anclysis

Risk Analysis/Projcction
Informclion Systems

Work Proccsses/Schematics

Q‘h-’;s’




MORT CHART CONFIGURATION

Spiciiic Control Factors

Examplcs:

Encrgy Coatrol

Bairics

Tech Information System
Functicazl Opcradility
Occu,sicy Recdiness
Maintcazaco

Inspcciicn

Supcrvision
Amclisrilicn

UDDDDDDDD

Management System Factors

Examples:

o

Policy
Implementation

Risk Assessment

© Tech Information System
Hazard Analysis

© Concepts/Requirements
© Design Development Plan
Safety Program Elements
Human Factors




ORIENTATION OUTLINE

L Today's Safety Environment
A. Safety/legal Requirements

11, Safety Responsibillt;es
111. Investigating/Notifying/Reporting
1V. Expertise/Tools/Aids




EXPERTISE/TCOLS/AIDS AVAILABLE

Consultants

Safety Manual

Pressure Manual

Cross Inczx to DOE Stancards
System Saiely Dccuments
Data Banks

Safety Library

Sequence Chart

Change Analysis

Jcb Safety Analysis
Design Guicz (SOP)
Safety Inspection Guica




T

are the rcguler checks to continue the identificnticn and conisol of haz-ras

ns eonditicons ckrne,

e — o —

SYSTE/A SAFETY TASKS
List and Rank Hazards
Szfcly Assurance

Identily Hazards
Resolva /Cloccout Hazards

1%
L
(>
&
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HAZARD IDENTIFICATICN PRCGRAM

Preliminary Safety Analysis Report
Final Safety Analysis Report

Acceptance
Safe Cperating Procedures

| Inspections




The czployce selested by the supervisor was oze Judged by the
vpervicer o3 hnouing tha least alcat that particular subjeet,

2 18 vei=3 £12 Caids 23 on edriaticml tool,

GENERAL GUIDE CCNCEPTS

Involve Supervisor and Employee
Provide Systematic Plan

Provide Mechanics

Use Best Techniques




GUIDE CONFIGURATICN

A. Physical Work Place

B. Machines/Mechanical Equipment

C. Hazardous Materials/Processes/Environments

D. Energy Sources

E  Manzgement Hazard Control Factors




& lying witness, to show chronolezy of events for +he oceident, and so

5

GUIDE MORT CCNCEPTS g
Information System

Codes and Standards »

: 5

Design E

Energy Sources £

¢

Energy Controls :

Barriers ’7

Human Factors

Safe Work Sequencing

Vs 1T

Safely Training

In~doonneies/Overcichts/Onissions
fesh P

-~

-

Safe Cperating Precedurcs

Inspections 1
Maintenance oy
it
Other i
."é c
w

1 | -




Managezent Hazard Inadequacies/Oversights/Omissions

Control Factors Honcozpliance which Requires Action Priority Disposition

Definitions: Consider for inspecting and recording

Firreienl Vorl: Ploce - includes the plent 8, Arcas where you have direct responsibility end
end envirc=il eppliceble to wicre control,
eplayee(e) vok, b. Areas not under your direct ceatrol but where
fachinac/tizch Fanot - includes all types your employees may be exposed to hazards while
uccdfezzzatzd Uy cooloyee(s) in pere perforning their tasks (streets, rcads, shered
foruance of cooignsd tacks, facilities, etc.).
Hazerdeus Pictericl, ete, - includes all c. Areas of interface with other organizations,
uscd by, porterccd by, or existing
where espleyoc(e) performs assigned d. Esployee safety concerns,
tack(s).
Encrpy Scurces - includes all energy, Corrective Action:
scparcte o in eccbination, used in m
perferzonee of & teck, (Coacern here Priority 1 - Priority attontion
is unwvanted encrgy flow,) Priority 2 - Routire attention

¥onnrement Hozord Control Factors - includes  Assign corrective priority (best estimate) required by
progrezs to ceatrel (cinizize) hazards end frequenzy of exposure to the hazard, by potential
ascceicted riclhc throush design, energy severity and potential impact (negative) on publiec,
gapaec=ont, cafcty prcvrams, ete.

] 7 .
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'Employee was using a rag dampened with clezning

solvent to clean printing ink from the blankzct cyl-
inder of a Harris press.

