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Abstract

A wide range of recent manade and natural disasters has demonstrated the
importance of managing disruption risk in global supply chains. This research
argues that supply chain disruptions are, de facto, unavoidaiolesaquentigl|
complexsupply chainsan be consideraaherently risky. This research focuses on

a relatively unexplored issue in supply chain risk management, asking and answering
the question of how companies specifically use time to respondstioptata

events of low probability but high impact. Linking faster responsenkeadth

reduced impact, the goal is to identify and explore the underlying factors of
managing disruption risk by answering how companies respond to supply chain
disruptiors. In reducingotal response time by detecting the event, designing
solutionsand deploying a recovery plan sooner after a disrtipd@ompany can
reduce the impact of disruption risk.

The research useSrounded Theory methodology to extend an ginger
framework on timéased supply chain risk managemenpiricaldata is used

from a range of sources including interviews and corporate publicatrotise

events faed byglobal pharmaceuticalanufactureduring a pandemic in 2009

The emerging tegories of possible factors in response time are further developed
using data from the events surrounding the worst maritime oil spill in history in
2010 under the management responsibilittheofExploration and Production
(Upstreamilivisionof a globaknergy company and fran industrial accident in
2005in the Refining and Marketing division of the same firm

The research identifies four categories of factors that companies can focus on to
reduce response time in the face of catastrophic events of low probability and high
impact:organisational strugi@earatiogpartnershgmd reserv&he research desty

new insights, presented as four propositions that relate the response time in

managing supply chain disruption to negative or potentially positive impact.



Chapter 1
Introduction

1.1 ResearchBackground

Supply chain risk is theopability of incurring a loss within the supply chain that is
UHODWHG WR WKH ORJLVWLFV DFWLYLWLHYV LQ FRPS
(Ritchie & Brindley, 2007).

Although awareness is increasing among practitioners and researchers,tthe concep
of supply chain vulnerability and its managerial counterpart, supply chain risk
management (SCRM), are still in their infancy (Christophe@02). A number

of researchers suggest that supply chain exposure to risk has increased in recent
decadeglue to higher demand, globalisation of markets, market saturation and
increased competition as well as shorter product life cycles. AMR Research found
that more than 42% of the surveyed companies managed more than five different
supply chains in 2006, nigidue to the need to produce multiple products for
multiple markets. These developments have led to higher exposure to risks in the
supply chain of global firms (Christopher.e2@02). Supply chains must adapt to
these forces to stay competitive buthe same time will thereby increase their
exposure to different forms of risk (Christopher .et2@D2; Faisal et al, 2006;
Hallikas et 312002; Handfield & Nichols, 1999; Sodhi & Tang, 2009).

Initiatives in supply chain optimisatibsuch as mininiisg stock2 can exacerbate

the likelihood or impact of unanticipated events, for example, sharp increase in
demand, production or supgige failure. Moreover, mitigation strategies
addressing one type of risk can have an adverse affect on anotheiskypetbe

supply chain (Chopra & Sodhi, 2004). This suggests managers must find a balanced
approach between their strategies for supply chain managememt sammgbljo

chain risk management.

Failure to manage supply chain risks effectively can hajerammpact on an
organisation (Mitchell, 1995). The negative impact is not only from financial loss
but also reduction in product quality, delivery delays, damage to property and

equipment, and loss of reputation among customers, suppliers and the public

1C



(Cousins et al2004). As Hendricks and Singhal (2003, 2005) documented, not only

can the failure to manage supply chain risks effectively lead to a sharp drop in an
RUJDQLVDWLRQ:-V VKDUH SULFH ZKLFK FDQ EH VORZ V
aPRQJVW WKH RUJDQLVDWLRQ:V VWDNHKROGHUYV

There are many unexpected and unpredictable disruptions in the last few years that
highlight the vulnerability of supply chains. Ericsson lost GBP 240 Million in 2000

GXH WR ILUH DW D VXSS OrAlbugyerguel MNew RIEiGoXaniVR U SO
the lack of alternative supply channels. Apple lost a significant number of orders
following supply interruptions due to an earthquake in Taiwan in 1999. Land Rover

laid off 1,400 workers after their supplier became insalveR001. The
ORQJVKRUHPHQ:-V VWULNH LQ &DOLIRUQLD LQ DQC
fWULSOH SOD\:- GLVDVWHU RI HDUWKTXDNH WVXQDPL
April 2011 are further examples of events that paralysed supply claifhgow

impacts of such disruptions can be catastrophic. Disruption is inherently difficult

or impossible to predict, whether due to-made causes such as terrorism (World

Trade Center attack in 2011), military action (Kuwait in 1990) or natural events

such as hurricane (Katrina, destroying New Orleans in 2005) and disease (UK foot

and mouth disease in 2001 and 2007 and recently thdrflisiizapandemic in

2009) and have the power to disuptause uncertainty in supply chains (Elliott,

2005; Peck &uttner, 2002).

A disruption to supplies in one country can quickly spread through an entire global
supply chain (Harland et, &003). There is evidence that economic, political and
social developments over the past decade appear to be increaskngftaepply

chain disruptions as supply chains are getting longer and more complex and are
involving more partners due to the increase in global sourcing (Hendricks &
Singhal, 2005). A case in point is the sharp increase in world oil prices as a
consequace of the disruption of US oil production brought about by hurricane
Katrina (Elliott, 2005). Supply chain disruption can potentially be veryaodstly,

Rice and Caniato (2003) stated that the financial impact of a supply chain disruption
is difficult topredict.

The importance of supply chain risk management has been recognised by
organisations and researchers because of théegmoeffects (negative publicity,

low consumer confidence, loss in market share) ar@ilongffects (stock prices

11



and eqity risk) (Sodhi & Tang, 2009; Hendricks & Singhal, 2005). Seeing risk as an
important issue in the supply chain, Harland €0l4) recommend that supply

chain risk management should focus on positioning the organisation to try to avoid
such events antb develop strategies to manage the impact of them should
avoidance not be possible. If the supply chain risks can be effectively and efficiently
managed, considerable benefits can accrue not only to companies and their

shareholders but also to their@igps and their end customers.

1.2 The General Problem Aea

The concept of supply chain risk management emerged in the early 1980s. Kraljic
SXEOLVKHG RQH RI WKH ILUVW DUWLFOHV LQ WKLV I
VXSSO\ PDQDJIJHPHQW. 20Q4). As the& BexdOsuppR @hain risk
management is even today still in the development stage, most literature focuses on
explaining the importance of supply chain risk management, defining what supply

chain risk is, what are the sources of supplyritglaand how to manage risk.

Notably, there is no unified theory or framework defined on how organisations can
manage supply chain disruption risk. In a complex business environment,
unfavourable surprises and unexpected events are not just an exaeptoa b
become the norm (Ansoff, 1975; Perrow, 1984). Nevertheless, recent studies have
revealed a lack of implementation of supply chain risk management (Juttner, 2005;
Mitroff & Alpaslan, 2003). Moreover, the literature on supply chain risk is quite
limited due in part to ambiguous taxonomy. Many publications attempt to clarify
the definition of relevant terms in the area of applied risk management and security
(Craighead et.aR007; Harland, Brenchley & Walker, 2003; Ritchie & Brindley,
2007).

In the mst several years, researchers have developed a number of different models
to manage supply chain risks (Christopher, 2002; Chopra & Sodhi, 2004; Lee, 2004;
Sheffi, 2005; and Tang, 2006), using a range of ideas and techniques to identify,
analyse and mititg the effects of disruption. Focus on risk has led to suggest a
new approach to supply chain strategy which goes beyond, for example, cost
reduction and timbased competition, to address product characteristics,
production and distribution strategeasg a partnership approach to suppliers and

customers (Chopra & Sodhi, 2004; Tang, 2006a). These strategies can be more



effective, and executed with lower negative impact, when deployed using time
focussed risk management. This also suggests thatreanty vedore an event, or
the escalation of a disruption, can contribute to a more effective handling of

catastrophic events.

1.3 Aim of the Research

Overall thegoal is to contribute to theory building of supply chain risk management
resulting in a framewoakd propositions for further study. Using a risk framework
and the outcome of the research, the aim is to support general theory and
specifically prescribe an approach to management of risk that explicitly incorporates
the role of time. This could sengethe basis for further field validation and can

also be assessed for the impact on theory building in related fields of supply chain

risk management.

The specific goal is to understaRR P S D @dpbinge to disruption. | seiek
analyse, outline and gpigse possible factors thatderlieresponse. These are
summarised as a set of propositions for further study, which can explore and
validate specific drivers of event detection and response.

1.4 Potential Contribution

The contribution ofttis study is iproviding a deeper understanding of the factors
that organisations can manage to reduce the impact of disruption risk. By explicitly
addressing the role of time reducing the impact of disruption, this contributes to the
development of an integrated fram@wof supply chain risk management

incorporating total supply chain cost, time and risk.

This research also adds to the existing literature on supply chain risk management
by empirically exploring the ways in which the components of time create value for

managing supply chain risk based onliased risk management concept.



1.5 Structure of the Report

Chapter 1 2 provides background information regarding supply chain risk
management in order to set the scene for the study and gives an overview of the

thesis

Chapter 2 2 presents an overview of relevant research on risk and risk
management, business continuity, crisis management, risk and supply chain
management, timmsed management and theoretical approaches behind the
research. The chapter aimseiewthe emerging knowledge of supply chain risk
management and supply chain disruption to identify a research gap to be addressed
by this study. Finally, the research gap, research questions and emerging conceptual
framework on timéased risk management ($a&dhTang, 2009) are addressed.

The framework is used to argue that if a firm can shorten its response time by
deploying a recovery plan soon after a disruption, the firm can reduce the impact of
the disruption by way of faster recovery. Theliamed fraework provides the
structure and a lens with which to organize the data analysis, consistent with the
methodology described in the next chapter.

Chapter 3 2 provides an overview of the relevant research methpfmadbis

study, Grounded Theory, alondhwperspectives in the literature in its evolution

and options impplication This methodology is well suited for qualitative data
analysidvased orcontemporary events. In this study, a Straussian approach to
Grounded Theory is taken, which lends iteelhe timebased risk management
framework as a starting point for data collection and analysis. The methodology
used can be viewed as abductive, building and validating the initial emerging
structures derived from the initial study with data takenstrtbeequent sources.

The three major data sources used in this study are presented in the following

chapters along with the initial and revised findings.

For each event under study here, the causal relationship of decisions taken prior to
the disruption anthe event itself are investigated, with a particular focus on how
the firms detected and responded to the event. Data is then analysed by coding
through summarisation, reduced to group similar codes in major categories and
finally synthesised to a set mbpositions on factors underlying disruption

response.

14



Chapter 4 2provides an introduction and background of the first exploratory case,

that of a global pharmaceuticampany(referred to in this study as PHARMA)

duringthe H1N1lInfluenzaPandemic in@09.The novel Influenza strain, HIN1,

commonly known as swine flu, had fast transmission but unknown mortality at the
RXWVHW UHVXOWLQJ LQ D GUDPDWLF VSLNH LQ GHPEC
medicines3+$50% -V KD Q G OnflygdzaRdndaikidieclared in April 2009

is reviewed by an analysis of interviews of key management, company internal and

public documentation.

Chapter 5 2 providesa detailed analysis of the qualitative ukitey Grounded

Theory obtained from PHARMA. Data was taken fronterviews, team
conference calls and meetings, during the event, corporate reports and plans before
and after the pandemic. Open coding was used to code and group similar actions
and description of factors that companies should focus on to reduceeréspans

The four potential categories of factors that underlie the firdbdsed response

to handing such an events were discovered: Preparation (warning, stress test,
modelling, planning and training), Partnership (external communication,
relationship wh competitors, government, agencies and business partners),
Organisation (teamwork, internal communication, roles and responsibilities and
learning), and Reserve (employee capacity, production capacity, supplier capacity,

product design and solution de$i

Chapter6 2presents the first stage of the constant comparative analysis by looking
in depth at how the BP Upstream division, its contractual suippliervarious
governmenagenciesespondedo the Deepwater Horizon oil spill in the Gulf of
Mexico in 2010.

Chapter 7 2 describing the background and the analysis from BP Refining and
ODUNHWLQJ GLYLVLRQV:- KDQGOLQJ RI D IDWDO H[SOI
2005, in which 15 workers were killed and 180 injured, resulting in an extensive

review of BP and industry operations.

These two additionalisruption eventsrom BP serve tovalidatethe initial
categories and codes developed in PHARMA.



Chapter 8 2 presents the confirmed core categories in detail. It discusses how the
core categorse their properties (swlategories), and links between categories were
integrated. It also provides an explanation as to how these four categories affected
response speed. Finally, it illustrates how these four categories in related with time
based risk anagement framework. The findings show that the presemdack

of 2these factors can have an impact on the response speed for the effective
management of disruption. By giving examples of what actions the companies took
at each stage shows that tlias®rs can help the company reduce detection time,

design time, and deploy time.

Chapter9 2presents the conclusions of the study and four propositions that relate
the response time in managing supply chain disruptions to have a negative or
potentially positive impact. The propositions augment the existing knowledge
related taesponsand support hypothesis testing for further research in the field

of supply chain risk management. This concludes with a perspective of the
implications of these finding®r a theoretical and managerial view, along with

the limitations of the study and recommendations for future research in the area.
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Chapter 2
Literature Review &
ResearchQuestion

2.1 Risk and Risk Management

2.1.1 Risk

The firstknown theoretical contribution to understanding risk was made by Blaise
Pascal and Pierre de Fermat, who in the 17th century studied gambling from a
mathematical perspective (Frosdick, 1997). Development of probability theory
followed basedsubstantiallpn their initial mathematical work (Bernstein, 1996).

For approximately the next 200 years, risk management continues to be mostly
applied to gambling.

The insurance industry was the first to embrace risk management (Moore, 1983),
which was then followda a broader use across various industries and corporate
functions in the mi@0th century (Grose, 1992; Snider, 1991). For example, risk
management was applied to purchasing by Robinson (2063l) and their
development of the Buy Grid model. More rigetransaction cost economics

developed by Williamson (1979) highlighted the relationship between transaction

cost risks and degree of uncertainty in the customer and supplier interaction, as
increased dependency on a supplier could cause a supplieppm@unistically

by increasing prices. According to Moore (1983), risk consists of two basic
components, namely the range of outcomes and the likelihood distribution of these
RXWFRPHV ,Q :LOOLDPVRQ-V ZRUN WUDQWDFWLRQ |
ORRUH:-V GHILQLWLRQ RI ULVN H[HPSOLILHG E\ WKH V
for example, a loosely controlled contractual relationship will have the tendency to

increase opportunistic behaviour.

According to Zsidisin (2003), the conceptsf has been the subject of extensive
studies in numerous business settings, such as managerial decision making (March
& Shapira, 1987; Yates & Stone, 1992; Shapira 1995), strategy (Rutdoet al

Sitkin & Pablo, 1992), operations (Newman.,e1393 Pagell & Krause, 1999),



accounting (Aston, 1998; Baucus et 4993), finance (Ho & Pike, 1992; Chow &
Denning, 1994) and distribution (Celly & Frazier, 1996).

Risk is not only about outcomes and likelihood of occurrences, but also about
choices antiehaviour when facing these (Bernstein 1996). The choices made in a
supplier/ customer relationship and the level of integration can be mutually
rewarding (Burne& Dale, 1998; Burne& New, 1996; Womack et.,al1990)
however they can also be risky if opywastic behaviour takes over (Cousins,et al
2004). Therefore riskand the choices made when facinga@mprises the fear

of losing and the hope of gaining (Moore, 1983). Within organisations and their
management practices, the negative aspaws& bave however been dominant
(Hood & Young, 2005; March & Shapira, 1987).

The Royal SdcH W\ G H | L Qdadbinatiovi df e/ piRability, or

frequency, of occurrence of a defined hazard and the magnitude of the
FRQVHTXHQFHYV RI WKH RFFXUUHQFH: ZKLFK LV VLPLC
and Simon et .a(1997) definition that defined risk is a meadute grobability

of unwanted negative consequence to arise from a specific event.

Sitkin and Pablo (1992, p.10) reflect this in their generalised definition of risk as
EHLQJ TWKH HIWHQW WR ZKLFK WKHUH LV XQFHUWDLC(
DQG RU GLVDSSRLOQWLQJ RXWFRPHV RI GHFLVLRQ ZLO

Most definitions of risk encompass three common elements: (1) the likelihood of
occurrence of a particular event or outcome; (2) consequences of the particular
event or outcome occurring; aniit{® exposure or causal pathway leading to the
event (MacCrimmon & Wehrung, 1986).

The first element of risk is the likelihood of occurrence, also called probability that
can be measured in objective or subjective terms. Two schools of thought regarding
risk likelihood or probability are found in the literature. In one view, risk can be
treated scientifically as an observable, measurable factor (Luptofydr@oai.
objective perspective, risk is tangible and static in its form. It can be evaluated and
analysed by using statistical methods and tools applied to known quantifiable data
(Covello & Merkhofer, 1993). Others argue that risk is perceptive, subject to social
context and interpretation with sensitivities determined bypstitcal and

1€



histori@al factors (Bernstein, 1996; Frosdick, 1997; Moore, 1983& Jage,
2002; Yates & Stone, 1992).

Yates and Stone (1992:p.5), for example, see the argument that risk must be treated

DV VXEMHFW L YahlinE2rctiow bétieertiae altekhafive alV KH ULV N WDNH
They maintain that the nature of any potential loss, its significance and the
estimated chance of its occurring, are personal to the individuals concerned, for
example the result of rikdkking can be perceived as positive by some dativee

by others. Since the likelihood and consequences are specific to the individuals,
where each can benefit or lose according to their own context and hence perceive

risk individually, risk must be subjective. Risk is not, therefore according to Yates

and Stone, an objective factor in decision making.

Thomas Bayes, an English clergyman and mathematician, took a similar view. He
YLHZHG ULVN DV D SURGXFW RI SHUFHSWLRQV ¢fSUR
state of knowledge or degree of belief tepénds on the information, experience

DQG WKHRULHV RI WKH LQGLYLGXD®@20@KRhiDVVLIQV
perspective therefore requires information that is unrelated to the available data.
When applying an objective view of risk, the evaluatipnobébility will be

subject to fitting the real world into mathematical concepts and statistical methods
(Vesely, 1984). This may result in a somewhat artificial interpretation of the real
world to be matched with the structure and constraints of matiadnaaid

theoretical models. But also the subjective view generates its specific challenges,
namely that the risk and probability evaluation will be subject to the assumptions of

the analyst and the interpretation of information. Hence analysts wil gpica

at different conclusions to the same information.

The second element of risk is the consequence of the particular event or outcome,
ZKLFK VKRXOG QRW VLPSO\ EH UHJDUGHG DV RQO\ Q
taking is the potential oppo@UL W\ WR SURGXFH SRVLWLYH RXWFRP

The causal pathway is the third element of risk, which is an understanding of the
sources, cause and nature of factors that in turn influence the likelihood, nature and

scale of consequences, whether pegitinegative.



2.1.2 Risk and Uncertainty

In 1921, Knight established an important distinction between risk and uncertainty.

From his book Risk, Uncertainty and Profit, situations displaying risk are those
where decisiemakers are faced with unknown outcomes vaith known

probability distributions before the event. In his view, risks can be anticipated and
priced in competitive markets; therefore associated profits are competed away. Risk

is measurable in the sense that estimates can be made of the esobakildi

outcome. On the other hand, uncertainty concerns the unforeseeable elements in
markets, and by definition those elements are not fully priced or factored into a
ILUP-V GHFLVLRQ ,W LV QRW TXDQWLILDEOH DQG WK

are not known.

60ODFN DQG /HZLYV GHVFULEH TXQFHUWDLQW\ DV
managers are able to measure and change their exposure to risk through the
development of prevention, mitigation and recovery strategies. Whilst thése do no
eliminate uncertainty, they do enable managers to reduce the risks which might arise
IURP XQFHUWDLQW\ -

Knight (1921) viewed the superior source of profit to be random beyond the

control of companies however Schoemak€2(5S DUJXHG T¥MFHUWDLC
indeed create opportunities as the firm can be favoured by chance and organisations

can be designed to profit from uncertainty through superior anticipation, flexible
VWUDWHILHY DQG G\QDPLF PRQLWRULQJ - 7TKHUHIRU

ard manageable while uncertainty cannot.

2.1.3 Risk Management

The International Organisation for Standardisation (ISO) defined risk management
LQ ,62 DV fFRRUGLQDWHG DFWLYLWLHV WR G
ZLWK UHJDUG WR banddémerg defibition byr murddraisl authors is

presented ifablel.

Risk management has become a main part of many organisational activities and its
main amistohd DOO RWKHU PDQDJHPHQW DFWLYLWLHV DF
directly and efficiently (Tchankova, 2002).
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The actual process of risk management normally begins by assessing two factors:
first, the likelihood of specific events occurring, and seitend¢ponsequences

should the events actually occur (Cox & Townsend, 1998). Between academics
there is a general consensus on the phases of the process of managing risk, whereas
each phase or step sometimes is coined differently. A review of the ligrature
White (1995) suggests that the process of risk assessment in Figure 1 usually
consists of three stages: (1) risk identificato@termining all risk factors that are

likely to occur on a project (2) risk analysimderstanding the likelihood and

exent of the most significant risks and (3) risk evaluatieciding on the most
appropriate  management response for each risk and which party is most
appropriate to manage each of the risks identified.

The risk management process in IS@@1Dillustrad inFigure2, comprisingf
five key activities: communication and consultation, establishing context, risk

assessment, risk treatment and monitoring and (€aigie?).

Year Authors Definition

1989 Dickson (1989) The identification, analysis and control of those ris|
which can threaten the assets, or earning capacity
enterprise

1992 The Royal Society The making and implementing of decisions regard

risks and their subsequent implementation, and flo|
from risk estimation and risk evaluation. It focused
understanding risks and mitigating the impact of ri
by reducing the likelihood of their occurrence and/
the avoidance of their consequences. To manage

means to avoid, reduce, transfer or share risk.

1995 The British Standards The process whereby decisions are made to accej
Institution known orassessed risk and/or the implementation
actions to reduce the consequences or probability
occurrence.
2000 Fone and Young A general management function that seeks to asse

address risks in the context of the overall aims of 1
organisations.

Table 1 Definition of Risk Management
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Risk assessment

v y v

Risk identification | | Risk analysis | | Risk assessment
v
* Perceiving hazard * Estimating risk and probabilities * Estimating significance of the risk
* Identifying failures * Describing the risk Quantifying the * Judging acceptability of the risk
* Recognising adverse consequence risk ¢ Comparing risks against benefits

Figure I The Process of Risk Assessment
Source: White (1995)
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Figure 2: The Risk Management Process
Source: ISO 3100: 2009




Key acivities Description

Communication and Engaging internal and external stakeholders throughout the ris
consultation management process.
Establishing context 6HWWLQJ SDUDPHWHUYV RU ERXQGDUL

appetite and riskanagement activities. The results of this contej
are risk management policy, processes, methods and reporting
processes.

Risk assessment Overall process of identifying, analysing and evaluating risks.
Risk iderification is a process of finding, recognising and descr
risks. ldentification techniques including brainstorming, work
breakdown analysis, and expert facilitation.

Risk analysis is a process to comprehend the nature of risk an
determine the lelef risk. It considers possible causes, sources,
likelihood and consequences to establish the inherent risk.
Risk evaluation is a process of comparing the results of risk an
with risk criteria to determine whether the risk and/or its magnit
areacceptable or tolerable.

Risk treatment Process to modify risk. Risk treatment can involve avoiding the
deciding not to start or continue with the activity that gives rise
risk, taking or increasing risk in order to pursue an opportunity,
removing the risk source or changing the likelihood.

Monitoring and review Process of continual checking, supervising, critically observing
determining the status in order to identify change from the
performance level required or expected, keepirigklreanagemen
framework relevant to the changing needs of the organisation &
external influences.

Table 2. The Risk Management Process
Source: Adapted from 1SO 3100:2009

2.2 Business Mntinuity

The disciplines of risk managemamd business continuity management (BCM)

share similarities, but there are important differences found in the general
consensus among practitioners. Whereas risk management has the primary focus on
assessing and managing known risks, BCM has been depglopéty by
SUDFWLWLRQHUV WR PLQLPLVH WKH HIIHFWV RI XQDQ
meet customer requirements (Zsidisin.,e2@)5). It is also focussed on keeping

the business going and mitigating consequences no matter the typearfresk

that occurs with a possible negative impact on business activities (Hiles & Barnes,
2001).

%XVLQHVV FRQWLQXLW\ PDQDJHPHQW LV GHILQHG D\
plans and actions which provide protection or alternative modes abogderat

those activities or business processes which, if they were to be interrupted, might
otherwise bring about a seriously damaging or potentially fatal loss to the enterprise
(Hiles& Barnes, 2001).



According to CMI (2002), BCM includes crisis maraggthe overall process to
manage an incident), disaster recovery (recovery of critical systems, applications,
data and networks), business recovery (recovery of critical business processes) and

contingency planning (recovery from impact external eogeisation).

There is, as mentioned an overlap between risk management and BCM but the
definitions are being debated and one group of practitioners argues that risk
management is a part of BCM whereas another claims the opposite. A third group
claims tht they are indeed distinct from each other. The consensus seems however
to be that risk management is about responding to specific identified risks, while

BCM is about responding to unknown risks and events.

Waters (2007) divided the process in BCM imtmain steps: initiate the process

of BCM; define the requirements of BCM and develop a strategy to achieve them;
identify the risks and assess their probability and impact; prepare the business
continuity plan; implement the business continuity plartomand control the

business continuity plan.

According to Christopher et @002), the UK government is demanding that BCM
processes are established across all departments and agencieshi®tevorgst

attacks on the World Trade CenterSaptenber 11, 2001. Regulators also place
demands on industry to establish effective risk management, specifically those risks
which cannot be eliminated. There is also an acceptance that many of these risks are
inherent within the supply networks. Accordir@BM can be considered as an

effective tool in assisting in the management of these risks.

2.3 Crisis Management

A related field, Crisis Management, is covered by a number of academic authors in
an extensive body of theory and literature (Elliott & Smith;, H@928rika, 1987;
Quarantellil998; Reason, 1997; Smith, 1990

,Q WKH RUJDQLVDWLRQDO OLWHUDWXUH FULVLV LV G
a lowprobability, higlmpact event that threatens the viability of the organisation

and is charderised by ambiguity of cause, effect, and means of resolution, as well

as by a belief that decisions must be wadé. IWO\- 3HDUVHRED). &ODLU
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The process of crisis management is often seen by some organisations in terms of
the process of busias continuity management (Elliott et28102) and, as such,
KDV D IRFXV RQ WKH GHYHORSPHQW RI FRQWLQJHQF\

scenarios.

$FFRUGLQJ WR 6PLWK WKH WHUP YFULVLV PDQD
as it could beseen to overemphasise the processes of contingency planning and
EXVLQHVV FRQWLQXLW\ +RZHYHU WKH JFULVLV:- OLW
that is concerned with the prevention of crises as well as with the contingency
responses that organisasi@an make to the threat of such risks. Thus, a definition

Rl FULVLV GHSHQGYV RQ WKH FRQWH[W LQ ZKLFK LW
discipline (Preble, 1997).

Fink (1986 S VXJIJHVWYVY WKDW SODQQLQJ WR DYRLG D F
muchof the risk and uncertainty to allow you to achieve more control over your
owndeVWLQ\- $FFRUGL Q.2028)Ra riid3 Monsists of four stages: (1)
Prodromal [forerunning] crisis sté&gbe early warning stage when the organisation

gets aifst glimpse of the potential of the crisis to come; (2) Acute crisi¢ stage

begins once the damage has begun; (3) Chronic crisig stages when the
organisation tries to recover from the crisis, identify its vulnerabilities and learn

from the failues and success of its response; and (4) Crisis resolutiéhetage

when the organisation comes back to normality and resumes full functionality.

Effective crisis planning aims at identifying the early warning signals for the crisis,
even if occasioltathe prodrome may be oblique and much harder to recognise, or

is evident but no action is taken (Paraskevas, 2006).
2.4 Risk and Supply Chain Management

2.4.1 Supply Chain Management

It is clearly stated that logistics management is a part of suppiyactegement

(SCM) from a definition of logistics modified by the Council of Logistics
ODQDJHPHQW 1/RILVWLFV LV WKDW SDUW RI WKI
implements, and controls the efficient, effective flow and storage of goods, services,

ard related information from the point of origin to the point of consumption in
RUGHU WR PHHW FXVWRPHUV:- UHTXLUHPHQWYV -



The concept of supply chain management has been increasingly discussed among
logistics practitioners and reshars since the mi980s €.g.Houlihan, 1985;

Jones & Riley, 1985) and lately companies have also started to work according to its
principles. The term SCM first appeared in 1982, according to a literature review by
Cooper et a[1997). Since the early 1990s, SCM has been distinguished in academic
studies from logistics management as focus has shifted from inventory reduction in

the single firm to total network and ifien optimisation. Throughout the

research literature tleeare two distinctive views on defining SCM. The first view

extends the definition of traditional logistics management beyond single enterprise
boundaries and the original focus on material movement. This view on SCM, found

in many early logistics managéhw WH[WERRNV HPSKDVLVHV W}
HITHFWLYHQHVV: LV WKH NH\ WR FRBSGHWLWLYH DGYDC

Swaminathan et. al GHILQHG 6&0 DV PDQDJLQJ D QHWZRU
semiautonomous business entities collectively resporsibl@rocurement,
manufacturing and distribution activities associated with one or more families of
UHODWHG SURGXFWYV -

On the other hand, the second view on defining SCM is from the wider perspective

of integrated business processes and strategic manageheicomplete set of

activities and organisations and their links, such as communication. This view of
SCM was suggested by Porter (1985), in which linking different functions could
FUHDWH YYDOXH- ,Q KLV YLHZ YDOXHd totr@d GGHG E\
coordinating related activities, and optimising total costs across multiple activities to
reduce enterprise transaction costs rather thaopsuoibsing logistics or other

functions. In line with Porter, Cooper et al QRWH WKbi¢sfdRU FRPS
survive and prosper, they will need to operate their supply chains as extended
enterprises with relationships which embrace business processes, from material
H[WUDFWLRQ WR FRQVXPSWLRQ

Reinforcing this definition of SCM, Greis et (4097) delQHG 6&0 DV 9YDQ
integrated group of strategically aligned organisations in the supply chain, focused

on specific market opportunities. This idea of extended enterprise is based on
mutual benefit which requiresBbSHUDWLRQ DQG FROODERUDWLRQ [
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This evolution in the definition of SCM has two primary drivers, according to
Cooper et al(1997): First is the shift toward proawssnted business
management in place of the functional view of the organisation. Second, as
mentioned earlier, is tegnificant difference in the perception of SCM as having a

broader management scope than only logistics.

The second view of SCM definition carries more weight on strategic management

and marketing perspective than the first view, which makes it widptgdacc

among researchers. According to Christopher (1992), a key characteristic of supply
chain management is the coordination of activities between these interdependent
RUJDQLVDWLRQV +H GHILQHY 6&0 IURP WKH DERYH S
upstreamand downstream relationships with suppliers and customers in order to

create enhanced value in the final market place at less cost to the supply chain as a
ZKROH - *LXQLSHURHHMW BD® 6&0 WKXV fYLQ LWV EURDG
strategic managent tool used to enhance overall customer satisfaction that is
LQWHQGHG WR LPSURYH D ILUP:V FRPSHWLWLYHQHVV
Mentzer et al GHILQHG 6&0 DV YfWKH V\VWHPLF VWUD\
traditional business furmans and the tactics across these business functions within

the supply chain, for the purpose of improving thetkmng performance of the
LQGLYLGXDO FRPSDQLHY DQG WKH VXSSO\ FKDLQ DV I

Given the definitions above, for the purposes of thisrcasehe definition of

6 XSSO\ &¢KDLQ ODQDJHPHQW E\ 7DQJ LV DV IROOR
is the management of material, information and financial flows through a network

of organisations (i.e. suppliers, manufacturers, logistics providéesalenso

distributors, retailers) that aims to produce and deliver products or services for the
consumers. It includes the coordination and collaboration of processes and
activities across different functions such as marketing, sales, production, product
design, procurement, logistics, finance, and information technology within the
QHWZRUN RI RUJDQLVDWLRQV:- 7DQJ J)LIXUH VK

chain flows.



Financial Flows

Information Flows

Financial Flows

VANVANVAN
\VAVAV
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Figure 3: Supply Chain Management

According to Lambe and Cooper (2000) and Mentzer et(2001), a key
component for Supply Chain Management is to share both risks and rewards

between members of the supply chain.

2.4.2 Supply Chain Rsk

Risky events intrinsically make the global supply chain and logistik netw
vulnerable. In the 1980s, the risk was said to be created by {tenideted
material flows, information and funds in the network of firms (Kraljic, 1983;
Treleven, 1988). It was recently that the phenomenon triggered interest from many
scholars ahpractitioners. An increasing amount of literature (e.g., Ritter, Barrett &
Wilson, 2007; Sheffi, 2005; Zsid&iRitchie, 2009) provides case studies relating

to the events that caused disruption of supply chain, logistics networks, and
transportationrad operations. Also, many publications propose best practices and
risk management concepts that could help a company create more robust supply

chains, logistics networks, and transportation operations.

There are two major factors underlying these simegeaterests in the topic. First,

the risk of unexpected adverse events with which firms must cope is increasing in
terms of frequency, intensity and diversity (Coleman, 2006; Hé&lfeZiobk,

2002). The potential for supply chain disruption as wéB asagnitude has
increased (Elkins et,&005) as shown in the crises and disasters which happened
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in the past ten years such as the terrorist attack on the World Trade Center in 2001,

Hurricane Katrina in 2005, the swine flu pandemic in 2009, aadhig@ake and

tsunami in Japan in 2011. These disasters reveal that many supply chain networks
have a low level of preparedness and therefore force logistics managers to

reconsider their supply chain security and risk management processes.

Second, the bumdss model of modern supply chains, logistics networks, and
transportation operations can increase the impact from unexpected adverse events
to companies. For example, the logistic service provider industry has changed
remarkably over the past 15 yearselsing competition, globalisation of markets,

and expansion of international trade have put more pressure on individual
companies to increase collaboration with their supply chain partners. This makes
supply chains more complex and also increasesdhefleependency between
supply chain entities. As a result, it increases the level of threat in supply chains to
adverse events that could happen to any entity in supply chains (Kl&neamfer
Wassenhove, 2004; Sarathy, 2006). This idea is supporieetatuye in
organisational science which states that companies have a greater tendency to be
affected by accidents and disruptions because of their complex, tightly coupled, and

technologyoriented processes (Lin et 2006).

Supply chain risk is pi@minantly used in both the literature on supply disruption

as well as general concepts of various events, situations, potential threats, or
uncertainties. Authors from different areas use the term risk to refer to different
issues when addressing diffeeardiences. Wagner and Bode (2009) commented
that there is no right or wrong definition; there is just a more or less appropriate
definition for each specific situation. The definition of risk can generally be
interpreted in two ways: (1) risk as botlgelaand opportunity, and (2) risk as
danger only (Mitchell, 1995).

The first notion sees risk as variability around the mean of a measure (Arrow, 1965).

Therefore, there is both downside and upside potential.

In contrast, the second notion only percetivesdiownside potential of risk. The
definitions of risk in most dictionaries will also see risk as having only negative
consequences. In addition, many empirical studies find that this notion is more



consistent with perception as the majority of peoptk tte perceive solely the

negative potential of risk (March & Shapira, 1987)

These two general views on risk have been discussed and applied when authors
GHILQHG WKH WHUP fVXSSO\ FKDLQ ULVN: :KLOH -X\
defined supply charisk following the first notion of definition of risk, Harland,

Brenchley and Walker (2003) defined supply chain risk as associated with the
chance of undesired consequence such as danger, damage, injury and loss.
According to the literature in the aneerceiving risk as purely negative is most

suitable to the business reality. The consequences can be either indirect or direct,

and can provide major or minor performance objectives (Bogd@@da).

Despite the lack of a generally accepted defioitiaks in the sygy chain (Baird

& Thomas, 199(.26), March and Shapira (1987) put forward that risk is defined

DV YYDULDWLRQ LQ WKH GLVWULEXWLRQ RI SRVVLEQO
VXEMHFWLYH YDOXHV- ,Q W Kiver gfXiSkScentrdstob th® WKH S
disruption of the flow of information, materials, products and capital. These flows

are interdependent and by definition extend beyond the boundaries of a single firm.

To be effective, any approach to risk management in thg so@in must take

into consideration the performance of these key management processes in a
network of organisational entities. This approach acknowledges that objectives may

not be aligned and therefore risk management should incorporate persuasion,
negdiation and bargaining and reflect the mutual dependencies within and between

organisational entities.

Supplychain risks the probability of incurring a loss within a supply chain that is
UHODWHG WR WKH ORJLVWLFV DFWh ibfdfdtioch LQ FRPS
(Ritchie & Brindley, 2007). Likewise, Zsidisin (2005) defined supply chain risk as

the potential occurrence of an accident or failure to seize opportunities with

inbound supply in which the outcome results in a financial loss for the firm.

2.4.3 Type of Supply Chain Rsk

Many frameworks for supply chain risk are found in the literature. According to
Tang and Tomlin (2007), supply chain risks are categorised into six types: supply
risks, process risks, demand risks, intellectual propertgeieksoural risks and

political/social risks. Chopra and Sodhi (2004) extend this to nine categories of risk:
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delays, systems, forecast, intellectual property, procurement, receivables, inventory,
capacity and disruptions. Cousins. é2@04) have a Sater model, suggesting that
FRPSDQLHYVY DUH H[SRVHG WR WZR PDLQ W\SHV Rl VX
overreliance on a single or limited source of a product, process or technology; and

1V W U D W bhéiréliabde dilNa single or limited nundfesuppliers.

Other suggested categories of risk included environmental, demand and supply,
process and control risks (MadSones &Towill, 1998), and supply market,
supplier, regulatory and supply strategy risks (Minahan, 2005). Johnson (2001)
divides gpply chain risks into supply risks .(eapacity limitations, currency
fluctuations and supply disruptions) and demand risksgasgnal imbalance,
volatility of fads, new products). Merna and Smith (1999) also give an extensive list
of supply chairmrisks, which are strategic, natural, political, economic, physical,
supply, market, transport, products, operations, financial, information, organisation,
management, planning, human, technical, criminal, safety, environment and local

permits.

Christopheret al (2002) classified risks in supply chains into two different types:
VXSSO\ FKDLQ ULVNV DQG H[WHUQDO ULVNV ¢f6XSSC
between organisations along the chain. Such supply chain risks result from a lack of
visibility, lak of ownership, chaos, pistime practice and inaccurate forecasting.

2Q WKH RWKHU KDQG 9YH[WHUQDO ULVNV:- DULVH IUR
risks include disruptions caused by strikes, terrorism and natural catastrophes. Thus,
external riskODUH fULVNV WR WKH YDULRXV OLQNV LQ WKHF
Although both have independent sources, simultaneous occurrence of both risks

and the interactions between them intensifies damage to the supply chain.

MasonJones and Towill (1998jime this model by describing the three categories:
(2) Internal risks are inherent or arise directly from management decisions, or arise
from operations within the organisation such as delays and breakdown; (2) Supply
chain risks that arise from the iattions between members of the supply chain,
external to the organisation, but within the supply chain, such as risk from suppliers
or consumers; (3) Risks external to the supply chain that arise from interactions

with its environment such as naturalstiisalegislation pressure groups, wars, etc.
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:DWHUV VWDWHG WKDW LQWHUQDO ULVNYVY DUH Jt
the risks to operations that managers can control while the external risks are outside
manager control. So managers @aromange the risk, but they can design
RSHUDWLRQV WKDW ZRUN DV HIILFLHQWO\ DV SRVVLEH!

2.4.4 Supply Chain Risk Surces

The sources of supply chain risks are many, as different links of a supply chain are
exposed to different typekrisk. Faisal et.al SRLQWHG RXW WKDW LQ
become more agile and lean, organisations are becoming more dependent on
RXWVLGH VXSSRUW ZKLFK DOVR DGGV WR WKH RYHUD

A study conducted by Cranfield University for thego¥ernment (2002) defined
VXSSO\ FKDLQ YXOQHUDELOLW\ DV DQ H[SRVXUH WR
ZLWKLQ WKH VXSSO\ FKDLQ DV ZHOO DV IURP ULVNV H

According to Christopher (1992), a number of factors that ceattdsupply

chain vulnerability are due to a focus on efficiency rather than effectiveness, the

globalisation of supply chains, focussed factories and centralised distribution, the
trend toward outsourcing, reduction in the supplier base, volatililpasfdjeéack

of transparency and control procedures. Supply chains must adapt to these forces to
stay competitive but at the same time increase their exposure to different forms of

risk (Sodhi & Tang, 2009).

This is also supported by Hallikas ef2@l02)and Handfield and Nichols (1999),
who state that we are living in an era of rapid change in product markets and
technologies, and increasing customer expectations in terms of better products,

quicker response time and lower prices.

The nature of supply aim disruption is diverse because it can occur from both
inside or outside a supply chain, and its magnitude, attributes, and effect can vary
greatly. Many scholars have tried to classify supply chain disruption in the form of
taxonomies/typologies with ghobjective to distinguish between supply chain
disruptions from other types of undesirable events in business (e.g., Calvinato,
2004; Chopra & Sodhi, 2004; Christopher & Peck, 2004; Norrman & Lindroth,
2004; Svensson, 2000). The categories of suppldishamtion are also called
supply chain risk sources, as they are known sources and probabilities of supply



chain disruptions. Since different risk sources need different risk management
activities, understanding the categories and nature of suppldisrugition is
essential.

There are many classifications of supply chain disruptions proposed by different
authors. For example, Svensson (2000) classified supply chain risk sources as
guantitative and qualitative, Juttner (2005) proposed threé sypgy, demand,

and environmental, whereas Manuj and Mentzer (2008) delineated eight types
supply, operational, demand, security, macro, policy, competitive, and resource.
:DIJQHU DQG %RGH UHYLHZHG RWKHU DXWKRUV:
that suply chain risk sources have five categories: demand side; supply side;
regulatory, legal, and bureaucratic; infrastructure; and catastrophic. This
classification is generated from an empirical study of industrial firms and logistics
services across Austi®vitzerland, and Germany (Wagner & Bode, 2010) The first
two sources focus on risk sources that are internal to supply chain while the later
three are risk sources that can also be external to supply chain. Various sources of
supply chain risk are exaedras follows

Demand Side Rsk

Downstream supply chain operations can cause supply chain disruption. This
includes disruptions in product distribution to the-cerstomer caused, for
example, by the strike of truck drivers (McKinnon, 2006), as weluasdttainty

of customer demand due to poorazdination in the supply chain and mismatch
EHWZHHQ D ILUP-V SURMHFWLRQ DQG DFWXDO GHPDC(
can create obsolescence of stock, shortage, and poor customer service due to
unavailble product. Although addressing demand side risk is said to be an essential
discipline of supply chain management, it is still present as a major risk source for
many companies. In 2001, for example, the lack of communication among
downstream supply chapartners forced Cisco Systems, which is a global
manufacturer of communications equipment, to write off GBP 1.5 Billion in
inventory (Spekmaa Davis, 2004).



Supply Side Risk

A company should manage the risk of their supplier portfolio in order tesminim

the risk from disruptions caused by supply side (Kraljic, 1983) especially when a
company strongly relies on external sources for critical materials. The upstream side
RI D ILUP-V VXSSO\ FKDLQ FDQ EH D PDMRU VRXUFH
diguptions can be caused by suppliers, supplier relationships and networks, and
purchasing activities. Additionally, such risks include production capacity
constraints on the supply market, supplier business risks, change in technology and
product design, drguality problems (Zsidisin, Parg&Nipton, 2000).

Supplier business risks are related to the discontinuity of suppliers that could cause

the interruption or termination of the buyft XSSOLHU UHODWLRQVKLS VX
financial problems, bankrapt insolvency, or consequences of supplier default
(Wagner, Bode &R]LR O 6XSSOLHUV: ILQDQFLDO GHIDXC
of business can cause serious problems to a buying firm such as in the case of Land
Rover whose only supplier of chadsisnes for its Discovery model, UPF

Thompson, unexpectedly went bankrupt in 2001. It cost Land Rover GBP 35

Million to resume production (Lester, 2002). This type of disruption can also occur

when the supplier is vertically integrated with a customeMirARPSHWLWRUV \
relationship may be automatically forced to be terminated (Chopra & Sodhi, 2004).

In addition, when the switching cost for the buying company is high, the
opportunistic behaviour of suppliers can be a source of supply side risk&VNagner
Johnson, 2004; Spekn&amavis, 2004). Finally, poor quality products or services

of suppliers can also trigger a domino effect on goods or services delivered to the

end customer (Zsidisin et @000).

Requlatory, Legal, and Bureaucratic Risk

The regudtory, legal and bureaucratic risk is the legal enforceability and execution
of laws, regulations, or policies that have an impact on the supply chain. The
frequency and degree of changes in these rules can be the source of supply chain
risk because a swtdchange in these rules may lead to the violations of laws, or

regulations.
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Although little attention has been paid to supply chain risk from regulatory and
legal issue, in many countries these factors have significant effect in setting up and
operatingsupply chains. Hendricks and Singhal (2003) pointed out that the actions
of authorities can create severe supply chain disruptions because it can affect the
ILUP-V DELOLW\ WR REWDLQ SHUPLVVLRQ WR VHW XS
trade barriersuch as embargoes, tariffs, local content constraints, or import/export
guotas. Wagner and Bode (2008) conducted interviews and found that the major
risk for inbound logistics in Russia is customs clearance. This is due to changing
requirements regardinigigping documentation, possible time loss, standstill fees,

as well as the unpredictable behaviour of customs authorities in Russia. As a result,
many importing companies are forced to avoid the problem by using expensive
customs brokers to assist the ralee@e process. Firms are facing more complex
supply chains due to environmental legislation in many other countries, leading to

an increase in supply chain costs.

Infrastructure Risk

,QIUDVWUXFWXUH ULVN UHIHUV WR WKHtudLVN RFF)>
underlying its supply chain operations. This includes accidents caused by both
human issue and technical problems related to the area of supply chain security
such as machine breakdowns, equipment malfunction, disruption of electricity or
water supplylabour strike, and vandalism (Chopra & Sodhi, 2004; Lee & Wolfe,

2003; Spekma& Davis, 2004). Firms have become increasingly dependent on
information technology (IT) as well; thereforegelated problems can significantly

affect supply chain managetnérhese problems include hardware failures or
software bugs, as well as problems created by human actions such as malicious
software, or cybeattacks. In addition, the Enterprise Resource Planning (ERP)
VI\IVWHPV ZKLFK DOORZ D FRRSDQhX difecEcessHdJV DQG
databases and internal processes, can increase the chargtatefl lthreats.

Catastrophic Risk

These events include natural disasters, epidemics, terrorist attacks, civil unrest, and
sociepolitical instabilityKleindorfer & Saad, 2005; Marth&ébbakrishna, 2002;
Swaminathan, 2003). Natural disasters such as tsunamis, earthquakes, hurricanes,

and floods can be a severe threat to transportation systems and production facilities.



Due to the globalisation of mat& and globalpanning of supply chain operations,

local disasters have an increasingly indirect global consequence. Since 2001, there
KDG EHHQ JURZLQJ LQWHUHVW LQ WKH GHVWUXFWLY
supply chains (Rice Benney, 2007; Sfig2011) because it affects supply chains

either directly in causing damage to logistics infrastructure as well as indirectly due

to, for exampleevents such as port closures.

2.4.5 Supply Chain Osruption

The terms supply chain risk and supply chain dsrupte generally used
interchangeably. However, the definition of the term supply chain disruption has
not been made explicit in the literature. Terms such as error, accident, hazard,
operational failure, operational crisis, and disturbance have baarthessdme
context. Table 3 provides an overview of recent publications discussing supply

chain disruption.

The literature on disaster research has spanned many fields such as marketing,
management, organisational bielaypsychology, sociology, political science and
engineering (Pearson & Clair, 1998). As a result, the term organisational crisis and
its attributive dimensions have various definitions (Hermann, 1963;-KisraQr

Clair & Bettenhausen, 2001; Milburoh@er &Watman, 1983; Pearson & Clair,
1998). However, most of the definitions have agreed that organisation disruption
consists of (1) an unforeseen triggering event, and (2) a consequential situation
(Bilings, Milburn &chaalman, 1980; Hermann, 1968pkrMistra et al 2001).

According to this, supply chain disruption is also said to comprise two components:
(1) a triggering event which is an unexpected event that appears in the supply chain
or its environment and causes the consequential sjt{d)iom consequential
situation which is the exceptional event that makes a company unable to pursue

their normal business operation (Wagner & Bode, 2009).