The employee was inching the press while h2 was
cleaning the blanket when the rag he was using
was pinched beivieen the plate and the blanket cyl-
inder. As the rag was pulled beween the cylinders,
the fingers of his right hand were pulled in behind
the rag. W

The safely guard was not in place, and the rag being
used was not balled suificiently so that no loose ends

-~

were exposcd.
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¢lyu-u Factors

v

Coatributing Factors
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S AND CAUSAL FACTCRS (Canors! Cohiamzild)
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Not Rag Not
Normal J~==-== 1 ST Balled
Qperator ¢ 1 Properly
= H ! T
' i . :
® S L &
Employce Clcziiing Reg Pulled .
Inching Blanket Belween - :::?n: ué[ed ~:{ Hand Injurcd
Press Aloig with @ rag Cylinders “
T H 7 - T
i ' | |
Coasling Cleaning Guard Lt T T
~ Fezture Sicp Absent Rermoved :
o sop Guard
Limit 2 years Old in Place
SEQUENCE 2

.
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CHANGE ANALYSIS (RESULTS)

(CHARTED)
“ 2l on olential Lozs No Change
oy Nat Knouledje et Vadz in
L..-.,L-m.g-lub Be ruse Transf..r Proto
fioz Personnel 2 Transfers Accld:nts
Faicy Increzze Increzco
w ey 3
| : |
1 1 ]
Frecdam of | |
R i i R e T

Job Movement




ACCIDENT ENERGY ANALYSIS

Encraics Involved

Expected
Unexpected

Unwanted Transfers

Control / Barriers

Harcuare /Equipment

Soitware

VED-vs-RESPCIISICLE

Vel



IVOLVER -ws-RESPONS IBLE

Z230%y

A.  Physical Work Plcce

C. Mzchincshvicchicaleal

C-D. Hozedsus MotoricisiProcessss

end Encigics

A lonzzoment Control Factors

23

Invalved

ah

100% -

Rczponsible

5%

1060%
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#1, Systea Safety Develcpment Center Documents (DOE):

sspe-1  Occumarcy-Use n22diness MNapmal

€3pC-2 Musan Fnctors Tn Design

§3DpCc-3 Centractor Guids to ‘dvance ticn for
“Accicont Investication

§3pC-4  VOR! Ucer's Mamual

§30C-6 Trainio -z as Related to Behavioral Chance

§SDC-11 Risk !":nagement Cuide

2, Accldent[‘!ncide‘nt Investigation Yamial, ERDA 76-20
#3, MORT - The lianagerent Oversi~ht and Risk Tree, SAN 821-2

k, Kepner/Tregoe, The Naticnal I'anager
#5, Safety Tnspection Cuide, Sundla Laboratories, SAID T7-0857

#Available frcas

Iaticzal Technical Iafermatlia Service
U. 9, Departuent of Cezrerc2

5385 Fost foyal Neod

Sprinsfield, VA 22161




Accident -

Occurrence -

Hazard -
Hazard -
Anmalysis

Control -
Procedure -
policy -
parrier -
Risk -

Managezent -
Investigation -

Caucal -
Factor

GLOSSARY

An unwanted emergy transfer csusing property dacage and/cr
buzan injury.

Any deviatica fr= the planned or expected behavier cr ccurse
of evemts in cperaticns, if the deviation has safety, health,
or enviromsental significance,

The potential in an activity (condition or circumstance) for
an accident, particularly an umanted transfer of energy vaich
can occur in rendca varistions of mormal cperaticns or froa
changes 1o physica) or human factars,

The functicans, steps, and criteria for design end plan of
work which identify hazards, provide measures to reduce the

ility end severity potentials, identity residurl risks,
and provide altermative methods of further comtral.

A phvsical mechanisa or an edministrative procedure used to
regulate, guide, or direct & machine, epparatus, system or
envircnzent.

A written step-by-step method of performing & task.

A general statement intended to guide present and future
decisions issued by the hignost authority in en organization.

A physical or edninistrative measure to 1imit, reduce, or
prevent an unwanted energy flow fram haraing persons or objects.

The probability during o pericd of activity that o hazard will
result in en accident with definable conscguences.

The collective body of those who direct an enterprise.

A detailed cystexmatic search to uncover facts and determine
the validity crpd relationchip of the eccident factors.,

A <ersen, thing, or ecndition which contributes significantly
to oo oeeidcat. A ec=bination of simultoncous of seguential
civeiaatapecs directly o indirectly ccatribuicry to cn occi-
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Caference laterial

Cycten Cafety Develcy=znt Center Doctzents (zo2):
£3DC-1 Qccupancy-Use Readipess ttanual
£SDC-2 [u-an Fectors In Dasim

£Spc-3 Contractor Guide to Advnce Prevaration for
Accident Investication

£3DC-4 IORT User's [fammal

S30C-6 Traininz as R2lated to [shavioral Change
E3DC~11 Risk Manirecment Guide

Accident/Tncicent Invostiration Mamual, EFDA 76-20
1077 - The Monagement Oversicht and Risk Tree, SAN 821-2
Kepner/Tregoe, The Rational Manager

Safety Insvection Guide, Sandia lLaboratories, SAND 77-0857

#Availoble frea:

1'ational Technical Infcrmation Service
U. 5. Department of Camerce

§2J5 Post Royal Read

Cpringfield, VA 22161