What makes a supply chain disruption differ from risk is that a supply chain
disruption is aobvious situation. Supply chain disruption is more closely related to
organisational crisis, which needs immediate attention (Reilly, 1987) because the
impact of the disruption is usually a function of time (Hermann, 1963). It can be
distinguished by unt¢ainty of its cause, effect, and means of solution (Pearson &
Clair, 1998). More importantly, it should be noted that supply chain disruption is
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said to occur only if the involved actors identify the situation as unusual. Wagner

and Bode (2009) said thadb- D XVH RUJDQLVDWLRQDO UHVSRQVH
perceptions, not by fact, this made the nature of supply chain disruption very
subjective. As a result, it is difficult to distinguish a supply chahXIEWLRQ -V
beginning and ending.

Authors ResearchFocus

Applequist, Pekn§ Develops a metric for evaluating supply chain projects with

Reklaitis (2000) significant risk. The measure quantifies a risk premium used tc
measure return and risk on an investment in comparison with
investments.

Johnsor(2001) Enumerates lessons learned from manage supply chain risk in
industry. Risk mitigation techniques are presented in terms of
managing demand and managing supply.

Sheffi (2001) Discusses supply chain investments aadyemisation needed to
prepare for terror attacks in terms of the challenges of dealing
the aftermath of a terror attack and managing supply chains wj
increase uncertainty.

Mitroff & Alpasan (2003) Presents recommendations for proactive preparation if interna
attacks.

Rice & Caniato (2003) Discusses the need for security and resilience in-chpiplgd ideas
to develop more secure and resilient supply chains.

Zsidisin & Ellram (2003) Considers the influences of inbound supply chain risk and
techniques to al withthese risks based on the results of a survg

Cavianato (2004) Focuses on logistics risk in a supply chain and discusses the
broadening definition of risk.

Chopra & SodHhi2004) Presents a high level categorisation of supply chain risks and
drivas with recommendations to improve risk preparedness.

Sinha, Whitman & Develops a methodology to mitigate risk in an aerospace supp
Malzhan (2004) chain based on a figéep IDEFO model.

Zsidisin, Ellram, Carter & Presents findings @fn empirical study on how purchasing
Cavinato (2004) organisations assess risk.

Hallikas, Karvonen, Discusses a general risk management process for supplier nef
Pulkkinen, Virolainen &

Tuomimen

Kleindorfer &Sadd (2005, Develops a conceptual framework for managipgly chain
disruption risk that includes the tasks of specification, assessn
and mitigation.

Peck (2005) Presents a framework for understanding supply chain vulneral
and a discussion if the drivers if vulnerability.
Sheffi & Rice (2005) Disausses the stages of a disruption and provideletdgh

recommendations for improving flexibility in the supply chain.

Zsidisin, Melnyk &agatz Discusses the use of busiresginuityto manage purchasing ang

(2005) supply risk.

Sodhi (2005) Presentswo risk measures (demaatdlisk and inventorgitrisk)
and two linear programming models to be used together to ma|
demand and inventory risk in consumer electronics supply cha

Tomlin (2006) Develop a supply chain model to investigate mitigation and
contingency strategies and recommends when to use them ba
firm with a single product and the option of two suppliers: one
is unreliable and the other that is reliable but more expensive.
Present propositions that supply chain charactertinsity,

Craigbeaét al.(2007) complexity and node criticality and supply chain mitigation
capabilitiesrecovery and warning affected the severity of supp
chain disruption.




Authors ResearchFocus
Sodhi & Tang2009 Present timéased risk mitigation concept. With this concept cg
enable companies to reduce impact of supply chain disruption

Bodeé& Wagner (2010) Present a framework for understanding the frequency of suppl
chain disruptions is a functiona#rtain supply chain characterist

Table 3: Review of Literature Related to Supply Chain Disruption
SourceAdapted from Craigheatial (2007)

Craighead et.al HISOLFLWO\ XVH WKH WHUP ftt« XSSO\ FK
ITXQSODQQHG DQG XQDQWLFLSDWHG HYHQWY WKDW G
supply chain, exposing the firms within the supply chain to operational and
ILQDQFLDO ULVNV- F LWL @JSifghal QU03RK@lindorfer & HQ G U L I
Saad, 200%tauffer 2003). Craighead etj@dson to discuss two risk mitigation
capabilities: (1) recovery capability which is defined as the activities in the supply
chain to restore normal product flow, and (2) warning capability which refers to the
ability ofa supply chain participant to detect a pending or realised disruption and
disseminate pertinent information about the event to relevant supply chain partners.

In addition, they state that supply chain design characteristics such as density,
complexity andhode criticality can be expected to be positively related to supply

chain disruption severity.

2.4.6 Supply Chain Wlnerability

The type of supply chain disruption and its magnitude alone are not the only
determinants of the harm caused by supply chain disruption. The outcome of the
disruption is also determined by the response capacity, and the susceptibility of
supply chains idsa significantly relevant to the harm and loss caused by supply

chain disruptions.

Despite attempts to define and offer approaches to manage supply chain
vulnerability, the concept is still considered to be unclear and insufficiently
understood (Juttnet al, 2003; Peck, 2005). Christopher and Peck (2004) defined
WKH WHUP DV YDQ H[SRVXUH WR VHULRXV GLVWXUE
GHILQHG YXOQHUDELOLW\ DV D VXVFHSWLELOLV
of existing organisationalbo IXQFWLRQDO SUDFWLFH RU FRQGLW
(2000, 2002) stated that supply chain vulnerability is constructed of atomistic
vulnerability, which is limited to a part of the supply chain such as a single firm, and
holistic vulnerability, which ceWUV WKH HQWLUH VXSSO\ FKDLQ |
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GHILQLWLRQ RI YXOQHUDELOLW\ LV TXLWH VLPLC
WKH\ GHVFULEHG YXOQHUDELOLW\ DV D IXQFWLRQ |
which make the focal firm sensitveGLVUXSWLRQV- S DQG H[SOD
EH IRU H[DPSOH D ILUP:-V PHFKDQLVP WKDW PRGHUL
chain disruption occurring in a firm. Therefore, supply chain vulnerability can be
seen as the ability of a firm to absorb tigply chain disruption effects. The
factors that could increase the degree and impact of supply chain disruption are
aspects such as dependence on suppliers and clients (Wagner & Bode, 2006), supply
chain complexity, supply chain density, node criticdBiackhurst,
Rungtusanatham & Handfield, 2007), sloppy management (Turner, 1994), eroded
safety procedures (Reason, 1990), and complex technical systems or organisational

processes (Perrow, 1984).

2.4.7 Supply Chain Risk Management

The concept of supply chaiskimanagement was adapted from general business

risk management concepts (Khan &Burnes, 2007; McCormack, 2008; Ritchie &
%QULQGOH\ ZKLFK DLPHG WR fHOLPLQDWH UHGX
(Waring & Glemdon, 1998:p3). The process of @emgt management contains

(2) risk identification; (2) risk assessment, which includes analysis of the impact and
probability of the identified risk; (3) risk treatment; and (4) risk monitoring. If the
amount of remaining risk after the risk managemg®pHVY LV LQ OLQH ZLW
procedure, the level of risk is considered optimal. When applying this concept to a
supply chain context, the third stage referring to the practice and measure of risk
treatment has to be made specific to the context dy sungin, therefore it can be

considered as supply chain risk management (Tang, 2006).

$FFRUGLQJ WR 1RUUPDQ DQG /LQGURWK TVXSSC
collaborate with partners in a supply chain, applying risk management process tools

to dealwith risks and uncertainties caused by, or impacting on, logistics related
DFWLYLWLHY RU UHVRXUFHYV -

&KULVWRSKHU GHILQHG VXSSO\ FKDLQ ULVN
management of supply chain risks through coordination or collaboration among the
sXSSO\ FKDLQ SDUWQHUV VR DV WR HQVXUH SURILWD

the four objectives of supply chain risk management. First, maintain the supply and



FRQWLQXRXYVY DYDLODELOLW\ RI SURGXFW 6HFRQG
cope vith disruptions in the supply of products if necessary. Third, avoid possible
domino effects throughout the chain. Last, make the supply chain more resilient to
disruption.

Management of supply chain risks has over the years seen a myriad of approaches
with different focus. Most approaches can however be grouped into the two broad
categories of relationship management (Putq @98b) and strategic/proactive
purchasing (Smeltz&r Siferd, 1998). These two categories do, to some extent,
overlap.

Puto ¢ al (1985) and Mitchell (1995) identify supplier relationship development as

an important riskeducing strategy, which includes loyalty to existing suppliers, the
FKDUDFWHULVWLFV RI WKH EX\LQJ VLWXDWLRQ DQ
procurement prdbem. In addition, Zsidisin et &000) and Zsidisin (2003) also

support the importance of relationship management by advocating that partnership
formation; strategic alliances and supplier development and performance systems

are all activities that redutsk.

Purchasing partnerships Ellram (1991a, b)

Multiple sources of supply VS sin¢ Treleven and Schweikhart (1988), Kraljic (1983) and
sourcing Zsidisin (2003)

Supplier quality/ auditing/ Smeltzer and Siferd (1998), Newetaad (1993) and
certification programmes Zsidisin (2003)

Supplier improvement programme Smeltzer and Siferd (1998)
Closer working relationships with ~ Zsidisinet al (2000), Zsidisin and Ellram (2003) and

suppliers Eisenhardt (1989)

Communiation and early Krause (1999)

involvement of suppliers in strateg

decisions

Buffer Newmaret a(1993)

Strategic alliances Zsidisinet al(2000)

Risk sharing/ knowledge transfer Eisenhardt (1989), Zsidigihal (2000) and Krause (199!
Focus on coreompetence Zsidisinet al(2000)

Product differentiation Lonsdale (1999)

Entrepreneurial/ risk taking March and Shapira (1987) and Lonsdale (1999)

Proactive supply management Smeltzer and Siferd (1998) and Kraljic (1983)

Table 4: Risk Management Strategy
SourceKhan &Burneg2007)

Eisenhardt (1989) as well as Zsidisin and Ellram (2003) argue that agency theory
can be applied to reduce supply chain risks, mostlyoparation with the aim to

create joint benefits and reductiof conflicts. In that context, improved
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information sharing, where the aim is to create knowledge, will reduce the risk of

opportunistic behaviour.

The category of strategic/proactive purchasing aims at overseeing the whole supply
chain. This approachless intimate than the relationship management approach,
but the scope is also much wider. Monitoring and auditing of supply chain partners
and their standards is a key activity in reducing risk, according to Smeltzer and
Siferd (1998) and Newman et(E93). Mitchell (1995) and Zsidisin e{28i00)
advocate the use of multiple sourcing. Contrasting this view, Lonsdale (1999)
favours increasing the variety of products rather than choosing multiple sourcing as

a means of reducing risk.

As describedbove, there are different categories and approaches to managing
supply chain risk. The field has however not matured, which can be seen in the
broad range of conflicting views. For example, among the most commonly
accepted risk reduction approaches agessourcing and building lelegm
partnerships (Treleven & Schweikhart, 1988). On the other hand, single sourcing
can lead to ovatependence on one supply sourceimeréasing vulnerability to
opportunism (Zsidisin, 2003; Kraljic, 1983). And the wadeerange of views is
expressed when it comes to the effectiveness of buildirtgriongelationships.

One group of academics advocate that it does reduce supply chain risk (Zsidisin,
2003; Eisenhardt, 1989; Ellram, 1991a; Ellram, 1991b), whereasgaoother
argues against this approach (Smedtz8iferd, 1998; Pilling & Zhang, 1992;
Lonsdale, 1999).

Mitchell (1995) sees that one explanation for the lack of maturity in the field is that
the very different views of supply chain risk management atarbysitaational.
Newman et a1993) provide a case in point, which is the use of buffers. In the
short run the use of buffers can be effective in reducing risk but in the long run risk
may increase as it is expensive and creates production ineffiaewed as

increasing the risk of creating outdate stocks.

General risk management is a discipline that is fairly developed, especially in the
financial field. It is however striking that general risk management literature as well
as the associated toalsd techniques have not found their way into how supply
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chain risk management is being approached (Cousins2604l Kraljic, 1983;
Robinson et g11967; Williamson, 1975; Williamson, 1979).

Further development of theoretical and practical suppty rtsla management
appears to be possible, especially if the research agenda focuses on the following
three areas. First, supply chain risk management should take into account the work
that has been done within general risk management and in partibutar wit
financial risk management. Second, supply chain risk management needs to be more
firmly rooted in understanding how companies actually do manage supply chain risk
and why they do it in a chosen way. Third, based on research into the two previous
topics improved theory and models of supply chain risk management can be
developed.

Supply chain management faces the challenge of balancing risk profile and cost
minimisation. Risk can probably not be completely eliminated but it can in most
cases be redutsignificantly. The risks in the supply chains can often be mitigated

if companies can understand the variables having an impact on risk management in
the supply chains. Some of the variables that enable risk mitigation are information
sharing, aligningdentives, risk sharing and corporate social responsibility (Chopra

& Sodhi, 2004; Speckm&ambavis, 2004; Faisal et 2aD06).

2.5 Time Basad Managementand Response

The importance of time as a competitive parameter has over the last two decades
made its wamto the literature addressing how to compete effeciiinalybased
competition iessentiallgbout compressing time of the important activities of the
firm, i.e.responding to customer needs, introducing new products faster than
competitors, reducing time in the production and delivery process, and by doing so
a significant competitive advantage can be established (Stalk, 1988; Stalk &Hout
1990; Blackburn, 1991).

One of the main reasons for the emergence ofbtise competition is that
customers feel increasingly time starved, providing a major opportunity for
companies that can exploit time as a competitive parameter (Tucker, 1991). In his

work Tucker viewed temas a major driving force of change.



A number of companies are today categorised by competing on time and the
characteristics are that they employ structurally different methods to manufacturing
and product innovation and development (Stalk, 1988; Sthl&ut 1990;
Blackburn, 1991), they think of themselves as part of an integrated system of
suppliers and customers (Stallddut, 1990) and they create more information

that is also shared more openly and rapidly with important stakeholders.

The benefits fosuccessful timieased competition are similar to those of most
other successful competitive strategies, namely increase in productivity, ability to
command a price premium, ability to gain market share, high customer loyalty and
the ability and willingee to cannibalise own products (Stalk, 1988; Stalk, 1990;
Blackburn, 1991; Daniels & Essaides, 1993).

Timebased competition can be seen as a managerial focal point that guides the
decisions and directs the company towardssemstive customer segmeoys
merging principles of traditional strategic schools of thought with flexible and lean
manufacturing principles.

The literature on timleased competition in combination with supply chain
management appears, however, to be very limited and thus fooddesearch

agenda that takes this important aspect into account.

There are nevertheless scientific models, such as the epidemic model and fire
model, as well as anecdotal evidence to support a conjecture that the magnitude of

the problem triggered bye evenincreasesxponentially over time.

7KH VLPSOH IRUP RI HSLGHPLF PRGHO LV WKH Y([SRQ
Malthus (1768.834). This model can be explained as follows:

Let I(t) be the number of people infected at time t. In this casatetlod infection

can be defined by the differential equation: dI(t)/dt = kl(t), where the parameter
k>0. This differential equation yields: I(t).e",|where Jis the number of people
infected at time 0. Therefore, the number of people infected expargentially
overtime.

$ VLPLODU PRGHO LV D ILUH PRGHO FDOOHG WKH f(0OC
Arora and Boera (2005). They assumed that the area burned is taken to be elliptical



in shape with the point of ignition at one of the foci.dByrming that the fire is
spread linearly over time along a-dwoeensional space, they show that the total
area burned grows as a squared function of time elapsed since the start of the fire.

Thus, the total area burned grows exponentially over time.

2.6 Existing Theories

2.6.1 Normal Accident Theory

The normal accident theory (NAT) was proposed by Charles Perrow with the
objective of explaining the reason that makestsabtioical system fail based on

the analysis of the US nuclear power planidisseste(Perrow, 1984). The theory
suggested that the probability of occurrence and the severity of systems accidents

are determined by two system characteristics:

7KH ILUVW FKDUDFWHULVWLF LV YLQWHUDFWLYH FRP!
socioetechncal system, which Simon (1962) explained is a complex system because
there are many elements interacting in &ingole way, making it more difficult to

manage and control. According to NAT, complexity becomes dangerous when the
interactions among the cpaments of the system are nonlinear because nonlinear
interaction leads to unpredictable event sequences. Many small failures can interact

and produce unexpected, unfamiliar events.

7KH VHFRQG FKDUDFWHULVWLF LV fTWLJKW WRNKHSOLQ.
systems, which contain interrelated components that havelepiemelent

processes, possible substitutions, and minimal slack or buffer, are tightly coupled
systems (Galbraith, 1973; Perrow, 1984). Although tight coupling systems generally
have highr efficiency and performance standards, loosely coupled supply chains are

able to absorb environmental changes, failures, or unexpected system behaviours.

In tightly coupled systems, a change in one component may trigger a fast and strong
change in othecomponentsn a kind ofdomino effect. Ths disruptions can

spread rapidly through the system.

According to this, a system with high levels of interactive complexity and high
levels of tight coupling is vulnerable to accidents because when the two

charateristics are combined, it becomes impossible to predict and protect the ways
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in which the system could fail. The accidents are hence inevitable; it can be

concluded that in such systems, accidents are normal.

NAT stated that supply chains with a highreke of interactive complexity and
tight coupling have higher frequency of supply chain disruption. However, some
literature (Hopkins, 1999; Wolf, 2001) argues that the level of tight coupling is

difficult to subject to empirical test.

There is no consams on the definition of supply chain complexity. There are two
dimensions of supply chain complexity, which are information processing and
technology (Vachon & Klassen, 2002). Choi and Krause (2006) assumed that supply
chain complexity has three drivet$:tle quantity of suppliers, (2) the diversity
among the suppliers, and (3) the {regktionships among the suppliers. According

to literature in organisational design, there are three dimensions of complexity:
vertical complexity, horizontal complextyd spatial complexity (Daft, 2006).
These can be applied to the context of supply chain. Vertical complexity can refer
to the number of tiers in the upstream supply chain. Horizontal complexity refers to
the number of suppliers. Spatial complexity éantoethe geographical dispersion

of the supply base (Choi, Dooley & Rungtusanatham, 2001; Choi & Hong, 2002,
Vachon & Klassen, 2002). It can be summarised that these three dimensions
amplify the complexity of supply chain and, therefore, increasesitteiniycand
diminish transparency, which lead to higher exposure to supply chain disruptions
(Choi & Krause, 2006).

2.6.2 High Reliability T heory

5LMSPD SRLQWHG RXW WKDW 3HUURZ:V 1$7
concluding that accidents are ifae in systems with interactive complexity and

tight coupling. High reliability theory argues that the likelihood of normal accidents

can be reduced by organisational and structural precautions (Roberts, 1990). The
theory examines the characteristic rghmisations that shostrong ability in

dealing with unexpected events and concludes that although organisations may have
interactive complexity and tight coupling in the supply chain, they can be successful

if they possess the characteristics of higlyple organisations.

The empirical test of high reliability theory is not very precise nor consistent. For

example, redundancy was suggested to help organisations buffer the impact of



unexpected situations and reduce mistakes (Roberts, 1990). i) mhiretancy

was also found to backfire in some critical situations (Sagan, 2004). Another
recommendation was that the right training should be able to reduce the impact of
crisis situations. However, other studies argue that training can also diminish
ffIH[LELOLW\ ZKLFK UHVXOWY LQ DQ RUJDQLVDWLRQ:
situations (Price, 1977).

Therefore, Bode and Wagner (2010) suggested that the focus should be made on
the characteristics that have been repeatedly accepted to enHaliyestedia as
decentralised decision making (Roberts, Stout & Halpern, 1994). When the supply
chain is decentralised, the information and decisions regarding the supply chain are
generated closer to the suppliers, making the organisation able to @spond t
warning signals and disruptions better (Bode & Wagner, 2010).

2.6.3 Transaction Cost Theory

In essence deals with the basic question of how to organize economic activity:
should activities be based within the hierarchy or should activity outcomes be
obtained lirough the open market? Coase q)1l88plained that transaction costs

are incurred from activities in the open market and in particular related to cost of
searching and finding information, bargaining and decision costs and policing and
enforcement costfsights from the transaction cost perspective are suitable for

making decision about governance and understanding motives of other partners.

In this study, the goal is to understand the speed of response in Detection, Design,
and Deployment. Presuming swpoply chain transactions cross the firms internal
(divisional, cross functional) and external boundaries (suppliers, customers,
logistics), risks may be present and transaction cost theory suggests that such
differential costs, of whatever nature, cdiddfactored into a model of risk

response.

If, for example, events that lead to catastrophic failure are less visible, that is, take
longer or are more expensive to Detect, then a Transaction Cost theory may suggest
a different organization boundary f&lmore robust. At a minimum, greater focus

on such external relationships will be beneficial; the classic example of Nokia versus
Ericsson could be studied from this perspective. Both firms outsourced chip

production of common, key componehtypical inan environment of rapid

4¢€



change, tremendous specialization and large investtoeRhilips Electronics.
Nokia proactively sought information on the status of the Philips factory after a
small but devastating fire; Ericsson relied on the informatiosn giwvea. Such an
event within either firm, it could be surmised, would be better communicated and

result in a different risk / response pattern.

Other differences, for example in engineering or management culture, internal
versus external to the firmncalso have an impact on the Design or Deployment
time in reacting to an event. Transaction Cost theory potentially provides an
additional dimension tbme response. In this study, ormuld consider this
dimension as a starting point for exploratorytignesor to assure completeness of

the data, may explicitly identify participants whose role or expertise provide insight

from across the organizational boundaries.

2.6.4 Agency Theory

Agency theory deals with how relationships are organized when it is kmsed on
principalagent type of transaction (Eisenhardt; 1989), and enables control and
coordination via highlighting the importance of monitoring and creating incentives

(Child et al., 1998). Especially within knowdbdged economies there is evidence
ofathrHRU\ UHODWHG WR LQFUHDVLQJ UHWXUQV $UWK]
WKDW "LI WHFKQRORJLFDO HFRORJLHV DtWaéseWKH EDVL
ZRUOG SOD\HUV FRPSHWH E\ EXLOGLQJ ZHEV« WKDW
base technology

In economics, the princigadient problem treats the difficulties that arise under
conditions of incomplete and asymmetric information when a principal hires an
agent. There are two problems arising. The first is the agency problem that occurs
when @) the desires or goals of the principal and agent conflict and (b) it is difficult
or expensive for the principle to verify what the agent is actually doing. The
problem here is that the principal cannot verify that the agent has behaved
appropriately. T second is the problem of risk sharing that arises when the
principal and agent have different attitudes towards risk. The problem here is that
the principle and the agent may prefer different actions because of the different risk
preferences (Eisenharti®39).



Risks in supply chain become more obvious when viewed using agency theory. For
example, the supplier (agent) of a critical component make takebustssost
minimizing approach to manufacturing in order to win a procurement contract,
howeverleaving its customer (principal) disproportionately exposed should a
manufacturing disruption occur. Information sharing between and agent and
principle become a key objective of the principle; this can be extended to consider

the time / risk relationshijpr supply chain.

Agency theory may also provide additional insight in the management of disruption
in the supply chain. Information asymmetry can distort the perception of risk or
potential consequence of disruption, in particular where asymmetric-ameianon
financial or other impact is faced by participating firms. For example, where a very
large, wellunded firm has outsourced a particular task to a much smaller partner,
collapse of the common supply chain could leave the larger partner liabterto gr
litigation and penalties, even if the smaller firm were contractually and in practise
the responsible party. Conflicting incentives on production speed versus quality
may motivate a firm to withhold crucial information if such information is only
rewealed 2 potentially through catastrophic failuteat a much later stage.
Counterfeit aircraft components, for example, have been root cause of several air
disasters, when such components were sold and installed by a subcontractor to the
airline at high pfit long before the accident occurs. In this study, agency theory
could potentially provide an additional research guide for understanding the
perception of catastrophic risk and the resulting management systems in terms of
the timebased framework. Thiadditional dimension requires saturation of
concepts, which may be visible at a contractual level between firms, however, rather
than within the management perspective of individual participants, which are the
focus of data collection here. Agency theomwdcbe applied to test, in future
research, to the propositions developed in this study.

2.7 Research Gp

The literature in supply chain risk has proposed a number of different approaches
to the management of supply chain risk (Chopra & Sodhi,GGO®topher &

Peck, 2004; Elkins et,&005; Lee & Wolfe, 2003; Marth&@&bbakrishna, 2002;

Rice &Caniato, 2003). While Kleindorfer and van Wassenhove (2004) propose that
supply chain risk management activities comprise -dapmynd coordination
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activities and activities for managing disruption risks, Tang (2006) proposes that the
management of suppipain risk should focus on four areas: supply management,
demand management, product management, and information management. Wagner
and Bode (2009) propose a different approach to supply chain risk management by
stating that the management should focuscauseoriented measures (the
prevention or elimination of supply chain disruption) and-effented measures

(the attempt to reduce the impacts from supply chain disruptions when they occur).

Further, certain existing supply chain risk managemextuigehas focused on
prescribing effective recovery plans for reducing the impact of disruption after an
event occurs (Christopher, 2002; Chopra & Sodhi, 2004; Lee, 2004; Sheffi, 2005;
and Tang, 2006). Sodhi and Tang (2008) argue that these strategme.ea
recovery if the firm can deploy their strategies during or soon after the event

occurs.

Literature in other fields of scientific research has documented the role of time as a
surrogate measure of the impact of a disruption, for example irrethé sp

disease or forest fire (Richads, 1995; Janssens, 2000; Arora & Boer (2005).
Specifically, the impact of a natural disruption tends to initially increase

exponentially with time and then eventually taper off.

In addition to these natural disruptimodels, there are hazard analysis reports
related to supply chain management showing that the magnitude of problems
associated with many hazards (fire, terrorism, earthquake, etc.) tend to grow super

linearly over time (Anderson et 2002).

The timebased paradigm was first highlighted explicitly in the supply chain
management literature in the late 1980s by Stalk (1988) who noted that traditional
manufacturing focussed on achieving low production cost through the utilisation of
low-cost labour. Atterdn then shifted to specialisation and exploiting production
competency. Tirdeased competition emerged as the competitive paradigm during

the 1990s, which mandates a strategy of customer responsiveness and rapid new
product introduction, along with compeé quality and cost. The essence of time

based competition involves compressing time in every phase of the product
FUHDWLRQ DQG GHOLYHU\ F\FOH 7KH FODLP LV PDGF



based firms will be able to meet such customer dearahdespond quickly to
FKDQJLQJ FRQVXPHUV - QHi6@G 109® Bldekbiin, 1991). 6 WD O N

As discussed in the literature review, time plays a vital role in logistics and
operations research. There is much existingbéisesl literature in tradial
production/ operations management research such a®s-timaeket, jusin-time
manufacturing, product innovation, role time in customer service and satisfaction,
etc. Yet one issue that remains relatively unexplored is time in risk management
perspetive 2 namely, how companies leverage time in managing disruption risk.
Thus, a research gap exists in addressing hobaset risk management can be

used as a strategy to response supply chain disruption by reducing the impact of
disruption risk in theupply chain.

This research therefore is concerned with the external risk that arises from
GLVUXSWLRQV WR QRUPDO DFWLYLWLHYV W LV DOVR
the major disruptions caused by natural and-nmade disasters such as
eathquakes, floods, hurricanes, outbreaks of disease, price rises, strikes, problems
with trading wars, terrorist attacks or economic disruptions, and financial
irregularities such as currency evaluation (Sodhi, 2004; Tang, 2005; Kleindorfer &
Saad, 2005; \téas, 2007).

The business impact associated with disruption risks is harmful, costly and greater
than others. This research argues that supply chain disruptions are unavoidable and,
as a consequence, that all supply chains are inherently risky; sccordipeyhies

should seek to respond faster to a disruption in their supply chain.

Sodhi, Son and Tang (2012) have argued that the supply chiéenatisiehas
understudied responseg following

Definition gap: there isnot enough agreement thie natwe ofsupply chain risk

Process gap between (1) identification (2) assessment (3) mitigation and (4)
response, there has been proportionally much less attention on response, whether

to operational risks or to disruptigoatastrophic risks)

Methodology gap: empirical research in the OM literature is proportionally less

represented in the literature on supply chain risk
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Specifically, firms need to identify the factors in the speed of response in order to
prepare and act faster in the management supplyishaption. In this research,
disruption riskd being the potential of an unplanned, internal or external event of
low probability but high impact that occurs in the supply chain. This unplanned
event creates sudden, sharp, and significant imp&et ahility of supply to meet

demand, resulting in major disadvantage or potential loss for the firm.

2.8 Research Question

As introduced in Chapter 1, this research seeks to fill the gaps in the supply chain
risk management by conducting an empirical studgxplmre how global
companies manage response time to minimise the impact of disruption on the

supply chain. The primary research question is
What factors underlie companies response to supply chain disruption

Underlying the theory that greater respameed can rede the impact of
disruption, Ipresume a model where impact increases|mgaaty over time until

some point where material damage to the firm and its environment has occurred.
This can include among other things the impact on intermanhlife and
resources, systems and supply chain, and financial loss, also external factors such as

customer defection, reputation, and regulatory and legal action against the firm.

Motivated by Sodhi & Tang (2009), | considered response as detedivandes

deployment.

Therefore, in order to answer fir@narily researdjuestion, the following aspects

are considered in each case:

x How didthe companyespond to supply chain disruption?

x How did the company detect and communicate information about the
disruption and what did the company do to reduce detection time?

x How did the company design and select possible solutions to address the
disruption and what did the company do to reduce design time?
x How did the company deploy their selected solutiona® didnthe company

do to reduce the deployment time?
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2.9 Research Famework

Supply chain disruption can be costly and damaging to the firm. Costs can be
measured in financial metrics such as drop in market capitalisation (Hendricks &
Singhal, 2003a; Kilgo2)04), but also in terms of lost reputation, deteriorating

competitive position, increased or restrictive regulation, loss of internal capacity and

so forth, with wideanging impact across the organisation and its supply chain.

As stated by Perrow (198d)his widely referenced work on Normal Accident

Theory, accidents become inevitable if a system exhibits: (1) interactive complexity

and (2) tight coupling. Linear interaction leads to a predictable and comprehensible
sequence of events, while #fiaearinteractions (interactively complexity) lead to
unexpected event sequences. Herbert A. Simon (1962) characterised a complex
V\VWHP DV EHLQJ YPDGH XS RI D ODUJH-spryleEHU R1 S
ZD\- )URP WKLV SHUVSH RWéweH as CorpiSxandrakddrdigy FD Q |

to some theories such as normal accident theory, disruption is inevitable.

Certain characteristics of the supply chain (density, complexity, node interactivity)
are stated in some literature to have a positive correlitiothe severity of

supply chain disruption (Craighead .e2807). Other definitions of supply chain
complexity in the literature include Choi and Hong (2002), who consider vertical
complexity, horizontal complexity, and spatial complexity in terperaditl,
sequential span and geographic disperse supply chain stages. Vachon and Klassen
(2002) looked at complexity in terms of information processing and technology.
Choi and Krause (2006) illustrate a different approach focussing primarily on supply
complexity: (1) the number of suppliers, (2) the differentiation among the suppliers,
and (3) the interelationship among the suppliers in the supply base.

As stated in earlier in section 2.6.1 and section 2.6.2, the proponents of High
Reliability TheoryY LHZ 1RUPDO $FFLGHQW 7KHRU\ DV WRR ¢{S
that appropriate design can reduce or even eliminate system and supply chain
failure. They state that redundancy of unreliebleponents,decentralised
decisionPDNLQJ 9fFXOWXUHWRDLHOQUDERDQGWOHDUQLQJ |
accidents can reduce or eliminate failure (Rijpma, 2003; Roberts, 1990; Sagan, 2004;
Price, 1977).



Bode and Wagner (2010) test the complexity proposition that Craighead et al
(2007) propose and confirm that the elegf supply chain complexity influences

the occurrence and magnitude of supply chain disruption. They also find that
Normal Accident Theory and High Reliability Theory seem to be meaningful
theories for understanding the causes of supply chain disrEastar. product

and technology life cycles, increased use of manufacturing, distribution, and
logistics partners, greater customer expectation and regulatory complexity are
resulting in more complex and longer supply network relationships, which make the
supply chain more complex. In addition, due to the globalisation of markets and
supply chain operations, local events increasingly have indirect global repercussions.
Certain types of risk8 of human or natural origif remain difficult if not
impossibled predict in frequency, magnitude or both; events in Northern Japan
triggered by an offshore earthquake in 2011 provide ample evidence of local impact

on global supply chain operations.

Global supply chains are by nature unavoidably complex and deracidieuto
disruption. In this researclednsider an intersection of probability and impact, and
leverage a tirfeased risk management framework (Sodhi & Tang, 2009) to better

address disruption through faster response.

At a high level, supply chain rskrobability (of an event) x business Impact (or
severity) of the event (Brindley, 2004).

Impact of Risk
A High Impact High Impact
Low Likelihood High Likelihood
D Cc
Low Impact Low Impact
Low Likelihood High Likelihood
A B

Likelihood of
> Risk Occurring

Figure 4: Classification of Disruption Risk

Figure4 shows a straightforward risk matrix measured on two dimeAsipwsK H

LPSDFW RI ULVN:- DQG YOLNHOLKRRG RI ULVN RFFX



XQGHUVWRRG WR EH ORZ IUHTXHQF\ IRU H[DPSOH
software systems framvo-digit date recording in the transition from the year 1999

to 2000) and/or low likelihood (natural events, terrorist attack, failure from obscure

or complex interdependency internal to a system). Impact can be further
understood in terms of higmpactof known magnitude (for example, due to 72

hour closing of US airspace in September 1999) ommpgtt of unknown

magnitude (for example, ongoing nuclesis ¢n Japan during early 2011).

Most companies develop plans to protect against recurringpbot fisks in their

supply chains. Many, however, all but ignoreirhjggct, lowlikelihood risks. For
instance, a supplier with quality problems represents a common, recurrent
disruption. Without much effort, the customer can demand improvementaor find
substitute. In contrast, in regions where earthquakes are rare, preparedness to
prevent major disruption may be weak or uneven. This research will focus on Box
D 2zhigh impact but low likelihootiwhere risk management must seek to mitigate

the losses @uto highimpact events in the supply chain. It is also important to
minimise exposure in general to such events, which is mainly done by designing
appropriate structures and a robust business/operating model. Stigtpdith

events of high likelihood (B&) 2 the drivers for which can be identifiedre

typically addressed in the design of the supply chairmpmtt events with low
likelihood (Box D) or unknown orig#referred to here as catastrophic events that

can cause supply chain disruptibrcannot be easily avoided due to their
unpredictable nature and unpredictable locus in the supply chain as well as

potentially prohibitively high cost of detection and avoidance.

This research extends a framework onhiesed risk management whose premise

is that faster response to disruption in the supply chain will reduceRigpess.

illustrates the framework along a time dimension to structure the research. Thi
framework for timdased risk management is developed by Sodhi and Tang (2008).
7KH\ VWDWH WKDW WKLY DSSURDFK KDV EHHQ XVHG
FRPSDQLHV UDWKHU WKDQ GHWDLOHG FDVH VWXGLH)
analysis oflata from three contemporary events in details in order to study the

importance of time in established risk management processes.

In the 3D framework, elapsed time can be divided into three stages, which Sodhi
and Tang (2008) abbreviate as 3D. The SBDHZRUN GLYLGHV D FRPS
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response ledime (R1) into three sequential componénite first component is
T"HWHFW.- ' ZKLFK LV GHILQHG DV WKH WLPH EHW
occurred and the time at which the firm recognises the fact thatrihdaesve
RFFXUUHG 7KH VHFRQG FRPSRQHQW LV T'HVLJQ- '
between the detection of an event and the time at which a specific recovery plan is
GHVLIQHG 7KH WKLUG FRPSRQHQW LV f'HSOR\: '
between he design of the recovery plan and the time at which the firm has
deployed the solution. After deployment, the time it takes to effectively restore the
supply chain operation is denoted the recoverineadR?2).

Thefirm has
The firm is aware of the ~ design one or

. Supply chain operation
occurrences more solution(s) ~ Deploy Solutions pply p

is recovered

An event occurs

DETECT DESGN DEPLOY RECOVERY
(D1) (D2 (D3 LEAD-TIME
R1 = Response time R2 = Recovery time

Figure 5: Time Dimensions in Time-Based Risk Management Framework
Source: Sodhi & Tang (2009)

According to Sodhi and Tang (2008), faster deployment of a recovery plan via
shortening the response kage R1 can enable a firm to reduce suppiy clsk
significantlyFigure6 shows the effect when reducing R1; the magnitude of the
problem caused by the disruption is smaller. It is also plausible that the recovery
leadtime (R2) ishortened because the recovery plan is deployed sooner. Thus, the

response leatme (R1) is essential for managing supply chain disruption.

Various risk management models ascribe increased vulnerability of a supply chain to
its characteristics, such anmgity or interactivity between supply chain nodes. Sodhi
and Tang (2008) goes further and illustrates interrelationship between risk
mitigation strategies, where one risk mitigation strategy addressing certain risk types
can in fact increase vulnerabibtanother.



A Impact reduction

= Responsible Lead Time reduction

p» Time
4 4 v
4——R1=D1+D2+D3 —plg— R2= Recovery Lead Time ——p

Regponse Lead Time

An Event Deployment of
Occurs arecovery plan

Figure 6. The Effect of Reducing Response Lead Time
Source: Sodhi & Tang (2009)

Adapting a complexity model of supply chain risk (Criaghea@@® &l and time

based risk management framework (Sodhi & Tang, RUQ&trate an overall
framework for this research. The research conceptual franewookided in
Figure?, highlighting elements of analysis in Bidié. three elements msponse

timein this framework are assumed to drive increased an impact of supply chain
disruption. Theyoal of the researchto understand how companies view and use
detection time, design time and deploy time in order to respond to supply chain
disruptions. The identification aodaracterizatioof the factors underlying the
response timdrom empirical analysisf the red-life casesare the primary
contribution of this researcihese are indicated as [, F.., F, in Figure7 2

The research conceptual framewbable 5 shows teitions used in this research

to support case analysis.
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Density

Supply Chain Characteristics

Complexity
Node Critically
(Craighead, 2007)

Increase

Impact of Supply
Chain Disruption

\4

Factors Underlying
Response Time

F, |

F,
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Reduces Response Time
E——

|— .
*  Deploy Time

Reduces

Detecti Ti Reduces
ion Tim .

¢ .ec R ¢ —> Recovery Time

Design Time

Figure 7. The Research Conceptual Framework

Term
Disruption Risk

The potential of an unplanned, internal or external event of o

Definition

probability but high impatitat occurs in the supply chain. Such
unplanned event could create sudden, sharp, and significant i
on the ability of supply to meet demand, resulting in major
disadvantage or potential loss for the firm.

Supply Chain Disruption

Unplanned eventhat may occur in the supply chain, which mig
affect the normal or expected flow of materials and componer
(Adapted from Svensson, 2000; Hendricks & Singhal, 2003;
Kleindorfer& Saad, 2005; Craighead| 2007).

Response Lead Time

The elapsed tinfetween detection of an event and substantia
implementation of an approgte response (Sodhi & Tang, 2009

Detection Time

Elapsed time between the occurrence of an event and the mg
firm recognises the occurrence2alfr the initial impact o the
event (Sodhi & Tang, 2009

Design Time

Duration between detection of an event and definition of posg
solutions, based on existing concepts and methods or new sg
which can restore normal supply chain operdéatapted from
Sodhi & Tang2009.

Deploy Time

Duration between start and completed implementation of a s€
solution that is successful in significantly restoring supply chai
operations (Sodhi & Tang, 209

Supply chain
characteristics

Strategic and operational structurthefsupply chain, including
strategies for efficiency and speed as well as strategies for ris
management. (Craigheddl, 2007; Bode & Wagner, 2Q10)

Recovery time

Total duration between an event and the return of the supply
to normal angblanned flowof products (Sodhi & Tang, 2009

Recovery capabilities

Recovery capability or the interactions of supply chain entitieg
the corresponding coordination of supply chain resources to 1
the supty chain to a normal and planned levgirofiuct flow
(Craighead et.g2007).

Table 5: Definition Used in the Research



Chapter 3
Methodology

This study employs classic Grounded Theory methodology (Glaser & Strauss, 1967;
Glaser, 1978, 1992, 1998, 2001, 2003, 200&sSared Corbin1990). As a
research strategy, Groundeuedry is well suited for exploration and study of
unstructured natural phenomena through extensive and iterative data collection and

analysis.

3.1 Grounded Theory Methodology

*ODVHU DQG 6WUDXVV LQWURGXFHG *URXQGHG 7KHI
'LVFRYHU\ RI *URXQGHG 7KHRU\p SXEOLVKHG LQ
analysis was developed during an observational field study of nurses and hospital
staff on their work ith neardeath patients. Strauss and Coit®®0, p.24pter

provided a succinct definition:

"$ TXDOLWDWLYH UHVHDUFK PHWKRBeB el KDW XVHYV |
and inductively derive GrokhHEe U\ DERXW D SKHQRPHQRQ

Strauss & Conb(1990, p.24)

Creswell (2002, p.439) further defines Groundek HRU\ DV D "VA\VWHPD
gualitative process used to generate a theory that explains, at a broad conceptual
OHYHO D SURFHVV DQ DFWLRQ RU LQWHUDFWLRQ DE

The objectives to develop an account of a phenomenon thatfidsritie major

constructs in Grounded KHRU\ WHUPV YFDWHJRULHV:- WKHLU U/
process, providing a theory of the phenomenon which goes further than just a
descriptive account (Mor&eRichards, 2002; Becker, 1993). This allows one to
"RUJDQLVH PDQ\ LGHDV IURP DQDOW3)L Straiss\WhdH GDWD
Corbin (1990,S HPSKDVL]HG WKH QHHG WR GHYHORS WK
DQG LOOXPLQDWHG WKH DUHD XQGHU VWXG\ pu

Theories derived in this approach may also relate to existing theories, and are not
necessarily developed in isolation. This allows Grounded Theory to be used to

extend and explore current understanding of the phenomenon. In this study, a
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time-based ris management framework provides the context and lens through

which the mechanisms of risk management are to be discovered.

Strauss (1967,22-23) summarised Groundedebry procedures as the systematic

analysis of documents, interview notes, or filesk iy continually coding and
FRPSDULQJ GDWD WKDW SURGXFHG D "ZHOO FRQVWU
theory is inductively derived from the phenomenon under study. The data collected

and analysis are intrinsically linked witldénizedtheory. Unlike other scientific

methods, in which the researcher collects data to test an existing theory, Grounded
Theoryallows the theory to emerge directly from qualitative data. In this sense, the
HPHUJHQW WKHRU\ LV fJURXQGHGbhInLPoY KEF4AGDWD $
QRWHG "WKH PDMRU GLIIHUHQFH EHWZHHQ WKLV PH
TXDOLWDWLYH UHVHDUFK ZDV LWV HPSKDVLV XSRQ V
descriptive or narrative aspects of qualitative analysis.

Grounded Theory is stretured from three basic elements: concepts, categories and
propositions. Conceptgeathe most basic component of Grounddteory.

Theory development is based on these units of analysis, not directly from the
underlying data. In a definition of concepisduby Corbin and Strauss (1990),
WKHVH DUH "ZRUGV WKDW VWDQG IRU JURXSV RU FOD
share some major common property(ies), though the property(ies) can vary
GLPHQVLRQDOO\ p 7KH\ HPSKDVL]H WKH FRQFHSWXDO|

"TKHRULHV FDQ-W EH EXLOW ZLWK DFWXDO LQFLG
WKDW LV IURP "UDZ GDWD p 7KH LQFLGHQWYV H°®
analysed as, potential indicators or phenomena, which are thereby given conceptu
labels.lI D UHVSRQGHQW VvVD\V WR WKH UHVHDUFKHU
WKH PRUQLQJ UHVWLQJ EHWZHHQ VKDYLQJ DQG E
SKHQRPHQRQ DV "SDFLQJ p $V WKH UHVHDUFKHU
after comparigonthe first, they appear to resemble the same phenomena, then
WKHVH WRR FDQ EH ODEHOOHG DV "SDFLQJ p 2QO
phenomena with the same term can the theorist accumulate the basic units for
WKHRU\ p

Corbin and Straus8@p.7)

Categorieg or themes of related concépform the second element of Grounded
TKHRU\ &RUELQ DQG 6WUDXVYV -l&vel Idodrep® FDWHJR
under which analysts group lovesel concepts according to shared properties.
Theyrepresent relevant phenomena and enable the analyst to reduce and combine
GDWD p 7KXV



"7TKH\ FDWHJRULHV DUH JHQHUDWHG WKURXJK V
comparisons to highlights similarities and differences that is used to produce lowe
leHO FRQFHSWVY &DWHJIJRULHVY DUH WKH "FRUQHUV!
the means by which the theory can be integrated. We can show how the grouping
concepts forms categories by continuing with the example presented above. In addit
to theFRQFHSW RI "SDFLQJ p WKH DQDO\VW PLJKW
PHGLFDWLQJ p "UHVWLQJ p DQG "ZDWFKLQJ RQH-V
note that, although these concepts are different in form, they seem to represer
activities directeddavaimilar process: keeping an illness under control. They
FRXOG EH JURXSHG XQGHU D PRUH DEVWUDFW KH

&ERQWUROOLQJ ,00QHVVU
Corbin and Strauss (329D,

Propositiongnake up the third component of Grounddedry,which serve to

express the relationships between a category and its concepts and between

FDWHJRULHV ,Q WKH RULJLQDO SDSHU WKHVH ZKHU

*ODVHU DQG 6WUDXVV $V :KHWWHQ S

LOQYROYH FRQFHSWXDO UHODWLRQVKLSV ZKHUHDYV

relationships. Accordingly, the term propositions is chosen here, given the
conceptual nature of the conceptughtionship whiclare evident but not be

directly measurable.

Corcepts, categories and propositions are developed iteratively, as new data is
incorporated and the emerging theory adapted and refined. Unlike other

methodologies, Grounded Theory does not engage in the linear testing of an

existing theory, in contrastisit

"«,QGXFWLYHO\ GHULYHG IURP WKH VWXG\ RI WKF

discovered, developed, and provisionally verified through systematic data collecti
and analysis of data pertaining to that phenomenon. Therefore, data collection,
anaysis, and theory should stand in reciprocal relationship with each other. One does
not begin with a theory, and then prove it. Rather, one begins with an area of study
and what is relevant to that area is allowed to emerge.

(Strauss and Corbin, 1928),

3.2 Grounded Theory and Qualitative Rsearch

GroundedTheory has its roots in two philosophical schools of thought, namely

ORJLFDO SRVLWLYLVP DQG SUDJPDWLVP ,QIOXHQWLI

based on the application of formal logic to uralenp empirical understanding of

the world, where scientific truths are verifiable claims. Pragmatism (from the Greek
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1SubJpPpb:- PHDQLQJ fDFW- RU fGHHG: GHVFULEHV W
HIWUDFWHG IURP SUDFWLVH DQGOLSHQIWHSUDIFMANL FBHH V

Combining these philosophies, Glaser and St(a063) defined qualitative

research using techniques such " @&LPXOWDQHRXV GDWD FROOHFW
coding, creating categories for data, comparative analysis of data, theory
development during data collection and analysis, detailed categories, establish
properties for categories, and identify relationships between categories, theoretical
sampling to make research more robust and literature review written after data
analysisinWWHDG Rl GULYH WKH UHVHDUFK p

Using this approach, Grounded Theory, according to Strauss and Corbin (1990,

S TXDOLWDWLYH UHVHDUFK FDQ 9YXQFRYHU DQC
phenomenon DERXW ZKLFK OLWNIO Mork \proun€dR gréater

philosghical credibility to qualitative research, in contrast to methodology relying,

for example, on quantitative methods such as statistical sampling. Selecting between
gualitative and quantitative research methods has been stated as one of the most
challengig decisions for researchers in the early stage of their research, with a
VLPSOH EXW ORJLFDO DQVZHU WR WKLV VXJIJHVWHG E
UHVHDUFKHU-V XNMHOR IVEG W K MEGI@RIEK THeXn W LR Q
general methodf analysis that accepts qualitative, quantitative, and hybrid data

collection from surveys, experiments, and case studies (Glaser, 1978).

Since research in logistics and supply chain management is a relatively new
discipline, there are few wedtablisha research templates in the field. Mentzer et

al DOVR VDLG 9YWKHUH LV OLWWOH WR JXLGH O
ULJRURXV UHVHDUFK SURFHVV WKDW PDQLIHVWYV Wtk
proposed a logistics research framework witiginpositivist approach, which

offers a comprehensive perspective on the logistics research process.

The logistics research framework presented by Mentzer and Kahn is a continuous
process that integrates three research stages which are: (1) idean deneratio
substantive justification, (2) theory construction to methodology and (3)
methodology to conclusions and future research.
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*UDQW VWDWHG WKDW OHQW]JHU:-V ORJLVWLFV UH
with the nature of positivist and quattiea enquiry that consists of idea
generation, literature review, hypothesis formulation, data collection and analysis,
DQG GLVFEFXVVLRQ - 7TKXV LW LV DSSURSULDWH ZKH

undertaken.

In the period after they created the conadpGrounded Theory, numerous
publications sought to further investigate the underlying philosophical foundation
and procedures used in Grounded Theory (Glaser, 1978, 1992; Glaser and Strauss,
1968; Straus and Corbin, 1990; Wester and Peters, 20043. jSimad with

Corbin in the 1990s to support use of predetermined categories in Grounded
Theory and address issues in validity and reliability of theory development.

While Strauss & Glaser (1967) evidently used logitaligm in the development

of Grounded Theory, others argued that the assumptions and methods were more
closely related to hermeneutiearker, L.D. and Roffey, B. (1993) and Laws, K.
and McLeod, R. (2004). Hermeneutics is the study and theory of interpretation,
typically applied toreas of social research of written, spoken anevanbal
communication in religion, literature and law.

%YDEELH FRQWUDVWY KHUPHQHXWLFV LQ VRFLDO
by mentally taking on the circumstances, views and feelthdd S DUWLFLSDQW V
describing GroundedKHR U\ VLPSO\ DV "D WHUP XVHG LQ UHIHL
WKHRU\ EDVHG RQ REVHUYDWLRQ PRUH WKDQ HGXFI
implicitly acknowledged the hermeneutic amh@menological foundations of

Grounded Theory when they stated:

"'DWD FROOHFWLRQ DQDO\WLV DQG WKHRU\ VWD
another. One does not begin with a theory, and then prove it. Rather, one begins
with an area of study and what is relevant to that iaredowofesitudy

emerged
Strauss and Corbin (1990, p.23)
Table 6 show the sets out the key distinctions between Iqmpsélvism,

hermeneutics, and Grounddukory.

More recently, Charmaz (2006) argued that Grounded Theory should use an
LOQOWHUSUHWLYLVW DSSURDFK RRQNWWXFW UWR \KWM U *BIF



Theory model. Positivist and interpretive work cagxist, the former seeking to

understand social relationships, in this case the managerial and operative context of

risk management, the latter seeking to understand the social mechanisms that
underpin tdored approaches to risk understanding and risk management in the
VSHFLILF FDVHV XVHG IRU WKLV VWXG\ ,W VHHNV W
cannot be known a priori because they are taim& contexspecific. Thus,

research is actually anezgent process. As perceived realities change, the research
GHVLJQ DGDSWV « WKH LQWHUSUHWLYLVWY FRQGXI
HQYLURQPHQ& al +X GV R &K Drniepapelivist approach allows

Grounded heory methodology to have greéiexibility, particularly relevant here

when observation of the PHARMA and events are made as the situations evolve.

Positivism Hermeneutics Grounded Theory
Defines the world as Resists objectification Accounts for processes that can
objects changeth&e RGHG fPHDQ
observed phenomena.
Obijectification seeks Seeks understanding Seeks understanding based on
explanation interrelationships between
conditions, meaning and action
Obijectification seeks Seeks respect for the whg Avoids reductionism b using
dissection and reduction conditional matrices and
transactional systems
Truth is to be found in "TUXWKP LV UHY "7TUXWKpP LV DSSURJ[L
"DJUHHPHQWu H phenomenological researchers creative engagement
with systematic, interaetidata
collection, analysis and validation
process.
"OHDQLQJp LV W "OHDQLQJu LV W "OHDQLQJu LV IRXQG
closed definitions through interpretation that| interpretation that allows future
allows future layers of lewels and categories of
interpretation LOQOWHUSUHWDWLRQ

Table 6: Positivist, Hermeneutic and Grounded Theory Assumptions
Saurce: Parker, L.D. & Roffey, ®993)

To summarize, Grounded Theory methodology has three major design patterns:

1. Systematic design (Strauss and Corbin, 1998): In systematic design,
propositions are developed through a sequence of data collection, coding,
and the visual representation ofgaties that group and relate codes. This
enables construction of a specific set of verifiable set propositions from pre

existing vantage point based on qualitative data.



2. Emerging design (Glaser, 1992): In emerging design, the relationship
between categosies emphasized and explored by the researcher, with very
open approach to theory development.

3. Constructivist approach (Charmaz, 1990, 2000, 2006): The constructivist
approach emphasizes the meaning and interpretation of data by the
participants and thesearcher, allowing subjective view of events and their

relationships specific to the situations and data sets under study.

3.3 Grounded Theory and Abductive Rsearch

In general, there is a lack of formal discussion on research approaches in logistics
literatue. The central approaches in Western research traditions have been those of
deduction and induction (Kirkeby, 1990). The deductive research follows a
conscious direction from a general law to a specific case (Andreewsky and Bourcier,
2000; Taylor et.a2002).

According to Arlbjorn and Halldorsson (2002), deductive research is suitable for
testing existing theories, not creating new science, whilst the inductive research
approach moves from a specific case or a collection of observation to general law
or from fact to theory. Accordingly, inductive research is generally appropriate in
developing new theorieBigure 8 compares deductive and inductive research

process.

C.S. Pierce introduced the concept of abduction as a method of deriving a theory

from underlying facts and observations (Cunningham, 1998, p.833). Abduction is
RIWHQ UHIHUUHG WR LQ WKH OLWHUD@Eedythnd L WK WK F
Emery, 1997)As one of main proponents of Pragmatism, his defining work on
abduction takes a key role in this methodology. Distinct from deduction and
induction, abduction is focussed on the iterative interpretation of data to derive
explanations for the observedgaébduction applies derived propositions to the
REVHUY Headin@tb Wake fhem applicable in any way to other circumstances

than those under whiciKtH\ DUH REVHU Y H G50) i bBthdd Wadds, an S
inference starting with observed faatd linking logically backward to potential

cause.
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Purely deductive research process
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Figure 8: The Purely Deductive and Inductive Research Process

Sources: Kovacs and Spens (2005)

According to Cunningham (199&3%4), abduction is the appropriate method for

making sense of new (amfamiliay situations.Abduction is essential to

development of reasoning, in tMADO O WKRXJKW ZRXOG EH WRWDC
universe inwhiKk DEGXFWLRQ ZD Bat€sBniN2092 334 HMbbeb/w -

The differences dbween induction, deduction, and abduction is classically
illustratedn Table7 with simple hypothetical example, that of a bag of beans, white
or black, provided yhank (1998, p.847):



Deduction

Rule [Itis true that] All the beans from this bag are white

Case [We know that] These beans are from this bag
Result [Certainly, it is true that] These beans are white
Induction
Rule [Weknow that] These beans are from this bag
Result [We have observed that] These beans are white
Rule [Probably, then] All the beans from this bag are white
Abduction

Result [We have the experience that] The beans are white [but thi
experience laclksy real meaning for us].

Rule [The claim that] All the beans from this bag are white [is
meaningful in this setting].

Case [Therefore, it is both plausible and meaningful to hypothesi

that] These beans are from this bag.

Table 7: The Method of Deduction, Induction and Abduction
Source: Shank (1998, p.847)

3.3.1 Abduction within Grounded Theory Aproach

Within the Grounded Reory approach, the importance of abduction has been
recognied by Coffey and Atkinson (1994,55) statingV KDW YDEGXFWLYH UH|
OLHVY DW WKH KHDUW:R KX WJRHKWQRRHG WK KRUVWDONH WK

"2XU LPSRUWDQW LGHDVY DUH QRW YLQ:- WKH GDWD
find those ideas simply by scrutinising our data ever\Wereeeistssively.
work at analysis and theorising, and we need to do the intellectual, imaginative work
RI LGHDVY LQ SDUDOOHO WR WKH RWKHU WDVNV RI

Coffey and Atkinson (1996, p.155)

Thus, abduction is a type of inference that operates bottamdivjgtual facts are
collected and connected together in order to develop hypothesasserved
phenomena is th&tarting point (Coffey and Atkinson, 199@)ich at first pass
suggests the exclusion of formal h&wffey and Atkinson (19961 %7)allow for

formal theoryn this approach

«:H FDQ DOVR UHFRJQLVH WKDW WKHRULHV XVHIXC
other words, we use concepts, theories and ideas constructively and
FUHDWLY HO\ «5 AHwhetDdD of foinl_dd v8met 6 2ss¥deiated

with ideas that go beyond those data themselves.

Coffey and Atkinson (1996, p.157)

As pointed out earlier, much of the logistics research has a positivist approach and
has been criticised for lack of focus on theory development (S®@®ctkKovacs

&Spens, 2005). Kovacs and Spens (2005) proposed that an abductive research



processKigure9) is an appropriate tool to further theory development ingsgsi

logistic research. The abductive approach resonates with the fact that significant
advances in science typically follow neither a pattern of pure deduction nor of pure
induction (Kirkeby, 1990; Taylor et 2002).

Theory
suggestion -
Develop

framenork,
hypotheses,
propositions

Prior
Theoretical | theoretica
part knowledge
- Define

problem

Develop
conceptua
frameof
reference

.. Collect Anadyse L Application
Empirical l empirica empirical of
part daa daa conclusion

Figure 9: The Abductive Research Process Applied in This Research
Source: Adapted from Dubois and Gadde (2002) and Kovacs and Spens (2005)

The abductive approach leads to new insight about existing phenomena by
examining these from a new perspective. This wagatihg knowledge is found
in logistics research that borrows theories from other scientific fields (Arlbjorn and
Halldorsson, 2002; Stock, 1997). In addition, abduction works through interpreting
or recontextualising individual phenomena within a coafekamework, and
aims to understand something in a new way, from the perspective of a new

conceptual framework (Danermark, 2001; Dubois & Gadde, 2002).

It has been shown that case studies commonly use abductive reasoning (Alvesson &
Skoldberg, 1994; Daois & Gadde, 2002). Rather than focusing on generalisations
and/or their specific manifestations only, the abductive approach is concerned with
the particularities of specific situations that deviate from the general structure of
such kinds of situationBgnermark, 2001). As such, it helps to determine which
aspects of a situation in the case studies are generalisable and which only pertain to

the specific situation itself.

Following Hudson (1988), this research on how companies respond to supply chain
dVUXSWLRQ FDQ EH VHHQ LQ D YQDWXUDO DQG FKLEL

unfolding during course of the study.

The abductive research prodessed on the ideas of Dubois and Gadde (2002)
and Kovacs and Spens (2005) is appropeateuse it leads to sitaneous data



collection, theory development and thdéoilding elements, precisely the

approach taken in this study.

3.3.2 Different Proponents of Grounded Theory Building
Process

Grounded Theory is a research method that operates almost in a reverse fashio

from traditioral research. Rather than beginning with a hypothesis, the first step is

data collection, through variety methods. Frontdhecteddata, key points are

marked with a series of co@etracted from the texthe codes are grouped into

simiODU YfFRQFHSWV:- LQ RUGHU WR PDNH WKHP PRUH
fTFDWHJRULHV:- DUH IRUPHG ZKLFK DUH WKH EDVLV
process contradicts the traditional model of research, where the researcher chooses

a theoretical fraework, and only then applies this model to the phenomenon to be

studied (Alan, 2003).

Table8 shows the different between two schools of tho&@ttauss and Corbin

(1998) and Glaser (193pecifically in data analysis phase.

~ Straussand Corbin(1990)  Glaser(1978)

Initial coding Open Coding Substantive coding
Use of analytic technique Data dependent
Intermediate phase Axial coding Continuous with previous phase

Reduction and clustering of Comparisons, with focus on data,
categories (paradigm model) become more abstract, categoried
refitted, emerging frameworks.

Final development Selective coding Theoretical
Detailed development of Refitting and refinement of
categories, selection of core, categories which integrate around
integration of categories emerging core

Theory Detailed and dense process Parsimony, scope and modifiability

fully described

Table 8: Data Analysis: Strausand Glaser Compared
Source: Heath and Cowley (2004)

The Ground Teory steps outline by differenthaus is illustratedi In general

the process of BundedTheory often st&s with researcher decide if a Grounded
Theory is a best addresses tadisearch problem, identify a process to study and
seek and access to the data. Then conduct theoretical sampling and code data by
using selective coding to develop theory. Once the research has emergent theory
then they have to valtdathe theory beforeriting a Grounded ffeory research

report.
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Technique 1
Strauss and Corbin (1990)

Technique 2
Glaser (1978)

Technique 3
Odis E. Simmons(2003)

Technique 4
Naresh R.Pandit(1996)

| Technique 5
Randall and Mello (2011)

Phase OPreparation

Phase 0: Preparation

Phase 0: Preparation

Minimising preconceptions. No
preliminary literature review. Gene
research topic, but no predetermin
UHVHDUFK TSUREOHH

Phase 0: Research design

Step 1 Review of technical literature (definitibn
research question, definition of priori construc
Step 2Selecting cases (focuses efforts on
theoretical useful cases not random sampling)

Phase 0: Research
problem and opening
research question

Phase 1: Data collection
Collecting dateiainterviews,
observations, videos, documents,
drawings, diaries, memoirs,
newspapers, biographies, historic
documents, autobiographies, and
other sources not listed here.

Phase 1: Data collection
Collecting data by intensive
interviewften combined with
participant observation. But, ar
type of data can be used
including quantitative.

Phase 1: Data collection
Collecting data by intensive
interviews, participant observation
from secondary sources.

Phase 1: Data collection

Step 3Developing rigorous @acollection
protocol- create case study database, empty
multiple data collection methods, qualitative an
quantitative data)

Step 4Entering the field overlap data collectior]
and analysis, flexible and opportunistic data
collection methods.

Step 5Data ordering? arraying events
chronologically to facilitate easier data analysi

Phase 1: Data collection
initial coding

Initial pilot interview is
developed and an archival
review is conducted

Phase 2: Data analysis
12SHQ FRi&loQahalytic
tecnique

1$[LDO Fredbdtighland
clustering of categories (paradign
model)

Final development stage is

T6HOHFW 12¥athilER G L Q |
development of categories, select
of core, integration of categories

Theory stage is detailed and dens
processully described

Phase 2: Data analysis
T6XEVWDQWiIatd H FR
dependent

T&RQWLQXRXV ZLW
2comparison, with focus on
data, become more abstract,
categories refitted, emerging
frameworks

17 K H R Wketiting &and -
refinement of dagories with
integrate around emerging cor

Theory stage is parsimony, scd
and modifiability

Phase 2: Data analysis
Relating data to ideas, the ideas to
other ideas.

$ubstantive codindgsgummarising
empirical substance

®pen codingfcoding for apthing
and everything

$elective coding occurring when
core variable and major dimension
and properties have been discover

Yheoretical coding?
conceptualizing how the substantiy
codes may relate to each other as
TK\SRWKHVHV:- WR EH
theory

Phase 2: Data analysis
Step 6Data relating to the first case

®pen coding2develop concepts, categories a
properties

Aixialcoding- 2develop connections between a
category and its sategories

$elective coding all forms of coding enhance
internal validity

Step 7 Theoretical samplirijiteral and
theoretical replication across case (go to step
until theoretical satation)

Step 8Reaching closuiTheoretical saturation
when possible

Phase 2: Initial memos
raise codes to tentative
categories

Phase 3: Memoing
Writing records of analysis

Phase 3: Memoing
Memos are theoretical notes
about the data and the

Phase 3: Memoing
Memos are the theorizing wulie of
ideas about codes and their

Phase 3: Literature comparison
Step 9Compare emergent theory with extant
literature

Phase 3: Data collection
focused coding




conceptal connection between| relationships.
Technique 2 Technique 3
categories. The memo procesg
runs parallel with the coding al
analysis process to capture thg
UHVHDUFK:-V HPHU
substantive arttieoretical codeg

Comparisons with conflicting with frameworks
Technique 4

improve construct definitions, and therefore
internal validity

Comparisons with similar frameworks to impro|
external validity by establishing the domain to
ZKLFK WKH VWXG\:V ILQGLQ

| Technique 5

Technique 1

and categories.

Phase 4Theoretical sampling
Data collection based on concept;
that appear to be relevant to the
evolving story line

Phase 4: Theoretical sampling
Process of data collection for
generating theory whereby the
analyst jointly collects, codes,
analyses his datadadecides
what data to collect next and
where to find them in order to
develop his theory as it emergg

Phase 4: Sorting and theoretical
outline

Conceptual sorting of memos into
outline of the emergent theory,
showing relationship between
concepts (rnodata sorting).

Phase 4: Write up your theory

Phase 4. Memos refine
conceptual categories

Phase 5: Constant comparison
Comparing incident with incidents
order to classify data is not difficul
to comprehend.

Phase 5: Constant comparison
Comparing indents applicable
to each category

Integrating categories and thei
properties

Delimiting the theory

Writing the theory

Phase 5: Write up your theory

Phase 5: Theoretical
sampling of
hypothesized
relationships

Phase 6: Theoretical saturation
The point inanalysis when all
categories are well developed in
terms of properties, dimensions, g
variations. Further data gathering
and analysis add little new to the
conceptualization, though variatio
can always be discovered.

Phase 6: Theoretical
saturation

The point where no additional
data are being found

Phase 6: Sorting memos,
Theoretical coding,
Adopting categories

Phase 7: Write up your theory

Phase 7: Write up your theory

Phase 7: Integrating
memos diagram
concepts, Saturation

Phase 8: Emergd heory

Phase 9: Further
theoretical sampling if
needed

7C




Table 9: Grounded Theory Steps Outlined by Different Authors
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3.4 Glossary of Grounded Teory

Grounded Theory has evolved over the last 40 pebrw; is a short glossary of

key terms used for this stugihown inTablelQ

Term
Axial coding

Definition

Process by which categories are related to subcateégbedsval of
properties and dimensions. This type of coding consists of intense
analysis done around one category a time, in terms of the Strausg
Corbin paradigm items (e.g., coding, actions/interactions, and
consequences).

Basic social processes One type of core category, often best visualized when the categor

%63-V

involved multiple concepts linked together in a larger social praltes
%63-V DUH RU LQYROYH FRUH YDULDEOH
SDUW RI %63V WHBWLRDUBEHWNXHHQ W
processuratthey have two or more clear emergent stages in a tem
sense.

Coding paradigm

Analytic tool Strauss and Corbin devised to help integrate structur
process. When using the paradigm one fmdesre phenomena,
conditions, actions/interactions, and the consequences of those
actions/interactions.

Categories

Abstract, higher order concepts under which other concepts can b
grouped through an underlying shared uniformity. Categories nam
patterrs in the data. They have analytic power because they can b
to explain and predict behaviour in a phenomenon.

Categories

Abstract, higher order concepts under which other concepts can b
grouped through an underlying, shared uniformity. Categam®s na
patterns in the data. They have analytic power because they can
to explain and predict behaviour in a phenomenon.

Coding families

6HWV RI LQWHUUHODWHG WKHRUHWLFD
includes social norms, social vakesal beliefs, and social sentiment

Conditions

Term used in Groundech&ory to refer to context. Sets of events thd
create the situations, issues, and problems within which a phenom
manifest and help explain the behaviour of individuals qsgiigypes

of conditions include casual, intervening, and contextual condition

Conceptual ordering

Organisation of data into categories according to their properties ¢
dimensions.

Conditional matrix

A diagram used to track or contemplates the végimls of influence
on a phenomenon as well as the implications on those levels of th
phenomenon.

Constant comparison

Investigation of similarities and differences across incidents record
the data. A technique used to generate concepts apddpeities
based on repeated patterns of behaviour. Comparisons are made
and across data sources.

Core category

Central category of the phenomenon about which the theory is

concerned. May not necessarily be a category originally sought at
begiming of the research study. Explains the majority of the behay
a phenomenon.

Dimension

Range along which properties of a category vary. Used to provide
parameters for the purpose of comparison between categories.

Formal theory

Theory that is delaped for a conceptual area of inquiry at a high le
of generality (scope). Formal theory develops through the general
and modification of substantive theory as it is applied to different g
of inquiry.

Process Sequences of evolving actiorgnaiction taking place over time and tf
are related to changes in structural conditions.
Properties General or specific characteristics or attributes of a category, whid

a category to e defined and given meaning.




Term Definition

Selective coding To delimitcoding to only those variables that relate to the core varié
that has emerged from the study. The analyst links related and
subordinate categories to a core category in sufficiently significant
assist in the formulation of theory.

Structure Socal conditional context in which a phenomenon is located. Socig
structure creates the context for action and interaction, and as suc|
inexorably linked to process.

Substantive theory Theory that is specific to time and place. May eventually be etdend
formal theory if becomes supported across multiple contexts.

Theoretical memos Written ideas of the researcher concerning codes and their inter
relationships within a phenomenon.

Theoretical sampling Process of data where the analyst colteckss, and analyses data an
decides what data to collect next and where to find them based en
upon the emergent theory.

Theoretical saturation Point at which no new information appears to emerge during codin
subsequent data collection; i.aemno new properties, conditions an
S0 on can be attributed to a category.

Theoretical sensitivty 5SHVHDUFKHU:-V NQRZOHGJH XQGHUVWD(
generation of categories and properties and increase the ability to
them to emagent theoretical codes.

Table 10 Glossary of Grounded Theory Terms
Source: Mello and Flint (2009)

3.5 CaseBasedResearch andsrounded Theory

This study uses Grounded Theory methodology with data from three cases. The
benefits andontext in which this methodology can be used in combination with

case research are discussed below.

Casebasedresearch has consistently been one of the most powerful research
methods in operations management, particularly in the development of new theory
(Voss et al 2002). Eisenhardt (1989) also argues that case studies are especially
helpful when building theories or frameworks.

According to Yin (2003) and Mukherjee e(24100), exploratory case study is
particularly useful when there is uncertamtie definition of constructs. Since

the purpose of this research is to describe and learn from current management
practice and applies the case methodology to actual events in business life, case
study was an ampriate way to provide data to Grounddéeory methodology
EHFDXVH D FDVH VWXG\ LV DQ HPSLULFDO HQTXLU\
phenomenon within its real life context, especially when (2) the boundaries between
phenomenon and context&®RW FOHDUO\ HYU8HQW: - <LQ



This is confirmed as well by Eisenhardt (1989) who dhgiiesing case data to
build Grounded fieory has major strengths as follow:

1. Theory building from case studies is likely to produce novel theory; this is
VR EHFDXVH YfFUHDWLY Hjuxtapbsitidrk &/ cadtrsdietQy D ULV HV
RU SDUDGR][L F DEGenthddt, G198 F 13.5646Y.he constant
comparative method of rembrld data inevitably reveals conflicts with
dogmatic, rigid thinking, forcing the researcher to review inherent bias and
adapt highinking (p. 546).

2. 7TKH HPHUJHQW WKHRU\ LV OLNHO\ WR EH WHVW
UHDGLO\ PHDVXUHG DQG K\SRWKHigdthardty KDW FD{(
1989,p.547). Due to the close connection between theory and data, it is
more likely that th theory can be tested and expanded by subsequent

studies.

3. 7TKH fUHVXOWDQW WKHRU\ LV Bxérlaid)\1980R EH HP!
p.547). Validity is maintained from the start through the constant
FRPSDULVRQ RI GDWD ZLWK HBsHEn 2@ W aw KHR U\
LQWLPDWH VHQVH RI WKLQJV: WKDW fRIWHQ SUR
U H D Bidethiardt, 198p,547).

Stuart et al(2002) also suggest that case studies are an appropriate research
methodology to map the field of supply chaimagement, as they allow
identification and description of critical variables. Moreover, case studies should not
be seen as a methodology appropriate only to understand the preliminary stages of
theory development but also to provide a means of refutgtimnextension to,

existing concepts because of their observation richness (Sty2a@)al

Case research and Grounddgkdry are consistent in a number of dimensions.

Data from these studies are obtained frorweddl, natural settings; the eneatg

theory is derived from actual managerialcppce. The abductive nature of

Grounded IKHRU\ PHWKRGRORJ\ DOORZV H[SORUDWLRQ R
supporting the development of causal relationships. Lastly, these support

exploration of issues im @area that has nbeenextensively studied before. As
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discussed earlier, the role of time in management of catastrophic risk in supply

chain is minimally covered by existing research.

Grounded Theory movesdyond descriptive case resetryelard develament of

theoretic onstructsand propositional relationships (Charmaz, 2006). As she points
out, this analytical method supports investigation of social processes and structure.
The effectiveness and efficiency therefore depends on the availabititynasd r

of data from observing human activity (Charmaz, 2006).

When using Groundedch&ory methodology with data derived from case research,
utmost care must be considered to ensure that principle of case study research do
not distort true emergence ftvetheory generation (Glaser, 1988402). For

example, Yin (1994, p.28) states theory development prior to the collection of any
FDVH VWXG\ GDWD LV DQ HVVHQWLDO VWHS LQ GRLQ.
valid for some case study reseaconfiravenes a key principle ofo@del

Theory. Therefore, it is advised théien combining case study and Grounded
Theory, the researcher must clearly specify which methodology is driving the
investigation. Advancement of a supply chain managementicdlesteicture

requires an aggregate approach basednthmtive techniques. Groundeue®ry

provides an inductive method for creating aggregate level theory thoemh in
investigations within and across organisation (Chaat#y, Glaser, 1992a6dr

& Strauss]967).

In addition, supply chain research often involves phenomena with complexity. |
believe that grounded theory approach is an appropriate choice of methodology for
this study because it makes the findings more robust and possibly easker to

detect similarities and differences.

Grounded heory also emphassgiaining deep insights into social phenomena that

are problematic for the people involved. Though deep immersion in the daily
worlds of supply chain managers and gaatiogss to their thoughts, feeling and
behaviours as they go and about solving the problems they encounter, researchers
can gain insights into social aspects of supply chain management that other
methodologies are less likely to tap into. Such insightgparative in furthering

our understanding of supply chain management phenontena developing

useful theories (Randall, Wealsy Mello John E., 2006)



It is helpful to consider what Grounded Theory is and what it(iEaiobe1 1)

KDW *URXQGHG 7KHRU\ LV :KDW *URXQGHG 7KHRU\ LYV

x Constant comparison & theoretical sampl| x Theory testing with a case study
- Collection of data and analysis go fian{ x Theory buildQJ ZLWK fUDZ GD

hand X An excuse to avoid reading up on the ex
- What data to collect next dependstion literature
theory constructed thus far x $ VWXG\ Rl WKH DEWRUV

X Study of intesubjective experience
- More suited to efforts to understand h
actors construct meaning out of int
subjective experience (Suddaby, 2006)

X I(YHU\WWKLQJ LV GDWD-

x Content analysis through word counts

x A formulaic approaches to data (or to ¢
gathering)

X A descriptive account

Table 11 What Grounded Theory Is and What It Is Not

3.6 Stephby-Step Guide to Grounded Theory in this
Research

Previously | have shown the differing approaches in theory building presented by
several researchers. In this study, | have chosen the process Basegoand
Corbin (1990), specifically in the data anghsise employing an abductive
approach

All the interpretations of Grounded Theory methodology, the Strauss and Corbin

(1990) approach was chosen for several reasons:

1. The focus of this study ien managerial decisioraking. As stated by
Lehmann, the Straussian approach is more effective for studies of
individuals than research involving organisations, political systems, or

technical issues (Lehmann, 2001a, p.9).

2. Strauss permits the notion oftiating the study with a general idea or
framework of concepts in place, e.g. the 3D framework, while Glaser
EHOLHYHV WKDW DQ THPSW\ PLQG: VKRXOG EH WHK
prejudice which might mask potential concepts and categories.

3. The appoach Strauss takes can used structured questioning, leading to a
PRUH IRFXV HPHUJHQFH DQG GHYHORSPHQW RI1 SL

presumes that theory should emerge entirely from the study.
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Differences between the two approaches of Strauss @rakef are summarized

below inTablel2

GLASERIAN STRAUSSIAN

Beginning with general wonderment (an em||
mind)

Having a general idea of where to begin

Emergingheory, with neutral questions

Forcing the theory, with structured questions|

Development of a conceptual theory

Conceptual description (description of
situations)

Theoretical sensitivity (the ability to perceive
variables and relationships) comes from
immersion in the data

Theoretical sensitivity comes from methods
tools

The theory is grounded in the data

The theory is interpreted by an observer

The credibility of the theory, or verification, i
derived from its grounding in the data

The credibilityf the theory comes from the
rigour of the method

A basic social process should be identified

Basic social processes need not be identifie

The researcher is passive, exhibiting discipli
restraint

The researcher is active

Data reveals the theory

Data is structured to reveal the theory

Coding is less rigorous, a constant comparis
of incident to incident, with neutral questions
and categories and properties evolving. Take
QRW WRRRFMHIWXDOLVH:- L

Coding is more rigorswand defined by
technique. The nature of making comparisor
varies with the coding technique. Labels are
carefully crafted at the time. Codes are deriv
|URP f-BriaklysisRwhich consists of analy
data woreby-ZR U G -

Two coding phases or types,@ar(fracture the
data then conceptually group it) and substar
(open or selective, to produce categories an
properties)

Three type of coding, open (identifying, nam
categorising and describing phenomena), ax
(the process of relating codes theather) and
selective (choosing a core category and rela
other categories to that)

RegaGHG E\ VRPH DV WKH R(
Theory method

Regarded by some as a form of qualitative @
analysis (QDA)

Table 12 The Difference between the Glase

rian and Straussian Approaches to Grounded

Theory
Onion (2006)

Table 13 depicts this Grounded h&€ory process, emphasizing the constant
comparison process which considers and compares the multiple concepts articulate
by study participants to those concepts derived from theoretical memos, memos
recorded during analysis, documents, and relevant literature and onlind sources.
selectedhree cass forstudyto seek theoretical similarities and differences in order

to develp the higher order concepts, which explain behasgi@md response
(Gephart 20045laser 1978).



Four analytic (and netrictly sequential) phases of Groundweebily buildig were

identified in this study: research design, data collection, data ordering, data analysis,
literature comparison and write up. Within these phases, ten procedures or steps
were followed. These phases and steps were evaluated against four réigearch qua

criteria: construct validity, internal validity, external validity and reliability.

Briefly, construct validity is enhanced by establishing clearly specified operation
procedures. Internal validity is enhanced by establishing causal relationships
wheaeby certain conditions are shown to lead to other conditions, as distinguished

from spurious relationships. In this sense, internal validity addresses the credibility

RU WUXWK YDOXHu RI WKH VWXG\-V ILQGLQYYV ([WHUC
WKH GRPDLQ WR ZKLFK WR VWXG\-V ILQGLQJV FDQ EH
to analytic and not statistical generalisation and requires generalising a particular set

of findings to some broader theory and not broader population. Finallyityreliabil

requires demonstrating that the operations of a $tedgh as data collection

procedureg can be2repeated with the same result.
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Description Output

Phase 1
Research design

Phase 2
Data collection and data

ordering

Phase 3
Data analysis

Phase 4
Literaturecomparison

and write up

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

Step 9

Step 10

Step 11

Step 12

Step 13

Preparation Minimizing preconceptiomasmdpreliminary
literature review, define general research toj

but no predetermined research problem.

Case selection Selecting the cas¢heoretical selection, not
random sampling.

Develop Deviating redife observation, interview,
rigorous data lecture, seminar, expert group meeting,
collection newspaper, article, internet, mail, field notes
protocol note taking.

Entering the  Overlap data collection and analysis to spee
field analysis and reveals helpful adjustments to

collection.

Data ordering Arraying events chronologically to facilitate
easier data analysis.

Analysis data Analysis data relating to the first case by cor

Open coding  Developconcepts, categories and properties

Axial coding Developconnections between a category an
subcategories

Selective codir Integratecategories to build theoretical
framework. All forms of coding enhance

Memoing internal validity
Theorizing writeip of ideas about codes and
their relationships.

Theoretical Decidingwhat data to collect next and where

Sampling find that data in order to develop the theory
it emerged.iteral and theoretical replication
across casegeep ging back to step 2, this
process continues until no new prtipsror
dimension are emerging.

Constant Comparing incident with incidents for

comparison similarities and differences in order to classi
data is not difficult to comprehend.

Theoretical Reaching closure when further data gatherit

Saturation and analysis add littlew to the
conceptualization.

Theoretical Conceptual sorting of memos into an outline

sorting memos of the emergent theory, showing relationshi
between concepts.

Defining hypotheses or propositisnggesting
new theory in final conclusion

Theoretical
coding

Integrating the Compare emergent theory watttent literature

literature (comparisons with conflicting/similar
frameworks).

Validation your Checking whether your new theory fit,

theory relevance, workability and modifiability

Write up your
theory

Writing research report

General
research
problem &
opening
research
guestions

Casgs)

Emergingcore
categories
Properties,
Subcategories

Saturated corg|
categories

Hypothesis,
proposition?2

Emergent
Theory

Table 13 The Process of Building Grounded Theory in This Study



PHASE 1: Research Design

Step 12Preparation

The first step is in designing the research program, defining the overarching

methodology and scope of study. Easterby and Smith define researcét design a

"«7KH RYHUDOO FRQILJXUDWLRQ RI D SLHFH RI U
gathered from where, and how such evidence is interpreted in order to provide go
DQVZHUV WR WKH EDVLF UHVHDUFK TXHVWLRQV V

EasterbySmith et al. (1990, p.21)

Definition of the basic research question, as stated in the introduction to this study,

is the first step in Grounded Theory. The scope must be narrow enough to provide
focus and feasibility; the scope must be broad enough to allow flexibility as the
study evolvesnd support discovery of unanticipated concepts. Existing supply
chain risk management literature, however limited, provides an initial structure and
scope (as per Charmaz, 2006; Glaser, 1992; Glaser 1998). For this perspective, the
literature focuses,ub does not constrain, or presuppose, the direction of the
investigation. Here, | am usind 3ime framework developed by Sodhi and Tang
(2008) to focus the research design.

Step2 2Case ®lection

After basic research questions have been generathd sewkarch is scoped and
focused, the second step is in case selection and identification of the starting case.
Cases (the principal units of data in this research) were selected to fulfil

requirements of theoretical sampling:

The process of datangolteagenerating theory whereby the analyst jointly collects,
codes, and analyses his data and decides what data to collect next and where to fir
them, in order to develop his theory as it emerges.

Glaser and Strauss (1967, p.45)

Accordingly,

Unlike he sampling done in quantitative investigations, theoretical sampling cannot
be planned bedorearking on a Grourfusarylstudy. The specific sampling
decisions evolve during the research process itself.

Strauss and Corbin (1990, p.192)
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Yin (1994) sggested three principles of data collection that can help deal with the
problems of establishing the construct validity and reliability of the case study
evidence. These principles are (1) use of multiple sources of evidence (evidence
from two or more sages, but converging on the same set of facts or findings); (2)
creation a case study database (a formal assembly of evidence distinct from the final
case study report), along the lines of the Straussian approach; and (3) maintain a
chain of evidence inder to increase the reliability of the information in a case
study (explicit links between the questions asked, the data collected, and the

conclusions drawn). Grounded Theory is consistent with these principles.

The context for my investigation BHARMS$ -V KDQGOLQJ IRueg&K H + 1
pandemic declared on 11 June 2009, with analysis-ledrfdsinterviews of key
management, company internal documents and publically available news and
additional documentation from key players. The nofleénzastran, H1N1,

commonly known as swine flu, had fast transmission but unknown mortality at the
RXWVHW UHVXOWLQJ LQ D GUDPDWLF VSLNH LQ GHPLC

medicines.

PHASE 2:Data Collection and Data Qdering

Step 32Develop RigorousData Collection Rotocol

In this step, a data collection protocol is developed employing multiple data
collection methods to tablish the cases database. In Groundbedory
methodology, both of qualitative and quantitative data can be used. Data can come
from (1) collecting observations of the area directly from the events under study (2)
accessing public or private records of various types (e.g. news report, survey,
government or organisation document, online sources, etc. (3) interviewing
individuals orparticipating in group discussion, face to face or remotely (e.g.
telephone, text chat) or asynchronously such as with email (Glaser, 1964 and
Glaser, 2008).

For the PHARMA case, selected as the primary ctseyagagathered through
company visits from0B9 to 2010Triangulation was used to ensure research
reliability by obtaining the same piece of information from different sources: semi
structured interviews, internal documents, direct observation (McCutcheon and

Meredith, 1993) and media. A ssimidured interview tool was developed to
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collect data on the three abowentioned dimensions. No fixed vocabulary was

used to ask questions, assuring that the conversation developed at its own pace
6XWWRQ DQG &DOODKDQ , VRQARRDBW -¥YLQ -V

suggestion of executing the case study by conducting interviews, face to face or via

telephone, with key informants from different divisions along the PHARMA supply

chain.

To ensure broad dimensionality in the data as suggested byar@laStauss,
1967; Glaser, 1992, 1978; Charmaz, 2006), | cctigagmanagsr employes
supervis@ and executiwat multiple levels in the supply chain, while also cutting

across functionally by interviewing R&bdmanufacturing managent

At this gep aninitial pilot interview is typically developed, and an archival review is
conducted to ensure the target participants represefficentlyrich with the

phenomena under study.
Step 4 2Entering the Field

The step initiating field research idelypreparation work such as selecting and
appropriate company sites and groups to interview, identifying participants and
obtaining access to key documents, contacting participants and gaining their

consent.

| used the interview protocol as shiowTable 14 to conduct semstructured
telephone interviews with hilgivel site directors, sending them the planned
interview questions in advance. The first goal of eachewtevas to understand

their perception on supply chain risk and supply chain disruptions. The questions
also explored their view on whether the company was aware of vulnerabilities in the
supply chain and how they leveraged time in their managemerglyfckam

disruptions.

| then conducted sersiructured facto-face interviews with senior supply chain
managers and executives. This used thebaiseel risk management framework
(Sodhi & Tang, 2009) to understand how PHARMA and its executives viewed and
used time to respond to the HIN1 Influenza pandemic. The interview questions

submitted to the executives are shown alEahbiel4



Apart from facdo-face and intgiew, data was collected from direct observation,
participanobservation (meeting and conference calls) and archival records and
documentation both from internal sources (presentations, reports) and external
sources (internet, news, press releasedylatdnesource, data collection methods
and data content of PHARMA are summarisédlhel5

Aspects Questions

Supply chain design | x What are general design principles of the global supply chain
company?

Risk management x What risk mitigation policies astcategies are in place today?
strategy 0 What governance has been established to:

0 Manage update of disruption cataldgsk map)

0 Review contingency plans
)
)

Monitor occurrence of disruptions, and finally
Initiate and carry out contingency plans?

X How are contingen@fans being tested and how often?

x Can you describe any previous significant disruptions to the s
chain that the company experienced?

X What internal disruptions have PHARMA experienced and wi
were the lessons learned?

Current event x How did thecompany become aware, and in retrospect were {
any warning signs? How does the firm prepare for this type o

X How is the occurrence of a disruption detected and communi
to initiate contingency plans?

X What was the initial impact of the curearent?

X What contingency plans does PHARMA have to manage maj
supply chain disruptions for the Hematol product line?

X Who is responsible for the plan and execution?

X What changes in the products, supply chain or other approac
the company consider tespond to the event?

X What was the role of time in determining the response of the
supply chain disruption?

X How quickly could the actions enable the company to meet th
supply chain objectives?

Time-Based Risk x Does company explicitly set titaggets or metrics for measuring

Management response speed in handling the pandemic?

X What was the role of time in managing the response?

x Does company think that by shortening detection time, solutic
design leatime and solution deployment time it can reduce sy
chain impact or gain greater advantage?

Learning from the ever] x What went well in responding to the event? What could have

done better?

Table 14 Final Interview Protocol



Data Source| Data Collection Methods Data Content
Key Semistructured telephone and faoe | Telephone Interview
Informants | face interviews with: x Perceived probability and impact
X Manufacturing and Supply BC potentially severe disruption.
lead x Preparation and testing of imess
x Division BCP Lead(s) continuity plans.
x Environment, Health and Safe x Decision making process during g
Head disruption.
x Process Owner X Experience from previous supply
x Primary Procurement Manage chain events.
X Manufacturing Strategy .
Manager(s) Face to Face Interview
x Project Manager(s) x Steps taken to organise and initia
X Primary Logistics Manager(s) first response.
x Site Logistics Head(s) X Mech_anlsms use_d to accelerate
x_Site Production Head(s) creation, evaluat_|on addployment
. of possible solutions.
X Site Head(s) . X Strategies to communicate and
x R&D Manufacturing Manager coordinate the status of the situat
and the organisational response.
X Lessons learnenhd incorporated i
risk management strategies after
event with regard to reaction spee
Archival Presentations by:
Records x Chief Executive Officer X Global procurement process and
x Value Stream Leader, strategy
Manufacturing and Supply x Risk management process
Pandemic Lead x H1N1 Influenzapandemic executiv
X Manufacturing and Supply BC review
lead
X Manufacturing Strategy
Manager(s)
X Project Manager(s)
X Site Logistics Head(s)
X Global Quality Assurance(s)

Table 15 Data Sources, Data Collection Methods and Data Contents from PHARMA

Step 52Data Ordering

The fifth step involvedata ordering. Yin (1989, p.119) suggested to array events

chronologically to facilitate analysis, an obvious dimension for this study on time

responséime

"7KH DUUD\LQJ RI

HYHQWYV LQWR D FKURQRORJ\ SH
events otene, because the basic sequence of a cause and its effect cannot be

temporally inverted. However, unlike the morsegesesgdpliceehes, the

chronology is likely to cover many different types of variables and not to be limited t

asingleind¢t@GHQW RU GHSHQGHQW YDULDEOHUU
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In this study, a timeline was createdisualise the sequenceevents and the

response to these events.

PHASE 3:Data Analysis

Step 62Initial Data Analysis
Coding and Categorising Data

After data wasotlected and collated, an initial categorization was made to identify
common concepts. Three sequential types of coding are used in the Straussian
approach to Grounded Theory, namely open coding, axial coding and selective
coding, where the output of omsethe input to the next in a ndarative fashion.

This research process is summaris€tjure10with a definition of each step in

the process and how this is iempented in the study.

Open Coding

The first step, open coding, is the initial analysis stage that deals with identification,
naming, labelling, description and categorization of phenomena suggested by the
data. Glaser (1978) coined the term by chatddtepJ WKH SURFHVV DV (U]
GDWD RSHQ:- PHDQLQJ WKH H[WUDFWLRQ RI FDWHJRU
data. The output of labelling and categorization are concepts, forming the basic

element used in Grounded Theory.

Open coding is implemia by memoing, in which notes are recorded of the
interpretation of the data. Basic questions are asked on key attributes, such as
where, how, who, when. This forms the initial stage of constant comparative
analysis. Specific data is compared withatlialr complete data set, to express
similarities and differences for purposes of categorization and labelling (Glaser,
1992; Glaser Strauss, 1967).



Data: Interviews or
other sources

v

Categories : Themes
or Variables

Y

Properties
Sub - categories

Emerging core
categories

Open Coding
+
Axial Coding
Constant Comparison
Memoing

> Theoretical Sampling

A4

Data Interviews or
other sources

No

v Yes

Theory Saturate?

Densified and
Saturated core
categories

Selective Codin,

Constant Comparison
Memoing

A4

Core Categories

A4

Theory Model
Hypotheses /
Propositions

Theoretical Coding

Theoretical Sorting Memos
Writing / Theotising, cross
referencing with literature

Figure 10 Data Analysis Process in This Reseeh
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In this step, data is coded in multiple ways (Glaser 1978), from smaller élements
word-by-word 2 or larger elementsuch as complete narrativesattd?Pns can

hereby emerge without bias, unrestricted by preconceived ideas and critically,
TJURXQGLQJ:- WKH SDWWHUQV GLUHFWO\ LQ WKH XQGt

As the open coding process continues, codes are grouped into categories and
subcategories (Glaser 199Rg categories group codes anctepts with similar
propertiesThe researcher may begin to identify a major concept that underlies all

observation, and propose this as a core category. A core category encompasses the




variations of data across the comp#ttely, and can be used to explain the

behaviour and actions of participants.

Open coding therefore provides the overall theme, core categories and
subcategories in which the coded data can be structured. This is used for further
GDWD FROOHFWAIRFKDB WBHDWEOBIRQJ: ZKLFK LV XVHG WR
robust. In this study, interview text was labelled and used to guide subsequent data
collection and interviews. Approximately 200 codes were identified through open
coding. Some codes are moedptive in nature, and in other instances repetitive;

these would be collapsed into a subcategory after additional theoretical sampling.

Tablel6shows an example @éveloping categories from concepts in this study.

By grouping concepts into categories, the numbdementsieeded to express
the structure of analysis can be made more manageable. In tiBexcdse,
provides an overview of how concepts were iteegreto highetevel categories.
For example, various concepts could be identified as supportingatbentegrated
response teahereas other could be identified as supporting the categgtabtigh
frequent communication with supply chain partne

Preparation Alarm, Delay, Information, Modelling, Monitoring, Notification, Scena
Planning, Testing, Training, Validation

Partnership Agencies, Communication, Competition, Expertise, Government, Ing
Corporation, PartnerBress, Publicity

Organisation Communication frequency, Education, Experience, Learning, Roles,
Responsibilities, Structure, Team

Table 168 An Example of Developing Categories

Axial Coding

In the next stage, axial coding is used to structure the categoriescatehsubs

along one or more properties and dimensions to make the relationships between
the codes explicit and provider greater coherence to the initial analysis (Strauss and
Corhin (1990, 1998; Strauss, 1987).



Box 1: Examplesof open codinggenerated from PHARMA case

1R RQH RUJDQLVDWLRQ RU FRXQWU\ RU JURXQG |FDQ PHHW
SDUWQHUV«PXVW ZRUN WRIJHWKHU WR SXMVER®MHUFH D UREXVW
My initial coding for this excerpt wesordination with internationas agescexcerpt late

=

recorded asstablish frequent communication with supply @haodpatiaeemerged as acark
category in my emergent theory. lis ttase, establish frequent communication emerged as a

property of creates integrated response team.

Another H[FHUSW ":H DUH WDONLQJ WR WKHP DERXW D| UDQJH RI
what this new virus is, exactly how the WHO and CDC béflisvenay develop so we can
UHVSRQVH WR WKHLU QHHG PRUH TXL Edd@ihabo@ @ithHriteinBtlorka® W O\ p |
agensidater reoded a®stablish frequent communication with supply chain partners.

Another example from data colle® Q LQ 3+$50%$ DQG RSHQ FRGLQJ |ZDV ":H FL
electronic database for information sharing. These include risk management plans and qur strategic
SODQu ,QLWLDO FR G EablisiRdsling t¢anvrodrhFdd Godvmeiichhalsdgter

re-coded a€reate integrated response team.

$ IXUWKHU H[DPSOH "«GXULQJ WKH ILUVW WKUHH PRQWKYV RI W|
PHHWLQJ ZLWK VLWH GLUHFWRUV DQG VXS 3®@ate FrkdiénQ@ PDQDJF
communicatidth site directiater recoded asreate integrated response team.

6WUDXVV S VHHY D[LDO FRGLQJ DV EXLOGLQJ
DURXQG WKH qID[LV:- RI D FDWHJRU\ p 7KLV ZRXOG EH
major category, as the variation in the data and therefore codes can be expressed
allng a dimension in axial coding. Creswell states the objective to be sorting,
synthesis and organizing the potentially large amount of data, allowing the codes to

EH fUHDVVHPEOHG:- LQ QHZ ZD\V ILQNV EHWZHHQ FD'
relationsips among them become visible (Strauss and Corbin, 1998)- By re
integrating the concepts which emerged from open coding, axial coding can begin

WR SURYLGH DQVZHUV VXFK DV {ZKR ZKHUH ZKHQ
suggested using scientific termsé&ke the links between categories more visible,
emphasizing causal relationships as part of an overall framework. This has the
IROORZLQJ HOHPHQWYV 2the ¢dnizx \hDvbichH-tReQpBendheraQ V u

was observed, and events leading up to theRoRdth Q D "DFWLRQV LQWH
2 the way that participants responded to events or reacted to problems and (3)
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"FRQVHT XtH&Qrkidmtiopal or unintentional outcome or impact of the actions

taken. Strauss and Corbin document the conditions feiti{ljuestions such as

"ZK\ ZKHUH IRU ZKDW UHDVRQ ZKHQu HWF $FWLI
knowing who and how something was done. Lastly (3) Consequences are
GHWHUPLQHG E\ DQVZHULQJ TXHVWLRQV RI ZKDW KD

Looking backtatheir original study in 1967 which looked at how nurses dealt with

near death patients, axial coding showed that the main concept under study was
1SDLQ: WKH FDXVDO FRQGLWLRQ ZDV YfDUWKULWLYV:
FRQVHTXHQRHHDLDWIFSDLQ

Tablel7illustrates the conditions, actions and consequence of several examples in
this study, showing the link between categories and subcategoriestratidgl

how these are related.

For example, A, B, C, D and E are the outcome from the open coding stage, each
dealing with how communication can affect response time after supply chain
disruption. The examples A, B, C, D relate to external commaunitisiefore

WKH\ IDOO LQWR WKH FRUH FDWHJRU\ RI YSDUWRQl
FRPPXQLFDWLRQ IRU VDPH REMHFWLYH LW IDOOV LQ\

issue.
Selective @ding

In the next stage, output from axial coding is useeél&mtise coding; where the
core categories representing the main phenomena under study are explicitly
identified and other (sybcategories are placed in relation to create an integrated

theoretical scheme.

The focus is usually on a limited number tégcsies, which seem to best
encapsulate the major aspects of the phenomena under study. Once the core
category(ies) has been identified, it is used to guide incremental data collection and
further theoretical sampling (Glaser 1978). Similar to opeg, smlattive coding

uses a process of constant comparison, considering then(tisities of new data

to existing categories and properties of categories.



In contrast, however, to open coding which uses substantive codes (i.e. original data
such as qutes or statements from the participants in their own words and
language), selective coding uses analytical and abstract codes leading to conceptual

labels for categories. (Glaser 1978).

Example(s) | A B C D E
Pattern Coordination | Coordination Coordination Coordination | Coordination
recognition
The Communicatio] Communication | Communication | Communicatio Communicatior|
phenomenon
of interest
The causal Need to Government Public and presg Internal Organisation
conditions understand plays major role| have a vital role | agencies need?] want desire for
and control in policy and in responding to business
external demand crisis
suppliers
The action Establish Proactive contag Increase Coordination | Modify
strategy direct line of | with government frequency of pre with organisation
communicatio | to anticipate and public international hierarchy to
n with external| orders and communications| agencies e.g. | shorten lines of
suppliers allocate stock CDC and communication
proportional to WHO
need
The Improved Improved Lower risk, Improved Reduced desig
consequence| speed and understand of | reduce design | understanding | response time
reduce risk, order, reduce and deploy of external and deploy
reduce deploy| design and response time | parties, reduce| response time.
response time| deploy response detection,
time deploy and
deploy
response time
The sub-core | Establish Establish Establish Establish Shorten lines
category frequent frequent frequent frequent of
communicatio | communications| communications| communication| communication
ns with supply| with supply with supply s with supply | s within the
chain partners| chain partners | chain partners | chain partners | organisation
The core Partnership Partnership Partnership Partnership Organisation
category

Table 17 An Example of Basic Form of Generic Relationship of Axial Coding in This Study

Selecting coding allows filtgy and codification of thaata whicharelikely to be
mostrelevant to the emerging concePitsly selective data is needed, for example
specificsections of an interview transcript needed to explore existing codes.
Interview questions and data collection techniques can be continuously refined to

focus on the objective of theoretical saturation of the existing conceptual structure.

9C



Memaoing

One of the important stages in ascribing meaning to the coding is a technique
UHIHUUHG WR DV PHPRLQJ FHQWUDO WRupWKH FRGLQ
LGHDVY DERXW FRGHV DQG WKHLU UHODWLRQVKLS DV
(Glaser, 1978, §8). Glaser emphasized that the memoing process is essential in
Grounded Theory

"7TKH ZULWLQJ RI WKHRE khWhe pDesdfl BaRefating WKH F
Groundedh@&ory. If the researcher skip this stage by going directly to sorting or
writing upfter coding, she is not doing GKthRed T

Glaser (1978, p.83)

As a theoretical framework begins to emerge in axial coding and reinforced in
selective coding, memos are used to document hypothesized relationships between
concepts, and providevidence for how these relationships were developed by
Charmaz (2006).

7KH EDVLF JRDO RI PHPRLQJ LV "WR GHYHORS LGHDYV .
(Holton, 2007), without restriction, hence produced throughout the coding process

and development of theltimate theoretical framework. During process of
comparison and conceptualisation, memos document the theoretical foundation
relating codes to underlying data (Glaser, 1978; Urquhar, 2001). Memos provide
intellectual freedom, flexibility, and enhaneatigity in developing the overall

framework. Stated by Holton, they are also a key to further data collection, coding,

and analysis in selective coding (Holton, 2007). Box 3 shows a few examples of

theoretical memos from this study
Step 72Theoretical Sampling

In theoretical sample, the emerging theory is used as a guide on where and how to
collect and coding additional data. Holton (2007) recommends:

The decisions concerning initial collection of data, further collection cannot be planne
in advancdh® emerging theory. Instead the researcher can only discover where next
to collect data by first coding the initial data and then looking for comparison groups
by which to saturate the emerging codes and their properties. By identifying emergil
gaps ithe theory, the researcher will be guided as where and how to collect the next
sources of data.

Holton (2007)
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As categories emerge from data in PHARMA case, | then chose to sample data
from BP Deepwater Horizon and BP Texas Refinery cases, which cogtldestre

my emerging theory in defining the properties of the categories, and revalidate the
relationship of core categories andcaibgories derived from initial analysis. The

data sources of these two cases were determined in step 2.
Step 82Constant Comparison

Constant comparison is an analytic process of comparing different pieces of data
for similarities and differences against a growing set of abstracted data. This process
is essential for testing emerging concepts but also addressing theasskaonh bi

the researchers inherent starting perspective and limitations in conceptualization.
The process evolves from the initial coding of interviews and data, to hypothesizing
a relationship based upon one set of interviews or data from other soufces), an
then testing those relationships interpretation of folfowdata collection
(Charmaz, 2006; Glaser and Strauss, 1967).

This emphasizes consistency and relevance of concepts derived from multiple data
sources. Considering the commonality and variamesehehese three cases (e.qg.
global firms but different industries), this is of importance to assure stability of the
emerging theory in further study. Constant comparison also helps enrich the
properties and scope of the emerging categories.

In this stug, this process continues from open coding to selective coding. The
initial coding, which | had from the first caB#lARMA, leads to new interviews.
During this process, my conceptual categories are refined. Constant comparison
continued until the corena related categories were sufficiently saturated and

further coding and constant comparison produced no meaningful further concepts.



Box 3: Examples of memos

Duringthis study | have written oMeundredsnemos capturing the conceptual and methoddlg
development of my theory. These memos ranged in length from a few lines to a pags
PHPRV , PD\ UHFRUG P\ K\SRWKHVHV WKDW fSUHSDUD
FORVHG UHODWLRQV :KLOH DQRWKHUUPINBR QPULH KWH [
partnership or organisation category. Another memo might query if organisation think
important factor in general and can it lead to the better way in their mitigation plan? The
offers a few samples of memostemiinconjunction with the categoryepParation.

Memol %HFDXVH RI RUJDQLVDWLRQ RSWLPLVDWLRQ LQ
explicity named as a role in the pandemic response team are no longer in the sam
PHARMA resolved thigroblem afterward by defining a generic role of participation in the re
structure. This was incorporated in revised and updated roles and responsibilities and do

RACI diagram.

Memo2: From an interview with a PHARMA logistic managempahdemic event seems to
more than ever in the public eye and daily reports of pandemic death as headlines across

Memo 3. After rereading fieldnotes from interviews with a plant manager, PHARMA h
additional reserves in place. Withievaweeks, they are able to secure all the ingredients, g
globally and immediately ramping up production. This reminds me of the contrast betwe
and Ericsson in their response to the event of a fire at a Philips semiconductor factory
decided to let the delay take its course, while the Nokia supply chain manager mon
situation closely and immediately implemented contingency plans (securing componen
make chips for mobile phone from other suppliers) which resuttedeireffective response.

Memo 4:The first call that was made by the site director in BP was the first action b
instructor second in command to inform the Washington BP base lobbyist of the event. It
to PHARMA proactive establish direotnmunication with government and international age
such as WHO in the same topic. It stands in contrast to the public perception that BP w
information in the early days of the Deepwater Horizon Oil Spill disaster.

Step 92Theoretical Saturation

After therepeated visit and interviews at PHARMA, marginal improvement
the theoretical framework was small. As found Martin and Turner (1986,
WKH\ VDLG "E\ WKH WLPH WKUHH RI
uVHIXO FRQFHSWYVY ZLOO KDYH EHHQ GLVFRYH
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Step 102 Theoretical Sorting Memos and Theoretical Gding
Theoretical Sorting Memos

Theoretical sorting of memos is a key to formulating the theory for presentation or
writing (Glaser, 1992). Glaser said itsstartput the data previously analysed
during open coding into a theoretical framework. During the sorting process
connections are made between categories and properties. For example, memos
concerning condition affecting the phenomenon can be sorted rtagekiadp

bring to surface similarity in incidents (or consequences) based on comparable

condition.
Theoretical Coding

Theoretical coding occurs when core categories have become saturated. Theoretical
codes conceptualised the interrelation of substaotides by generating
hypotheses to be integrated into theory. Theoretical coded emerged from open

coding and theoretical memos. The results

Theoretical sorting of memos is a key to formulating the theory for presentation or
writing (Glaser, 1992). Glaseardsit starts to put the data previously analysed
during open coding into a theoretical framework. During the sorting process
connections are made between categories and properties. For example, memos
concerning condition affecting the phenomenon can rtexl dogether to help

bring to surface similarity in incidents (or consequences) based on comparable

condition.

Theoretical codes conceptualised the interrelation of substantive codes by
generating hypotheses to be integrated into theory. Theoretichleouwiged

from open coding and theoretical memos.

In this study, having achieved theoretical saturation of my core concept and related
categories, | proceeded to review, hand sort, and integrate those memos related to
the core, its properties, and relai@egories. As | began to sort (read) memos and
look for relationship between the various concepts, theoretical codes began to

emerge. | formalised and systematised the findings into propositions that explained
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what factors underlie response times. Thergant theory, which is the outcome
of this study, will be explained in detail in Chaptemdings of the research.

PHASE 4:Literature comparison and write up

Step 112Literature comparison

The eleventh step is to compare the emerged theory witiistimg diterature and
assess similarities and differences with a view on how such arise. Eisenhardt (1989,
p.545) states:

"2YHUDOO WU\LQJ WKH HPHUJHQW WKHRU\ WR H|
validity, generalizability, and theoretita linedrg building from case study
UHVHDUFK«EHFDXVH WKH ILQGLQJYV RIWHQ UHVW R

Eisenhardt (199%45)

As discussed earlier, literature on risk management in supply chain is relatively
limited in scope and depth. Nehetess, reading the relevant literature increases
sensitivity to conceps DW WKH VDPH WLPH NHHSLQJ LQ PLQG
which seeks to avoid bias.

For example, in my study, the literature review which are relevant to the main
category and the emerging theory such as supply chain disruption, supply chain risk
management, tirEased management, supply chain partnership raised the
theoretical level antelp to improved construct definition, as suggested by
Eisenhardt (1989).

Step 122 Validation the theory

From the nature of the Grounded Theory process, validity is essentially inherent
EXW YDOLGDWLRQ FDQ FKHFN ZKHWKHUWRKUNQEZ OX K
DQG YPRGLILDELOLW\-

By fit, an evaluation is made on how well the concepts represent the observed
phenomena, as outcome to rigorous application of constant comparison of multiple

events contributing to the representation of a concept.



By relevance, a view is formed on how meaningful the concepts are to participants
or to the cohort they represent. Certainly, the concepts identified here can be
readily tested in further work against other industtiesse is no scarcity of cases

of supply chain disruption.

By workability, the applicability of concepts across a range of scenarios is
understood. As the inputs are phenomena frorvoell situations, which express
considerable variability, the workability of theory and conceptrstisaritical to

make the work meaningful.

With modifiability, the theory can be extended and adapted when new insight is
generated through comparison with further data. This validation in the study is
explained more in the closing chapt8r& R Q F O &f\hie Rt@ly:

To validate my constructs (categories) and the relationships | looked at two
disruption at BP the oil company. The disruption at BP Upstream, which
experienced a catastrophic oil containment event in 2010, was selected. After a
sequence afesign changes by BP and missed warnings by its contracting partners,
the Deepwater Horizon drilling platform lost control of the 15¢0@@0deep
exploration well at Macondo Prospect in the Gulf of Mexico. An eruption of oll
and gas on the rig explodeitling 11 and destroying the platform, starting a-three
month effort to cap the well and the largest oil spill in American waters. Estimates
of damage climbed exponentially; BP faced possible collapse, a lengthy moratorium
on offshore drilling shutdownehndustry and penalties of GBP 20 Billion where

filed against BP and its partners.

The second disruption is from the BP company was selected, exploring the
background, cause and response to an explosion at its Texas City refinery in which
15 workers werkilled and 180 injured, resulting in an extensive review of BP and
refining industry operations. BP has paid out more than GBP 1.2 Billion in
compensation by late 2010.

For the BP Deepwater Horizon and BP Texas City cases, data were collected from
secodary sources, as access to direct interviews was constrained by ongoing
investigations and litigation. Data was collected from official government sources as
well as from print news media, company reports and on the Internet. Data and
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reports used here drem the US government (National Commission report to the
President, Department of Energy, Department of Justice, and the Department of
the Interior) and BP internal and public reports. Data included sworn testimony by
direct participants in the eventsirformal and judicial investigations; these are in
the public recordlhe data source, data collection methods and data content of BP
are explained ihablel8

The thredlisruptionsareshown inTablel9and the similarities and differences of
these three casase shown imTable20in order to underpin the relevance of the

cases to the research objectives.
Step 132 Writing the report

Writing of the report is the concluglistep of the process. The key objective is to
make the relationships explicit and clear, where relevant through graphical
representation of the core categories, subcategories and contributing foundation of

codes and observations.



BP Deepwater Horizon

Data Source & Collection Methods

Data Content

X
X

Reported by

BP 2Internal BP Investigation
National Commission on the BP
DeepwateHorizon oil spill and
offshore drilling

President, Global Business Lines and
Chief Health, Safety and Environmer
Officer Halliburton

The Joint United States Coast Guard
The Bureau of Ocean Energy
Management

Energy Policy Research Foundation
U.S. Department of Homeland Secur
United States Coast Guard
Congress of the United States

Det Norske Veritas (DNV)

BP Texas City

Data Source & Collection Methods

From the compangnd external investigation
reports.

X Industry and organisational background
contributing to the event.

x Factual sequence and likely root cause
the disruption.

X Assessment of initial and ongoing respc
including corrective and preventative ste
taken bythe company.

X Perspective on environmental and exter
impact.

X Audio transcripts

From company and external websites.
x Perceived cause and impact of the
disruption, as experienced during the e\
x External perception of liability and
consequences to then.

Data Content

X
X

Reported by

BP 2Internal BP Investigation

U.S. Chemical Safety and Hazard
Investigation Board

Environmental Protection Agency
U.S. Occupational Safety and Health
Administration

TexagCommission on Environmental
Quality

The BP U.S. Refineries Independent
Safety Review Panel

From the company and external investigation
reports.

X Industry andrganisational background
contributing to the event.

x Factual sequence and likely root cause
the disruption.

X Assessment of initial and ongoing respq
including corrective and preventative ste
taken by the company.

x Perspective on environmental and exter
impact.

From company and external websites.

x Perceived cause and impact of the
disruptionas experienced during the evg

x External perception of liability and
consequences for the firm.

Table 18 Data Sources, Data Collection Methods and Data Contents from BP
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BP

Notification of

PHARMA Response to 2009 H1NPandemic

Deepwater Horizon Qil Spill, 2010

BP Texas City Refinery Fire, 2005

X On 24 April 2009, the WHO announced an outbreak| x On 20 April 2010an explosion on the| x On 23 April 2005, several explosior]
the event H1N1 virus in Mexico and the United States. BP-leasedeepwateHorizon Gulf of and a fire occurred during start up ¢
x On 25 April 2009, the WHO called the flu pandemic Mexico platform exploded. the isomerization unit at the BP in
SUREOHP "D SXEOLF KHDOWK H Texas CityThe explosions occurred
FRQFHUQ p when a digtation tower flooded with
X On 11 Jun€009, thaVHO declared thérst global hydrocarbons and was over
Influenzapandemic in 41 years. pressurized, causing a geliser
X On 10 August 2010, The WHO declared pandemic is UHOHDVH IURP WKH
RYHU 7KH ZRUOG KDV QRZ HQW vent stack.
SHULRGU
Impact of event | x WHO reported laboratory confirmed cases of pande x 11 workersvere killecandmany x 15 Workers were killed and 180 oth
InfluenzaH1N1 2009, including over 18036 deaths. injured. were injured.
x CDCestimated an average of 57 million people havg x 4.9 million barrels of spill@dthe QuIf. | x Impacted on the World oil market
been infected with HIN1 and an average 257,000 ca x Moratorium on drilling in the Gulf for world oil prices jumped tdSD61 a
resulted in hospitalizations. six months and extensive new barrel on the day after an explosion
x Pandemidénfluenzarisktrigges other across the regulations. raised concerns about energy supp
company e.g. regulatory controls, sales and market | x BP fines estimated at USD 200 toward the end of 2005.
regulations, global pidal and economic conditions et Billion. x BP refineries were investigated and
x Effect on several supply chains (Nicole, Hematol, was fined numerous times by OSH/
consumer products, antibiotic etc.) x BP has paidut more than GBP 1.3
x Potential loss of revenue, reputatiR&D investment Billion in compensation.
(GBP 3.2 Billion) and market position.
Description of x Lack ofstock availability to meet demand in the mark x Largest accidental marine oil spillin{ x As the third largest refinery in the U
the risks x Unable to produce business or medically critical proc history of the petroleum industry. disruption risk can have effect on th
x Loss of life; absentee worker x Environmental. global oil supply petroleum.
x Strike in France & Shut downtb plant Mexico X Loss of life. x Loss of life.
X Reputation risk. X Loss of reputation risk. x Fines.
X Fines. x Litigation.
x Litigation.
X Right to drill.
X Government contracts (e.g. Pentagor




PHARMA Response to 2009 H1IN1 Pandemic

BP Deepwater Horizon Qil Spill, 2010

BP Texas City Refinery Fire2005

Examples of

X X X X X X X

Develop production extension.

Accelerate approval process for existing products.
Accelerate vaccine development.

Simplify packaging for easier in high volume product

Develop and attempt portfolio of well
control solutions like top Kill,
containment dome, andie¢lwell.
Develop and attempt oil recovery anc
oil spill techniques.

Create spilesponse company with
competitors.

' Ramp up production to 24/7. X Setup Central command / incident x Create organization analysis (Fatal
Action taken/ Recruiting contingency workers. management team. accident investigation report)
;n;{?t?gﬁ Redesign supply chalshifting manufacturing capacity X Modelling of impact. x Engineering and plant analysis.

x Simulation and modeling of impact.
X Cultue and safety review.

Parties Involved

lack of clarify role &sponsibilities.
Problems in line of communications.
Highly variable and uncertain demand.

X

X

Poor simulation modeling resulted i
massivever investment of certain oil
spillremedies.

No process and procedsie placeor
handling Deepwater oil spills

Many parties involved in legal issue

X Suppliers & dtributors. x Transoceart drilling rig operator. x Environmental Protection Agency.

X Primarysecondary and third party manufacturing. X Halliburton 2cement contractor. x U.S. Occupational Safety and Healt

x Government & International authorities. x Federal, state and local governments Administration.

x Press and public communication x The Bureau of Energy (BOEMRE) x Texas Commission on Eronmental

X Consumers/patients. x Coast Guard. Quality, Internal BP investigation.

x Industry partners and competitors. | X Texas City citizens.
x Plant workers and management.

Issues x Establish framework or pandemic management X Missed early warning signs. X Missed early warning signs.
encountered organization. x Long delay between detection and | x Not learning from past events

x Preparedness plan in place but not irfosg of date, countermeasures. x Documents are is out of date since

merger of BP with Amoco.

x Policies are igned / plant layout is
unsafe.

x Failed alarms.
x No effectivenotificationsystem.

Table 19 A Fact Sheet of Three Disruptions
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| Description

Similarities

X Challenges in distinguishing disruptive eventsioomal events.

x 2UJDQLVDWLRQDO YDSDWK\- UHJDUGLQ

x Communications barriers during and after event.

X ,QLWLDO fFKDRV:- GXULQJ ILUVW SKDVH

X Surge in widespread demand for information.

X Exponential acteration of impact when busina@ssisual control
PHFKDQLVPV IDLOHG WR LVRODWH WKH

X Balance between general fear of greater impact and need to ma
perception of the event (control panic).

X Global supply chains and organisation.

X Multi-player / multigeography

x Complex supply chain / systems.

X  Significant impact to the organisation locally and globally.

X Potential of catastrophic impact outside the organisation / indust

X Fast response required.

X Longterm recovery cycle.

x Aspect of governamt regulation and reputation risk.

x Political interests during later phases of the disruption and-farion
TOHDUQLQJ- SURFHVV

Differences x Speed and absolute duration of the event.

X Scale of the permanent impact after the event.

X Upside and downsigdg@portunity.

X Scale of potential impact on human lives (15 killed, 180 injured i
approximately 18,000 swine flu deaths, 11 people killed in BP-oil

Table 20 Similarities and Differences offhree Disruptions
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Chapter 4
PHARMA HI1N1 Influenza Pandemic

4.1 Introduction

Influenzaand other pandemics are infrequent but can have a dramatic impact on
health for a large population. In previous generations, millions died in multiple
waves ofnfluenzaoutbreaks in a relatively short period. Although most humans
and animals suffer only mild symptoms, some variants are highly contagious or,

such as the recent avian flu, deadly.

Uncertainty about the deadliness and spread of illness makes it diffredlicto
the impact of an epidemic or pandemic, and with infrequent occurrences, planning

for such a global outbreak is a challenging exercise.

A major pharmaceutical firm such as PHARMA (one of top five pharmaceutical
companies in the world in term of mrewe) must act quickly to protect its supply
chain. A local or widespread outbreak can disrupt production and logistics for
critical medicines relied upon by specific groups of patients, and obviously hamper
the broader response for the productiomfbfienzamedicines.

Fast and convenient travel in recent times has accelerated the $pfiesehzH

between countries and continents;; however, better modelling, science and
communication present an opportunity to detect earlier, coordinate more effectively
and respond faster. PHARMA plays a key role in minimising the humanitarian
impact of such occurrences, at the same time there is a potential upside revenue

opportunity that can reward years of investment in antiviral medicines.

Even so, there is always tis& of oveireacting to potential outbreaks, as seemed
evident during the ‘false alarm' epidemic in 1973 in the US, which led to
unprecedented government involvement in vaccinating a large percentage of the
population, despite only a handful of deatHyg mathat outbreak. Managing the
critical supply, sales and political relationships is challenging when governments are
regulators and influencers as well as important customers. According to Wolfgang
Wodarg, head of health at the Council of Europemtieers of flu drugs and
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vaccines influenced the decision of the World Health Organisation (WHO) to
GHFODUH D SDQGHPLF 7DONLQJ DIWHU WKH VZLQI
led to the pharmaceutical firms ensuring 'enormous gains', while countries,
including the UK, 'squandered' their meagre health budgets, with millions being

vaccinated against a relatively mild disgase

In this chapter explained how PHARMA deal with unexpected/adverse events and

the risk of disruption to PHARMA supply chain.IRFXVHYV RQ 3+$50%-V
approach to supply chain risk management, in particular, discussing in depth, its
planning and preparation for flu pandemic, the production of Ninflhlenza

treatment, vaccine and the significant investment in PHARMA.

4.2 Company Overview

3+$50% LV RQH RI WKH ZRU-®Ba5ed/ plardmhacéutical andHVHD U F
KHDOWKFDUH FRPSDQLHYVY DQG LV "FRPPLWWHG WR LF
HQDEOLQJ SHRSOH WR GR PRUH IHHO EHWWHU DQG C
science, PARMA discovers, manufactures and distributes vaccines, prescription
medicines and consumer health products. Headquartered in the UK, PHARMA
employs over 100,000 people in 117 countries and the pharmaceutical group

includes 108 plants located in 41 difteveantries.

In 2000 two leading pharmaceutical companies merged to form PHARMA. After
mergers and acquisitions PHARMA had a 7% share of the global pharmaceutical

market, accounted for 26% of all vaccines sales and 17% ofrdéclivié.

According toPHARMA released 2009 annual reports, PHARMA was the fourth
largest pharmaceutical company worldwide by revenue with sales of GBP 28.4
Billion. Of that, sales in the care and pharmaceutical business were GBP 23.7
Billion (of which vaccines sales were GBPBH#lion) and consumer healthcare

sales were GBP 4.7 Billion.

1 Macrae, F. (2010)
2 Oxfam (2001)
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PHARMA Products

PHARMA is known as a leader in respiratory central nervous system, AIDS/HIV
and antnfective research. The company's produetsligided into three main

areas: prescriptionedication, vaccines and consumer healthcare.

1.Prescription Medication (GBP 27.3 Billion)

The bulk oPHARMA-V UHYHQXHV FRPH IURP WKH VDOH RI SU
PHARMA has medications in many different therapeutic categories, including
cardiovasular, respiratory antthe central nervous system. Some of its most

important prescription products are:

x Hematol/Enatol (GBP 5 Billion)This product is a lorgcting bronchodilator,
meaning it opens wppatiens air passaghroughan antinflammatorytaken
through an inhaleHematol Enatol is approved to treat asthma ahdonic
obstructivepulmonarydisease. In 2004, it was estimatedagatoximatelR0
million Americans (between 5 and 10%) have aslimai@ is clearly a large
market for treatmés. Althoughthere are no indications that the number of
cases of asthma is growing, there has been no marked decrease either.
Hematol Enatolis the highest selling respiratory product worldwide; it is a main
driver forthestrong growth iPHARMA-V U HY HQ X

x Seria (GBP 771 Milliorhis producis metabolic product for the treatment of
diabetes. It is used to level insulin levels and is efegatnvgating type Il
diabetes.

x Antivirals (GBP 4.2 BillionfPHARMA - ¥ntivira$ treatmentsclude an Herpes
treatment, HIV treatmenandNicole Influenzatreatment. In 2009, the total

antiviralsales grew by 12%.

2. Vaccines(GBP 3.7 Billion)

PHARMA is dominant in the vaccine market, suppbppgoximatelpnequarter
of all vaccines worldwide. Its vaccines wsed to immuse a wide range of
ailments including hepatiffeepatitis A and hepatitis, B)eningitisinfluenzaand

variouschildhood illnesses.
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3. Consumer Healthcare(GBP 4.7 Billion)

PHARMAS consumehealthcargroducts include owne-countermedications,
nutritional supplements and oral care products. Some of the major products include
a weHknown toothpaste brand, toothpaste specifically for sensitive teeth, gastro
intestinal ailments apdoducts to help users quit smokifige portfolio ncludes a
weltknown product ira line of gluase energy and sports drinks of which sales
rose 7 % to GBP382 Million in 2009.

PHARMA Supply Chain

The Manufacturing and Supply Chain (MS@smonsilke for PHARMA:-V VXSS O\
chain quality, performance atustomer servicddSC supports the commercial
ambitionsof PHARMA by delivering quality medicines and consumer products to
patients and customers around the world. More than 29,000 people M®& in
acros®HARMAIN a network of 77 sites in 33 countries.

The scale of manufacturing RHHARMA is large, with the manufactuiover

four billion packs per year in 28,000 different presentations including tablets,
creams and ointments, inhalers, injesti@uids and sterile solutions supplied to
more than 15@harkets. As stated in tRBIARMA aanualreport 2009MSCspent

over GBP 3.Billion on production in 2009.

PHARMA's supply chain is complex with over 75,000 suppliers worl@iede

range from major strategic relationships with suppliers that masutative
pharmaceutical ingredie#sPls) intermediates, raw materials and packaging for
PHARMA medicines through to local contracts for goods or services such as office
equipment, cleaning and security. According to the 2008 annuaPk:ABMA
operags a procurement operation that spends over GBiHload annually with
external suppliers. ImportanBBHARMA takes specific steps to protgesupply

chain from disruption, as reviewed below.

PHARMA Risk M anagement

PHARMA is committed to having an effective risk management paccess all
business unitsThis enables management to operate dassd approacto

establishing internal control systems to effectively mitigate or control significant

10¢



risks.PHARMA'srisk maagement approaaan becategorised into two levels

corporate level and business unit level.

Corporate Level

According toPHARMA's Corporate and Social Responsibility Report 2009, an
internal control framework Figurell) integrates ethics and compliance with the
dayto-day management of the group. This framework supports line management in
the identification and mitigation of significant risks, among whigotargial

compliance failures.

The framework includeie Risk Oversight and Compliance Council (ROCC), as
well as sector and other business unit risk management and compliand@ééoards.
ROCC is chaired byPHARMA - \¢orporate complianceofficer andit indudes
severalkorporateexecutiveteam (CET) members and heads of department with
internal control risk management, assurance,andditompliance responsibilities.
The ROCC reports to theeidit committee of the?HARMA Board and the CEO,

and will also port to the CET. The reporting line to telit committee provides

a mechanism for the executive management if irregularities are identified.

PHARMA'sRisk Management and Legal Compliance Policy furtHgrtictaroles
and responsibilities of peopletle company'siternal control framework. CET
members are formally responsible for establishing an appropriate risk management

structure within their business atutidentify and mitigate significant risks.

PHARMA continuas to improve itsrisk managememirocess. The ROCC meets
regularly to review and assess significant risks and mitigation plans, providing
oversight of internal controls to ensure compliance with applicable laws, regulations
and internaPHARMA policies.

"(DFK EXVLQH YV \igKifiganirisRsXal Mastuddcé laby&ar and include
identifying operational risks, legal compliance risks and risks to the achievement of
strategic goals and objectives. This ensures that significant risks connected witt
changes in management dirdoti@xt@ndal environment is identified. Business

units are corporate functions are required to present annually to the ROCC and
Audit and Risk Committee detailing risk management and compliance approach,
provide a balanced assessment of thersthumwbistever key risks, and

highlight any significant compliance issues.”

PHARMA Corporate Responsibilities Report (2010)
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Table21 shows lhe most significantsks facinHARMA are listed below based
on the anual CET risk workshop in 2009.

Business Unit Level (Manufacture and Supply Chain Level)

Risk management is an essential componePHARMAS system of internal

control and governance and is regarded as good management practice throughout
its businesPHARMA states a need for a systematic, standardised and effective
approach to risk managemanensure that responsibilities for managikg are

clearly stated, understood and accepted as well as to ensure that the business
objectives are achievethis can alscestablish appropriate mechanisms for

communication, reporting atige escalation of risk.

PHARMA-V EDVLF DSSUR D Figk MaRagéX&sadivesidp Pilocess)
(Figure 12. The risk management process includes risk identification, risk

assessment, risk analysis, risk treatment an@mnisiring.

Significant risks facing PHARMA

. Risk that R&D will not deliver commercially successful products.
. Patent infringement litigation.

. Potential changes in intellectual property laws and regulations.
. Weakness of intellectual propprogection in certain countries.

. Risk of substantial adverse outcome of litigation and government investigatic
. Product liability litigation.

. Antitrust litigation.

. Sales and market regulations.

. Third party competition.

10. Governmeal and payer controls.

11. Regulatory controls.

12. Risk of interruption of product supply.

13. Risk of concentration of sales to wholesalers.

14. Global political and economic conditions.

15. Taxation and treasury.

16. Pandemimfluenza

17.Environmental liabilities.

18. Accounting standards.

19. Failure of third party providers.

20. Protection of electronic information and asserts.

21. Alliances and acquisitions.

22. Attraction and retention.

OIOIN|O|O|B|W|IN|F-

Table 21 Significant Risk Facing PHARMA
Source: PHARMA Corporate Responsibility Report (2009)
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PH ARMA Risk Management & Compliance Framework

i . Corporate Social
Audit Committee PHARMA Board Responsibility Committee
CEO
Business and Function
CET Heads

Risk Oversight and Compliance Council (ROCC)

Business Unit or Functional Risk Management and Compliance Boards

Business and Functional Groups

Potential Risks and Risk-Generating Activities and Functions

Figure 12 PHARMA Risk Management and Compliance Framework
Source: PHARMA corporate responsibility report, 2009

V. Mitigation of
Supply Chain Risks
Governance and

Maintenance and Monitoring

Risks . Risk Identification

Define the Risk Management
Organization for the Risk
Assessment Area

IV. Implementation

of Supply Chain Supply Chain
Risk Management Risk
Strategies

Implementation, Monitoring

and Completion of Risk
Mitigation Plans

Management

Il. Risk Assessment
and Evaluation

Identify, Record and
Prioritize Scored Risks

lll. Risk
Management
Strategies

Design, Confirm and
Approve Risk Mitigation
Plan

Figure 12 PHARMA's Basic Approach to Supply Chain Risk Management
SourcePHARMA
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MSC defines the risk management requirements regarding identifying, accessing,
prioritising, mitigating, monitoring and communicating rdEC and global
functions musincorporate the process steps, de@siod approval points show

in the risk management process mdpigureld).
l. Define the risk management organisation foisk@ssessment area.

The activities and areas in which this risk management process opégiies in
is known as theisk assessmentrea and defined by senior executive

management
Il. Identify, record and prioritise scored risks

The risk identification progges consider past and present events in addition to
potential future events or changes that could occur withiisklaesessment
area. Initially, PHARMA identifies and analyses its supply chain risks by
mapping the supply chain, looking at supplievelaas products and sersice
PHARMA distinguishe between five levels diie probability ofan event
occurringTable22

[I. Design, confirm and approve risk mitigajiam

At this stage, the approved mitigation plan must be included in the risk register
as well as mitigated consequence (score), mitigated likelihood (score), mitigated
index value and escalatidn.risk registeor risk analysithat is used for
identifying, analygy and managing risk contains are showmlite23 The

risk score is calculated by multiplying the impact by the likelihooddt)ixmp

L (likelihood) = R (risk score)

PHARMA categorises overall risk score and recommends response in four
levelgFigureld).

x Ensure mitigatioandcontingency remain valid (scof)1
x Consider further mitigation or contingency (scétg 3

x Increase mitigation or strengthen contingency (sé0g 6
x Increase mitigation and strengthen contirygsnore 1216).
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V. Implement, monitor and complete niskigation plans.

At this stage, aitigation plan owner startghe implementation of the risk
mitigation plan and defines the key milestonethéomeasurement of the
delivery of the plan to be monitored in the risk reglstewever,the risk

owner deermine the appropriate frequency fdine review of the risk

mitigation plan based on the severity of the risk and timing of key milestones.

V. Governance and maintain

There is a defined process for reporting, communicating and escalating risks
includingthe communication atfhe plaris progress for review and approval. At
the end of this stage, the risk register must be maintained and reviewed by the

risk team annually.

Confirm and
approve risk
mitigation plans

Decision
point 1

Decision
point 2

Decision
point 3

Decision
point 4

Key Decision Point 1
Define Risk Assessment Area

Key Decision Point 2
Define Escalation Criteria for

Key Decision Point 3
Agree Risk Management Process

Key Decision Point 4

Output Risk Assessment Area, dvidual risk Owner Identify Risk Team
boundaries, responsibilities and ou ""; E‘;c:fa;: ime"a Output Risk Management Process Output Risk Team Membership
v communications tp Owner Appointed
Identify Record 25 s i s
Y Decision Decision Decision Decision
and Priositize point 5 point 6 point 7 point 8
Scored Risks
Key Decision Point 5 Key Decision Point 6 Key Decision Point 7 «
o : ey Decision Point 8
Identify risks which go into this Determine most maximum Risk Team reviews RIV values for ARt mry ik el kg
process consequence {and associate consistency oo sccalalion
Output Risk register including risk likelihood) of each risk and appoint Output Risk Register containing Output Management alert of
description. unique identifier and risk ownel scored risks for progression to {endiad ek for aecalation
v data added to risk register Output Update of risk register métigation planning 5

Confirm and
Approve Risk
Mitigation Plan

A 4

Decision
point 9

Decision
point 10

Decision
point 11

Decision
point 12

Key Decision Point 9

Decision as to whether a mitigation

plan is required
Output Proposed Risk Mitigation
plan to address root cause

Key Decision Point 10
Determine Mitigation index values
and appoint risk mitigation plan
owner
Output Updated risk register

Key Decision Point 11
Determine d plan needs escalation
to governance forum for approval
Output Approved resources and
timing for plan or action to propase
further mitigation activities

Key Decision Point 12
Approve mitigation plan
Output Updated risk register

Implementation,
monitoring and
completion of risk
mitigation plans

Decision
point 13

Decision
point 14

Decision
point 15

Key Decislon Point 13

Determine fraquency of action plan

review
Output Updated plan

Key Decision Point 14
Rasources outside the risk
assessment area required to
implement
Output Agreed ownership of
actions

Key Decision Point 15
Confirmation that a risk mitigation
plan can be closed
Output Updated risk register

Governance and
Maintenance

Decision
point 16

Decision
point 17

Decision
point 18

Key Decislon Point 16
Define govemance activities
Output Mechanisms for reporting,
communicating and escalating
fisks.

Key Decision Point 17
Communication of plan prograss
for review
Output Documented raview

Key Decislon Point 11
Determine if delays to significant
risk mitigation plans are acceptable
Output Documented approval for
delay or increased resource

Figure 13 Process Map

Source: PHARMA
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Category Product Quality and Compliance  Environment, Health and Safety Business

Patients and customer Injuries or iliness potential Cost
Company and shareholder Environmental impact Supply
Regulators Reputation
Likelihood Score 1-Rare 2 - Unlikely 3-Possibly 4-Likely 5-Almost
certain
Frequency: How often Once in 50 years Every 510 years Every 15years One or more  Significant
might/ does it happen” times per year number of times
per year
Impact Score | 1-Insignificant | 2-Minor | 3 Moderate | 4 Major | 5 Catastrophic |

Table 22 Five by Five Matrix- Likelihood and Impact Scoring
Source: PHARMA

Risk Register

1. A description of risk.

2.A consequence if this event actually occurs.

3. A probability of its occurrence (score).

4. An impac{score)

5. Raw risk score (score).

6. Mitigation plan (how to reduce the probability of an event occurring).
7. Contingency plan (action to be taken to reduce impact should it occur).
8. Mitigated likelihood score (a score of probability after mitjgati

9. Mitigated consequence score (a score of supply chain impact after cont
10. Mitigated index value (new overall risk score).

11. Risk team owner.

12. Escalation.

Table 23 A Range of Content for Risk Register
Source: PHARMA

Before After
5,12
6, 10 8,13 5,12
- =
o
8 8
o o
E 11,40 14,15 E |, aa
7 2,3, 11
1,2,3,4 [11,13
7,8,9,
10, 15
Probability Probability
Increase mitigation and strengthen contingencies Probability of
Occurrence Score Score Local Impact of risk duration Overall supply chain impact
Extremely unlikel 1 1 No supply impact No loss of supply.
Very unlikely 2 2 0-3 months supply disruption Supply constrained 3 months
Might just happen 3 3 3-12 months supply disruption ignifi supply impact 3-12 months.
Greater chance 4 4 12+ months supply disruption Catastrophic supply impact > 12 months

Figure 14 Risk Analysis Matrix Before and After Mitigation and Contingency Plan
Source: PHARMA
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Manufacturing Site Business Contingency Ran

Business continuity plans (BCRt PHARMA are part of a formal planning
process to identify the potential impact of significant unplanned adverse events on
critical business processes and assets forthulateviable strategies and plans to
minimise the impact on business continuity for the aorgation following a

significant business interruption.

BCP focus on developing contingency and recovery plans thasetir@nmpact

of an event, rather than the threats and causes of the event. Th&B@®R15is

a balanced, ongoing, coordinated programme of strategies, plans and procedures
that provide the ability to manage and ensure the ready availability of enterprise
wide critical resources in respongdidaster or unplanned interruptions.

Business Continuity Planning

Continuity Planning
_ IT and
Busi ness Business Other
Unit Unit Savice
Provider

| Annual Reviews [

| Periodic Live Test |

Figure 15 Business Continuity Planning Model
Source: PHARMA

Business Unit must ensure th&8CFs exist for all critical processes.

Continuity Planning a subset of continuity plannithgit ensures that an adequate
recovery strategy is in place to restore minimum essential service and systems in the

event of a significant disruption.

SLA (1) 2 Service Level AgreemeffitA)or contracts should be developed and
agreed between the busiresd the unit that confirms, in measurable terms, the
recovery service that the unit will provide to ensure critical processes remain

uninterrupted in the event of a disaster.
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SLA (2)- must be established to ensure adequate recovery capabilitiexéor servi

that are operated by internal or external service providers.

IT and other services providéra service level agreement or contract developed to
confirm, in measurable terms, the recovery setivatesll be provided to ensure

critical applicatianand services remain uninterrupted in the event of a disaster.

Annual Review$ continuity plans are reviewed annually to ensure they are kept

up-to-date and accurate.

Periodic Live Testing and joint live testipgrformed on continuity plan to ensure

that the plans will work in the event of a disaster.

Logistics Pandemic Business Continuity Ran

The logistics pandemic business continuity plan is based, in part, on the WHO
national preparedness plamldtines the roles and activitie$A&Cand thesypply
chain pandemic management team, which will be formed in the event of an
Influenzapandemic being declared. In addition, it states the responsibilities and
describes the methods and sequence for performintpflienza pandemic

logistics process.

This process document forms a central part of the dM&@Hhctivities as olited

in the formalMSC peparednesglan. It aims to ensure that, in the event of a
pandemic, medically critical products fRIHARMA will continue to be supplied,
defined businescritical products will continue to be supplied, the number and
duration of stoclouts and the impact on sales will be minimised and manufacturing
site BCPs are aligned to this process plaraddition, its aim is to mitigate the
negative effects of thmandemic and maintain business operation as efficiently as

possible.
4.3 Background of the HIN1 2009 fluenza Pandemic

History of the Influenza Pandemic

It is generally agreed that three pandemidsflabnzaoccurred in the 20th
century: in 1918, 1957 arb&. The latter two pandemics together are thought to

have caused between one million and four million deaths. They were in the era of
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modern virology and as such have been the most thoroughly studied. All three have
been informally identified by their qarened sites of origin as Spanish, Asian and
Hong Kong Influenza respectively. They are now known to represent three
different antigenic subtypes of thfluenzaA virus: HIN1, H2N2, and H3N2,
respectively.

The 'Spanish flu' outbreak in 1918 is thoughave infected up to ott@rd of the

world's population and caused 20 to 50 million deaths from 1918 to 1919. It
occurred in three waves, beginning with a first spring wave in 1918 that was mild, a
severe second wave quickly followed by a milder thiedimvaarly 1919. This
pandemic is estimated to have had an overall case fatality rate of approximately 2%
of infected persons.

Not classified as true pandemics are three notable epidemics: (1) a 'Pseudo
pandemic' in 1947 with low death rates, (2) anngpide 1977 that was a
pandemic in children and (3) an abortive epidemic of swine flu in 1976 that was
feared to have pandemic potential. Maftuenzaepidemics show no predictable

periodicity and all differ from one another in impact.

Current theory ggests that the basic genetic structure that varies according to
origin (e.g. strains of aviary or porcine origin) will evolve through mutation and
genetic reassortment in mild forms (antigenic 'drift") or significant forms (antigenic
'shift’). The lattewas presumed to typically be followed by a pandemic, because the
population at large was effectively not immunised as they might have been from

previous mild transmissions of simikfluenzastrains.

Hi story of the Avian Hu

InfluenzaA virus subtype H5N1, or simply H5N1, is a subtype dhtluenzaA

virus that can cause illness in humans and many other animal species. In birds this
virus can cause a wide spectrum of manifestations, ranging from mild illness to
rapidly fatal diseas&vianinfluenzaA virus strains are classified as low pathogenic
(associated with mild disease) and highly pathogenic (HPAI; associated with severe
illness and high mortality). A badapted strain of H5N1, called HPAI A, was
cause of H5N1 flu, commonly known as awnéoenzeor bird flu.
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AvianInfluenzaA (H5N1) first came to attention worldwide in 1997, following a
massive outbreak in poultry flocks in Hong Kong. Another brief outbreak occurred
in February 2003 in Asia, Africa, the Pacific, Europe and the Nedunriisest
persorto-person transmission kept this bird flu strain from causing a pandemic,

although experts continued to closely monitor bird flu cases.

AvianInfluenzaviruses do not usually infect humans; however, several instances of
human infections armmltbreaks of aviamfluenzahave been reported since 1997.

In 2003, InfluenzaA (H7N7) infections occurred among persons who handled
affected poultry and their families in the Netherlands during an outbreak of avian
flu among poultry. More than 80 casésH@N7 illness were reported with
symptoms ranging from eye infections (conjunctivitis) to severe respiratory disease
(pneumonia). One patient, a veterinarian who had visited an H-éfféctied

farm, subsequently died.

Although there was evidence of tlai persorio-person spread of infection,
sustained human-human transmission did not occur in the previous outbreaks of
avianiInfluenza It is believed that most cases of aWdiuenzainfection in

humans resulted from contact with infected poulttgraminated surfaces.

According to the UN Food and Agriculture Organization (FAO) Anfluenza

Disease Emergency Situation Update in 2008, H5N1 pathogenicity was continuing
to gradually rise in endemic areas but the lafliz@nzadisease situatiom farmed

birds was being held in check by vaccination. Eleven outbreaks of HSN1 were
reported worldwide in June 2008 in five countries (China, Egypt, Indonesia,
Pakistan and Vietnam) compared with 65 outbreaks in June 2006 and 55 in June
2007. The "glob&lPAl situation can be said to have improved markedly in the
first half of 2008 but cases of HPAI are still underestimated and underreported in

many countries because of limitations in country disease surveillande' systems

On December 21 2009, the WHOnhfiomed 447 human cases, which resulted in
263 deaths.

3 Food and Ariculture Organisation (2010)
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Severe acute respiratory syndrome (SARS) was first reported in Asia in February
2003, causing severe respiratory illnesses in 8,098 people worldwide. Before the
SARS outbreak was contained in July, 2008 people died. However, avian

Influenzaand SARS are entirely different disease entities caused by completely

different viruses, although some of the symptoms are the same.

The 2009 H1N1nfluenza Pandemic

In April 2009, a novéhfluenzavirus strairbegan to spread around the world. The
WHO referred to the virus &sfluenzaA (H1N1), whereas the CDC and other
Administration officials referred to it as 2009 H1N1 flu. Public reports referred to
the virus as 'swine flu', which reflected the dominaetigenakeup of the
unknown disease. Throughout this report, this event will be referred to as the
f+ 1 SDQGHPLF:- LV D KLJKO\ FRQWDJL Ra&Xisedlbff XWH UH\
one of several swihefluenzaA viruses. Morbidity tends to be high aruttatity

low (1%49%). The virus is spread among pigs by aerosols, direct and indirect contact,
and asymptomatic carrier pigs (e.g. animals that do not appear to be infected).
Outbreaks in pigs occur year round, with an increased incidence in the autumn and
winter in temperate zones. Many countries routinely vaccinate swine populations

against swin@fluenza

The WHO formally investigated and explained how the disease emerged: pigs can
be infected by avidhird), human, and swine (digfjluenza(flu) virugs. When flu

viruses from different species infect pigs simultaneously, the viruses can reassort
(swap genes) and new viruses that are a mix of swine, human or avian flu viruses
can emerge. This type of reassortment has already happened in pigs; avian and
human genes have been circulating among swine in the United States since 1998.
This type of reassortment can also occur inahsmThe currently circulating
InfluenzaA (H1N1) virus is such a reassortment, composed of genes of swine,
avian and human origifihis particular combination had not been seen in humans

or in swine. The origin of this reassortment, and when and where it happened, is
not known. This virus is now being transmitted from human to human in a

sustained manner.

Swinelnfluenzaviruses @& most commonly of the HIN1 subtype, but other
subtypes are also circulating in pigs (e.g., HIN2, H3N1, H3N2jarPajsocbe
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infected with aviamfluenzaviruses and human seasdntiienzaviruses as well
as swindnfluenzaviruses. The H3N2 swinerug was thought to have been
originally introduced into pigs by humans. Pigs can be infected with more than one

virus type at a time, which can allow the genes from these viruses to mix.

According to the US Centres for Disease Control and Prevention {Q®fi)t
largescale outbreak was registered in Mexico in late March 2009, resulting in an
effective shutdown of Mexico City. Although the illness caused was typically mild
and similar to common seasonal flu, patients with underlying health issaes were
risk and the global spread during June triggered a major response by governments

and pharmaceutical companies.

Although many illnesses are successfully and predictably treated by modern
medicines, rapidly communicable diseases can overwhelm thepnodessabn

and exhaust the availability of an affordable remedy. Historical and recent examples
are many and severe, of both highly contagious diseases such as the bubonic plague
or tuberculosis as well as the broader category of infectious diseaseBlISuch a

This study examines the response of a major pharmaceutical in thehace of
global outbreak of H1N1nfluenzavirus, where the eventual outcome was
unknown at the time that major investments in and strategic decisions about its

supply chain had tee made.

In June 2009, H1N1 reached pandemic levels. The WHO declared a pandemic on
11 June 2009, which was the first flu pandemic in 40 years. On the day of the
announcement, 74 countries and territories had reported laboratory confirmed
infections. Offtial reports stated that there had been nearly 30,000 cases globally

and 141 deaths, with figures rising daily.

As of June 22 2009, the WHO confirmed more than 50,000 human cases of HIN1
in more than 80 countries and territories, including 231 deathis @iglt is
important to note that more people than officially reported may have contracted
HIN1; the number of cases shown in the WHO report reflected only cases
confirmed by laboratory testing and reported to the WHO by foreign health
authorities. By th date, most countries had since confirmed infections from the

new Vvirus.
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The virus strain does not seenbéoas lethal as was H5N1 awidiuenza which
re-emerged in 2005, but it is slightly more lethal than seasonal flu. Although the
virus has beerharacterised as a pandemic, researchers could not initially predict
how virulent the virus would ultimately become. The FAO, the World Organization
for Animal Health (OIE) and the WHO agreed that there was a risk of contracting
the virus from consuming \Wweboked pork or pork products. The WHO asserted
that imposing travel restrictions would minimally affect the spread of the virus, but
would be highly disruptive to the global community. Nevertheless, local authorities
shutdown Mexico City for five daysiamposed wideanging restrictions over

weeks in an attempt to slow the spread of the HIN1 virus.

The globalisation of the pharmaceutical industry has had an impact beyond the core
corporate aim of managing profitability; in an industry where investsteninc
UHVHDUFK DUH KXJH DQG IHZ GUXJV UHDFK YEORFN
aspects such as public policy, public perception, intellectual property rights and
competition can affect efficient supply chain operations for the pharmaceutical
indugry. After the pandemic declaration by the WHO, PHARMA experienced a
sudden increase in demand for its Nicole product, one of just two commonly
available treatments in the market along with a competitors product, referred to

here as Abaco. PHARMA is thdyoocompany licensed to make Nicole; however, it

was increasingly feared during the first stages of the swine flu pandemic that the

higher end of demand estimates for Nicole might not be met.

Therefore, in this study, | look at the role of tim&@BARMA'sresponse to the
2009Influenzapandemic and the impact it had on a range of risk management and
supply chain management policies. As one of the largest global pharmaceutical
development and manufacturing firms, PHARMA has a particularly important role
in aldressing the health challenges posed by viral pandemics. Like other
pharmaceuticals, PHARMA's sourcing and manufacturing strategy is global and
complex, with a broad range of commodity andvalyle products including life

critical medicines. Sellingnmarkets and to governments worldwide, PHARMA is
exposed to demasside fluctuation and influence that make forecasting and stock

allocation a complex process.
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Available Treatments and ¥ccines for 2009 H1N1Influenza

According to the WHO, most people wiave catracted HIN1 have experienced
Influenzalike symptoms, such as a sore throat, cough, runny nose, fever, malaise,
headache and joint/muscle pain, and recovered without antiviral treatment. Drugs
provided to H1N1 patients may reduce the symptomduaation of illnesgust

as they do for seasomafluenza They also may contribute to preventing severe
disease and death. The strain of HIN1 circulating the globe was a new virus, and
only a small number of people with the infection have been tr@atedvith

antiviral drugs.

The strain of HINL1 is treatable with two antiviral drugs, Osolia (brand name Abaco
PDUNHWHG E\ 3+$50%$-V FRPSHWLWRU DQG ;WD]R EUD
PHARMA. The WHO has maintained a global stockpile of approximately five

million adult treatment courses of Abaco, which were donated by manufacturers

and sponsoring governments. This stockpile was initiated after the onset of H5N1

bird flu outbreaks. The WHO had already distributed some of the treatments
through its regionalffices and distributed another three million treatment courses

from its stockpile to developing countries in the first months of the pandemic.

At the beginning of the H1IN1 outbreak, there was no available vaccine against the
current strain of HIN1, althgh the CDC, the WHO and others were working on
developing one. Scientific evidence, although incomplete, suggédtes ttien
available seasomafluenzavaccines would offer no protection against HIN1. The
WHO and CDC prepared vaccine candidate siraiseé estimated that once the
strain had been modified, it would take between five and six months to mass
produce a vaccine against HIN1. Once a vaccine had been developed, the WHO
estimated that one to two billion vaccine doses could be produced dfineally.
major pharmaceutical companies have since developed these flu vaccines. One of
these companies announced that it would donate 100 million doses to the WHO
for distribution to poor countries in need. PHARMA also reportedly planned to
donate 50 milliodoses to the WHO.

Nicole Dry Powder Inhaler

Nicole inhalation powder contains the active pharmaceutical ingredient called

Xtazo, which is a type of medicine called a neuraminidase inhibitor. It is used to
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treat and prevent infection with thiefluenzavirus. Nicole is marketed by
PHARMA competes with Abaco which is a product contains the API called Osolia
from ISSA.

PHARMA has adapted two technologies for delivering the Nicole drug. The first
technology uses a dry powder inhaler with the Nicole imigdatvder packed in
blisters on a circular foil disk. From a patient perspective, thdasellformat is
convenient but more expensive to manufacture. The second technology 4is capsule
based, in which the drug is delivered in a single applicatiorsifogna capsule to

be inserted by the patient in the inhaler device.

Nicole can minimise the impact of the virus when taken by the patient within 72
hours of exposure. Nicole is an alternative treatment from Abaco; however, using
an inhaler for treatmerst less convenient compared with Abaco, which is taken in
tablet form. Nicole is also understood to be more expensive to manufacture than
Abaco.

Most countries have built stockpiles of antiviral medication consisting of
approximately 80% of Abaco and 20% of Nicole. Both products have advantages

and disadvantages.

According to the WHO, Abaco was working against the strains of the new H1IN1

flu but ®me health experts expressed concerns that it might be less effective than
Nicole was, since there had been widespread reports in the past year of resistance to
Abaco by seasonal flu. The swinBuenzaA (H1N1) viruses that had been
detected in humans ithe US and Mexico in 2009 were also resistant to

Amantadine and Rimantadine.

Clinical tests had confirmed that 2009 HIN1 pandemic virus were sensitive to
inhibitors of neuraminidase such as Abaco and Nicole. As said by CDC, Nicole was
the preferred mediton for # circulating subtypes of th&#luenzavirus at that

time. As a result Nicole has typically been used to diversify and add to government

stockpiles of Osolia (Abaco).

Following the outbreak, PHARMA contacted governments around the world to
agertain demand for Nicole and put in place a series of measures to raise

production levels. PHARMA expected to be able to increase its annual production
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capacity of Nicole to 190 million treatment courses by the end of 2009. This new
capacity is three tnre PRUH WKDQ 3+$50%:-V SUHYLRXV PD[LPX
million treatment courses.

Figure 18 Number of Laboratory Confirmed Cases as of 22 June 2009
Source: World Health Organisation (2009)

4.4 Companies and Partiesnvolved

A range ofnational and international agencies are involved the response to a

possible pandemic.

World Health Organisation (WHO)

The World Health Organisation is the directing and coordinating authority for
health within the United Nations system. It is resporisitygoviding leadership

on global health matters, shaping the health research agenda, setting norms and
standards, articulating evidebased policy options, providing technical support to
countries and monitoring and assessing health trends. The rte@dofud/HO is

located in Geneva, Switzerland.

121



WHO Pandemic Phases

The phases of pandemic aléiggrel?) are defined and managed by the World
Health Organisatiomhey were first developed in 1999. It is applicable globally and
provides a framework to aid countries in pandemic preparedness and response
planning. The use of a -plkased approach has been developed to facilitate

incorporation of new recommendatiore existing national plans.

To facilitate planning at national and global levels, Phases 1 to 3 correlate with
preparedness, including capacity development and response planning activities;
Phases 4 to 6 clearly signal the need for response andméifedts and have

been grouped to include common action points.

In addition, the time after the first pandemic wave has been elaborated into post
peak and post pandemic periods. When making a change to the global phase, WHO
considers all available imh@tion to assess if the criteria for a new phase have been
met.

In May 2009, there was vigorous debate about wheth@rsittild maintain its
pandemicinfluenzaphase system, which reflects the spread of the virus and
transmission patterns rather than skeeerity. Some argued that WHO should
develop an alert system that is based on severity. Supporters of this idea asserted
that the public might not understand that widespread death may not occur at the
highest pandemic phase level. Critics of the systeilnsgjng some European
leaders, warned that if WHO raised the pandemic threat level to Phase 6, panic
might ensue and considerable economic and social disruptions may occur. Other
health experts maintained that cases of sustained-fodmiaman transmissi of

H1N1 at that time in Japan justified raising the pandemic threat level to Phase 6.

On 11 June 2009, WHO raised the 2009 pandemic phase level from Phase 5 to
Phase 6. When announcing her decision, WHO Director General Margaret Chan
underscored thahé¢ shift did not reflect a change in sevékityO also released a
pandemicinfluenza preparedness and response guide that was updated and
UHSODFHG LWV JXLGH $PRQJ RWKHU-pRras® QIHV
structure, but regrouped and redefinthe phases to more accurately reflect
pandemic risk and the epidemiological situation based upon observable
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phenomerfap 7KH XSGDWH DOVR RXWOLQHG VWHSV JRYHU
and prearing for an epidemicgble24).

PANDEMIC IN FLUENZA PHASES
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TIME
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animd human to human recurrent activity &
infections, few human infection ewens seasond
humen transmission levels
infections

Figure 17 WHO Pandemic Influenza Phases

Source: WHO pandemic preparedness and response plan (2009)

By their naturenfluenzaviruses circulate continuously among animals, especially
birds. Even though such viruses might theoretically develop into pandemic viruses,
by definition, in Phase one no viruses circulating among animals have been reported

to cause infections in humans.

Phase two, an animbdfluenzavirus circulating among domesticated or wild
animals is known to have caused infection in humans, and is therefore considered a

potential pandemic threat.

Phase ttee, an animal or humanimalinfluenzareassortant virus hasaused
sporadic cases or small clusters of disease in people, but has not resulted in human
to-human transmission sufficient to sustain comralengy outbreaks. Limited
humanto-human transmission may occur under some circumstances, for example,
when tlere is close contact between an infected person and an unprotected

caregiver. However, limited transmission under such restricted circumstances does

4 SalaanBlyther, T. (2009)
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not indicate that the virus has gained the level of transmissibility among humans

necessary to cause a |gamd.

Phase four is characterised by verified htodauiman transmissioof an animal

or humaranimal Influenza UHDVVRUWDQW YLUXV DH®dH WR FDX
RXWEUHDNVY p 7KH DELOLW\ WR FDXVH VXVWDLQHG GL
significah upwards shift in the risk for a pandemic. Any country that suspects or

has verified such an event is asked to urgently consult with WHO so that the
situation can be jointly assessed and a decision made by the affected country if
implementation of a rapghndemic containment operation is warranted. Phase

four indicates a significant increase in risk of a pandemic but does not necessarily

mean that a pandemic is a forgone conclusion.

Phase five is characterised by huimduuman spread of the virus intdestst two

countries in one WHO region. While most countries will not be affected at this
stage, the declaration of Phase 5 is a strong signal that a pandemic is imminent and
that the time to finalise the organisation, communication, and implementation of

the planned mitigation measures is short.

Phase six, the pandemic phase, is characterised by community level outbreaks in at
least one other country in a different WHO region in addition to the criteria defined
in Phase five. Degiation of this phase indicates that a global pandemic is under

way.
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Estimated

probability of

pandemic
Uncertain

Description

No animal Influenza virus
circulatingamong animals
has been reported to cause
infection in humans.

Main Action in Not-Yet
Affected Countries

Main Actions
in Affected
Countries
Producing, implementing, exercising, and
harmonizing national response plans with
national emergency preparedness and
response plans.

Phase 2  Uncertain An animal Influenza virus  Producing, implementing, exercising, and
circulatingamong harmonizing national response plans with
domesticated or wild anima national emergency preparedraawl
is known to have caused  response plans.
infection in humans and is
therefore considered a
specific potential pandemic
treat.

Phase 3  Uncertain An animal or humaanimal  Producing, implementing, exercising, and
Influenza reassortant virus harmonizing national response plans with
has caused sporadic cause national emergency preparedness and
or small clusters of disease response plans.
in people, but has not
resulted in humato-human
transmission sufficient to
sustain communifgvel
outbreaks.

Phase 4  Medium to Humanto-human Rapid Readiness for pandemi

high transmission of an animal ¢ containment response
humanranimal Influenza
reassortant virus letto
sustain communifgvel
outbreaks has been verifiec
Phase5 Highto The same identified virus h Pandemic Readiness for imminent
certain caused sustained communi response: Each response
level outbreaks in two or country to
more countries in one WHC implement
region. actions as called
for in their
national plans.
Phase 6 Pandemic in  In addition to the criteria Pandemic Readiness for imminent
progress defined in Phase 5, the san response: Each response
virus has caused sustained country to
community level dbreaks  implement
in at least one other countn actions as called
in another WHO region. for in their
national plans.

Post Levels of pandemic Evaluation of Readiness for imminent

peak Influenza in most countries response; response

period with adequate surveillance response;
have dropped below peak recovery;
levels. preparation for

possible second
wave.

Possible Levels of pandemic Response Readiness for imminent

new wave Influenza activity in most response
countries with adeqeat
surveillance rising again.

Post Levels of Influenza activity Evaluation of Readiness for imminent

pandemic have returned to the levels response; response

period seen for seasonal Influenze revisionof
in most countries with plans;

adequate surveillance.

Table 24 WHO Pandemic Influenza Phase Descriptions and Actions in Each Phase

Source: WHO pandeniitfluenzapreparedness and response, guidance document (2009)
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During the pospeak period, pandemic disease levels in most countries with
adequate surveillance will have dropped below peak observed levelspéh& post
period signifies that pandemic activity appears to be decreasing; however, it is
uncertain if addonal waves will occur and countries will need to be prepared for a

second wave.

Previous pandemics have been characterised by waves of activity spread over
months. Once the level of disease activity drops, a critical communications task of
WHO will be b balance this information with the possibility of another wave.
SDQGHPLF ZDYHV FDQ EH VHSDUDWHEHEBV HIR QWXYD O Q

may be premature.

In the pos-pandemic periodnfluenzadisease activity will have returned teldev
normally seefor seasondhfluenza It is expected that the pandemimss will

behave as a seasdnfilenzaA virus. At this stage, WHO advises that surveillance

be maintained and pandemic preparedness and response plans are updated

accordingly. An intensive pbad recovery and evaluation may be required.

The Role of National Pandemic Preparedness Plan

The WHO has developed a range of recommendations for responding to the threat
of a pandemic. The strategic actions are designed to reduce likelihood of infection,
enable early warning systems, contain or delay spread at the source of the outbreak,
and redoe mortality, social and economic disruption. The guidelines are revised

periodically and the last update was issued in late 2008.

Many countries have adopted and tailored the recommendations for creating their
national pandemic preparedness plans.e Tyj@sally include measures such as the
stockpiling of antivirals and grandemic vaccines to be used immediately when a
pandemic is declared. Governments also have implemented Advanced Purchase
Agreements (APAs) with local and global pharmaceuticaicdoiring the
vacines specific to the pandenméluenzastrain once they become available.
Additional stockpiles of related medicines and medical supplies have been
implemented, for example for antibiotics and personal protective equipment. Actual

depdoyment of the preparedness plans, however, and varies widely across countries,
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according a recent report by the UN SydtdluenzaCoordinator and World
Bank issued in 2008

Centres for Diseases Control and Prevention (CDC)

The CDC is an agency of thaildd States within the Department of Health and
Human Services. Its focus is on health promotion, prevention and preparedness to
address infectious diseases, injuries, workplace hazards, disabilities and health
threats. The agency works with local, stateinternational governments to
provide a system of health surveillance and monitoring, with personnel stationed
throughout the United States and in more than 25 countries. The CDC maintains
detailed health statistics and has in depth data and experigrecepidemics and
pandemics that affected the US during the last 100 years.

The Food and Drug Administration (FDA)

The FDA is an agency with the Federal Department of Health and Human Services.
The mission of the FDA is to protect public health byiagsthe efficacy, safety

and security of human and veterinary drugs, biological products, medical devices,
also the food supply, cosmetics and materials with radioactive properties. The
agency is the primary regulatory body controlling the manufaotarketjng and
distribution of tobacco products.

The FDA also seeks to improve public health through fostering industry innovation
that can make food and medicines safer, more effective, and more affordable. It
also provides scienbased information the Ipiic on medicines and nutrition to

improve health.

The World Organisation for Animal Health (OIE)

The OIE is an international intergovernmental organisation founded in 1924 with
headquarters in Paris, France. It represents a total of 178 Member Countries and
Territories and acts as the primary intergovernmental organization responsible for

improving amal health.

5 PHARMA (2009), Pandemic Preparedii@sbal Public Policy |8sar) 2009.

123



The Food and Agriculture Organisation of the United Nation (FAO)

The FAO is a specialised agency of the United Nations that leads international
efforts to combat hunger. It provides a forum for developed and developing
countries to formulatand debate policy and negotiate agreements on improving
agriculture, forestrgnd fisheries practices. Aviafluenzaand other infectious

diseases form a significant part of the FAO agenda.

U.S. Agencies for International Development (USAID)

The UnitedStates Agency for International Development (USAID) is the United
States federal government agency primarily responsible for administering civilian
foreign aid. Its history is based on the Marshall Program after World War Il and the
7TUXPDQ $GPL @aiM\WduDpvedraQ - Vhe agency itself was created by
executive order of President John F. Kennedy to implement development assistance
programs in the areas authorized by the Congress in the Foreign Assistance Act of
1961. An independent federal agencyAlD receives overall foreign policy
guidance from the United States Secretary of State and seeks to "extend a helping
hand to those people overseas struggling to make a better life, recover from a
disaster or striving to live in a free and democratitrgdut operates in Sub
Saharan Africa; Asia and the Near East, Latin America and the Caribbean, Europe
and Eurasia.

US Federal Goernment First Response to H1INInfluenza Pandemic

On 1 May 2009the US Agency for International Developm@iSAID)
estalbished the PandeminfluenzaResponse Management Teasomposed of
its Bureaus of Global Health and Democracy, Conflict and Humanitarian

Assistancéto coordinate thelShumanitarian responsetb@ H1IN1 outbreak.

As of 18 May 2009, tHgS had providednore than USD 1®/illion to assist
countries respomty to HIN1 outbreaks. Primarily the CDC and USAID
conducted global responses by US agencies to alttidiigh the UBepartment
of Defence also providesome support to global aithe CDC sent expert®t

Latin America and the Caribbean to help courttrere strengthen laboratory

6 USAID, Available from http://www.usaid.gov/about_usaid/
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capacity and train health expefise USDepartment of Health and Human
Service sent 400,000 treatment courses to Mexico, accounting for less than 1% of
the total American stipile.

Investmentamade bythe US and other stakeld#rs to prepare for a possible
Influenzapandemic and to monitor the spread of other infectious diseases

applied to the most recent global response to HAlNtbughhealth experts have

made considerable gains against the disease, questions remained. Some health
experts were concerned that poorer countries would not have the capacity to
sufficiently monitor and respond to H1IN1. Others warned that HIN1 transmission
might accelerate in winter. Questions remained about whether the adiskhse

change or undergo reassortant, particularly in countries simultaneously contending
with H5N1 bird flu cases (such as Egypt, Vietham and Indoiiésiajeadly

nature of bird flu add be catastrophic when combined with a strain supporting

faster transmission.

As of late June 2009, with the exceptidhefJK and Australia, all human deaths
from HIN1 had occurred in the AmericApproximately87% of all deaths
occurred in Mexico 940) and th&JS (38%).

The Health Protection Agency (HPA)

The HPA plays a leading role in providing an integrated approach to protecting
health in the United Kingdom, in particular against infectious diseases and
preventing harm and reducing impact wheartiganvolving chemicals, poison or

radiation occur.

4.5 Timeline of the Disruption

On 21 April 2009, the CDC reported that two children in Cadifbad recovered
from a uniqudnfluenzastrain, which contained gene segments from swine flu
viruses. The chiten had not been in contact with pigs. Two days later, the CDC

reported five more H1N1 cases, three in California and two in Texas.

On 23 April 2009,hman cases of the new swindrifluenzaA H1N1 virus were
officially confirmed in Mexico and the USfictdls issued orders to close schools
in Mexico City and begin a process of limiting public crowds. The CDC held its

first media briefing on H1N1 swine flu.
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On 24 April 2009, the WHO announced an outbreak of HIN1 virus in Mexico and
WKH 86 O0H|[bhFRidtry KahdinCedl/ that a new strain lofluenzawas
affecting the country, with just over 1,000 suspected cases. The Mexican
government also announced that it was closing schools and cancelling public
gatherings such as sporting events and concéfexico City and surrounding
states until 6 May 2009. For example, football fans were forced to watch televised
games from the Aztec Stadium, which normally houses more than 105,000

spectators.

On 27 April 2009, the WHO raised its alert level to Phasanddunced that

health officials in Canada and Spain had reported human cases with no deaths. The
first twoconfirmed UK cases of pandernmfiuenzawere reported in a couple who

had returned to Scotland from Mexico. In the UK, ministers met for tharfast t

under the chairmanship of the then Secretary of State for Health.

On 29 April 2009, the WHO announced it was raising its alert level from phase 4 to

5. The first case in Englahndd VFKRROFKLOG LQ 'HYRQ ZDV DQQR
school was the firgd be closed. Gordon Brown, the Prime Minister, announced to

the House of Commons that the stockpile of antivirals would be increased from

33.5 million to 50 million (covering 80% of the population).

On 11 June 2009, the WHO Director raised the pandemiteaél from Phase 5

to the highest level 6. This triggered advanced purchase agreements for vaccines,
which were in place between a number of governments and global and local
pharmaceutical firms. Dr. Chan characterised the virus as 'moderately severe',
although she warned the virus could become increasing virulent at anytime. Dr.
Chan emphasised that the shift reflected the spread of the disease rather than a

change in virulence.

As of 22 June 2009, the WHO confirmed more than 50,000 human cases of HIN1
in more than 80 countries and territories, including 231 deaths. On 15 September
2009, FDA approved HIN1 vaccines developed by major pharmaceutical

companies.

On 10 August 2010, WHO declared pandemic to be over and the world had
HQ W H U H GpandémicSHRV. W G

13(



A full timeline of the HIN1 2008fluenzapandemic is shown Trable25.

Date The 2009 HIN1 Pandemic

2005

X

PHARMA Corporate Executive Team (CET) approves global pandemic policyand plans
to address threat ofinfluenza.

20052009

X

PHARMA countries site/ functions develop individual pandemic preparedness plans
addressing local needs and issues.

2006

PHARMA granted license to China to manufacture and sellt{zo (API of Nicole) in
China, Indonesia, Thailand, Vietham and all least developing countries (LDCs)

March 2009

First reports of a novel flu virus in Mexico

28 March 2009

Earliest onset date of swine flu reaching the United States, according to the CDC.

21 April 2009

CDC reported that two children in Califoriia had recovered from a uniquénfluenza
strain, which contained gene segments from swine flu viruses. The children had not
contact with pigs. Two days later, CDC reported five more H1IN1 cases, tari@ California
and two in Texas.

23 April 2009

CDC holds its first media briefing on HLN1 swine flu.

Human cases of new swinelfifluenzaA H1N1 virus were officially confirmed in Mexico an
the United States. Officials issue orders to close scht@liao City, beginning a process of
limiting public crowds. Three major soccer games around Mexico City close stadium gat
fans the weekend of -26 April 2009, with games broadcast on television. Stadium closure
continue through-3 May 2009.

24 April 2009

* This study
defined this point
RlI WLPH D
HYHQW- LQ

The World Health Organisation (WHO) announced an outbreak of HIN1 virus in Mexico
and the USA.

PHARMA acknowledged swine flu cases that occurred in Mexico.

OH[LFR -V MinisBy@woknced that a new strainlnfluenzawas affecting the country, wi
just over 1,000 suspected cases. The Mexican government also announced that it was ¢
schools and cancelling public gatherings such as sporting events and corxiea<ity\ad
surrounding states through 6 May 2009, which was subsequently to all schools througho
country.

25 April 2009

Director of WHO -'U ODUJDUHW &KDQ FDOOV WKH IOX SURE
LQWHUQDWLRQDO FRQFHUQu

3+$50% VHWPHIIJHQF\ 6XSSO\ &KDLQ 30DQQLQJ 1LFROQ
with objective to ensure the supply chain is operating at maximum capacity.

26 April 2009

Health authorities step up vigilance measures around the world.

PHARMA, Value Stream Leader appointed bfresident of Manufacture and Supply
Chain (MSC) to be a head of Manufacturing and Supply Lead in responding to 2009 H1
outbreak.

27 April 2009

The WHO level to 4 having confirmed humarto-human transmission able to cause
‘community -level outbreaks'. 'Phase 4 indicates a significant increase in risk of a pander|
does not necessarily mean that a pandemic is a forgone conclusion," says the organizat
PHARMA created Pandemic Management Organisation Chart

3+$50% LQFUHDVHG IUHTXHO@FXRILYWKAHDDDBOHHWLQJ -
governance and guidance, now daily

3+$50% VHWXS T&ULVLY ODQDIJHPHQW 7HDP OHHWLQJ-
together to gain overview of pandemic.

3+$50$%$ LQFUHDVHG IUHTXHQF\ RI WKH T&RUSRRZWIHD
Canada reports six cases of swine flu and Spain reports one. In the United States 40 pe
flu confirmed. In Mexico 26 cases are confirmed, with 7 deaths resulting. Estimates for t
number of deaths hover around 80.

First threecases are confirmed in Europe.

In UK, the first twoconfirmed UK cases of pandedmftuenzavere reported in a couple that
KDG UHWXUQHG WR 6FRWODQG IURP OH[LFR O0OLQLVW
Contingencies Committee (CCC), under thermhnship of the then Secretary of State for
Health.

At that stage the information emerging from Mexico was worrying: there had been a tota
deaths from 878 reported cases (of which only 18 deaths were as yet confirmed to be H
UK Foreign &Commonwealth Office (FCO) advised against all but essential travel to Me:

28 April 2009

X X X X

PHARMA Pandemic Rationing Team was set up.

PHARMA distribute antiviral medicines to Mexico.

The first cases in the Middle East.

Seven countries are now reportiages of HIN1 swine flu: the United States, Mexico, Cand
New Zealand, the United Kingdom, Israel and Spain.

29 April 2009

7KH :+2 UDLVH SDQGHPLF OHYHU DOHUW WR 3KDVH
LPPLQHQWu

First swindlu death outside Mexiceported as a baby dies in Texas. The WHO confirmed
more cases in Canada; bring the total number to 13 cases.

Gordon Brown, the Prime Minister of United Kingdom announced to the House of Comn
that the stockpile of antivirals would be increfaged33.5 million to 50 million (covering 80%
of the UK populations).

The first case in England was announced7 KH FKLOG:V VFKRRO LQ 'HY
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Date The 2009 H1IN1 Pandemic

to be closed.

30 April 2009

CEO of PHARMA gave the first speech to employees about H1NOutbreak.

PHARMA start to ramp up Nicole production. ":H DOUHDG\ UHVWDUWHG
DQG LW ZLOO JURZ HYHU\ ZHHN RYHU WKH QH[W IHZ
:+2 DGRSWYV WfkiehzeH FP1” p DIWHU YHWHULQDU\ H[BHU
not occurring among pigs.

There had been 91 confirmed cases in the USA, with one confirmed death, while in Mex|
were 730 suspected cases, 26 confirmed cases and 7 deaths. At this point the virus app
mild and selfimiting outside Meg®; the outbreak seemed likely to be less severe overall th
191819 pandemic, although it had the potential to be worse than the pandemics of 1958
1968.

In UK, ministers decided that there was no need, at that point, to advise the public again
attending mass gatherings, to restrict domestic transport or to recommend mass closure
schools. Individual schools would take decisions in consultation with the Health Protectig
Agency (HPA) and the health protection services in devolved counpiesalB to extend the
sickness certification period to 14 days during a pandemic in order to reduce the strain o
were agreed in principle, but it was decided that there was no need to implement them a
current time.

The HIN1 information campaigras rolled out on television, radio and in print media, with
booklet in preparation for household delivery. The Swine Flu Information Line was put in
operation in United Kingdom.

Austria, Switzerland and the Netherlands join the countries with abiecfisas. The agency al
announces it would refer to thieus not as swine flu butlafluenzaA (HIN1).

1 May 2009

The European regulators approved PHARMA antiviral facemask that the company had
developed over the last two years.

As of this morning, 33cases of HIN1 have been reported in 11 countries. According to t
worst outbreaks are still in Mexico (156 cases and nine deaths) and the Unite(l S®atases
and one death).

Started to conduct semitructured faceto-face interviews with senior spply chain
managers and executives.

2 May 2009

The virus makes its appearance in Asia.
China (Hong Kong special administrative region), Costa Rica, Denmark, France, and the
of Korea join the list. Total cases reported to the WHO are now atl65&iumtries.
Canadian authorities announce that HIN1 has been detected in a swineherd in Alberta.
likely caught the virus from a Canadian who had recently visited Mexico, making this the
known case of humdo-animal transmission.

3 May P09

Ireland and Italy each report one case. 898 cases are now reported.

4 May 2009

Colombia joins the club. There are now 985 cases in 20 countries. Mexico is up to 25 de
officials there say the disease seems to be on the decline.

5 May 2009

Mexico's H1IN1 shutdown should begin to ease, with restaurants and cafes set to reoper

The latest say the virus has now spread to 21 countries. Mexico has reported 590 cases

deaths while the United States has reported 286 cases and one death.

Howeve, the Texas Department of State Health Services has confirmed a second perso

in the United States. The DSHS says a woman with "chronic underlying health
conditions" died earlier this week.

The following countries have reported cases but fsdAastria, Canada, China (Hong Kon

Special Administrative Region), Costa Rica, Colombia, Denmark, El Salvador, France, G

Ireland, Israel, Italy, Netherlands, New Zealand, Portugal, Republic of Korea, Spain, Swi

and the United Kingdom.

MSCPandemic Organisation Chart was created in order to explain which product line sh

covered during the outbreak of HIN1.

6 May 2009

WHO swine flu cases in Sweden and Guatemala.

7 May 2009

Worldwideconfirmed cases are reported to be 2,371.

8 May2009

Brazil reports four cases, bringing the number of affected countries to 25. Deaths now s{
worldwide, with 2,500 confirmed cases. Most newly reported cases in new areas, the WH
come from travellers returning from affected areas.

The MC reports that hospitalization rates in the US are coming down, to 3.5%, as testin
expands to include milder cases.

The Harvard School of Public Health releases a poll in which 83% of Americans polled g
are satisfied with the waypublic healtcief§ have managed the outbreak. Still, 48% of parg
with children in school think they or a family member will come down with HIN1 in the ng

11 May 2009

The WHO has swine flu deaths in Canada and Costa Rica, bringing the total numbeesf
where fatalities have occurred to four.

Mexico has reported 48 deaths and the United States three. Worldwide, 30 countries ha
reported 4694 cases.

A modelling study in Science suggests that the virus spreadscatrgpeatile to that of
previoudnfluenzapandemics.

12 May 2009

The CDC that it is seeing some severe complications in cases of HIN1 in pregnant worr|
including one death in the US.

13 May 2009

As of this morning, 33 countries have reported 5,728 cases of HIN1 to the WHO.

18 May 2009

The day it that 8,829 H1N1 cases have been reported in 40 countries, the WHO has cau
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Date The 2009 H1IN1 Pandemic

X

against complacency.

7KLV YLUXV PD\ KDYH JLYHQ XV D JUDFH SHULRG EX
ODVW ":+2 GLUHFWRUFDHRMDDDKHWKRHUF WKLYV LV MX\
However, the pandemic alert level is still at five today, one level below a full pandemic.

20 May 2009

WHO says that HIN1 has officially contaminated 10,243 in 41 countries and killed 80 pe
worldwide.

22 May 2009

Australia raises its alert level to 'Contain’, even as the Mexican government relaxes its re
in Mexico City.

27 May 2009

A New England Journal of Medical article, in response to suggestions that the WHO eva
critere for moving to Phase 6 and declaring a pandemic, that "the global extent of a pan
should be described objectively and should be just one factor in decisions about how to

31 May 2009

PHARMA received approval of Nicole Capsule Inhaler

1 June 2009

The FDA has approved PHARMA antiviral facemask for use in the United States.
-XQH RSHQV ZLWK FDVHV UHSRUWHG LQ FRXQ
Estonia. The death toll in Mexico stands at 97.

In the US there are orveabeen cases in all 50 states, including 17 deaths, according to th
CDC.Medlmmune, a biotechnology firm in Gaithersburg, Maryland,W8s98 million
contract from the federal government to begin developing a live attenuated vaccine for H

2 June€009

The WHO says it is closer to moving its pandemic alert status to Phase 6, which would
denote official global pandemic status.

3 June 2009

H1N1 has reached Africa. The WHO has a case in Egypt. Cases in Australia stand at 5Q
largest number outsi@f the Americas.

A report Euro surveillance estimates a reproduction number for thethewserage number
secondary cases generated by a single primatpfcas®in Japan, higher than estimates fro
elsewhere.

7KH &'&-V 0RUE L G hWeekly)ReporRsugyestOthalthe outbreak in Mexico ma
peaked in the late April.

8 June 2009

The WHO adds a death in the Dominican Republic to its list, bringing the number of cou
that have reported deaths to six.

9 June 2009

The WHO reports that Inuit communities in Canada mpgrtieularly hardit. It continues to
face questions as to why alfidlwn pandemic has not been declared.

11 June 2009

Pandemiés declared! WHO DirectérGeneral Margaret Chan raised the pandemic alert le
from Phrase 5 to Phase 6, which is the highektTée world is a fdflown Influenzapandemic
for the first time in 41 years. This triggered the adpand®ase agreemts for vaccine. Dr.
&KDQ FKDUDFWHULVHG WKH YLUXV DV fPRGHUDWHO\
increasing virulent at anytime. Dr. Chan emphasised that the shift reflected the spread o
disease but not signal a change in virulence.

14 June 2009

The first swine flu death in Europe has been reported. A woman in Scotland who died wi
had "underlying health conditions", according to the Scottish government. This is the firs
outside the American continent.

19 June 2009

South Africa confirms its first case of swine @fficially marking the disease's spread into s
Saharan Africa.

22 June 2009

Chinese state news source Xinhua reports tests have begun on the first HIN1 vaccine d
in the country.

24 June 2009

Argentinian authorities report that a pig at a pig farm in Buenos Aires province has teste
for the novel HIN1 strain, making it only the second known swine infection outside of Cg

29 June 2009

Denmark reports the first case of resistanddaoo, considered to be the most effective
treatment for the flu by the WHO. The virus continues to spread throughout the world wit
11,000 new cases in three days.

2 July 2009

-DSDQ:V KHDOWK PLQLVWU\ UHSRUWYV WstamWINIW WRR
7KH 8. PRYHV LWV VZLQH IOX UHVSRQVH IURP TFRQW
VKRXOG EH RQ WUHDWLQJ WKH LQFUHDVLQJ QXPEHU
Burnham.

8 July 2009

WHO says the three incidences ofgdasistant HIN1 to date are "sporadic cases" of resis
"At this time, there is no evidence to indicate the development of widespread antiviral re
among pandemic HIN1 viruses."

16 July 2009

WHO changes reporting requirements for HIN1 andlabanssuing global tables with numb
of confirmed cases for all countries.
It notes that the increasing number of cases "is making it extremely difficult, if not impos
countries to try and confirm them through laboratory testing".

17 July 20D

7KH :+2 VD\V WKDW WKH VZLQH IOX SDQGHPLF LV PR
speed.

22 July 2009

PHARMA distributed antiviral medicines to all UK employees.

PHARMA confirmed that it had contracts in place to supply 195 million doses of its
pandemic (H1IN1) 2009 adjuvantethfluenza vaccine and had a variety of agreements in
place with the US Government to supply pandemic products worthSD 250 million. Since
that date, nine government contracts have been signed for a further 96 millidrtiimses
vaccine. 7KLV QRZ EULQJV WKH WRWDO QXPEHU RI GRVH
291 million.

Two Australian companies say they have started human trials of their swine flu vaccines

28 July 2009

The death of a 2gearold universit student in South Africa marks the first death kbabbaran
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Date The 2009 H1IN1 Pandemic

Africa. Confirmation of HIN1 as the cause comes 3 August.

29 July 2009 x Researchers from the US Centers for Disease Control and Prevention warn that pregna
"might be at increased rfsk complications from pandemic HIN1"

31 July 2009 x PHARMA had executive after action review meeting

3 August 2009 x India confirms first death from H1N1, the victim beingyea4 old girl in the city of Pune.

14 August 2009 x PHARMA commenced the clinicd development programme for its adjuvanted pandemic
vaccines.

21 August 2009 X Healthy victims of swine flu should not routinely be given antiviral drugs, the World Healt
Organization.

X The total UK death is 60.

10 September x Two papers published in tNew England Journal of Mebiminevo new vaccines against H1)

2009 are likely to be effective after just one dose.

x "The obvious advantage of a-olese schedule is that, in the current time of vaccine scarci
doubles the maber of people who may be vaccinated with a fixed amount of vaccine," wr
Kathleen Neuzil, of PATH, in an accompanying editorial. "On the basis of these data, it
appropriate to begin vaccination with the use of one dose of the usual arggeh con

15 September200| x FDA approves four HIN1 vaccines, from major pharmaceutical companies.

25 September x European Committee for Medicinal Production for Human Use (CHMP) has issued a

2009 SRVLWLYH RSLQLRQ DQG UHFRPPHQGYV DpasenitYDO RI
adjuvanted vaccine.

ggosgeptember x Australia begins mass H1N1 vaccinations.

1 October 2009 X The four health ministers in the United Kingdom heard that the PHARMA vaccine had
been licensed for those over six months and for pregnant women. Ministers agreed to
double existing ECMO capacity in line with broader policy on critical care capacity.

8 October 2009 X The JCVI reconfirmed its previous advice of 7 August concerning the priority groups for
vaccination. Once all those in the priority groups had been offered vaccination, it should
offered to the healthy population. The JCVI advised thalergase of (the PHARMA H1N1
adjuvant vaccine) should generally be sufficient for those aged 10 and above, although t
would be required for the immunocompromised and those below 10 years would require
GRVHV RI YDFFLQH :Iska@dihe3 +ehGid tWo ddsésDaDtreatment in all gr

18 October 2009 | x This week Mongolia, Rwanda, and Sao Tome and Principe issue first reports of HIN1 a
Iceland, Sudan, and Trinidad and Tobago reported their first deaths.

21 October 2009 | x In UK, vaccination program begins: friné healthcare workers and their patients who fall i
atrisk categories.

25 October 2009 | x This week: vaccinations get underway in many European countries.

29 October 2009 | x The total UK deaths are 137.

30 October 2009 | x Strategic Advisory Group of Experts (SAGE) on Immunization issues vaccination advice
WHO, including use of a single dose of vaccine in adults and adolescents and use of ar
vaccine for pregnant women.

X 27 October 2009: Russian media refloetsountry's first HIN1 deaths.

x PHARMA distributed the first vaccine to their employees; PHARMA biological and MSC
staffs only.

1 November 2009 x WHO reports that more than 199 countries and overseas territories have laboratory conf|
cases of HIN1,ith over 6,000ecorded deaths.

10 November X 86 )'$ DSSURYHG 3+%50%-V SDQGHPLF + 1 DGMXYDQW

2009 x PHARMA announced to donate 50 million dosesfaits adjuvanted pandemic HIN1
Influenza to WHO for distributing to developing countries.

19 November x China says it has dispatched monitoring teams to 12 regions after a high profile doctor s

2009 some cases of HIN1 might be being deliberately not reported.

x After around 65 million people have been vaccinated, the WHO says H1N1 vaccines apy
have an "excellent safety profile". None of the deaths investigated in those vaccinated h
a direct link to vaccination.

23 November x PHARMA H1N1 vaccines have been distributed to countries globally for use in

2009 governmentinitiated vaccine progammed.

8 December 09 X A review in the BMJ warns that there is insufficient evidence for or against using neuram
inhibitors (Ncole and Abaco) for preventimfluenzacomplications. An accompanying editori
says, "The review and a linked investigation undertaken jointly by the BMJ and Channel
cast doubt not only on the effectiveness and safety of Osolia (API of Abaco) but on the ¢
which drugs are evaled, regulated, and promoted.”

27 December200§ x The WHO says over than 208 countries, territories and communities have reported H1IN
including "at least" 12,220 deaths.

2 January 2010 x China's ministry of health confirms there have been 659 demthtlN1 in the country as of
January. A spokesman warns of "the danger of an explosion of outbreaks in some place

14 January 2010 | x The four health ministers agreed to suspend deliveries of the PHARMA H1N1 adjuvante
vaccine from 16 January and to estinto negotiations with the supplier over terminating
the contract.A variety of options were considered for managing the pandemic flu vaccing
stockpile, including donating or selling vaccines to pharmacies, private companies or oth|
countries.

26 Janary 2010 x The WHO defends itself against allegations it overhyped the dangers of HIN1 under prg

from vaccine manufacturers at a hearing of the Council of Europe's health committee.
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Date The 2009 HIN1 Pandemic

x "Let me st clearly for the record. Thgluenzapandemic policies and responses recomme
and taken by WHO were not improperly influenced by the pharmaceutical industry," says
Fukuda.

18 March 2010 X 342 deaths in England related to HIN1 had been recorded 69 in Scotland, 28 in Wales g

Northern Ireland, giving a UK total of 457.

1 April 2010 X Antiviral medicines were no longer available from national stockpile, and antiviral collecti

in England were closed. The Swine Flu Information Line also closed, and treatment of p

with flu-like symptom returned to business as usual, with people advised to contact their

10 August2010 X 7KH :+2 GHFODUHG SDQGHPLF LV RYHU 7KH-paRiehxG K

SHULRGU

11 April 2011 x PHARMA welcomes key agreement coordinated by th&/HO on a framework to support

global preparedness for a futurtnfluenza pandemic.

Table 25 Timeline of the 2009 H1N1 Pandemic
Source: Adapted from PHARMA report

UK and theH1N1 Influenza pandemic

The virus reached tlK in April 2009.The first cases were confirmed on 27 April
2009 in passengers returning from Mexico. As mentioned above, the government
began closing schools after the first case of gerpenson transmission within

the UK was announced on 1 May 200 first death attributed to HIN1 in the

UK occurred in Scotlar{teported on 14 June 20,09

The UK had been preparing tafluenzapandemic for som@me The possibility
of the emergence of an avian virus such as M&Naf particular concern and

provided areason for the UK government to stockpile antiviral medicine.

The arrangements the 8.V FXUUHQW FHQWUDO JRYHUQPHQW F
been in place since 2002 and lheen tested in various crises and exercises. The
prepandemic planning, settom Pandemic Flu: A National Framework for
Responding to amfluenzaPandemicensurd that many decisions had already

been made in principle prior to the pandemic and that key personnel had the
opportunity to work together. The Department of Healthtee@abinetOffice

jointly published this plan in November 280d@ itformed the basis for the 2009

pandemic response.

On 29 April 200%the Prime Minister announced to the House of Commons that
the stockpile of antivirals would be increased fromn3dién to 50 million

(covering 80% of the population).

After a slow start, the virus spread rapidly in thedwiagJuly 2009, with new
cases peaking at 110,000 in the last week of that month, accdftnigdalth
Protection Agency's modelling estanaut declining sharply in the first week of
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August 2009. Cases fell progressively down to 3,000 in the first week of September
2009,andthen began to rise agalie decline in cases during the summer had
been predicted, but a large surge was expedtedautumn to coincide with the
normal flu seasoiew cases rose to 84,000 for October, well below the summer's
peak andhen declined during November.
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Chapter 4

Findings: PHARMA Response
during the H1IN1 Influenza
Pandemic

This chapter examines the response of a major pharmaceutical in the face of the
global outbreak of H1IN1 Influenza virus, where the eventual outcome was
unknown and major investments and strategic decisions about its supply chain had

to be madeThe challengemced by PHARMA are discussed including financial

DQG SURGXFW SULFLQJ LVVXHV 3+%$50%:V UHVSRQVH
dimension of the 3D tirdeased framework.

The initial coding and categorization is of the PHARMA data is then presented,
from open, axial and selective coding stages of analysis. The process of constant
comparison was employed to confirm preliminary categories. The goal was first to
compare selected data to each other to gauge similarity and dissimilarity, and to then
compare @ditionally to potential categories, assessing whether the data was
consistent or inconsistent with the initial coding structure consisting of

approximately 110 codes.

Theoretical saturation of the core categories and related concepts was done through
new interviews and questions to the original participants. Through a process of
theoretical sorting, memos from the data were related and integrated to the
emerging structure. Theoretical codes, and patterns relating the codes and the

factors of the companysfonse in dealing with disruption, are described.

Finally, the four preliminary core categories and 18 subcategories of response time
aredescribedwhich will be validated with the BP disruptions as is described in the

subsequent chapters.

Table 26 belowillustrates application of Grounded Theory methodology in this
study
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Phase 1
Research desi

Phase 2
Data collection and data

ordering

Phase 3
Data analysis

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Description
Preparation

Case selection

Develop rigorous
data collection
protocol

Entering the field

Data ordering
Analysis data
Open coding
Axial coding
Selective coding

Memoing

This study
Preliminary literature review: TiB&sed Management and Respofsae
Based Risk Management Framework (Sodhi & Tang, 2009).

Output

General researghnoblem 2 What factors underlie
FRPSDQLHV:- WLPH UHVSRQV
disruption?

Selected PHARMA for a study of their response to HIN1 Pandemic. ¢ 1. PHARMA
two disruptions from BP to validate the finding from PHARMA. 2. BP Deepwater Horizon
3. BP Texas City
Data gathering from: sestructured telephone and faodace interviews, Interview guides and inventory of available dat
direct observation, participasitiservation (meeting and conference calls sources.
archival records and documentation from internal (repagnpagon) and
external sources (news, press).

Data gathering through company visit. Interviews with senior supply ¢ Transcripts and data.
managers and executives.

Arraying events and information chronologically to facilitate easier dat Collated data.
analysis.

Developed concepts from PHARMA didiaugh coding. Preliminary core Approximately 110 codes, 18 subcategories an
categories were established. preliminary 4 core categories were established
Relationship between categories and subcategories were developed.

Core categories were integrated to build theoretical framework.

Write-up of ideas about codes and their relationships; anhisisgoing

process from data analysis through completion of the study. Memaos.
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Phase

Phase 3
Data analysis

Phase 4
Literature comparison

and write up

Step 7

Step 8

Step 9

Step 10

Step 11

Step 12

Step 13

Description

Theoretical
Sampling

Constant
comparison

Theoretical
Saturation

Theoretical sorting
memos

Theoretical coding

Integrating the
literature

Validationof theory

Write up of theory

This study Output

Determine where to find additional data to develop the emergent theo Defined scope and saturation of gatees.
interview original participants and complete additional interviews until
new properties or aspects could be identified.

Compare new to previous interviews and compare events to other sot
information for similarities and differences.

Saturation is reach when further data gathering and analyBElABMA  Saturated core categories
added little to the conceptualisation. 1. Preparation

2. Partnership

3. Organisation

4. Reserve

Memos, which have been written since data analysis phase, were sori Four propositions animergent Theory
theoretically and four propositions are derived from the findings.

Compare emergent theory with extant literature (comparisons with
conflicting or similar frameworks)

Validation the emergent theory using two disruptions from BP: Deepw Confirmed core categoriéfactors underlying

Horizon Qil Spill and BP Texas Refinery Explosion. Iteration back to s response time.
for data collection and data analysthézk theoretical fit, relevance,
workability and modifiability.

Writing research report. This document.

Table 26 Application of Grounded TheoryMethodology in This Study
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5.1 The Disruption

Prior to the 20081 fluenzaoutbreak, the World Health Organization evaluated the

growing probability that a major flu pandemic could be approaching. The previous
pardemic occurred in 1968. WHO Director Margaret Chan assessefiutata

pandemic to be a unique type of évent, W LV "LPSRVVLEOH WR DQWL
QH[W SDQGHPLF PLIJKW RFFXU RU KRZ VHYHUH LWV FF
three pandemics peertury have been documented since the 16thcentrury,
occurring at intervals of -60 yeafs' The World Bank estimated that a new flu

pandemic could kill more than 70 million worldwide with \wasst fatalities up to

260 million (Osterholm, 2085)or evey death, many more would suffer from

mild or severe symptoms. The direct and indirect effect on the population could
trigger a major recession of the global economy costing more than USD 3 Trillion.
Lower global domestic productivity would drop by 4&pegra result of lower

tourism, transportation and retail sales as well lower productivity and employee
absenteeistl. In this context, PHARMA's response played a crucial role in
reducing the impact of a possible pandemic.

Pandemics are by nature unprabiet but also unavoidable. Transmission rates
and virulence of thefluenzastrains vary greatly, from the widespread seasonal flu
to the historical Spanish flu in 1918 that killed over 50 million people. Hence
declaration of a pandemic put PHARMA ihalenging situation: not only was its
production of medically and business critical drugs potentially at risk, but the world
would be watching closely how such a mbréding (and profitable) corporation

met the exploding demands for antiviral medicines

Based on PHARMA Corporate Executive Team workshop in R@o@nza

pandemic was thought to be one of the most significant risks facing PHARMA

(Table 2). On its fivey-five risk matrix, PHARMA scored the likelihood of a
SDQGHPLF BDYXPOMNZARO\ WR -KD\HPHIY: BHIQEUWLWPSDFW RI L

five 2 catastropic. PHARMA uses a conservative approach, selecting a higher

7 Margaret Chan, DG WHO address to the Pacific Health Summit, Seattle, Washington, 13 June 2007
8 In-Pharma (2006

9 Osterholm, M.T. (2005)

10Burins et al, (2008)
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matrix input where the best estimate falls into a range overlapping two possibilities.
Multiplying the two inputs on the PHARMA risk scale gave a total score of ten,
which put the recommended pesse at level threé increase mitigation or

strengthen the contingency plans.

The manufacturing and supply BCP leader concurred: the company is not able to
reduce the likelihood of a pandemic and must focus on reducing the impact of the

event through stcontingency plans.

"6R WKH PLWLIJDWLRQ SODQ FDQ-W UHGXFH WKH Il
the supply chain, we can reduce the impact. And we can probably reduce that impac
from a catastrophic event to a moderate event. Thantordungesbyp\lan

we set our supply chains up to be flexible, how we had business continuity plans fo
every other site, .how we issue antivirals to staff. These were all our contingency pla
to reduce that effect from catastrophic. And the wisidenpamaipene at

ZDV D ZD\ RI FRQWUROOLQJ WKDW HYHQW u

Manufacturing and Supply BCP Lead

An Influenzapandemic could trigger risks across of PHARMA internally as well as
externally. Mitigating one risk can end up exacerbating another risk in some
businesarea (Chopra and Sodhi, 2004):

"7TKH SDQGHPLF WULJJHUHG DOO WKRVH ULVNV !
commercially successful grzdumtolved our new product in capsule inhaler

device, weakness of intellectual property protectiuniés wedviEinwas.

challenge in the emerging market, sales and market regulations, regulatory controls
ULVN RI LQWHUUXSWLRQ RI SURGXFW VXSSO\ DQG

Manufacturing and Supply BCP Lead

Given the evolving situation, thest challenge was to understand what factors
drove WHO to declare a pandemic so quickly, or more importantly, what that
meant in actual opportunity, risk and required decision making for swift response.
Swineflu impact on world health was catastrophithe worstase scenarios; at

the same time, early scientificawvhinted at a milder form bifluenza Potential
evolution of the strain during the next flu season, as well as possible resistance to
PHARMAs antiviral treatments, meant vigilanceregsred and supply chain

response had to be managed under considerable uncertainty.

PHARMA had immediate supply challenges as the company had recently stopped
API production and was reducing secondary packaging as the rate of commercial
orders was dropginin the first quarter 2009. Demand rose dramatically after April
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27th as governments reviewed their preparedness plans andoptaested

abnormal demand on the two suppliers of HIN1 antivirals.

":LWK VXGGHQ LQFUHDVHG ®ad EléafyGot BleihP D Q\ FR X
product available. Annual demand typically means 60 million treatment doses, and
PHARMA had only three million devices on hand since we have stopped
production. Within a day, the government asked for an immediate additional 32
MiiRQ DGGLWLRQDO GRVHV ZKLFK ZH ZRXOG QRUPL

Manufacturing Strategy Manager

Allocation of limited stock was as much a political process as comtercial
governments and press can create reputation risk irrespective oficdie eth
commitments PHARMA fulfils.

Expansion of capacity required evaluation of a broad portfolio of techniques:
expanding too soon created investment risk, with millions of Pounds of cost taken
on to prepare for rapid rarup in production. Exanding too k@ meant missing
commercial opportunity but also put liveens of thousands of livéssat risk.
Expanding production too broadly using internal capacity created production risk
on other critical drugs; external expansion through licensing could create

downstream intellectual property and marketing challenges in growth markets.

Underlying these challenging supply circumstances, there are pressures on
compliance and quality standards. PHARMA has eaestadllished quality
management system, high compdisstandards and culture. These standards are
fundamental to the PHARMA culture and maintained throughout the supply chain

expansion.

Apart from production sites, PHARMA faced challenges in terms of assuring
continuity of the internal organization and raeate suppliers. Protection of
employee$ medically and in terms of ability to adapt to changing requirements and
be able to continue to wolwas critical. Clarity of communication and deeision
making was also important, as PHARMA has to respondsiiuaison quickly.

As well as restarting and expanding Nicole supply capability, PHARMA had to look
at other business critical products, e.g. large revenue generating products.
PHARMA must consider its business objectives, along with supporting global
humanitarian response. PHARMA also needed to closely look at assuring

production and distribution of 32 medically critical products. These were defined as
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products that are critical to patient survival that are made uniquely by PHARMA: it
could be fatal if # product was not available and PHARMA must assure that

sufficient stock is locally available.

For example, Hematol is a business critical product: it generates significant revenue
to PHARMA.

"1RW RQO\ GR ZH QHHG WR UHWWi»yevd PD[LPLVH
develop and manufacture the Vaccine but this must be achieved not at the expense
other business critical and medically critical products to protect the lives of millions @
patients who rely on these products and protect thesecgoitygofithacia
FRPSDQ\ p

Manufacturing and Supply BCP Lead
PHARMA culture is risk averse, having built capacity, triple sourcing and resilience
into its Nicole Supply Chain as part of supply chain risk mitigation. The company
also sees itself as exctlie responding to crisis situations in the view of the
Manufacturing and Supply BCP:

"$V ZHOO DV RXU DSSURDFK WR ULVN PDQDJHPH(
situations. This is where our values of empowerment and collaboration come to th
foreandth ZKROH RUJDQLVDWLRQ DOLJQV LWVHOI WR \

Manufacturing and Supply BCP

Financial Challenge

PHARMA invested substantiallyR&D in preparing fomfluenzapandemic and
in this 2009 pandemic, PHARMA publically committed itself to réugheo

governments and international authorities.

These risks and challenges in facing the HifN&nzapresented PHARMA with
a unique opportunity; today PHARMA sees itself better positioned to react far

more quickly in the likely, but unpredictablen @ the next pandemic.

Financial risk in the pharmaceuiiedlistryis significant in terms of both the leng
term investment requireahd thepossible failure to capture revenue or market

share from events such asltiieienzapandemic.
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“7KH F R&$panQ3D 2.5Billionover the last seven years preparing for
this situatioAHARMA has been planning for a pandemianfisehidlfee

years and has spent more thaBilEB# Ensure its factories could crank up
production atdhdy QRWLFH p

CEO of PHARMA

This investment inthe Nicolesupply chain and R&D must be matched by an
appropriate return, which in turn can have an impact on prioritisation and pricing
PHARMA sales are publicly reported with and without pandemic prddubts

first six monthsPHARMASs global revenueeyr by only 1% without this categpry
howevey it wasbhoosted 6%4GBP 14.4Billion)in the AprilRJune quarter between
2009 and 2010. The majorityttos sales increase in Q1 wasause of Nicoknd

the H1NL vaccine.

PHARMA is a commercial orgadion, however,it must also respect perceived

ethical constraints; as a global pharmaceuttiogbny public trust is essentzadd

production decisionarebased on factors in addition to profitabiliyestmen

policy inInfluenzarelated medicines can affect large popula®ngell asmall

numbers of patients needing critical, immediate sarh,as in intravenous
formulations “ We committed significant money and resources into developing an
intravenouslY) dose form, but we'll only sell 5000 doses. We'll save the lives of

5000 people and we won't make any money on it. But if you were desperately in
KRVSLWDO « 6R WKLV ZLOO VDYH SHRSOH IURP G\LQJ

According toa BMJ articlan 2010(340L 238p the CEOof PHARMA denied
accusations that the company profiteered during the swine flu crisis. Last year
PHARMAmade a preax profit of more than GBP 88illion.

Pricing Challenge

PHARMA manufactures a portfolio @intiviral medicines and related medical
supples.As such, itsnicing policy extends across the portfolio. Pricing policy on
preventative vaccines developed after the start of the outbreak attracted particular
attention.,Q DQ LQWHUYLHZ R Gaw Xddr Sagbgtarivime RV ZHG

April 201Q the CEO denied that the company had "charged the whole world" for a
vaccine that may not have been necessary.
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"PHARMA charged a very reasonable price for the swine flu vaccination, the same
price we charge for regular seasonal flu. We did abticsiarggice speci

Manufacture Strategy Managers

Nevertheless, the revenue opportunity presented by the pandemic response was
significantAccording tahe Guardianewspapeon 10 January 2010, theine flu

boosted PHARMA's revenues GBP 1Billion. CEO statedWKDW WKH "FRPSDC
has worked hard to come up with a vaccine and that it would be foolish to deny
WKDW HYHQWY OLNH WKHVH DUHQ-W JRRG IRU EXVLQF

CEO of PHARMA saidhat the company had betrerewhen it was needed by
governments around the wottdhelp them cover their rss&f swine flu and the
products thaPHARMA had supplied will help with future crises.

"More importantly, the medicines and vaccinations that we have manufactured and
sold are able to be held in steokpkaesnptbeNicoldlu treatment has a

shelf life of seven years so governments now have that in stock for future use, ar
even our vaccine has a technology which will allow at least a piece of that vaccine
be used against other potential flu strains'in the future.

CEO of PHARMA
Among othersPHARMA usedwo mechanisms to manage both commitments to
customers and supply chain capacity, namely price and stock allocation. Early in the
response to the crisis, whiditole orders exceeded stock by a factor of 20, a
mechaism for priorisdgion was developed for stock allocatiditole picing
policy also has political visibility: accordingly, richer countries were charged higher
prices thanwerepoorer countriesReports of individual consumer pricing showed
the same diéérential mechanisexisted within certain markets.

5.2 Overview of PHARMA Response

In dealing with HIN1 pandemic, PHARMA faced the interdependence of a wide
range of issues: production, supply chain constraints, commercial objectives,
licensing, external suigp, product design but also politics and speculation on the
spread and severity of the pandemic itself. Underlying these issues is the need for
speed in responseg all aspectsvere changing quicklgnd were unpredictable;
PHARMA had to respond quickly tdhanging conditions to contain the risk, to

serve an urgent and unmet patient need and to capture the revenue opportunity.
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Following Sodhi & Tang (2009), | considerdélpand in terms of

x D1 2Detection of the event
x D2 2Design of a solution, and

x D3 2Deployment of the solution in response.

D1 - Detection of the Bvent

In the late March 2009, Mexico began to regm$es of a stronger than normal
Influenzavirus in Mexico CityOn 21 April 2009, th€enters for Disease Control
and PreventionODC) also reported that two cases of febrile respiratory illness in
children insouthern California had been caused by infectiorgeitéticallgimilar
swinelnfluenzaA (H1N1) virus. The viruses contained a unique combination of
gene segments that had noérbeeported geviously among swine or human

Influenzaviruses in th&nited Statesr elsewhere.

The outbreak became visibl@tdARMA on 24 April 2009 after berggportedon
various newswires and the WHO officially announced the outbreak of HIN1 virus
in Mexico and the USA.

PHARMA was able detect the event and had thestéps in place a short time
after the event occurred. Two elements whickedhBIHARMA detecthe event
early were firsthaung a good monitong system ah second, byegularly

conducing preparedness astgess testing.

D2 2Design of a Solution

PHARMA took immediately action to respond to the declaration of the outbreak
by the WHO.Numbers of &p has been implemented to organise its internal and
external responses to the outbreak and eventual pandemic. At the outset, the flu
outbreak was seen to have a potentially dramatic impact on the ability of PHARMA
to manufacture critical medicines ad wasgl strong reason to ramp up the

production and distribution of antivirals.

The first initial steps that PHARMA design to respond to the eventegase the
frequency of senior executive governance meetssgss the existing pandemic

preparednesslgm, establish an integrated response team and create a new
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organization chart to reflect emergency roles and responsibilities. This enabled
PHARMA to then quickly move toward design and assessment of appropriate
supply chain response in antivirals aateemedicines.

The next step in PHARMA's response addressed the challenges of rapid supply
chain for the antivirals and related medical supplies that help treat the symptoms of
an existing infection. This is the focus of the PHARMA case study in this pape
Once the H1IN1 strain was identified and isql&Ed&RMA was able to adapt its
Influenzarelated portfolio of preventative vaccines and vaccine production
technology. Research by government, industry and academic continues to pursue
development of vac@s hat can fit a broader rangdmffuenzastrains and can be

put more rapidly into production.

At the first indication of a nelnfluenzastrain, PHARMA executives quickly took

action to prepare for a possible pandemic. Such events were seentaguitge bu
possible, even probable over time. The potential impact was entirely uncertain in
both the speed with which it spread and its mortality. Preparedness plans, which the
company had in place, were based upon WHO guidance about the spread and
mortality of the pandemic. Events proved to be very different from this original
guidance. The first reported cases were severe and the upper estimates of scientific
community and popular press on mortality called for urgent action. Press reports

predicted tens dhousands of deaths in the UK alone during the summer of 2009.

Given the uncertainty, PHARMA prepared its organization to better make and
execute informed decisions, adding scientific-knemand other disciplines to a
purposebuilt Pandemic response neaThe activation of previously prepared
pandemic response plans required an update of communications as well as role and
responsibilities, given the organizational and staffing changes from recent fine
tuning of regular supply chain operations. Daily tanmg by PHARMA
executives and supply chain managers allowed decision making to closely track the
evolving pandemic storyline. Frequent communication with employees and internal
sites across the globe as well as government agencies and the press allowed
PHARMA to maintain the confidence of its workforce and the public that were

both hungry for information on what was an essentially unpredictable situation.
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With governance for crisis response in place, PHARMA could begin to address the
sudden flood of reqats for antivirals from governments around the world. Key
medicines were in limited production and stockpiles of antivirals were a fraction of

what was requested. A proportional response was developed to best allocate
existing stock and new productionlecting the urgency based on growing case
information and input from health and other governmental organizations. A fair,

tiered pricing structure was developed as well to reflect the ability of a country to

afford the necessary medicines. PHARMA walse iwards of one supply chain
HIHFXWLYH 9YQRW D FKDULW\:- EXW JZRXOG QHYHU VD

PHARMA produces a wide portfolio of critical medicines and other drugs;
employee health and labour availability was at risk and could aféedy rio¢

pandemic response but overall supply chain performance. Plans were made for
absentee rates that could exceed 50%. Accordingly, PHARMA took steps to assure
management was focussed in country and that employees had access to antivirals as

soon as wadeemed necessary.

PHARMA had to consider a broad range of existing and new techniques for
meeting the sudden demand, and preparing for a much higher requirement should a

second pandemic wave hit in the Northern Hemisphere autumn flu season.

Primary cagcity was shifted and expanded in a balanced manner from other large
volume, critical drugs across multiple production sites to reduce the secondary risks
from the dramatic spike in antiviral production. Moving to rthexock
production was possibletiviexternal, temporary staff taking on-s&gked steps

and carefully allocating internal skills. With additional key supplies and materials put
in place, PHARMA could move to dramatically higher monthly production in just

12 weeks from the sudden detlan of the pandemic.

‘After the outbreak in Aprigresdeginning to receive orders from governments
again, and we will start engaging with those governments on what the supply and
delivery schedules can looH likE f@Qreivendous amountlofsabeing

done advicolen terms of ramping up odeshgitoduction capability, and the

MSChas worked ceaselessly in the last weekion this issue

Demand Operation Manager

Additional options were explored to accelerate ramp up and maximisgoproduc

including postponement of coungpecific product packaging configuration,
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HYVVHQWLDOO\ D 1YDQLOOD SDFN:- WKDW ZDV HDVLHU
production between sites, moving to roetietlock shifts, and various other
supply chia improvements, production of Nicole could be increased from a
maximum annual capacity of 60 million doses to 90 million. Government approval
of a new, simpler dose delivery fornfatlready designed and ready for
manufacturez was accelerated by havimgngemic contingency plans in place in
agreement with key health authorities. Voluntary licensing for manufacturing in
China allowed PHARMA to expand the global supply capability with a single dose
delivery device to meet a predicted increase in demaneénfremging market
countries where there was a potentially huge patient base. With the new delivery
format, PHARMA could attain a 300% increase for a total capacity of 190 million
doses. PHARMA was able to quickly bring additional pandemic healthca® suppli
such as an antiviral mask to limit the spread of the infection and meet the increased

demand obther medicines triggeredlbfluenzacases.

PHARMA was able to assure rapid response at all stages of a pandemic, able to
deploy antivirals anf SSBQGHPLF- YDFFLQHVY WKDW FDQ EH G&F
fully matched, new vageibecomes available. The hdluenzastrain was shown

WR KDYH VRPH UHVLVWDQFH WR FRPSHWLWRUV:- GU
PHARMA and reinforcing its potentyadiritical role in the pandemic if the strain

evolved further resistance. Its response had to reflect changing insight and evolving

government policy in major markets:

S3DQGHPLFV E\ WKHLU QDWXUH DUH XQSUHGLFWD
needseachanging. We are committed to finding solutions for governments changing
their immunisation programmes and to fulfilling recent new orders."

CEO of PHARMA
Ultimately the mortality was lower and whildrifleenzastrain sadly claimed the
lives of moe than 45,000 worldwideand continued to be responsible for deaths
each week, PHARMA was able to rapidly meet the owwerahd for antivirals
and latefor flu vaccines. What was, in fact, a real crisis facing its supply chain, was
at the same time anigue opportunity to tailor and expanding existing strategies
and decision making structures in the likely but unpredictable event of future
SDQGHPLFV ,W ZDV ILQDOO\ "*RRG IRU 3+3%50%p FRC
reputation as a leading global manufact
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D3 2Deployment of the Solution

PHARMA had a number of production solutions in place but not yet activated.
After the event occurred, PHARMA was able to update, tailor and quickly
implement prexisting plans, shortening design -fisael and assurinéaster
deployment. In the following discussion, the preparation is reviewed relative to its

impact on deployment letiohe.

The timeline of the pandemic response is shokigunel8. In this study, the date
$SULO LV GHdrumdiohd YCHVQ W KRU S X U &BevalsoRI DQDO
the detailed of the eventliable25in Chapter 4
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Timeline of PHARMA Response to the HIN1 2009 Pandemic

PHARMA countries site/ functions develop
individual pandemic preparedness plans

PHARMA set up ‘Emergency Supply
Chain Planning Nicole Ramp Up Plan
Meeting’ with objective to ensure the
supply chain is operating as it should

* PHARMA created Pandemic Management

Organisation Chart
* PHARMA set up ‘MSC Executive Team Meeting’ to
provide governance and guidance.
* PHARMA sctup ‘Crisis Management Team Meeting’ to
bring the various workstations together to gain

addressing local needs and issues. \
| \ PHARMA, Value overview of pandemic.
\\ Stream Leader * PHARMA setup ‘Corporate Executive Team Meeting’
: PHARMA granted \ appointed by President :
| license to China to PHARMA \\ of Manufacture and 1 PHARMA Pandemi « CEO of PHARMA
manufacture and N Supply Chain (MSC 1° andemic save the e
PHARMA Corporate ! o L v acknowledged \ uPPYy ain (¢ ) Rationing Team was set up. gave the first speech
. 1 sell Xtazo (API of swine flu cases to be a head of | A P to employees about
Executive Team (CET) : : : SW o N . | * PHARMA distribute anti-viral .
Nicole) in China, h 1i \ Manufacturing and o . H1N1 Outbreak.
approves a global 1 . that occurred in \ ; I medicines to Mexico.
> ndonesia - , E
andemic policy and | Ind ) Mexico. \ Supply Lead in | ; * PHARMA 'start to
pl . dpd Y threar ! Thailand, Vietnam First \ N\ responding to 2009 1 N ramp up Nicole
P:r,lsﬂo address threa 1 and all least reports of \\ \\HlNl outbreak. 1 ! production.
ot ntuenza. | developing a novel flu \ \ : 1 :
| : countries (LDCs) virus in \\ \\ N \ ll \
1 1 : Mexico AN 25 April 2009 SNo27 April 2009 ! 29 April 2009 "
1 I ! . . N . 1
_ | | | | 21 April 2009 24 April 2009 : 26 April 2009 | 28 April 2009 / ! N
! : ' March 2009/ ' | ’l :' 30 April 2009
2005 I 2006 / The Event ! p '
1 ’ ! . ] 1
1 /
: , The World Health The WHO level to 4 having /
/ Organisation | I dh h
2005 - 2009 h confirme uman-to-human 1
/7 (WHO) | . /
/ \ transmission able to cause
/ announced an 'community-level outbreaks' !
/ outbreak of HINT | y ° !
/ virus in Mexico | !
7 and the USA. | The WHO raises
‘ : pandemic level alert

CDC reported that two children in California had recovered
from a unique influenza strain, which contained gene
segments from swine flu viruses. The children had not
contact with pigs. Two days later, CDC reported five more —emergency of international concern

HI1NT cases, three in California and two in Texas.

Director of WHO -Dr. Margaret Chan
calls the flu problem “a public health

>
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to Phase 5, "a strong
signal that a
pandemic is
imminent".

The first case in
England was
announced



PHARMA got
approval of Nicole
Capsule Inhaler

A

The European
regulators approved
PHARMA anti-viral
facemask that the
company had
developed over the
last two years.

* PHARMA distributed antiviral
medicines to all UK employees.

* PHARMA confirmed that it had
contracts in place to supply 195 million
doses of its pandemic (H1N1) 2009
adjuvanted influenza vaccine and had a
variety of agreements in place with the
US Government to supply pandemic
products worth $250 million.

11 June 2009

PHARMA had
executive after action
review meeting

*US FDA approved PHARMA’s

pandemic HIN1 adjuvanted vaccine.
PHARMA announced to donate 50
million doses of its adjuvanted
pandemic HIN1 influenza to WHO
for distributing to developing

PHARMA commenced the countries.

clinical development
programme for its
adjuvanted pandemic

vaccines. Furopean Committee for

Medicinal Production for
Human Use (CHMP) has
issued a positive opinion
and recommends

candidate pandemic
adjuvanted vaccine.

PHARMA
was able to
double of
Nicole
production
within six
months

PHARMA welcomes key
agreement coordinated by
the WHO on a framework
to support global
preparedness for a future

influenza pandemic.

PHARMA HI1N1
vaccines have been
distributed to
countries globally
for use in
government-
initiated vaccine
programmed.

|| 10 August2010

May 2009

1 May 2009 22 July 2009

Pandemic is declared! WHO
Director-General Margaret Chan
raised the pandemic alert level
from 5 to the highest level 6.

31 July 2009

1
1
1
1
|
: approval of PHARMA’s
1
1
L]
1
(]

14 August 2009

25 September 2009

31 October 2009

10 November 2009

|
23 November 2009

11 April 2011

The WHO declared pandemic is over.
The wotld has now entered the “post-

pandemic period”.

Figure 18 Timeline of PHARMA Response to the 2009 H1N1 Pandemic
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5.3 Coding and Categorisation of PHARMA [ata

This section reports on the analysis of the data collected from interviews, internal
documents, direct observation and media in PHARMA case using the Grounded
Theory method. It illustrates on how PHARMA solved the challenges mentioned in
section 46 inHWDLO E\ OHYHUDJLQJ FRQWLQJHQF\ SODQV
performance by its response. Analysis was performed a systematic and iterative
approach with constant comparison of data, aslmsin Methodology (Chapter

3).

In addition to the process coding, interviews were recorded and summarised.
Those interviews, which could be taped, were transcribed verbatim. For interviews
in which the recording device was not allowed, interview notes and memos were
written from memory. In conjunction witlt@nstant comparative methoddafta
analysis in keeping with Groundeldedry method, the process of constant
comparative analysis was continually rechecked and memos were written

throughout the research to assist with theory development.

Dissimilar data vganot discarded as it was significant in the analysis and was used
where similar and dissimilar data appeared as separate codes within categories. Later
in the study this data was also used to identify properties of categories and links

between subategaes and core categories.

During analysis of the second and subsequent interviews, the data was constantly
compared with the prior interviews to highlight the similarities and difference
response to the events and areas of interest. Similar data © tpgetper to

form codes. Codes were grouped into analytic concept or categories according to
Charmaz (2006). Though the analytic questions, based on-theséitheesponse

framework, provided some initial ideas for categories, these ideas were mbt impose

on the data. The categorisation of codes required careful consideration and proved

WR EH FRQFHSWXDOO\ FRPSOH[ ,GHDV ZHUH LQWHUF|
documents, frequently, had multiple meaning that could be categorised in a range of

ways.
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Using the D Framework by Sodhi & Tang (2009): Ddtection of the pandemic

by PHARMA, D2 2 design and evaluation of possible supply chain antl D3
solution deployment across the organisation, helped to locate and determine the
relevance and importanof the study, provided direction for theory development
and connected the study to disciplinary practice. Of course,-thericca¢sponse

does not fall into simple linear progresgisalution design, for example, typically
encompass development afportfolio of possible initiatives, which overlap in
deployment.

The following section is a discussion of cdde®atedfrom PHARMA data

(Figure 19).The analysis looks at the steps the company, took as well
recommendations made after the event, where significant lack of capability or
action is believed to have hindered the company in its reggaprsgimately 110

codes wermentified and revisedtine PHARMA settingCodes were identified as

the words, concepts and phrases with similar intent. The codes are enumerated
below along with selected underlying source data. At this point, some codes overlap
in some aspects, as certain concegutsbe codedh multiple ways. Eighteen
subcategories were developed as follow:

1. Warning 2. Stress test
3. Modeling 4. Planning
5. Training 6. External communication

7. Relationship with competitors 8. Relationship with governments anc
agencies

9. Relationshiwith business partners 10. Teamwork

11. Internal communication 12. Roles and responsibilities
13. Learning 14. Employee capacity

15. Production capacity 16. Supplier capacity

17. Product design 18. Solution design
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Figure 18-D shows an overview obdes, subategories and potentialir core
categories following completion of the analy$d#1ARMA dataSubcategoried
the core categoriespresentailored approachésken by the firm, that is, thee
the action patterns that express the implementation of activities toasjiresE
V X E resédwy B EBsure HV

risk management strategyRU H[DPSOH

management and employeginagasity production cajmaetpp productlwtioso
extensigaequire additional suppleesse flexibiditydincrease invenoiigl coding

indicates a relationship between thecatgyories, for example in time sequence,

prioritization, and interdependency.

m

| Warning | | Stress test | | Modelling | | Planning | | Training | External Relationship Relationship with Relationship
communication with governments and with business
i genci partners
* Alarm * Notification * Testing * Allocation * Direct contact * Press
« Budget « Prediction + Timing + Agencies * Expertise * Proactive
* Currency * Procedures * Training cies « External * Publicity
* Delay * R&D * Validation Audit * Frequency * Real — Time
: . . . © Auc . . ionshi
* Documentation * Scenario planning * Valuation ; Government Relationship
. . s . * Business partners « Industry Cor . R
* Education * Simulation * Verification - . Industry Corporation  * Reputation
- B . * Communication T .
* Information * Skills * Visual Information Review
o * Competition . -
* Modeling * Sound N * Investigation * Trust
N < * Compliance .
« Monitoting * Speed - Meetings
* Content
N - * Outsourcing
* Coordination R
* Participation
Otrganisation m
Teamwork Internal Roles & Learning Emp) P PP Product Solution
. icati R ibiliri Capacity Capacity Capacity Design Design
P
* Communication * Knowledge * Roles * Budget * Label *R&D
frequency + Leadership « Skill * Capacity « Labour reallocation  * Repurposing
+ Cross functional * Learning from the past  * Structure * Causality * Layout * Resource
* Education * Learning in (during) the * Team * Distraction * Manufacturing + Safety
+ Experience event « Team room * Employce (Staff) * Operations * Sourcing
* Hierarchy * Recommendation * Trust * Employee readiness * Outsourcing * Stock
* Information * Responsibilities * War room * Financial impact * Packaging * Supplier facility
* Financial investment * Pricing (Infrastructure)
* Flexibility * Product * System design
* Ingredient * Product extension * Time
B Core categories * Intellectual property  * Product licensing * Warchouse
[] Sub-categories « Inventory * Protection
.

Codes

o Sub codes

Figure 19 An Overview of the Codes, Sultategories and Potential Core Categories
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Figure 194 A Structureof the Category "PREPARATION" and Its Sub-Categories and
Codes

Figure 19B:A Structureof the Category "PARTNERSHIP" and Its Sub-Categories and
Codes
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Figure 19C A Structureof the Category "ORGANISATION" and Its Sub-Categories and
Codes

Figure 19D A Structureof the Category "RESERVE" and Its SubCategories and Codes
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Warning - Develop advanced warning system
Example: Assign staff to monitor the information and process flow

Codes: Information, Monitoring, Notixsaaa, Timing

PHARMA monitors production of its key suppliers as well as its own inventory at
the manufacturingites. The company has dedicated staffs that monitor the
information flow(demand forecasts, production schedule, inventory level, quality)
and process flonconstantly thus when the Influenza outbreak occurred
management was able to getlear overviewnmediately and design solutions
accordinty. The monitoring system hePARMA reduce detection time D1 and

reduce desigeadtime D2.

Prior to the start of thevenft PHARMA had put in place and tested several aspects
of its responséo a pandemicPotential issues due tationing of stockvere
identified and policies weyet in place. Testing wperformedon the procedures
howeverthe dependencies made this an apparently complex process.

":H KDYH ZUL %hton Qe ScRibrHic tkdJdvdapahdemic.

We potentially have to run rationing across many products not just Nicole as
potentially our global production capability across 72 sites and all our products could
have been compromised if staff were abséaictingpugb dmease. The

timescales, impact and scenarios were very complicated and it proved impossible
WHVW DOO VFHQDULRYVY $ VHOHFWLRQ RI SUREDEO

Manufacturing and Supply BCP
What was not anticipated, however,thaspeed with which measures would have
to beimplementedVirulence and transmission rates of viruses such as H1IN1 tend
to follow certain patterns and timsndp this case, the unknown impact of the virus
ledthe WHOto escalate the issue in a very ¥ho6 H TheRNFHO guidance was
saying it was going to take four to six wgeksove from Phase 4 tg &) fact it
went in 24 hours.

The speed ahis response by the WHiit PHARMA in unchartered territorn
particular initiating a global responkemthe initial outbreak was still confined to

O H[L FmPhasé5, in our old flu pandemic procedures, meant we would issue
antiviras to all staff in all locations across the wikld would put in measures to

limit social risks, we would stop travel, weldvactivate all these planariove

stock from all these sites, from Singapore to our secondary sites, and then to move

stocks from our sites into the market to try to push material down the supply chain.
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And of course, we don't really need to do thesuse we only have an outbreak in
OH[LFR

Stress Test Conduct stress testing

Example: Pandemic stress testing annually (July)

Codes: Testing, Validation and Verification

According to the PHARMA pandemic preparedness plan, the compangadso

and réearses different scenarios for pandemic eventeaxigear around July.

As, the HIN1 pandemic brokeut before the scheduled test in 2009, the previous
I1SDQGHPLF VWUHVY WHVW.: ZDV UXQ QHDUO\ RQH \HD

Modelling - Develop scenariaplan and modelling capacity

Example: Modelling the second wave of pandemic to estimate demand of antiviral

medicines.

Codes: Modelling, Pred@ceoayio planrgngulation and Valuation

PHARMA had developed a planning scenario in order to estimalkemband of
medicines and how to ramp up production in ordeatale the second wave of
Influenzacases, which as predicted to occur during October 2009 at the onset of

the winter flu season in the northern hemisphere.

Planning - Leverage site pandemic geparedness plan

Example: Assessment and update site pandemic preparedness plan

Codes: Documentation, Plan and Procedures

PHARMA has a site Pandemic Preparediasstd protecthe health and safety
of site personnel, protect site assets and preteal®lity to provide essential
medicines to the market in case a pandemic ddSCslevelog a common site
Pandemic Preparednes$ankhat isfor adapted foeach site. These pdanclude
the Business Continuity Plan, Plant Manager Emergency Respoase Sism
Crisis Managemeniah.
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The Pandemic rBpaedness &n is arranged in sections correspondinghéo
WHO pandemic alert systethdescribes in detail the tasks to be performed at
eachsite.At each stage of the incidemhistplan is used Iste directors and the
Crisis Managementedm (CMT) to establish, review and execute procedures to
manage the impact of flu pandemrcthe workforcelt also describes actions,
triggers and communications within and between thetlstgegionaCMT and
PHARMA Corporatdunctionsin the WHO Fhass 3, Phasel, Phasé andPhase

6 of a pandemic. The pandemic preparedness plan hasdpeeadn line with
PHARMA'sglobal principles.

Although PHARMA had these existing plans in place, some documentsndere fou

to be outof date, having been written between 2006 and 2008. Key persons
identified in the plans were no longer responsible for the tasks addressed therein,

due in part to changes that are typical for large organizations. . The generic
preparedness plawhich was to be deployed in the event of a major event, was last
XSGDWHG LQ 7KXV 3+$50%:-V ILUVW VROXWLRQ G
refine the pandemic preparedness plan:

‘We activated all our business continuity plans and our ¢graestepiéprepare

for the entire organisation acrossTtnergvagdgap between the documented
procedures and whahetalifleveractually doing. The preparedness documents
werdérom 2006ites used them as a basis for their initial respbote at the e

April . An instruction was sent to all site directors to update their plans based on a
best practice example within 2 weeks of the outbreak.

Director of Supply Chain Planning
The new pandemic preparedness plan was issued to the manufactucngssites a
the world. The roles and responsibilities in the plan were tightened up, listing the
contact details by job role and title instead of name to assure clear ownership of
responsibility irrespective of staff changes.

Having a base line Pandem@i¢/ HSDUHGQHVY 30DQ LQ SODFH DFFI
response to the event in design and deployment process.
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Training - Implement training

Example: Assure skill availability for managing risk by training

Codes: Education, Skills and Training

PHARMA assure dgkiavailability for managing risk by implementing training of
management staff and sufficient skill for replacement to maintain understanding

how to manage risk in case there is an absence of experienced staff.

For key roles in the CMT and key posh®rsipply chains, BCP and
Pandemic preparedness plans now require deputies to be identified and trained ir
case in any future event key staff contract the disease and.are absent from work

Manufacturing and Supply BCP Lead

External communication 2Establish frequent communications

Example: Create frequent communication with governments, agencies and business

partners.
Codes: Communication, Communication frequency, Direct contactimaformation, Rea

Reputation and Trust

PHARMA increase frequenaly/press and public communication when there was

the outbreak. This is in order to keep the public inform what they are doing and
show that company has aware of the issue and need to response to the public need
to save people life as soon as possibledtlition, this is to get rdahe

information so that the company can response to the event better.

" QIRUPDWLRQ |OR Z-in¥ irffdoafdnDvith allipai@ed khét UH D O
LQYROYHG LQ WKLV SDQGHPLF LV UHDOO\ LPSRUW|

Manufeturing Strategy Manager

Example: Increase frequency of press and public communication

CodeSommunication, Communication Ceguarance, Press, Publicity, Relationship and

Review

Public perception isalsoimportant in the highly visible responseatpossible
pandemic. Governments drive the salehefmajority of Influenza medicine
directly through tenders or indirectly through medical advisory bodies such as the
CDC and patrticipate in the funding of research
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The pharmaceutical industry playsiei@rrolen thehealth and weltleingof the
global populatigmpharmaceutical firms typically attract the direct scrutimy of
pressFor PHARMA, the press and public communication are seen to have an
important role and the company could not delagsponse, as it would give the

company negative image.

"2XU PLVVLRQ VWDWHPHQW LV EXLOW DURXQG LPS
the importance of our brand in the market, we operate and communicate with press
WR PDLQWDLQ RXU VWURQJ UHSXWDWLRQ

Manufacturing Strategy Manager

Relationship 2 Establish relationship with governmentsagencies and supply

chain partners.

Example: Coordinate with governments, agencies and business partners

Codes: Agencies (local and international), Cooperati@ixp&uvisgBiaveeament,
Industry, Press, PubRé@tgtionslaipd Review

In the event of pandemic, establishing relationship with partners such as

governments and international ageniegtical:

"1R RQH RUJDQLVDWLRQ RU FRXQWU\ RU JURXS F
All partners? multilateral organisations such as UN, developed countries,
developing countriesppudiiéc partnerships and iddussywork together

toSXW LQ SODFH D UREXVW DQG HIIHFWLYH JOREDO

*OREDO 3XEOLF 3ROLF\ ,VVXH 3+%$50%:-V 3R

To respond to thénfluenzaoutbreak efficientfPHARMA closely monitored the
situation and proactively contacted relevant isdgjams andhealthauthorities
around the worlc? including the WHO, the CDC and the Department of Health
and Human Service in t& andhe European Centre for Disease Prevention and
Control 2 to gain a better understandioigthe supportand responseeeded.
Frequent comomicationsand direct line of communicationth its partners

benefits PHARMA in terms improving forecasting accuracy:

":H DUH WDONLQJ WR WKHP DERXW D UDQJH RI LV\
this new virus is, exactly how thend\\EIDCabelidlies may develop so we
FDQ UHVSRQVH WR WKHLU QHHG PRUH TXLFNO\ DQ¢

CEO of PHARMA
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In term of its relationship with governments, PHARMA had been working to
supply antivirals for use in a pandemic situatice e global spread of avian
Influenza(H5N1) in 2003.PHARMAwasommitted to spporting governments
worldwide. This commitment include addressing the needs of developing
countries and their conceradout timely and affordableaccess to medical

interventions

According tAPHARMA'sannualteport 2008, saléicolefell 80% reflecting fewer
government orders for ppandemic stockpilini?HARMA stopped receiving
orders forNicole three months before the start of the pandemic. No production

was planned for 2009.

“:LWK QR DG GanwdoRQDd@itt RS Hdd \stopphlidtole

production some three months before the start of the pandemic. No production wa
planned for 2009. At that RBiHARMA's commercial position was that no

additional production would be planned withsftbrirgouetamgnt

Manufacturing Strategy Manager

Once PHARMA acknowledged the outbreak, the company has contacted
governments around the world to ascertain demand for Nicole, including those
countries most affected by the virus, such as Mexico and thd Btites.

Proactive contact with government helps PHARMA in managing the limited
existing stocks of Nicole and anticipating demand of Nicole to determine

appropriate solutions to raise Nicole production levels.

PHARMA established conttitbcal gomments via the country managers to

confirm the timing and esfre@tiéred capacity and priority. Pandemics by their

nature are unpredictable and iseWe€dghvV JRYHU @RV Q@W V- QHHGV F
committed to finding solutions for galeangiegtsheir insdom
SURJUDPPHYV DQG WR IXOILOOLQJ UHFHQW QHZ RUC

CEO of PHARMA

Example: Proactive contact with governments to anticipate orders and allocate

stock proportional to need
Codes: Allocation, coordyatienmmesrbactivegc

When the outbreak occurrdfHARMA faced an immediate challengdlocation

of existing stock. At that time PHARMA has only 6 million treatment packs
available. The company prioritised orders to governments and was working with
them closely to deterneirthe best mechanisms for distribution of this antiviral
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treatment througleitherpublic or commercial routes as well as to allocate stock

proportional to the need of the governments.

Political pressure was a factor in the initial response. For exaRieRMA

senior vice president demanded 200,000 packs of NicdfeRforQ WAUSSH & -
3+$50%-V FR Pt &phavémiypromised to deliver an equivalent number

of doses ofAbaco The government insisted they needed the full amount

immediately. However- R X Q Wwias fiak considered by PHARMA to be a

priority destination for several @as First, it did not have &fluenzaoutbreak.

Second, they had not placed a firm order for which they would have to take

delivery; in other words, if PHARMA produeelicole package, they would have

to commit to payment. Four hours after the demand was @& QWU\ (&

cancelled its order.

By the endof April, it was clear that the impact of HiEEN1 outbreak affedhe
orgarisaion across a range of areas, inoudirgarsdion and communication,

financeandproduct development.

Regarding to stock allocation in coordination with governinbatame urgent

for PHARMA to understand the commercial priority in terms of who would be
allocated product, and countrynagers were asked to talk to their governments to
understand thpotentialdemandBy the second wee¥ the outbreakPHARMA
createda map of outbreak areas and determined the priority of locations to be

supplied with Nicole.

PHARMA needed absolute dlarfirom the commercial team on who was to be
suppliedbasedn the medical nee@iherefore, the rationing team hadlevelop

clear guidelines. The rationing process was refined during the pandemic response to
meet ethical and corporate objectives.staged bydirector of supply chain

planning a hiearchy of priorities was defined as follow:

First: countries with a confirmed outbreak, which had deaths and had placed a firm
order such as Mexico. Second: confirmed outbreak, no deaths, but countries tha
wanted to place a firm order such as Paraguay. Third: confirmed outbreak, no
deaths, but hadn't placed firm orders. Fourth: no outbredkiirno deaths, bu
orders. And fiftle: outbreak, no deaths, and no firm order.

Director of Supply Chain Planning
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For example,feer theWHO rapidly increased thevel of alert, withowtdefinitive
assessment of the pathology of H1IRHARMA evaluated and initiated a
‘proportion& responsethat sought to more appropriately balance perceived with
actual risk83y deeloping a system of fair, proportional response, PHARMA could
accelerate delivery of medicines to populations with the most urgent need. The
approach was developed as one of the first solutions to meet rapidly increasing

demand, and serves as a templatgefteral response during a pandemic.

Example: Establish relationship with experts in the industry

Codes: Expertise, Industry and Relationship

PHARMA also coordinated with experts by bringing scientists and doctors onto the
team to advise on the WHguidelines for pandemic alert levels and interpret the
various other sources of information. This was seen as a turning point for MSC in

its initial handling of a potential crisis for PHARMA.

Teamwork 2Create integrated response team

Example: Create freemt communication with site directors

Codes: Communication, Cross functional, Frequency, Leadership and Meeting

Once PHARMA acknowledge the event, three responses were set up with the MSC
executive and the central executive teams the following dayst Waes fio run an
emergency supply chain planning meeting for Nicole. This meeting was previously
run monthly but a meeting was held immediately to provide an accurate assessment
of our stockpiles of API, raw materials and intermediates and finished goods,
ongoing production and commercial commitments. The second response is MSC
executive meeting, which aims to provide governance and guidance in the supply
chain. The frequency of this meeting was increased from monthly to weekly then to
daily as the situati became clearer. The third response was to establish a crisis
management team comprised of key operational staff across the PHARMA
businessvith the aim to provide overall governance and guidance focus on three
areas: (1) finding solutions to meet tltkerofor 32 million doses of Nicole; (2)
putting into action initiatives across the supply chain to protect the business; and (3)
determining how the company could move from its existing capacity of Nicole to a
production dose capacity a factor of threediper annum greater in the event of
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pandemic. This much higher estimate was considerdidepdasing the second
wave ofinfluenzacases, which could come during October 2009 at the onset of the

winter flu season in the northern hemisphere.

PHARMA creaté a frequency communication with site directors. During the first
three months of the event, these meetings were held on a daily basis. There was
clear delegation and empowerment of the Crisis Management team allowing faster
and more responsive decisiorkimg during the design phase to ramp up and

expand production.

In addition to the responses in the MSC the whole of the PHARMA business
responded including daily meetings of the CET attended by the CEO of PHARMA
Communication to all employees in evermtcpwas a key objective from the

CET in order to communicate the response and changes in a very dynamic and

evolving situation.

", DP DEVROXW H iadgth&tRve PooWwiwnieh@ WiirRthéd dapgdnidadtion

as we develop the response. This maypungahahdaily update from the

CET on the decision and direction we are taking. It may also mean that we have to
change the direction that we set on one day very soon afterwards because this is a 1
moving situation and | ask for your undetbttraiiogtian if it ocqurs

CEO of PHARMA

(/[ DPSOH (VWDEOLVK LQWHJUDWHG UHVSRQVH WHDP F
Codes: Team

In order to reduce design and deploy time, PHARMA also created integrated
response team called MSC Crisis Management{TsAm The President of the

MSC appointed the value stream leader as manufacturing and supply pandemic lead

to bring together the disciplines across supply chain needed to identify possible
VROXWLRQV WR UHVSRQG WR WKH HYéetQree wae $503%-V F
reviewed immediately after the event. They found the exigtimgseeplans were

a good basibut needed to be expanded to cover all products, not just antivirals.

ExampleCrate pandemic management organisation chart

Codes: Cragsctiondlierarchy and structure

Apart from create CMT, based on the identified gaps PHARMA also created a new

Manufacture and Supply Chain (MSC) pandemic management organisation chart
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Figure20) this organisation chart was used as a core orgarssatjmluring the

response to heldSCexecutives communieand understand which product lines
could be affected’he pandemic organisation chart provides clarity of roles and

responsibilities through out the distributed supply chain organization.

As part of this CMT, a sub team was set up to address the potential impact of the
Influenza on multiple supply chains, initially thought to be unrelated. Continuity of
the supply of cWLFDO PHGLFLQHV ZDV YLWDO WR SDWLHQ

corporate mission.

Figure 20 Manufacturing and Supply Chain (MSC) Pandemic Management Organisation
Chart

Source: PHARMA

Moreover, a pandemic creates additional defmaadroad range of medical and
healthrelated products. Asthma patients, fanmgle, are more susceptible to
Influenzainfection. PHARMA had to consider additional areas such as respiratory,
antibiotics (demand for antibiotics was also predicted reasecbecause of
weakess in the body caused by ltifeienzavirus can trigger secondary bacterial
infections), consumer health (antiviral facemask), bwusitieak products and

external supply in which demand would increase in the face of a pandemic.
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The newly created sub team reported to MSC pandemic management team who

reported, in turn, on a daily basis to the MSC executive team during the outbreak.

Example:Established online team room for document sharing and set up a war

room at headquarter

Code£ommunication, Team room and War room

PHARMA established a control room for the purpose of agreeing strategy and
directing global operations during the pandemic to develop and execute a crisis
response plan. The room was conveniently locatedlabats headquarters where
members of the crisis management team and MSC pandemic management team had
easily access. To aid in the process, valuable visual information such as budget and
timetables, demand forecasts, production plans and project inforaration

available as charts in the control room.

PHARMA also created an online electronic database for information such as risk
management plans, strategic plan, BCP, etc. With uninterrupted access, this helped
managers worldwide to get the documents fasterinfplementation and
deployment. The focus of the document sharing was on project management in

deployment, and had proven useful during the solution design phase as well.

Internal communication 2 Shorten lines of communication within the

organisation

Example: Modify organisation hierarchy to shorten lines of communication

Communication, Frequency, Hierarchy and Structure

Communications emerged as a key issue in the response to the panthemic.

words of one executive:

Theravasan initialproblemvih lines abmmunication. An immediate lesson
was that greater communication was required to give the sites better guidance, an
therefore a communication team wasgiestablished.

Manufacturing Strategy Manager
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Anotherexecutivadded

‘Normal lines afr@munication were used initially during the response but these
proved inadequate and not responsive enough. Amended communication channe
were put in place aligned to the role responsibilities during the response phases.

Manufacturing and Supply BCP Lead

Consistency of communication was Jitatler normal conditionBHARMA had
both formal and informal channels of communicatian exised sideby-side.
Additional management teamsreput in place withoug in retrospect? having
been alignedo handleappropriatly the scope and route of communications

Inconsistent communication resulted in considerable. 'noise'
One executive explained,

":KHQ 3+%$50% JHWV LQ D VLWXDWLRQ OLNH WKLV
network. They put in bodies that woulchm@mtire pandemic, bypassing

some of the normal communication channels. So, that created a lot of noise, becau
we are expecting those channels to communicate, but we're getting those chann
communicating. So if you run a site, insteadrofagettirigpimf one channel,

\RX KDYH IRXU pu

Director of Supply Chain Planning

Figure21 shows communication lines during the response of HIN1 outbreak. It

illustrated thathte sites were getting different messages from a number of different
sources Employee Idalth Management(HRM) executivesthe Incident
Managementéam(about many topics, including personnel isgweedistribution

of antiviralsandthe stageand leved of the pandemic and reactions.), the Senior
Vice President (SVP) (about the pandemic response e.g. stamkh@nd from

the Crisis Management Team (CMT).

This structure prevented PHARMA from being able to communicate effectively;
accordingly,estructuring the communications chamasa key desigabjective.
PHAMA shorten the line of communicationgogpcsed that the CMT would be

responsible for communicating all issues dilvéngandemig~gure2?).

Ownership and authority were also under pressure. For example, management staff
outside the MSC and not based inlthitged Kingdomwho believethey heldisk
management responsibjlityad remained peripheral to the activities of the

response, yet laggushed to be parf the executive review process.
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Figure 2 Communication Lines during the Initial Response of HLN1 Outbreak

Figure 22 Revised Communication Lines During the HIN1 Outbreak
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Roles and Responsibilities? Clarity of roles and responsibilities

Example: Revised and updated roles and responsibifitiesadlydocumented in

RACI diagram.
Codes: Hierarchy, Responsibility SRoletzned

To clarify individual/departmental lend responsibilities, PHARMA revised and
XSGDWHG WKHLU ORJLVWLFVY SDQGHPLF %&3 VLWH SI

diagram.

RACI diagram captures four roles, specifically for Responsible (those participants,
management or employees, internalxtarmal, who are to do actually assigned
tasks), Accountable (those ultimately will be held accountable for the completion of
the tasks), Consult (whose input or opinions should be sought) and Inform (those
that should be kept tip-date on progress anatsis of the work).

RACI is a technique for identifying functional areas, key activities, and decision
points where confusion may exist. This approach enables PHARMA management
team to actively participate in the process of systematically describong thetis

have to be made, activities that must be implemented, and to clarify the

responsibilities in relation to those activities and decisions. By formally identifying
accountabilities, the pandemic management team south to improve

communications acrosSksC.

Learning - Establish learning from past events and during the events

Example: Learning from past epidemics

Codes: Experience, Knowledge, Learning from the past, Learning during the event and Sk

Prior to the HIN1 Pandemic, events such as thel A&6Man Flu provided insight
into the evolution and transmassiof Influenzastrains. However, this affected

primarily animals (birds in this case), with relatively few incidents of human fatality.
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":H KDYH OHDUQW slaltihoBgIShirdHiN WwRsXegs BexaneEHartbisN

and confined for the most part to avBanysilezgithen we hadecbesimg

ondeveloping otivieal medigreNV KH WKLQJ ZLWK ELUG IOX DQG
in that it was killing birds. Inaseasethere were problems, where there was very
close proximity between people and birds such as in China. But the transmission
from birds to humans isn't so easy. Swine flu is different. Transmission from pigs to
humans has happened and of cosien thamsrhignans to humans.

Site Logistics Head

With additional experience from the H1N1 response, it could respond significantly

faster: what used to take weeks now takes just days to deploy.

‘We havearned a lot, we are in a much bettepatete méwem case that

ever happened again. We understand our vulnerability and we can respond faster .
I have the feeling we responded better than most companies. We certainly responc
increasing our supply chain capacity very well. Nauoaé¢habplat tiobol.

We didn't have that product six months ago, we didn't have a vaccine, we didn't
havéNicole capsule inha&edidn't have an IV product. That development has

been unprecedented.

Director of Supply Chain Planning

Production capacity 2 Increase capacity

Example: Ramp up production to increase capacity of Nicole

Codes: Capacity, Inventory, Product and Stock

In the event of a major pandenfdJARMA would invest heavily in increasing
supply chain capacity to help governments and otidemer organisations.
Significant investments wouleled tdbe made internally fantiviraldrugs such as
Nicole but also for an HIN1 vaccine goatentiallyexternal suppliers who could
helpPHARMA meet demand.

Before discussing how PHARMA increase mitiwapacity to meet up demand
during pandemic, | would like two explain a structure of two important supply
chains: Nicole and HemaEﬁtheZ? below shows PHARMA manufacturing sites

and locations.

Manufacturing Site Location

Site A United Kingdom

Site B United Kingdom (Scotland
Site C France

Site D United States

Site E Australia

Site F Singapore

Table 27 PHARMA Manufacturing Sites and Locations
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x Hematol Supply Chain

Hematolis one oPHARMA -V E L J J H \A§Enérdtinghb@dUeis.contairs two
active ingredientBancroseind Salmora. Wo primary sitesianufacturéhe APIs

for FancrosandSalmoraThe APlsaremicrorised atPHARMAn FrancgSite C)
andthe United Kingdom (Site And secondary dry powder inhaler product is
manufactured and packed at sites in United Kingdom (Siteit@)l Brates (Site
D) and France (Site C).

X Nicole Supply Chain

Nicoleis amedicine for the treatment loffluenzaand for reducing the chance of
getting flu in community and household settings. It belongs to a group of medicines
called neuraminidase inhibitofeese medications attack thituenzavirus and
preventt from spreadinghroughthe bodyNicoletreatsthe cause dhfluenzaat

its source, rather than simply masking the sympbdicae is delivered via
inhalation using dry powder inhaleePHARMA proprietary device for delivering

medicines.

The API of Nicole is calledXtaza There are three suppliexk raw material
intermediates to primary site in United Kingdom (Sitea BHARMA internal
supplierin United Kingdomalong withthe thirdparty supplier sites in Italy and

Belgium.

Figure23illustrates the Nicole supply chaihe primary manufacturing site is

responsible for the production of the API contained within the medications. This
normally involves either chemical synthesis and separation stagesufotbeild
complex molecules involved, or fermentation and product recovery and purification
in the case of biochemical process. IINibele sipplychain this process happens

at PHARMA'snanufacturing site in thunited Kingdom (Site B)

The secondary mamgturing site is responsible for taking the API produced at the
primary site and micrizing and addindexcipient (pharmacologically inert)
material along with further processing, quality control and packaging to produce the
finisheddry powder inhalgroducts.
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For Nicole secondary production, the API is micronised at secondary site in France
(Site C). The product is then blended, filled, assembled and packed at secondary
sites in France (Site C), Australia (Site E) and United States (Site D).

PHARMA stiéed in its corporate commitmetot make flu pandemic medicines
affordable and broadly available and further mentions its production capacity as a
key part of its corporate responsibilitye company championeithical values and

doing the right things faociety.Presenting the critical role of sigpply chain

vital the CEOGstated that:

“:H QHHG VWD\ IRF XWHitks isR® endukeHtha? DhripQrtaM R E
PHARMA medicines continue to be developed, manufactured and distributed to
patients who nleexh.t They will need them more than ever in the event of further
healthcare.&/ LV p

CEO of PHARMA

Figure 23 Nicole Supply Chain

Starting from effectively halted production, PHARMA expected to achieve its target
of producingNicole at the much higher rate of output within 12 to 14 weeks after

the outbreak.
"That will take a few weeks. But be rest assured, we are already manufacturing

Nicolehis week, and it will grow every week over the next few weeks and months."
CEO oPHARMA
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The challenge tthe MSCteam wasto designa solution to go from zero
production to maximum productiamd then expand production by a further 50%
in as bort a time as possible. The main question that waswassdmmarised by

one interviewee:

"How quickly we could move from other dutidEdlgtiownie then had

to start the filling operation, then there is an assemiola qqaarkitign, the
R S HUD Wna®®W ciistr&im and e thiat we did design a solution
as soon assjiau

Site Production Head

Example: Leverage production load balancing by reducing load of production on

some sites while increase production of Nicole site

Codes: Capacity, Inventory, Labour reallocation, Product and Stock

PHARMA correctlypredicted anncrease in demand for medicattontreat
respiratory ailments suchHematol The PHARMA Project managexplained
"BHRSOH ZKR KDYH D ¥W&\VrkoreDeaBilY &ffe@QddNol huaenziR

virus. A viral chest infection can trigger an asthmé. aftaese people are more
vulnerable and hence more likely to take asthma medicine, driving up the demand

for Hematol p

There werewto main reasonshy PHARMA wagoncerned about the impact on
demand fothis productFirst, Hematak a medically critigadoduct which means
its availability can mean life or deathsfame or all oits users An impact orthe
supply of this productould result inthe loss of company reputation #rd
customer loyaltySecond, Hematas one the companyiain produd which
generate GBP 4Billion per yearAny reduction irthe producton could have a

significanfinanciaimpact

Whenthe pandemiavas declared, employees working on Hematol manufacturing

at Site D (United States) were neddedNicole production Prodution output of

Hematol was scaled back at site D and global demand was sustained by taking up
the capacity shortfall at Site B, which did not make Nicole. This load balancing
flexibility was designed in when the supply chains for Nicole and Hematol were
configured. Site B was asked pooducefive million disksof Hematola month,

whichwasconsiderably more than they had ever prodGecedionthefore the
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pandemic; Site Badmoved from24 hour /7 daysperweekshifts to 24/5 shifts,
andnow theyweregoing back to 24/7.

To increaséhe capacity ofhe Nicole dry powder inhaler deyREHARMAhad to
reallocatéhe capacity oHematolproduction in each manufacturing $kecisions

were made for each site to:

X MaximiseHematolproductionat Site B (Unitedingdom).
X Maximise Nicole production at Site E (Australia)

x MaximiseHematolandNicole production at Site D (United States).

Maximise Hematol and Nicole production at Site C (FratteughNicoleand

Hematoldo notsharethe same supply chain, they ssame common resources

as mentioned earlier. Therefore they were able to divert resources (e.g. labour
UHVRXUFHV ZKLFK LV RQH RI 3+3$5Rdura24sHowsN PLWLJID
how PHARMA used production load balancing to both maximize production of

Nicole and assure megite production of both Nicole and Hematol.

Figure 24 Production Load BalancingStrategy
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Production capacity 2 Financial investment and R&D

ExampleMulti-billion dollar investments in R&D, manufacturing capacity, and also

shortterm tactics to increageduction capacity.
Codes: Budget, Capanancial investnreatjudBroduct extensiorRa&iol

PHARMA has been conductinR&D of vaccines since 1997 to enable
governments to protect their populations in the event of an outbreak. More than
GBP 2 Billion has been invested in developing technologies to respand to
Influenzapandemidy increamg capacity at its vaccine and antiviral manufacturing
sites. Supply chain investment duringpttst threeandahalf years to 2009 was
more than GBP Billion and aimed to improy@&oduction response at short
notice “:H G R Q - WowW kigRtHis ideal is going to be, but no one can say we
DUHQ-W UH D BQ gi PHORMARtHhe oé&tbreak dhe H1IN1 flu.

Significant tactical investments for Nicole production weredugddg the initial
responsavithout any assurance of a returi & sums of money we were investing
were huge; we made a decision to put over GBP 100 Million to expand capacity,
not knowing if wewould recover our costginvestments in R&D as well as
manufacturingvereconsiderable, measuringhe billions of dollar€1988,1989)

with an estimated 60% of the total manufacturing costeetmfluenzavaccine

fixed (HHS, 1998)

Employee capacity 2 Assure employee capacity

Example: Recruiting contingency workers to cover peak period and move to 24/7

shifts for greatgsroduction in existing site (Nicole)

Codes: Capacity, Employee, Employee readiness and Labour reallocation

PHARMA also putting extra shifts on, recruited temporary external staff, also
transfer of experienced production labour who previously made Hansto|G

and Site D, and maximizing Hematol production in Site A.

"$OWKRXJK 6LWH $ GRHV QRW SURGXFH 1LFROH D\
knowing that by making more Hematol they were helping maximise Nicole as
ZHOO pu

Site Production Head
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"7 K& & part of our supply chain integrity, in that we have multiple plants to do
WKLV PXOWLSOH SODQWV WR GR WKDW %XW RE)
DURXQG PDQXIDFWXUH LI ZH GRQ-W KDYH GHPDQG
year ago, neleased our staffs, we mothballed th@sH faiRIEO G Q-W NHHS WK
cost . . . now the demand is peak, so we have to get the lines running, we would hax
to reecruit temporary worker to build the capacity, but at the same time we have to
have epULHQFHG ZRUNHUV ZKR NQRZ WKH SURGXFWL

Manufacturing and Supply BCP Lead

Supply chains that can share resources, such as experienced and temporary external
labour and facilities helped PHARMA rapidly ramp up capacity of Nicole quicker

but also sustained the production of Hematol. To solve this, PHARMA using
production loadbalancing strategy to cascade production, reducing impact on the

Hematol supply chain.

", W DOORZV \RX WR GHSOR\ TXLFNHUIIRU 1LFROH I
EHFDXVH WKH\ VKDUH WKH VDPH FRPPRQ UHVRXUF
ZK\ WKH\ QHHG ORDG EDODQFLQJ WR FDVFDGH WK}

Manufacturing and Supply BCP Lead

Employee capacity 2 Assure management capacity

Example: Distributel1N1 antiviral medicine to employee and lockdown managers

in_country and restrict travel

Codes: Capacity, Employee readiness, Protection and Safety

After PHARMA acknowledged the outbreak, the CEO of PHARMA instructed all

country managers to physically stdlyeir countries so that they could better focus

on local business unit issues and assure their supply and distribution chains would

run effectively. All neassential travel to Mexico was halted. The CEO guidance to
HPSOR\HH zZzDV fWR UHPDQQZEMKPWKHEL WFDZBRUN WR PDI

would continue to have access to critical medicines.

The protection of PHARMA employees was an important objective in the initial

stages of the response. In the face of the infection, employee health vied protec

E\ GLVWULEXWLQJ WKH FRPSDQ\-V RZQ + 1 DQWLYLUD
to Employee Health and Preparedness Plankey objective of this plan is to

collate information required by the centre to assure the astiraigkallocation

and cklivery of prgpandemic and pandemic vaccines for employees.
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Product design 2 Develop product extension

Example: Having eastermanufacture Nicole capsule inhaler product design in

place and ready to produce
Codes: CapafitpdudBroduct extenarmhR&D

PHARMA achieved new capacity by increasing production levels of Nicole dry
powder inhaler from 60 million treatment courses to 90 million and building new

capacity to produce 100 million treatment courses a year of Nicole capsule inhaler.

Anotherstream of increasirige capacity ofNicole wasthroughalternative dose
forms for antivirals. A few years prior to #nne flu pandemidPHARMA
devéoped acapsulenhaler device. This delivery format was slightly more difficult
to use from a patientepspective. The patient has to load the device with every
capsule, and then breathe in the medwmirdose delivery

"7TKH DGYDQNKDId Htaprule \iifaldn is thaPHARMA
manufacturing has capsule capability RiHshRMAhsites. Soethroject
team was formed to develop this product and to look at how we will carry out
emergency registration with regulatory governraghthEmigperity the
money for industrial analysis to validate so that we can hageled00 million
capsuiehalecapacity in place in about five months time; as it is predicted that the
second wave will come in around October 2009

Manufacturing Strategy Manager
By having new dose delivery mechanism, such as the Nicole cap3elge inhal
developed before trmutbreak helped PHARMA save design lead time and ramp
up production much fastﬁ.igureZS shows capacity of Nicole production in

percentage.
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Published, Improved & Upside Weekly Nicole Output (Percent)
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Figure 25 Published, Improved & Upside Weekly Nicole Output

Example: Accelerate approval process for new product such as Nicole capsule
inhaler and antiviral masks

Codes: Capacity, Prédadtct exten&&i) and Time

Nicole capsulmhaler format had been approved to manufacture but not for sale in
the market yet. PHARMA had submitted the Nicole capsule inhaler device to the
regulatory authorities several years ago, and the company had gotten certain
approvals. At the time, PHARMAdaded to discontinue the regulatory

submissions due to the lack of demand in the market and patient preference for the
more convenient, mulfiose delivery format (the dry powder inhaler).

To meet rapidly growing production targets, the capssde forrat required
regulatory approval. PHARMA accelerated ddpbdtime through fastrack
approval of the product via the Swedish regulator on behalf of European regulatory
bodies. This product was granted temporary approval for sale only in pandemic

situatons. This helped PHARMA respond quickly, especially important in
anticipation of major second i
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Influenzawave in the NorthertHemisphere, whickould begin in October
December 2009.

Normally the fast track scheme can take approximately six monthgr&hunts

take two to three years to review, for example, due to extensive and complex
clinical trial data. As this product had proven clinical results and the same active
ingredients as the previously approved Nicole dry powder inhaler; the regulatory

auhorities also understood the urgency:

“,Q WKH SDQGHPLF ZH KDG WR JR EDFN GLJ RXW

Nicole capsule and resubmit our application. We tirackhedhom eyt

the regulatory bodies . . . normally, abtheattotdies, their fast track

scheme is six months but they understood the urgency of this and the world is in &
potential pandemic. They were reviewing and approving this quicker. Also we try to
point out that this is the same product withdwdeleidingaler, jushewa

single dose device. The regulatory authorities understood the situation and accelera
their response without compromising theBostdhdarded to do is show

that we could adminigterapeutically..

Manufaatimg and Supply BCP Lead

The availability of existing product definigpeatlyshorters the deploy leadne

for new solution®HARMA hoped to profit from its existing disposable respirator,

a specially fitted type of facemask, which has an antiviral coating. The company was
able to accelerate government approval for a related antiviral facemask adapted for
the HIN1 virus

" ... The antiviral facemask has been approved for use in Europe and certain
international markets and last month was approved for occu@pational use in th
8QLWHG 6WDWHYVY E\ WKH )'$«

CEO of PHARMA

Supplier capacity 2 Acquire additional suppliers

ExampleGrantinga production licence to a Chinese manufacture

Codes: Capacity, PrBdodtict licensing and Intellectual property

Another way to increase capacity of Nicole was through licensing production.
PHARMA committedto engage in voluntary license discussiotis atler
companies willing to manufacture and suppMicale product for use in
developing countrie®ther companies would not be able to make Nicole in dry
powder inhaler format because the delivery device is relatively complicated, but they
could moraeadily adopt the capsule inhaler format.
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Two years ago, PHARMA had given a voluntary license to a Chinese company to
manufacture flu drug. The company in China has the right to manufacture and sell
Xtazo in China, Indonesia, Thailand, Vietnam and dlldeasdoped countries
(LDCs).

"3+$50% LV GRL @elcah Yorptepavekiar@rdlobazpandemic

including expanding production of Nicole and developing a pandemic vaccine . . .
this agreement with Chinese company is intended to ssypaisisavhilable

Xtazo in areas of the word that mayebiont line of a pdssibénza

SDQGHPLF p

President of the company's pharmaceutical operations
7TKUHH PDLQ UHDVRQV WKDW 1LFROH FDSVXOH LQKDC
are: easy tmanufacture, leverage the existing drug approval documentation made
several years earlier, and it was suitable for licensing {oardtyirdrom an
intellectual property perspective.

Having a prexisting licensing arrangement with Chinese manufacitenesth
the search and implementation for external. It was seen as a good solution to
responding for handling increase demand since China given the high volume

needed for such a large population.

"7TKHUH DUH D QXPEHU RI F&Plisdnsg tdqmaketiidD W ZH ZR>
product. However, they would not be alriefgowaskenhadeause that is

a complicated device swtptesticated manufacturing and technical expertise

.. Instead they could make Nicole capsule bexaeisti\tkbt sisesle

technology available to pharmaceutical manufacturers globally. And that meant we
FRXOG JUDQW 1LFROH FDSVXOH LQKDOHU OLFHQVFE

Manufacturing and Supply BCP Lead

PHARMA also needed to control the qualityxtér@al suppliers to match that of
its internal manufacturing capacity so that all applicable quality, safety and efficacy
standards are maintained.

PHARMA also investigiie company wtbden doing development work
on this product and within those companies at the end of the day we want to
investigagengalicense to them so they can produce these products to satisfy

G HPD QG GorRehé&hbissue compulsory licences paotbe babd
these licences would require significant technical assistance in order to manufacture
the product and scale up within the demanding timelines of the pandemic. In
addition key raw materials for manufacturing and packaging of Nicole are in short
supply due to the PHARMA expansion and the suppliers are constrained due to
the unprecedented dgmand

Manufacturing and Supply BCP Lead
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Supplier capacity 2Increase raw materiabhnd inventory

Example: Increase raw material by securing all availableplaatimaceutical

ingredients (API) from the suppdier
Codes: Capabityentor@utsourcifggurcirand Stock

PHARMA identified a series ofadditionalprojects to increase capachyst,
PHARMA hal to increase the capacity of suppli®sond it hal to increase the

capacity oits secondary factories aheénthe productioncapacit of the APIs.

This meant buying more materials, which implied an immediate (and risky) initial
financialoutlay.PHARMA purchased raw materials and componernisthicea

significant volume over tperiod of severahonths.

‘We are also beginning to increase our bulk raw material manufacturing plans for
Nicoléo assure we have enough raw bulk materiglin the future.

Manufacturing Strategy Manager

Example: Increase strategic stock of micronised ingredients

Codes: Capacity, Ingredient, and Stock

JRU VKDUHG HTXLSPHQW ZLWK ILQLWH FDSDFLW\ VX
supply risk mitigation strategy is to build strategic stock and hold higbflevels
micronised material. With micronized material in warehouse, PHARMA can start
manufacturing the product quicker, albeit at a potentially higheinyw&ess

relative to competitors.

“:H KDG EXLOW D ORW RI VWUDWMHIeyeE ocFDSDFLW\ L
micronised materials in our supply chain as part of the manufacturing strategy for
FRPPRQ SURGXFWYV u

Manufacturing and Supply BCP Lead

Solution design 2 Increase flexibility

Example:Implementgeneric paeging(vanilla pack) instead of nerlspecific

packagingnd using mu#tanguage labelling

Codes: Flexibility, Label and Packaging

Additional options were explored including postponement or delaying the last stage
ofcountryVSHFLILF SURGXFW SDFNDJLQJ FRWUE JIXIWHDNW LR Q

18¢



A straightforward simplification of the packaging of Nicole would helpugpeed
SURGXFWLRQ XVLQJ D VXSSO\ FKDLQ PHWKRG UHIHL
approach, customeor marketspecific configuration is delayed, to better pool

supplychain capacity in production and distribution.

7TKHUH WZR W\SHV RI SDFNDJLQJ $ fPDUNHW VSHFLIL
languages specific to country an order and containing «apadific regulatory

information. Approval of packagirfgevendetails on graphics, logos and text,

IRUPV D NH\ SDUW RI WKH UHJXODWRU\ UHYLHZ 7KH I
SDFN- LV W\SLFDOO\ ODEHOOHG LQ PXOWLSOH ODQJXI
In the event of pandemic, local language ragdlatory information on the

medicine could be limited to a locally produced insert.

"+DYLQJ YDQLOOD S bdpatity, R Dva@d Alol @t thepy H R X U
and change to make as much angadsiblas much as possiiality

thergvas some resistance from countries wanting their own pack but once the globa
benefits of flexibility were understood and regulators approved the generic pack th
PDUNHW VSHFLILF UHTXHVWYV GHFUHDVHGUU

Manufacturing Strategy Manager

In the urgency to recceM@URGXFW JRYHUQPHQWY LQLWLDOO\ DI
but later insisted on counspecific packaging, reflecting the sensitivities of public

consumers and need to confidence during the widely publicized pandemic.

"YRU H[DP SO Haprodtitiwas packaged for Japan and Japan
then cancelled the order; at the same time one of the anabteaks was in
countryhis countmanted the product within tw&WABRMA said we
could supply the product to you but only in Japamas&epapexifing (

labgl The country accepted the Japanese order only for four weeks later to reverse
WKHLU GHFLVLRQ DQG.UHTXHVW D PDUNHW VSHFLI

Manufacturing Strategy Manager

The same approach was used for the Nicole capsule inhaler; PHARMAItissed mu
language labelling instead of coespcific labels in order to maximise production
during the pandemic outbreak.
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ExampleSharing common resources

Codeslexidity, ManufacturiRgsources and Warehouse

The Nicole and Hematol supply chainsuaique. These are two different supply
chains 2 they are calependent on certain resources such as the microniser
machine; others machine such as filling and packaging equipment is separate.
However, they do share he same machine, labour, resourcesgsguadihce and
warehouse etc. Resource sharing enhances supply chain flexibility in adapting for
redesign (new) supply chain design during pandemic and be able to deploy

manufacture production faster.

5.4 Response Time and Preliminary Core Categories

After aninitial period of confusion in the aftermath of the sudden pandemic
declaration, the actions initiated across a broad range of areas were ultimately
HITHFWLYH LQ 3+$50%-V UHVSRQVHmM&RPRideQhyFDWLRQ I
daily and weekly review megs$i 2 meant a number of tasks could be quickly

delegated to the sites and country management.

1R IRUPDO WDUJHWV H[LVW IRU UHVSRQVH WLPH
Corporate Incident management teams, CMT and BCP teamsdwvould be establishe
DQG RSHUDWLQJ ZLWKLQ KRXUV DIWHU WKH :+2 |

Manufacturing and Supply BCP Lead

The rapid spread of the virus suggested that the protection of employees was
critical in many locations; the distribution of antivirals to staff repaargd in

advance of the eventual rollout.

The expected seasonal evolution of the pandemic set the urgency and timing of
various options to respond. In the Northern Hemisphere, flu infection rates peak
typically in January, with the earliest onset irb@rctsuch a possible second wave

was feared to be far worse, as in it was in previous pandemics, than what actually

occurred.

PHARMA responded rapidly to the outbreak, successfully leveraging plans and
investments in antivirals accumulated during theopsediecade. Ouwf-date
documents, changes in staffing and somewhat chaotic communication were quickly

rectified and brought under the control of a single pandemic response team:
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"Flexibility, visibility of supply chain and a clear plan are esseatial to th
running of a response to an emergency."

Site Production Head

Decreasing the cycle time in decisiaking assisted PHARMA in adjusting its
solution strategy as product demand evolved:

"PHARMA prides itself on it's ability to respond inda"chiarggang the

clock speed" is a phrase common in these circumstances This means monthly busin
processes are then run weekly, weekly processes run daily and daily activities ru
hourly and staff are dedicated to the response and theirdday jobs suspende
delegated in order to shorten this response time."

Manufacturing and Supply BCP Lead

Immediate demands for medicines from a limited stock were addressed through a
rationing system and this helped provide a proportionate response to changing
requiremets. The rapid increase in the production of antivirals and related
products was possible through new formulation and packaging, with the eventual
formulation and accelerated production of a set of targeted vaccines.

Target production capacity was achiéwmedpecific products, e.g. Nicole powder
formulation, the Nicole capsule inhaler formulation and importantly for the HIN1
vaccine, over a period of several months with full capacity reached by the end of
20009.

"7LPH SOD\V D NH\ URi®iHadd Brhd-Hi@tkbxitddHar Riorel SUR G X
patients are treated. In the pandemic response, Nicole production was restarted an
output doubled within 6 months, new dose forms where developed, approved b
regulators, supply chains and suppliers extendexl agailab@na \&a
XQSUHFHGHQWHG WLPHVFDOH LQ PRQWKYV u

Manufacturing and Supply BCP Lead

These solutions were each effectively incremental changes to existing mechanisms,
feasible and sufficient as none of the waast scenarios materialised (e.grelosu

of multiple active ingredient production facilities or-termy closure of regional
transport). A formal review of the steps taken at the end of the first wave, e.g. July
2009, was supplemented by monthly tracking of further corrective and preventative

actions to assure a greater level of preparedness going forward.

By August 2010, the WHO observed that new cases of swine flu followed a more
typical seasonal flu pattern and with declining numbers of new cases and declared

the pandemic to be over. In 20people were still catching the HIN1 swine flu in

18¢



the UK, although it was at the lowest level since the virus first appeared it is current
form. The WHO estimates that there have been at least 16,813 deaths from swine
flu around the world? 457 in the UK Since the outbreak in Mexico, estimates
varied widely and initial wocstse scenarios envisioned significant health and

economic impacts on large populations globally.
3+$50%$:-V IDVW UHVSRQVH LV DOVR VHHQ WR KDYH LPS

" H ale learned a lot, we are in a much better state of response now in case that
ever happened again. We understand our vulnerability and we can respond faster .
I have the feeling we responded better than most companies. To increase capacity
50% thenp to 300%, develop and approve new dose forms, develop a vaccine took
WKH HITRUWY RI WKRXVDQGV RI SHRSOH LQ WKLV R

Manufacturing and Supply BCP Lead

Table 28 shows examples of actions that PHARMA took in responding to the

H1N1 pandemic and affected of those actions on detection time (D1), design lead
time (D2) and deploy letiche (D3).

Tailored approaches

Examples of PHARMA Response to

H1N1 Pandemic

x Assigned staff to monitor the
information and process flow.

Dewelop advanced warning
system

Conduct stress testing

Pandemic stress testing each year ({

Develop scenario plan and
modelling capability

Modelling the second wave of pande
to estimate demand of medicines.

Leverage preparedness plan

Assessment and update site panderm
preparedness plan.

Implement training

Assure skithvailability for managing
risk.

Establish frequent
communications with supply
chain partners

Coordination with international
agencies e.g. CDC and WHO.
Proactive contact with governments {
anticipate orders and allocate stock
proportional to need.

Increase frequency of press and pub)
communications.

Establish direct line of communicatio
with external suppliers.

Create integrated response
team

Create pandemic management
organisation chart.

Established integrated respoesen
FDOOHG "&ULVLYV 0DQL
Create frequent communication with
site directors.

Set up a War room at headquarters.
Established online team room for
document sharing.
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Tailored approaches Examples of PHARMA Response to D1 D2 D3
H1N1 Pandemic

Shorten lines of x Modify organisation hierarchy to < <
communications within the shorten lines of communication.
organisation
Clarify roles and x Revised logistics pandemic BCP and ¢
responsibilities pandemic preparedness plan.

X Revised and updated roles and <

responsibilities as formally document
in RACI diagram.

Establish learning from past | x Learning from past epidemics (e.g.
events and during the eventg H5N1 Avian Flu).

Assure management and x Distribute HIN1 antiviral medicines t

employee capacity employees.

x Lockdown managers-@ountry and
restrict travel to aisk areas (Mexico).

X Recruiting contingency workers to
cover peak period and move to 24/7
shifts for greater production capacity
existing sitefNicole).

Increase capacity x Reallocate labour resources to increg
capacity of Nicole.

X Leverage production load balancing
reducing load of production on some
sites while increase production on m

sites.
Develop product osolution | x Having easiep-manufacture Nicole
extensions capsule inhaler product design in pla| <

and ready to produce.

X Accelerate approval process for new
products e.g. Nicole capsule inhaler <
antiviral masks.

Acquire additional suppliers | x Granting a production licence to a
Chinese manufacturer.

Increase flexibility x Using generic pack (vanilla pack) ins
of market specific packaging. < <

x Shift shared Hematol manufacturing
capacity to Nicole. Shared same
machine, labour, resources, wars@p
quality insurance etc.

Increase inventory X Increase raw material by securing all
available active pharmaceutical <
ingredients (API) from the suppliers.
X Increase strategic stock of micronise <
ingredients.

Table 28 A Summary of the Findings from PHARMA in Relation to Response Time

The search for a core category or oasg begins from the outset wdhta
collection Codes and then categories emerge and are compareoieGines mf
the research using Graled TKHRU\ LV WR JHQHUDWH WKHRU\ "W
SDWWHUQV RI EHKDYLRXU ZKLFK LV UHOHYDQW DQG S

1978. P.93). In order to achieve this goal, the researcher must discover the core
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categories and delimit timwestigation around it. This categorization is the crucial

point for the theory; sub categories relate to it, and it accounts for most of the
YDULDWLRQ LQ SDWWHUQ DQG EHKDYLRXU 7KH FRUH
function of integration thiheory and rendering the theory dense and saturated as
WKH UHODWLRQVKLSY LQFUHDVH- *ODVHU S

According to Glaser (1978, p®H research is looking for core category(ies) that
explains the main concern or problem for the participants. Hiéiaddahte main

criteria for core category selection as follows, where core category(ies) should:

x Centrdto as many other categories as possible, accounting for the majority
of observed behaviours.

x Found throughout the data as a recurring concept, becoagentral
to related categories through evolution of the research.

X Require more data than others to become saturated; that is, encompasses a
EURDGHU UDQJH RI GDWD UHODWLYH WR RWKHU
when the data yields no new infation for a category *ODVHU
p.9597)

x Should have visible and meaningful links to other categories.

X Have validity and relevance to observed behaviours throughctdy.
Alternate core categges) should be sought if onlyiraited duratiorof
the study can be interpreted ushggotential core category(iés)udd be
flexible and broad enough to encompass the emerging relationships
between categories as they develop.

X The core category should also be a part of the problem itself. Thiesfore
core category should, in part, explain itself and its own variations.

x Should be a central part of the area under study, explaining its own role and

encompassing variations on the concepts it represents.

In this study, the core pattern was managing supply chain risk by reducing response
time, in which the firm undertook a series of activities to address risk in meeting

supply chain demands in the event of low probability and high impact disruption.

This tdapter provided a detailed description of how open coding was used to

constantly compare and analyse data from the PHAMA case. It explored the codes,
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subcategories and preliminary categories that emerged from the interview data and
other sources. The codeglained how PHARMA leverages time in responding to

the pandemic. As a result of analysis of the data, four preliminary categories were
identified. These four distinct but interrelated core categoniesponding to

disruptionare:

Preparation
Partnersip
Organisation

A wDhE

Reserve

Figure 26 Finding thus Far from PHARMA Case

At this stage, it is too early in the analysis to confirm these categories. Further
samplingand continuecconstant comparisoaf additional data is requiréal
achieve theoreticalaturationof this constructThe findings so far provide a

preliminary answer to identification and initial characterization of the factors as was

set out abovg=({gure26).

Further coding from additional cases reveal more detailed characteristics of the
identified subcategories after the PHARMA case. Additional subcategories are
discovered in the incrementaitaj for example, in the BP Deepwaterizon

event. Cooperation withcompetitors for examplewas shown as a critical

approach, which was not evident in the strategy taken by PHARMA.
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Chapter 6
Validation with Disruption at
BP Deepwater Horizon

The following chapter expands on the preliminary categories that were outlined in
Chapter 5. This will be achieved by analysis of additional qualitative data collected
through secondary sources of two additional cases. Through conspenisoo

with data from BP Deepwater Horizon and BP Texas City events, this process will
assist in validating if the four categories are core to understanding-tiaseane
response framework. Theoretical sampling and further coding will enable the
propeties of the preliminary categories and subcategories as well as the links
between them to be identified, as presented in Chatierdégs.

The BP events came under intense public scrutiny for a number of reasons, most
obviously due to the dramatic iip@f the explosions that killed scores of
workers. The immediate and leegn environmental damage drew government
criticism; in turn politicians themselves were under fire for their lack of
responsiveness and ultimately held responsible for creatinghdérlying
conditions in industry which could allow such events to occur. Litigation followed,
as can be expected frmajor disruption involvinigms along aglobal supply

chain operating in the United States. This put a large amount of testimibrey into
public record. Delivered under oath, this verbatim material provides a rich source
of data. The events, background and consequences were extensively documented
through various government and industry investigations, along with the reports
from BP itsH.

It is not the aim to repeat this material nor to assess culpability, though a clear focus
in the available material seeks to assign blame. Through Ground Theory
methodology, the handling of these events serve to strengthen and detail the
concepts emging from PHARMA, where additional concepts extend the core

categories and additional codes provider greater depth and applicability. A short

summary on the background of the Deepwater Horizon disaster is provided below.
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6.1 Company Overview

BP is a majointernational oil and gas company headquartered in London, United
Kingdom. The company was founded in 1909 as the-Reg@n Oil Company,

later Angldranian Oil Company, and was predominantly focussed on exploration
and production in various countriasthe Middle EasfThe AIOC became the
British Petroleum Company in 1954, and expanded worldwide with investments in
Alaska and the North Sea.

Extensive nationalization of assets in Iran and Libya and elsewhere during the
1970s forced the company to sewkv sources of energy, often through
cooperation with competitors like Shell and acquisitions of Amoco and Arco in the
United States in 1988.

In 2001, the company was renamedpBPto reflect its total energy strategy
(‘Beyond Petroleum’) and globaémgions, remaining headquartered in London.
Today BPplc. is one of the world's largest energy companies, with extensive
downstream distribution to retail customers and businesses across the globe. The
BP Upstream division holds more than 500 leases labotke Gulf of Mexico and

is the largest producer of oil and gas in the Gulf of Mexico.

6.2 Background of BP Deepwater Horizon Oil Spill

On the morning of Tuesday, April 20, working in calm waters in the Gulf of
Mexico, engineers were confident of finaltypbeting a challenging, much delayed
exploration well in the Mississippi Canyon, Block 252. The area was dubbed
Macondo, after the-fiited town in GabrigbarciaMarquez E R RQhe Hundred

Years of Solitude BP plc planned on drilling the first well00 days

Though aleader in exploration, BP had little experience in the specific rock
formation under Block 252 but was optimistic about finding significant
hydrocarbon reserves at the Macondo Prodpekingto save time and expense

for eventual prduction, offshore engineers at BP designed the exploration well to

make it '‘production ready'.

11OSC- Oil Spill Commissio(2011y
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The crew was working to securing the bottom of the well with specially formulated
cement which would allow the masdideepwater Horizoploration rig to
'temporarily abandon' the location. Normal exploitation could be continued at a
later date with a cheaper rig, and alloe®pwater Horitmieing work at new

locations in the Gulf.

At 5:45 AM on the 20of April, a cementing engineer from Halliburton @amy,
subcontracting to BP, senimail from the rig to his colleagues in Houston a few
KXQGUHG PLOHV DZD\ '"HVSLWH VRPH LQLWLDO FRQI

have completed the job and it went %gll.

Deep water drilling more than 1000 feet beldhe sea level in current (2011)
terms 2is a complex endeavour, operating at the edge of engineering experience
with extreme pressures, high temperatures and in remote waters. Maintaining the
delicate hydrostatic balance of oil and gas pressure bél@icalitmn of heavy

drilling 'mud' requires geology, experience, engineering and coordination.
Conditions at sea level in the Gulf can change dramatically during the hurricane
season; in fact, the Macondo well was started by an earlier Transoceahiglilling
Marianasthat had to be towed back for repairs after Hurricane Ida some five
months earlier. ThBeepwater Horibawl already suffered a stuck drill pipe at
Macondo at more than 12,000 foot depth on March 8 when the fragile stone
formation collaged, forcing a design revision and drilling around the abandoned
lower segment of the original bore HoRy midApril, the well was already six
weeks late, with original projections of USD 96 million expected to overrun by
USD 58 millioH.

DeepwateHorizon was one of the most sophisticated drill ships in the Gulf of
Mexico, built in at a cost of USD 350 Million and operated by the largest offshore
drilling fleet company, Transocean. The rig was on -tefandease to BP with

daily services fees of sotd&€D 1 Million™. The safety record Beepwater Horizon

was generally good, with no major health and safety incidents in seven years. Two

senior BP executivesompany men drilling parlancend two Transocean senior

12 OSC- Oil Spill Commissiof2011a)

13 BP. 2010dDeepwater horizon accident investigation report
14 OSC- QOil Spill Commission (2011a)

15 OSC- Oil Spill Commission (2011c)
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managers? arrived on the rig that aming in April 20, 2010 for a oeday
'management visibility tour' and would congratulate the team on seven years of

drilling with no major incidents

Preparing the well for temporary abandonment, the drill team was testing the
integrity of the 15,00@dt deep well, coordinating with specialist firms such as
Halliburton and visiting BP engineers. The design of the well, formulations of
concrete and mud, and techniques for securing it were specific to the geologic
‘formation’ and intense, specific candg found during drilling. The engineers

had to resolving differences of opinion in the approach, and were reviewing

conflicting results from the various 'negative pressure' and 'positive pressure' tests.

At 21.30 PM that night, a massive geyser @fateaand drilling mud ereptand

begn to rain down on the rig and onto nearby support ship, covering the deck in
the thick mucoubke synthetic drilling compound. Moments later, a hiss of highly
compressed gas was@GUEOH /RVV RI Zbib@Qut-FsRoQaNot) RO RU
primary risks in drilling on sea or land, and extremely fast response is needed to
avoid disaster. The drill pusher and mudrakers working on the drilling floor

scrambled to take action.

At 21.41 PM, the rig shook with the first ofesavmassive explosions.ctéw
membersvere killed in the blast. Most of the able and injured crew could escape by
lifeboat 2 or jumping directlyeventy feet into the oily and burning Gulf waters
below. Some 27 hours later, the rig sank to the seab0drfeetunder the

surface

Over the next 92 days, BP would attemrphgeof techniques to stop the flow of

oil into theGulf 2 originally thought to be minimal then 5000 barrels per day,
ultimately known to be 10 times greater. The resulting ogagiled hundreds of

miles of coastline and covered vast surface and subsurface area. BP and its
subcontractors faddillion-dollar litigation, on top of the USD 11.8 Billion that BP

has already paid out by the end of 2010.

16 OSC- Oil Spill Commission (2011a)
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This was the beginning of st expensive and damaging oil spills in American
waters to datevith more thard.9 million barrels disarged into the Gulf waters.

The public and industry scrutiny on this catastraplsenparalleled, with impact
beyond the critical energy supply cti@hpowers the American and international
economy. In this case we look at the context and likely causes of the event, with a

focus on how BP and its partners sought to accelerate their response to the crisis.

The United Stategas estimated tmnsume mre than 18 million barrels of oil per

day during 2011. The energy supply chain is critical to the national and global
economy. To secure current and future hydrocarbon supplies, private industry has
moved to new frontiers, drilling offshore to extremehdegpnd employing new
techniques to extract energy sources from the ground. The wells in the Macondo
Prospect are among the deepest, starting at 5000 feet below sea level and going
some 13,400 feet into Miocene geologic layer that traps extensivees|ireder

waves of salt and clay below much of the Gulf of Mexico.

The network of companies serving the Gulf of Mexico is complex, with many
contracting parties for specialized services in marine geophysical surveying, offshore
engineering and constroatj transportation, diving and mobile drillingue the
exceptionally high cost of exploration and development, leading firms often shared
costs of drilling, production and transportationAccording to a National
SHWUROHXP &RXQFLO ¥WhidGstrategyKresultedE iK \a Mditicerk
reduction in the number of skilled people within operating companies who

understood development and deployfgnt

Time pressuranithis industry iFRQVLGHUDEOH "BURMHFW SURILW
how soon prodetion could be brought online. Drilling vessels were contracted on
dayrates, increasing time pressures. Production processes were highly

interdependent: delay on one place could cause delays elSgwhere

17 OSC- Qil Spill Commission (2011a)
18 OSC- Oil Spill Commission (2011a)
19 OSC- Oil Spill Commission (2011a)
20 OSC- QOil Spill Commission (2011a)
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In 1985, an Office of Technology Assessmeny stfithe Arctic and Deepwater

RLO GULOOLQJ LGHQWLILHG "D QHHGrel®dd ifuHed DSSURD
and fatalities in coping with new hazards in the hostile Arctic and Deepwater
IURQWLHUYV p ,W DOVR SUHYVF LeHdgWrOsaf@pdyepsifid@ R1 WK F
RIT'VKRUH REVHUYLQJ “"WKHUH LV QR UHJXODWRU\
integrated safety plans which address technical, managerial and other aspects of

offshore safety operatiéhg

The offshore drilling business is exgde and dangero®&ince 2001, the Gulf of

Mexico workforce2 35,000 people, working on 90 big drilling rigs and 3500
production platforms? had suffered 1,550 injuries, 60 deaths, and 948 fires and
explosior. Nevertheless, oil production in the Gail ivital part of the economy

and considered generally safe for the environment; as stated by President Obama
on 2 April 2010 on a speech in North Carolina, three weeks before the disaster,
“2LO ULJV WRGD\ JHQH¥UDOO\ GRQ W FDXVH VSLOOV

Macondo Prospect Mississippi Canyon Block 252

The Gulf of Mexico accounts for 90% of offshore drilling in the U.S. by volume
and contributes approximately one third of all U.S. oil production. BP acquired the
lease for Block 252 in 2008, and was approved by MMS toedfilst of two

wells on May 29, 2649

The well was started ('spudded'Mayianasn 6 October 2009. After reaching a
well bore depth of 9,090 feet, the rig was badly damaged by Hurricane Ida and had
work had to be retarted by Deepwater HorizorFebruary 2010

During drilling, the team faced seven 'lost returns' events, in which the pressure
from drilling fluid fractures the surrounding formation and the fluid flows into the
rock. While this is not unusual, the events were frequent and at depyirs,

prompting BP engineers in Houston to halt the drilling at 18,6302 feet

21 OSC- Oil Spill Commisen (2011a)
22 OSC- Oil Spill Commission (2011a)
23 The Whitehouse€010Q

24 OSC- Oil Spill Commission (2011c)
25 OSC- QOil Spill Commission (2011c)
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approximately 1,400 feet short of the original t8geause of the fragile state of
the well, additional tests and precautions are required.

"-RKQ *XLGH HFSQQEQGEBOMWHDWKORVLQJ UHWXUC
He and the other BP engineers worried that if their cementing procedure placed to
much pressure on the geologic formation below, it mightratgges another lost

event similar to the one on April 9

BP had to choose a well abandonment procedure that would balance the risk of

'lost returns' due to the fragile formation with possibility of losing well control.

To prepare a well for cementing, a mechanism known as the 'float valve' is
introduced athe bottom segment (‘the reamer shoe'). This has a psessifiee
mechanical device which changes from aviwovalve? allowing flow down and

up through the pipe to a oneway system. This conversion helps prevent mud

from contaminating the cement.

The drill team had difficulty convertitige valve(reversing its directigrand in

multiple attempts, increased pump pressure on the ninth attempt to 321d@rpsi

times the design specification. Theas thepossibility that conversion did not

occu due to obstruction of the very bottom of the well, the tip of the reamer shoe.
To test that the obstruction, perhaps cuttings or debris, was pushed out, and the
float collar converted, the crew would have needed to run at least 6 barrels of mud
per minué and observe the comparable return; they did not run thisntgkierA
possibilitywasthat the high pressure forced the ball through the float tube, leaving

it in place and leaving aduectional path through the float collar. If so, this could

causeontamination of the cement.

The process for temporary abandonment typically requires setting of a cement plug
some distance down into the well and adogkn sleeve at the seafloor, allowing
the BOP and riser to be removed. After several iterationghhthe well design,

BP engineering planned to put the concrete plug at 3000 feet below the mudline.

1. Run the drill pipe into the well to 8,376 feet, 3300 feet below the mudline.
2. Displace the mud in the well with 3300 feet of seawater, pushing the mu

into the riser above the BOP.
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3. Perform a negative presstest;to assure the concrete plug at the
bottom could hold the hydrocarbon under pressure without substantial
downward pressure from drilling mud

4. Displace the mud in the riser with seawater.

5. Set a cement plug at 8,376 feet.

6. Set a lockdown sleeve.

This phase would leave only the cement at the bottom reamer shoe to stop
hydrocarbon flow up into well; the BOP could act as backup only if someone on
the rig activated it early enough shobkl ¢ement fail. This could require
significant reaction speed from the operating crew, at the same time they were
working with the complex mud displacement process from the riser.

This procedure allowed BP to set idolwn sleeve last, but required thpeup

cement barrier to be significantly deeper than was typical. Preferring to set cement
in seawater, this left 8,376 feet of mud displace with much lighter seawater before
any secondary barrier was in place. The procedure was developed at the last minute
without performing any risk analysis. BP had changed the procedure a number of

times in the two weeks prior to these final steps.

The plan on the 12 April did not include a negative pressure test, and had the
cement plug set at 6,000 feet below sea |&vel14 April, BP sent a revised plan

to MMS for approval, which included a negative pressure test, but required setting
the cement plug in drilling mud before seawater displacement. On 15 April, BP
changed the plan again, deciding to perform the eegatissure test before
setting the cement plug. On April 16, BP sent the plan to MMS, which was
approved in less than 90 mintites

The plan changed one more time, on the day of the blowout. BP sent the Macondo
team on the rig a revised plan, diffeterthe one approved by MMS. In this final
plan, the negative pressure test would be combined with displacement of mud in

the riser with seawater

26 OSC- QOil Spill Commission (2011c)
27 OSC- QOil Spill Commission (2011c)
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Explosion and Oil Spill

Along with 11 deaths that occurred within minutes of the blast, 54 workers on the
Despwater Horizegre injured? some critically. Powerlester the first explosion,
which destroyed itsnginerooms, the burning rig driftet600 meters, listing

heavily, before sinking to the seafloor 27 hours after the initial explosion.

By then an eshated 1500 meters of the riser connecting the rig wetleaday
crumpled on the sea floor. An oil slick from the initial destruction of the rig was

visible for kilometres, but first impressions from the surface led the Coast guard

and BP to assumaat the well had been sealed during the emerg&iwyoil
leaking into the GulG

This wouldsoon prove not be the cageCoast Guard officials on Saturday
estimated that as much as 1,000 barrels of oil is escaping each day from the well
head on the oceal©OfRR U p

On April 28", Coast Guard Adm. Mary E. Landry quoted a scientist from the
National Oceanic and Atmospheric Administration who had concluded that oil is
OHDNLQJ DW WKH UDWH RI EDUUHOV D GD\ QRW
appears to hav been calculated using a method that is specifically not
UHFRPPHQGHG IRU PDMRU RLO VSLOOV u

2Q $sSULO WK WKH :6- UHSRUWHG WKDW ",DQ ODF'RQ
at Florida State University who specializes in tracking ocean oil seeps litem satel

LPDJHU\p KDG FRQFOXGHG WKH "RLO VSLOO FRXOG EI
GD\ ILYH WLPHV WKH JRYHUQPHQW:V FXUUHQW HVWLF

On May 4, Doug Suttles, an executive with BP Plc on Wednesday said the well
could gush at 60,000 barrels pgritdall the equipment on the sea floor restricting

the current flow were removed during certain repair procedures.

FIf the existing Blowt Preventer (BOP) and all the equipment were removed, it
could get up to thatGate.

Oil Spill Commission, 2@&Mgestions al testimony
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By May 1%, the amount of oil spilling into the Gulf of Mexico may be at least 10
times the size of official estimates, according to an exclusive analysis conducted for
NPR.

%3 KDV VDLG UHSHDWHGO\ ~WikdasrevthK billsplll intheQR UHO |
*XOl RI OH[LFR E\ ORRNLQJ DW WKH RLO JXVKLQJ RXW

Steven Wereley, an associate professor of mechanical engineering at Purdue
University, analysed videotape of the seafloor gusher using a technique called
partice image velocimetry. A computer program tracks particles and calculates how
fast they are moving. Wereley put the BP video of the gusher into his computer. He
made a few simple calculations and came up with an astonishing value for the rate
of the oil splt 70,000 barrels a ddy much higher than the official estimate of

5,000 barrels a day.

On 14" May, BP spokeswoman Rebecca Bernhard said the company is standing by

the 5,000EDUUHO ILJXUH “:H ORRN DW WKH IDFW WKDW L
in several ways. We look at it from satellite imagery, over flight observations and
onthe ZDWHU REVHUYDWLRQV

Carol Browner, director of the White House Office of Energy and Climate Change
SROLF\ QRWHG WKDW %3 KDG D "YHMNWeskeldf @@ QFLD O L
OHDN VSHDNLQJ WR &%6 QHZV RQ ")DFH WKH 1DWLRQ

fine based on those ratesG. .

Representative Ed Markey of Massachusetts, head of the House Energy and
Environment subcommittee, agreed that the @@ "KDG D MUVMIMYH LQ OR:
WKH QXPEHU ULJKW IURP WKH YHU\ EHILQQLQJ u

Noting that BP has consistently provided information that proved to be wrong,
ODUNH\ VDLG KH KDG "QR FRQILGHQFH ZKDWVRHYHU L

"7TKH SXEOLF QHHGV WR NQ RZAueétiohs: BiQwnauidHJod isV R Y H U\
leaking into the Gulf and how much oil can be expected to end up on our shores

DQG RXU RFHDQ HQYLURQPHQW"u ODUNH\ VDLG LQ D
an underestimation of the flow may be impeding the ability tatsleak and

KDQGOH PDQDJHPHQW RI WKH GLVDVWHU p
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Retrospective estimates of the oil leak from the first day of the disamteat
approximatel$2,000 barrels, slowing to 54,000 barrels per day by the time the well
was finally capped. This figure isoather of magnitude higher than the original
estimates, for a total spill of some 4.9 million barrels, making it by far the worst

open sea oil spill in US waters.
6.3 Companies and Parties Involved

Transocean

Transocean is one of the leading offshore drdingpanies. It owned some of
the most capable drilling rigs in the industry, setting records for offshore drilling
depth.

According to BP's Patrick O'Bryan, Beepwater HorizbBbV "WKH EHVW SHUIRL
rig that we had in our fleet and in the Gulf ofibteand | believe it was one of the

top performing rigs in all the BP floater fleets from the standpoint of safety and

drilling performancégu :KLOH WKHUH ZHUH VHYHUDO WKRXVD
maintenance issues to be schefiukbe rig was seen asvorkhorse capable of

handling some of the most complex operations.

Halliburton

+DOOLEXUWRQ LV RQH RI WKH ZRUOG:V ODUJHVW RI
several other oil field services companies, including Baroid and Sperry Drilling.
Halliburtondesigned and pumped the cement for all of the casing strings in the

Macondo well.

The Minerals Management Service (MMS)

The Minerals Management Service (renamed on 18 June 2010 to the Bureau of
Ocean Energy Management, Regulation and Enforcement, or &u@eean
Energy (BOE))

28 OSC- Qil SpillCommission (2011a)
29 OSC- QOil Spill Commission (2011a)
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7KH '"HSDUWPHQW RI WKH ,QWHULRU:-V '2, %XUHDX
Regulation and Enforcement (BOEMRE), is the federal agency responsible for
overseeing the safe and environmentally responsible development of energy and
mineal resources on the Outer Continental Shelf.

The Bureau is led by a Director appointed by the DOI Secretary. The Director is
supported by senior executives who manage national programs, policy, and budget
in Washington, DC (headquarters) and three reglopators responsible for

management and program implementation.

7TKH %2(05(-V 2IIVKRUH (QHUJ\ OLQHUDOV ODQDJHP
contend with all aspects of offshore federal leasing and renewable energy projects.

The OEMM's work includes the prepamatnd administration of regular offshore

oil and gasebse sales. Additionally, BOEMRE#éesponsible for conducting

supporting research and documentation leading up to each lease sale.

7KH 2&6 LV D VLIQLILFDQW VRXUFH &ylsipp TheQG JDV |
approximately 43 million leased OCS acres generally accounts for about 15 percent

Rl $PHULFD:-V GRPHVWLF QDWXUDO JDV SURGXFWLRQ
GRPHVWLF RLO SURGXFWLRQ 7KH %2(05(-V RYHUVLJ
ensurgoroduction and drilling are done in an environmentally responsible manner,

and done safely.

In addition to BP, Transocean and Halliburton, a number of other subcontractors
to BP and individuals wergarties of interegt and participated in further
investigation and eventual litigation. These companies included: Cameron
(equipment manufacturer of the BOP), M | Swaco (subcontractor to Halliburton),
Anadarko Petroleum, MOEX USA Corp.

6.4 Timeline of the Disruption

The timeline of the pandemic responskeas/s ir

Figure277 ,Q WKLV VWXG\ WKH GDWH $SULO DW

purposes of analysis because at this point in time the lost adnirell became
inevitable (See also the detailed of timeline according to BP Deepwater Horizon

Accident Investigation Report in Appendix 3.)
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Figure 27: Timeline of BP Response to Deepwater Horizon Oil Spill
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6.5 Handling of Disruption by BP

BP committedtself to sharing thkessondearned within the energy industry and
the wider communityt created an internal investigation tdathE\ % 3-V KHDG RI
safety and operations, immediately after the explosion inviting the expertise of more

than 50 technical and other specialists.

The findings below are based publically available reports and yestidesroath

from the internal investigation from BP and the various agencies:

X The Deepwater Horizon Joint Investigation, a combined effort of the US Coast
Guard Marine Board of Inquiry and the US Department of Interior, Bureau of
Offshore Energy Managemd&Regulation and Enforcement.

X The National Commission on the BP Deepwater Horizon Oil Spill and
Offshore Drilling, also known as the Presidential Commission. This
commission was created by President Obama on 22 May 2010 as an
independent, nepartisan eitly to thorough investigate and assess the causes,
responsibilities, immediate and {tergn response.

x The National Academy of Engineering

X The US Chemical Safety Board

x The US Congress

X The US Department of Justice

X The US Securities and Excha@genmission

X The US Coast Guard

6.5.1 Assessment of @uses

From a geological perspective, each well is unique. The structure of the rock
formation, depth and pressure of the layers containing hydrocarbons, compositions
of those reserves and of course thendyilocation make each drilling operation a
unique processdWVell blowouts, in which the drilling or production platform loses
control over well pressuggresent anajor risk and while difficult to prediate

typically preceded kgrly warning signshd most obvious objective of the team is

to understand the conditions, engineer accordingly and closely monitor conditions.

207



Once the event occurs, pressure can rise explosively as the gas and oil travel
XSZDUG )DVW UHVSRQLW/- MWIKdA diewsLtreDh@droddrbohy K X W
away from any ignition sources, equipment and workers. Seconds and minutes
count: the tremendous volume of gas can quickly engulf a large area; the explosion
that ripped through thBeepwater Horikdled the drill team @tantly but also
destroyed equipment that was could have helgsdiréhe well. Designing the

safety mechanisms for surviving such a blast is a major challenge.

Once the rig was essentially abandoned and lost, the race against time began to
SHUPDQH@WO \WKH ZHOO 2LO ZDV YiMDdNoo®térsDW DQ X
down 2 from multiple locations. Getting consistent information was difficult at

those depths, information that the public and government demanded. The public

and government lost confidddicLQ %3-V DELOLW\ WR KDQGOH WKH
the rate of oil spill increased. Threat of extensive government sanctions against BP
created shareholder concern as well. BP Upstrehiits partners struggled to

adapt known mechanisms for weeltol to the harstlideepwater conditions. The

only permanent, but not entirely reliable solution, would be drilling a rekehwell

fact, two well, should one fail. Shetégm engineering efforts were attempted and

failed. Worstase scenarios were reit@@ LQ WKH 8QLILHG &RPPDQG
technical teams; public and academic iAgalicited by BP? went to extreme

measures, even use of nuclear explosion to seal the well.

As the oil spread was carried by currents, it threatened the coast areas and marine
life. Oil recovery and spill control mechanisms were put in?phezegh little new
technical advancement had been made since recovery efforts 20 years earlier.
Political pressure on coastal protection triggered investaedthence financial

compensi#zon due from BP2on measure that proved ineffective.

Legal and criminal investigation was immediately initiated; placing restrictions on
the way information could be retrieved and published. BP fageis@fitigation,

which could dramatically incresseexposure. The impact of the event will be felt

by BP and the environment long after the oil stopped flowing into the Gulf of

Mexico.
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6.5.2 Overview of BP Response

Within a week of the explosion, BP embarked on what would become a massive
effort to generateontainment options, either by adapting shaliaer technology

to the Deepwater environment, or by designing entirely new devices.

Even after the blowout during efforts to contain the spill BP continued to
GHPRQVWUDWH RYHUFRQIL G Q$ HushbackKad eddentitl UQP HQ
because BP would not, on its own, consider the full range of possibilities.
According to one senior government official, before the increased supervision, BP
fKRSHG IRU WKH EHVW SODQQHG IRU WKH EHVW H[St

" 7 KgR Milling to fund and carry out the response, BP had no available, tested
technique to stop a Deepwater blowout other tiuany theoossstio$ drilling
D UHOLHI ZHOO u

Oil Spill Commission, 2010b: Congestions al testimony

BP's response plan releglahow ilequipped the firm was in dealing with such a
crisis. BP had named Peter Lutz as a wildlife expert on whom it would rely; he had
died several years before BP submitted its plan to the MMS. BP listed seals and
walruses as two species of congerase of an oil spill in the Gulf; these species
never see Gulf waters. And a link in the plan that purported to go to the Marine

Spill Response Corporation website actually led to a Japanese entertainment site.

The response has required the develdpoiextensive systems, procedures and
organizational capabilities to adapt to changing and unique conditions. As the
Deepwater Horizon spill continued despite efforts at the wellhead, the response
effort progressed, expanded, and took on not just nesaatasklirections but new
personnel and resources. As a result, from source to shore, existing systems were
evolved and expanded and new ones developed to advance workflow, improve
coordination, focus efforts and manage risks. The adoption of these wilkstems
ensure the ability to respond more rapidly at scale with a clear direction as to

personnel, resource and organizational needs.
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Early-Warning Sigrs

The original well at Macondo was started byrduresocean Maridnadialted due
to damage frontHurricane Ivan. This highlighted the challenging environments
and importantly set the schedule back by many weeks, creating significant time

pressure on BP management and the subcontracting support companies.

Transocean chose a ‘condition based' ingpeatid maintenance schedule, in
contrast to Inspection status of the BOP. Cameron specified that the BOP should
be disassembled and inspected every 3 to 5 years; this was not implemented by

Transocean or BP.

Lost drill. The well collapsed at 12000 feet, fzam to be drilled again
circumventing the collapsed well section. While this is not uncommon, the fragile

nature of the formation was demonstrated and merits additional precaution.

Disagreement in the drill team and BP on well design, in particular an use

centralizer8

Several changes to well design which were very rapidly approved by clearly

overburdened MME engineering in the New Orleans Souti'office

Excessive pressure (x4) to convert thevfldwes. The manufacturer stétes the
maximum presge was 260 psi to convert the valves (e.g. change the reversal of
flow, so that cement could flow and would not be pushed back into the drill pipe).
The metering indicated x4 times greater after several attereptneers
interpreted the data 'optimstily’ assuming a 'bladder effect' (reserved pressure)

could cause the anomaly.

30 OSC- QOil Spill Commission (2011a)
31 OSC- QOil Spill Commission (2011a)
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Halliburton cement formulation. In testing during April 2010, cement engineers
found it very difficult to create a nitrogen-rgas mix that would set dhe
pressures aniime required. No information to this effect was passed to the rig.
Later tests by Chevratter the accident with comparable materials showed the

cement formulation was generally unstable.

Negative pressure test left inconclusive results. The drilusednthe kiline

pressure to indicate the cement was sealed properly against high well pressure.

Increasing pressure in the well after negative pressure testing was concluded. The

rig crew was busy with replacing some 8300 feet of drilling mud watiersteaset

a highlevel cement plug. The returned mud was assessed to detect hydrocarbon
(‘'sheen test’); no oil was visible at that momenthis ZDV D NLFN LQGLFD)
showing that the well had been comprised and gas or oil was entering the well bore.

A driller, assistant driller, or mudlogger watching the -Spermnonitors screen

could have seen it

At 21.40 PM, Mud erupted on to the rig in a geyser, raining down on the drilling
platform and the nearby support $hiBometime between 21.40 and2PM,
mud overflowed onto the rig floor, shot up to the top of the derrick, and poured

down onto the main detk

Gas could be heard rushing out of the well with the mud in-pitcigéd hiss for
some minutes. Gas alarms were turned off in the dailtagand only went off
when gas was detected in a very wide area covering the rig, seconds before the first

explosion.
Conclusions of BP and External Investigations

With recovery and analysis of the BOP, and extensive simulation and analysis, the
technial sequence Macondo blout and oil spill is essentially complete. A
sequence of management and operational decisions, along with failure of multiple

technical elements prevented the crew of avoiding the disaster at multiple instances.

32 OSC- QOil Spill Commission (2011c)
33 OSC- QOil Spill Commission (2011c)
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The National Commi{ VLRQ-V UHSRUW WR WKH 3UHVLGHQW
LQYHVWLIJDWHG WKH ORVV Rl WKH &ROXPELD VSDFH
DOZD\V IDLO LQ FRPSOH[ ZD\V

BP's investigation emphasized the complexity of the enviroRifleatteam did

not identify anysingle action or inaction that caused this accident. Rather, a
complex and interlinked series of mechanical failures, human judgements,
engineering design, operational implementation and team interfaces came together
to allow the initiation and escalatmithe accident. Multiple companies, work

teams and circumstances were involved ovét time

IHYHUWKHOHVYVY WKH &RPPLVVLRQ:-V UHSRUW IRXQG V
cumulative risk that resulted from these decisions and actions was both

unreaspably large and avoidablgr DQG "FRXOG KDYH®* EHHQ SUH
Specifically, the commissia@oncludes %3-V IXQGDPHQWDO PLVWDN
IDLOXUH«WR H[HUFLVH VSHFLDO FDXWLRQ DQG DFFF

especially vigilant) befosdying on the primary cement as a barrier to hydrocarbon
flow®” u

5HVSRQVH WR WKH VSLOO ZDV DOVR KDPSHUHG E\ \HD
in safety, containment, and response equipment and practices failed to keep pace
with the rapid move into Bpwater drillin p

34 BP (2010)

35 OSC- Oil Spill Commission (2011a)
36 OSC- Oil Spill Commission (2011a)
37 OSC- QOil Spill Commission (2011a)
38 OSC- Oil Spill Commission (2011a)
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Additional findings from BP investigation are:

Well Design

X %3V GHFLVLRQ WR FKRRVH D ZHOO GHVLJQ FRQV
casing instead of a liner led to a higher risk of cement failure.

x BP installed only six cenizals on the production casing instead of the
recommended 21 centralizers. Furthermore, BP neglected to inform
Halliburton of the number of centralizers installed.

X BP replaced 3,300 feet of heavy drilling mud with lighter seawater and this

put unnecessasyress on the cement job.

Risk assessment

X

BP made multiple changes to the temporary abandonment procedures in
the weeks prior to the blow out but the changes did not go through any sort
of formal risk assessment or review process.

Monitoring

X

When the BP ahTransocean staff on the rig noted an anomalous pressure
reading while attempting to convert float valves they concluded that the
SUHVVXUH JDXJH WKH\ KDG EHHQ UHO\LQJ RQ ZD
not to have seriously examined why it had to applyoawdimes the 750

SVL GHVLJQ SUHVVXUH WR FRQYHUW WKH IORDW )
In the minutes prior to the blowout the Transocean crew failed to notice an
increase in pressure in the wdtley failed to recognize that a natural gas

kick was occurring until it wa® late and the blowout was uncontrollable.

x The Commission cites a lack of automated alarms in the displays used to

monitor well pressures as a contributing factor.

Training

J)DLOXUH RI WKH 'HHS ZDW Préventdt, Udo$soly - due %oOpRdE
maintenance, was a major contributing factor in the blowout.

Training of key engineering and rig personnel was inadequate.

Communication

There was kBck of communication within BRFor instance bateen offshore and

onshore staffand poor communicationetween BP and its contractors.

Information was compartmentalized and not fully shared.
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6.5.3 Coding and Categorisation of Data frem BP Deepwater
Horizon

Warning 2Develop advance warning system

Examples:

X Manage distractions duringelwpressure monitoringvhich inhibited early
detection)

X Implement gas detection systdarsearly warning (drill floor level alarm was
turned off).

x Provide shift change infonation from night to day shift (missing on the
morning of event)

X Assure usability (Driller's displayesn was difficult to interprgiressure
anomalyventunnoticed).

X Provideon-shore real time monitoring facility.

Codesnonitoring, training, roles, preparation, \Wameargleeabte

The Deepwater Horibaid a number of alarm systems indtaileluding one to

alert the crew to presence of potentially explosive gas. The alarms on the rig floor

had both visual and sound indicators. However, according to Mike Williams, some
ZHUH WXUQHG RIl LQKLELWHG LQ KL%t tAd&ydi&Y “~WKH
QRW ZDQW SHRSOH ZRNH XS DW R FORFN LQ WK
referring to instruction from the Offshore Installation Manager. Had the alarm
system been active in key areas, the Emergency Disconnect Sequence would have
shutdown tk equipment at risk, and alerted the crew to presence of gas in

dangerous areas.

Andrea Fleytas was the Transocean DPO on duty in charge of the alarm panel at

the time of the blowou#fter feeling a first jolt and noticing multiple combustible

gas alarmsounding throughout the rig, she did not immediately hit the general

alarm. At the time, she received a call from the engine control room asking what

was going on but did not instruct them to shut down the engines despite the
multiple combustible gas alarsounding throughout the rest of the rig. Fleytas

VDLG LQ KHU WHVWLPRQ\ ZKHQ DVNHG ZK\ VKH KHVL!'
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ZDV D ORW FRidgtasghid fRa) Tpansocean provided no formal training or
simulations on how to respond to contitiles gas alarms

Was There A
Less Risky

Less Time
Than Decision Maker
Alternative?

Decision Alternative

Available?

Not waiting for more centralisers g
preferred design
Not waiting for foam stability test

Yes Saved Time BP on shore

S Yes Saved Time
results and/oredesigning slurry
Not running cement evaluation lod Yes Saved Time BP on shore
Using spacer made from combine
lost circulation materials to avoid Yes Saved Time BP on shore
disposal issues
Displacing mud from riser before Yes Unclear BP on shore

settingsurface cement plug
Setting surface cement plug 3,000 Yes Unclear BP on shore
feet below mud line in seawater (Approved by MMS
Not installing additional physical
barriers during temporary Yes Saved Time BPon shore
abandonment procedure
Not performing further well integrit
diagnostics in light of troubling an
unexplained negative pressure teg
results

By passing pits and conducting ot
simultaneous operators during Yes Saved Time
displacement

BP (and perhaps

Yes Saved Time Transocean) on Ri(

Transocean (and
perhaps BP) on Ri(

Table 29 Examples of Decisions that Increased Risk at Macondo while Potentially Saving
Time

SourceOSCOil Spill Comission (2010c)

Stress testing? Conduct stresgest

Examples
x Testingprior to deployment of equipment (e.g. BOP was not tested).

x Testing for stability (Ritiveand negativpressure tests of well integrity

x Verification of inputs (Incorrectly interpretednent testing dung formulation
by Halliburbn)
Codes: testmgdelling asdification

BP contracted a number of tests to be performed by Halliburton, the contractor
responsible for cement formulation and pumping, and the Transocean crew that

would run a set of positive and negative pressure tes

To prevent oil and gas from escaping an exploration or abandoned well, and assure

stability of product wells, cement is used to reinforce the well. Specially formulated
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cement slurry is used according to the characteristics of the well such as pressure

temperature, depth and surrounding fluids.

Cement slurry requires testing on shore prior to use. Because the pressure and
temperature at the bottom of a well can significantly alter the strength and curing

rate of a given cement mixand because storimgment on a rig can alter its

chemical composition over timeompanies like Halliburton normally fly cement

samples from the rig back to a laboratory shortly before pumping a job to make

sure the cement will work under the conditions in the well.bbnatéay conducts

D QXPEHU RI WHVWV WR HYDOXDWH WKH VOXUU\-V YL

at which it will cure, and its eventual compressive strength.

On February 10, soon after the Deepwater Horizon began work on the well,
Halliburton l&oratory personnel ran a series of pilot wmstthe cement blend
stored on the Deepwater Horizon that Halliburton planned to use at Macondo.
Halliburton sent the laboratory report to BP on March 8 as an attachment to an e
mail in which he discusseds hiecommended plan for cementing an earlier

Macondo casing string.

According to the Commission, experienced cement engineers would immediately
see that the February foam slurry design was unstable. Halliburton did not
comment on the evidence of the ceméi@ XUU\-V LQVWDELOLW\ DQG WI
that BP examined the foam stability data in the report at all. It appears that

Halliburton never reported the results of the earlier February test to BP.

Halliburton conducted another round of testwiokApril, just before pumping the

final cement job. By then, the BP team had given Halliburton more accurate
information about the temperatures and pressures at the bottom of the Macondo
well, and Halliburton had progressed further with its cementingJplag this
information, the laboratory personnel conducted several tests, including a foam
stability test, starting on approximately April 13. The first test Halliburton
conducted showed once again that the cement slurry would be unstable. The
Commisgin does not believe that Halliburton ever reported this information to
BP. Instead, it appears that Halliburton personnel subsequently ran a second foam
stability test, this time doubling the-fet canditioning time to three hours.
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Negative Pressurettes

“7KH Q Hpré&ssure te$t was accepted although well integrity had not been
established. The Transocean rig crew and BP well site leaders reached the incorrect
YLHZ WKDW WKH WHVW ZDV VXFFHVVIXO DQG WKDW ZF

Not all agreed, including Whelan Weeler, an experienced drilling engineer badly in
injured in the blonRXW “":KHHOHU ZDV "FRQYLQFHG WKDW VF
UHFDOOHG &KULVWRSKHU 30OHDVDQW D VXEVHD VXS
explanations he whsaring. But his shift was up.

Failure to run final tests

During the rig's daily 19.30 operations conference call to BP in Houston, engineer
Morel discussed the good news that the final cement job at the bottom of the
Macondo wellvas successfulTo enste the job did not have any problems, a
threeman Schumberger team was scheduled to fly out to the rig later that day, able
to perform a suite of tests to examine the well's new bottom cement seal. According
to the BP team's plan, if the cementing wenbtéiyo as it had, they could skip
Schlumberger's cement evaluation, saving time and the USD 128,000 fee.

Blow Out Preventer (BOP)

Through a review of rig audit findings and maintenance records, the investigation
team found indications of potential weakeesin the testing regime and
maintenance management system for the BOP. In fact, the Commission identified

many areas where BP saved time or money by avoiding test procedures.

Training 2Implement training

Examples
x Educate staff on failure modBso{v outprevention school for key engingers

X Provide online information resourd@sl{ne electroniculetins and document
databases)
Codes: training, learning, communication and teamroom

Influx of highpressure oil and gas was not recognized until hydrocarbons were in
the riser, connecting the well with the rig. With the negatissure test having

217



been accepted, the well was returned to an overbalanced condition, preventing
further infux into the wellbore. Later, as part of normal operations to temporarily
abandon the well, heavy drilling mud was again replaced with seawater, under
balancing the well. Over time, this allowed hydrocarbons to flow up through the
production casing and padshe BOP. Indications of influx with an increase in

drill pipe pressure are discernable irtirraldata from approximately 40 minutes
EHIRUH WKH ULJ FUHZ WRRN DFWLRQ WR FRQWURO Wk
control actions occurred afteydrocarbons were rapidly flowing to the surface.

The rig crew did not recognize the influx and did not act to control the well until

hydrocarbons had passed through the BOP and into the riser.

Well control response actions failed to regain contrbleofvéll. The first well

control actions were to close the BOP and diverter, routing the fluids exiting the
riser to the Deepwater Horizon mud gas separator (MGS) system rather than to the
overboard diverter line. If fluids had been diverted overboas, tfzih to the

MGS, there may have been more time to respond, and the consequences of the
accident may have been reduced. The float collar used in the cementing process
did not initially operate as intended and required 9 attempts with higher than usual
pressures to function properly. Moreover, the float test performed after cementing
may not have been definitive, leading to concern that there may have been
contamination of the cement due to density differences between the cement and the

drilling mud
Teamwork 2Create integrated response team

Examples

x Establish integrated response team (BP and related parties setup a response
WHDP NQRZQ DV WKH Y8QLILHG &RPPDQGHU

x Establish investigation team (BP set up an internal investigation team).

Codes: investigatiogsinctional, learningrasar and communication

%3 FUHDWHG DQ LQWHJUDWHG UHVSRQVH WHDP FDOOC
structure was established to manage the response to the disaster. It subsumed the
spill's "responsible party” (in thése, BP) with federal and state officials in a single

organization. The Coast Guard established its Unified Area Command
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headquarters for the regional spill respboseApril 23 in Robert, Louisiana, later

moving it to New Orleans

Learning 2Learning from previous events

Examples
X Investigate root cause.
x Establish forums to accumulate and manage learning

Codes: investigation, learning, root cause, external)itrghisinyaesiperial

A number of formal bodies were established or involveapturing the lessons

learned from the event, with documentation in the public domain including:

x National Commission on BP Deepwater Horizon Oil Spill Offshore Drilling

x Chief Counsel's Report

x Coast Guard I3Rand BOEMRE Joint Investigation

x DNV BPO Report on keyaguipment

x Department of Justice Investigation on potential criminal liability
These investigations provided input to investigation of potential criminal liability.
8SRQ UHDGLQJ WKH %3 LQWHUQDO UHSRUW G5LFKDL
SCHQWLILF DQG (QJLQHHULQJ $GYLVRU FRPPHQWHG
accident happened at 9:49 p.m., on April 20; whereas in some ways, the blowout
EHIJDQ LQ HDUO\ ZKHQ WKH\ LQLWLDOO\ GHVLJQHG

As the largest of the eshore explorationnd drilling companies, both BP and
Transocean had access to a wealth of expetisnceesses and challengigem

which to learn. Nevertheless, previous events had occurred and while investigation
was performed, the lessons were not necessarily miciensyf visible to

otherwise trained personnel onEreepwater Horizon.

For example, a set of incidents occurred at the Grangemouth Complex, Scotland,
RQH RI (XURSH:V ODUJHVW UHILQHULHY WKDW SURFH)\
oil. Three sepate incident$ Power failure on 2May, a steam rupture on tie 7

of June, and fire in a Catalytic Cracker Unit Bdurie 2000 did not cause loss of

life, but highlighted important lessons and resulted in BP being fined some GBP

1M. The report higp LIKWYV WKDW "%3 *URXS DQG &RPSOH][ C
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GHWHFW DQG LQWHUYHQH HDUO\ HQRXJK RQ GHWHUL

Grangemouth executive report.

ORUH EURDGO\ LW VWDWHG "ODMRU DFFLGHQW KD]D
allow controland reduction of risks. Control of major accident hazards requires a
specific focus on process safety management over and above conventional safety
PDQDJHPHQW u

Also in the North Sea, the BP Forties Alpha production platform was flooded with
methane whea gas line ruptured. Unlike the calm conditions that contributed to
gas formation on the Horizon, wind moved gas from the Forties Alpha and no
ignition source was present. BP admitted breaking the law by allowing pipes to
corrode on the Forties Alphaa®d LG D 86" ILQH n

Other platforms were not as lucky. Occidental Petroleum's Piper Alpha exploded
and sank, with 167 fatalities. Common contributing factors included inadequate
safety assurance, worker training, and evacuation prodaoliuresnmunication
andconfusion about lines of authowtyplified the death toll in at least two of the

accidents.

7KH &RPPLVVLRQ DOVR FLWHG 7UDQVRFHDQ: -V IDLOXL
earlier neablowout in the North Sea some months earlier. The crew of the
Deepwater Horizon was not aware of this event nor the safety lessons gained from
it. On December 22009, gas entered the riser while the North Sea rig was
displacing a well with seawater during a completion operation. Following similar
procedures to th®eepwater Horiteam, the crew had already run a negative
pressure test on the lone static baveéween the pay zone and the rig and deemed

it successful. The tested barrier failed during displacement. Hydrocarbons flowed
into the well, and mud spewed from the rig floor. Unlike at Macondo, the crew was
able to shut in the well before a blowout oedubut not until nearly one metric

ton of oitbased mud had spilled into the ocean. The incident cost Transocean 11

days of additional work and more than GBP 5 Million.

7KH ODFRQGR 3URVSHFW zZDV UHIHUUHG WR DV WKH
Rosto in congressional testimony, due to similarities to a unsuccessful, ultimately

abandoned well known as Devil's Tower that share many characteristics. Ms.
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Roshto was quoting her husband Shane Roshto, an experienced toolpusher who

died during the explosioShane Roshto told her "Mother nature just doesn't want

to be drilled herd' some weeks before the accident occurred. The BP drilling

engineer responsible for the well design echoed that sentiment, sending an email on
$SULO "WKLV KD Wel whitDhas @ved/snd & Duetthe Mlace.

External communication 2 Establish frequent communications with partners

Examples
X Improve @ommunication with key supplierg(éialliburton communication of
cenment test results was incomplete).
X Increasdrequecy of press and public communicatideisy press briefings.
x UseRealWLPH YLGHR FDPHUD IHHG JVSLOOFDP
x Participate in formal testimoi@ofhgressional hearings after the gvent.
x Create new orA®-many networking systemRaflio relay network for
thousands of shi@and team to coordinate response)
X Invite external experts (academic, industry) to assist in design.
Codes: communication, partner, frequency, testing, verification, publiapm@ess, frequency

video, intigation, coordination, expert and industry

Halliburton, the cementing contractor, advised BP to install numerous devices to
make sure the pipe was cantered in the well before pumping cement, according to
Halliburton documents, provided to congressiovaisiigators and seen by the

Journal. Otherwise, the cement might develop small channels that gas could

squeeze through.

Relationship with Competitors 2 Established relationship with competitors

Examples
x Outsourceaasks beforer after eventGhevronfor cement testing)

X Add capacity from competitoShell help BP adding capacitpimyides ships
for clean up)

39 Oil Spill News (2010)
40 Keim (2010)
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x Create industry group to increase capacity, reserve and expéaiemed/\(ell
Company formed after event to facilitateweigoand reduce cadtreserve)

Codes: competitor, capacity, industry and reserve

The Vessels of Opportunity program was a way for BP to provide some income to

local residents outside of a formal claims process. Through the program, BP

employed private vessels to condugtorese efforts such as skimming, booming,

and transporting supplies. Vessels of opportunity made between USD 1,200 and

USD 3,000 per day, depending on the size of the boat. Individual crewmembers

made USD 200 for an eididur day.

In response, the State lobuisiana began its own program, as did several local
governments. The Unified Command struggled to coordinate this floating militia of
independent vessels and to give them useful response tasks. Having hundreds of
vessels look for oil did not contribstgnificantly to the response, because aircraft
were more effective at spotting oil. Placing boom requires skill and training, and

responders differed in their judgements of how much the vessels contributed.

Marine Well Containment Co. is a new orgamsdtiavas formed after the
Deepwater Horizon even in 2010 by some of the largest firms operating in the Gulf
of Mexico including ExxonMobil, Chevron, ConocoPhillips, Shell and eventually
BP. The nofor-profit organization is tasked with bringing togethkpertise and
systems for addressing a range of blowout and spill scenarios. The initial
investment to construct new subsea and modular process equipment is expected to
be approximately USD 1 Billion, in a large part based on the techniques developed

during the Macondo disaster.

Employee capacity- Assure management and employee capacity

Examples
x Protect staff (Rig was quickly abandoned to avoid further casualty)

X Leverage staff for imnmediate response (Rig personnel who survived the blast

were pressed infwe-fighting duty).

X Assure safety of all employees (Search for survivors for about 27 hours).

Codesapacity, employee, reserve
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Production capacity 2 Increase capacity by improving recovery capacity

Examples

X Add recovery capacity (Extend recoveryodrmirning with additional support
ships and rigs)

X Source new type of capacity (Hire andurpose fishing vessels unable to
operate, solving capacity and political pressures through commercial partnership
with those affected by the spill)

X Replicate are production capacity (Employ Transocean rigs for drilling relief
wells)

X Source capacity widely (Leasing of -tlpainom across the industry werld
wide, e.gQ400Cship)

Codesapacity, sourcing, flexibility

Product design 2Develop new products bymplement most robust solution

Examples
X Implement solution with highest assurance to succeed (Initiate Relief well
drilling as soon as feasible)

Codespeed, risk

Increase flexibility 2Improve operational scope of scare equipment

Examples

X Redesign equigent for faster deployment across differericases (more
flexible rig and seafloor equipment to reduce points of failure and eostly re
tooling)

Codesdesign, flexibility, speed
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6.5.4 Response Time aBP Deepwater Horizon

D1 - Detection of the Event

According to an extensive set of interviews by BP internal investigation, the
national commission and in congressional hearing after the event and the
monitoring data accumulated offshore, there were numerous signs prior te the well
blow out when BP andsipartners could have anticipated the event and initiated

mitigation action.

While earlier detection may not have enabled the team to avoid loss of well control
2 maintenance and testing of equipment did not assure all preventative systems

were working? faster reaction could have enabled more appropriate steps.

D2 2Design of a Solution

BP was in the process of reorganizing its management structure at the time of the
blowout to clarify reporting relationships for engineers. The reorganization
complicated hte task of identifying the precise lines of authority and areas of
responsibility, both at the time of and in the months leading up to the blowout. In
addition, because of the reorganization, many of the managers overseeing the
Macondo team had only a fewnths of experience in their respective positions at

the time of the blowout.

Internal Organisation

At the beginning of April, BP conducted a major reorganization of its exploration
business unit, including the BP Macondo team, creating separategreportin
structures for engineering and operations. The reorganization also led to questions

about authority and accountability.

In March, for example, operations to control the well after a kick led to
GLVDJUHHPHQWY EHWZHHQ %3V PDeQdinéétibgvted®dQ WKH 0
OHDGHU 'DYLG 6LPV ZURWH %3 ZHOO WHDP OHDGHU -
every decision.... | will hand this well over to you in the morning and then you will

EH DEOH WR GR ZKDWHYHU \RX ZDQW u
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Internal and External Expertise

BPGLG QRW DOZD\V XVH LWV LQWHUQDO WHFKQLFDO |
WROG XV ZKDW WKH DFWXDO GHEkrWIRgQuitAlhe VR ZH
O L QHBB is naw developing standards on how to consult internal experts and

hiring more amenting experts.

Every stage of the exploration and production cycle in hydrocarbon energy industry
involves a significant number of parties, who in turn will often source individual

engineers and workers on a contracting basis.

In addition to sharing aétime information to the BP Houston centre, a number of

other mechanisms were used to communicate between teams including email.

D3 2Deployment of the Solution

$FFRUGLQJ WR WKH 5&n@des&Rdll BeRdédignied Rl tested to
work under the &gal operating conditions. This is the biggest lesson from the
Deepwater Horizon spill. All of the remedies fielded during the first 40 days of the
spill were not effective because they had not been tested or proven to work in

deepwater drilling conditiong

In managing the oil spill, following the failure of the top kill, BP engineers turned
away from attempting to shut the well in, for fear that instability in the well could
lead to an "underground blowout,” with oil and gas flowing into the ocean from
many points on the sea floor. This would make containment nearly impossible, at
least until the completion of a relief well. Thus, in the aftermath of the top kill, BP
and the government focused on trying to collect the oil, with the relief wells still

providing the most likely avenue for killing the well altogether.

It became increasingly clear in the weeks after the explosion that neither BP, its
industry partners nor the government had the experience and resources to quickly

deal with an oil spill on theade of the Macondo disaster.

7KH &RPPLVVLRQ LGHQWLILHG WKUHH JDSV LQ WKH
capacity: (1) the failure to plan effectively for adaade, difficutto-contain spill
in the deepwater environment or potentially in the Af@licthe difficulty of

coordinating with state and local government officials to deliver an effective
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response; and (3) a lack of information and understanding concerning the efficacy

of specific response measures, such as dispersants and berms.

BP had agam ready to proceed with new collection tools almost immediately. On
May 29, the company and the government announced that BP would attempt to cut
off the portion of the riser still attached to the top of the BOP and install a
collection devicethe "tophat"- which would then be connected via a new riser to

the Discoverer Enteratiigmeve. By June 8, tldscoverer Enterpva® collecting

nearly 15,000 barrels of oil per day.

BP also developed a system to bring oil and gas to the surface throligkethe c
line on the BOP. BP outfitted tii4000 a vessel involved in the dap effort,

with collection equipment, including oil and gas burner imported from France.
After it became operational on June 16Q#@00system was able to process and

burn up © 10,000 barrels of oil per day.

On occasion, BP was overly optimistic about the percentage of the oil it could
remove or collect, with officials saying that the approach would allow for the
collection of the "vast majority” of oil. But when @#00came online in mid

June, the two vessels' joint capacity of 25,000 barrels per day was still insufficient.
Not all mechanisms proved effective, and some were used primarily for political

reasons.

Financial and Legal Impact

The oil spill may prove to beeoaf the costliest industrial accidents ever.

A USD 20 Billion fund known as the Gulf Coast Claims Facility, was created by BP
under the direction of the US Federal Government to cover costs related to
environmental damage, personal injury,-aleamdost earnings by affected Gulf
Coast businesses. By the end of 2010, the fund had paid out USD 2.7 Billion to
address nearly 168,000 claims.

In the weeks following the blewat, BP's share price dropped from USD 60.57 to
a low of USD 27.02 on 25 June 20ddping 100 Billon from its market
capitalisation (NYSE). The share price recovered to USD 47.41 (10 March 2011),
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with downstream prices reaching historic highs as political turbulence disrupted

activities in oiproducing countries in the Middle East.

BP faces, in the view of some experts, 20 years of litigation. The US Federal
government is suing for USD 21 Billion in fines, and has consolidated all criminal
investigations under the Deepwater Horizon Task Force. Citigroup estimated at

that time that an ddtional USD 6 Billion in lawsuits could be filed.

In 2011, BP plc. announced it would be selling substantial refinery capacity (Texas
City, Carson City), for an anticipated USD 5 Billion, to help offset expeaiatl pay

from the disastefTable 30 shows a summary of finding from BP Deepwater

Horizon in related to the3 framework.

Tailored approaches Examples from BP Response t®@eepwaterHorizon D1
Oil Spill

Develop advanced | x Well pressure monitoring: distractions while workir

warning system prevented early detection.

x Gas detection systems for early warning (example
floor level was alarm was turned off)

x Lack of shift change information from nightl&y
shift.

X 'ULOOHU:-V GLVS-GUb)dNfEWLEDH Q €
interpret, e.g. (pressure anomaly unnoticed)

X No onshore reafime monitoring facility.

Engineering tests prior to deployment of equipme| <

(example: BOP wast tested).

Positivepressure tests of well integrity. <

Negativepressure test of well integrity. <

Cement testing during formulation by Halliburton. | <«

Model of gas flow and explosion on the rig. <

Cement model software at Halliburton < < <

Independent testing of cement formulation by Che

and CSI.

OLGA software wellow modelling.

x Simultaneous Operations using storyboarding to P
coordinate operations after the event. .

x Oil spill modelling after the event

AA A A A

Conduct stress testin

x

Develop scenario pla
and modelling
capability

X X X [X X X

x

x Forensic study of BOP after it was retrieved from t
sea floor (flow modelling, finite element modelling)

Leverage preparedng x Blow-out procedures during well completion. < <
plan x Rig abandonment procedures. <
Implement training x Blow out prevention school for key engineers <

X Online electronic bulletins and document database p
Establish frequent X Improve communication with key suppliers: e.g. < <
communications with Halliburton communicatioof cement test results wa
supply chain partnersg incomplete. <

x Increased frequency of press and public
communicationdaily press briefings.

x Real WLPH YLGHR FDPHUD IHHG ¢

x Congressional hearings after the event.

x Radio relay network for thousands of ships and teg
coordinate response.

x Invite external experts (academic, industry) to assi
design.
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Tailored approaches

Establish relationship
with competitors

Examples from BP Response to Deepwater Horizon

oil Spill

X

X

Outsourcing ketasks (Halliburton, Chevron, etc.)
before and after event.

Shell help BP adding capacity by provides ships fa
clean up.
Marine Well Company formed after event to facilitg
recovery and reduce cost of reserve.

Create integrated
response team

BPinternal investigation team.

(VWDEOLVKHG LQWHJUDWHG U
&RPPDQGHM

Establish learning
from past events and
during the events

X X X X

BP investigation team on raxuse and possible
mitigation.

National Commission on BReepwateHorizon Oil
Spill Offshore Drilling

&KLHI &RXQVHO:V 5HSRUW
Coast Guard ISPR and BOEMRE Joint Investigati
DNV BPO Report on key equipment.

Department of Justice Investigation on potential
criminal liability.

A A A A

Assure management
and employeeapacity

Rig was abandoned relatively quickly to avoid furth
casualty.

Leverage rig personnel in immediatdigjrging
operations.

Extensively staffed 27 hours search for survivors.

Increase capacity

Qil recovery and burning facilities pyplace to
reduce impact of spill.

Hire wide group of existing fishing vessels to assis|
UHFRYHU\ Y9HVVHOV RI 2SSRU

Develop product or
solution extensions

Initiate Relief Well drilling immediately.

Develop new design solutions in p{@op Hat, Oil
Boom, Artificial Barrier, Top Kill, Skimmers, Junk
Shot, BOP activation)

Acquire additional
suppliers

Relief well drilling using capacity from Transocean
Leasing of cleamp equipment from across the
industry.

Increasdlexibility

Design of rigs for multiple operations (exploration,
drilling, production on both gas and oil)

Increase inventory

Deploy remotely operated vehicle (ROV) with morg

flexible tooling

Table 30 A Summary ofFinding from BP Deepwater Horizon
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Chapter 7
Validation with Disruption at
BP Texas City

7.1 Company Overview

BP Products North America Inc. is part of BP plc with headquarters in London,
England. In 2005, ivasthe third largest energy company and fourth largest
company by revenue of any kind. The Texas City refinery, where the explosion
occurredwasBP's largest oil refinery with thirty process units spread over 1,200
acres and 1,600 permanent employees.e Wese approximately 800 additional
contractor staffs are on site for significant turnaround work at the time of the
incident. Prior to 1999, Amoco owned the refinery. BP merged with Amoco in
1999 for GBP 67 Billion and BP subsequently took over opeftienplant. It

was the largest corporate acquisitiort'ever

The plant processes over 430,000 barrels of crude oil a day and produce about 11
million gallons of gasoline a day. The refinery also produces jet fuels, diesel fuels
and chemical feedstockss one of five BP refineries in North America, produces

30 percent of BP's North American gas supply and 3 percent of the U.S. supply
(2005¥*. About 31,000 people live within a threéle radius of the refinery,

according to Census data.

The refineryanks as the eighth largest polluter in the state of Texas (disregarding
March 23, 2005 explosion). It released 5.1 million pounds of pollutants in 2002,
according to the latest data, including some chemicals that are known carcinogens

and cause other sersohealth effects.

Texas City is also the site of the worst industrial accident in U.S. history. In 1947, a
fire aboard a ship at the Texas City docks triggered a massive explosion that killed

576 people and left fires burning in the city for. days

41CBS(2007)
422 OSHA (2005)
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7.2 Background of BP Texas CityRefinery Explosion

At 13.20 PM on March 23, 2005, a series of explosions occurred at the BP Texas
City refinery during the restarting of a hydrocarbon isomerization unit. Fifteen BP
employees and contractors were killed and 180 witersnjuredMany of the

victims were in or around work trailers located near an atmospheric vent stack, in
violation of safety regulations. The explosions occurred when a distillation tower
flooded with hydrocarbons and was over pressurized, causysgiikg release

from the vent stack. The event triggered an extensive review of management and

operational practices in BP and the refining industry.

7.3 Companies and Parties Involved

After the shock of the explosion, the site was secured and four agamcigsre
established to immediately determine the causes of the explosion on 24 March
2005. An overview of the investigations is presented below.

United States Chemical Safety and Hazard Investigation Board (CSB)

The U.S. Chemical Safety and Hazard tigaéen Board, also known as the
Chemical Safety Board or CSB, is a U.S. federal agency charged with investigating
industrial chemical accidents. Headquartered in Washington, DC, the agency's
board members are appointed by the President and confirnmedSsnate. The

CSB conducts root cause investigations of chemical accidents at fixed industrial
facilities, looking into all possible causes of chemical accidents, ranging from
equipment failure to safety management.

The scope of the investigation

The boad conducted the broadest investigation of the plant explosion, initially
estimated to take at least a year. It was not restricted just to determining BP
compliance with state or federal regulations. It interviewed witnesses and employees
independently ofother federal agencies. "We look at the whole issue of
management systems, root causes, and we come up with recommendations,” said
chemical safety board member John Bresland. The board held one public meeting
halfway through the investigation, and an@h#re conclusion. The Board does

not assess fines, but can recommend them to other federal agencies.
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Conduct of the investigation

Investigators from the CSB arrived at the facility on the morning of March 24,
2005. During the investigation, the CSB wedeover 30,000 documents;
conducted 370 interviews; tested instruments; and assessed damage to equipment
and structures in the refinery and surrounding community. Electronic data from the
computerized control system and process information from fiveofypegsious

startups were also examined. The CSB investigation team was supplemented by
experts in blast damage assessment, vapour cloud modelling, pressure relief system
design, distillation process dynamics, instrument control and reliability, and human

factors.

7/KH UHVXOWY RI WKH DJHQF\:V LQYHVWLJDWLRQ

7ZR \HDUV DIWHU WKH WUDJHG\ LQ %3-V 7TH[DV SODQ
published its Final Investigation Report consisting of incident overview, analysis of
safety system deficiencies in unitugiar incident investigation system deficiencies,
RWKHU VDIHW\ VA\VWHP SUREOHPY DQG DOVR DQDO\VL
URRW DQG FRQWULEXWLQJ FDXVHV Rl %3-V VDIHW\ S

future improvement.

Environmental Protection Agency (EPA)

The Environmental Protection Agency (EPA) is an agency of the federal
government of the United States charged with protecting human health and with
safeguarding the natural environment: air, water, and land. The EPA began

operatioron December 2, 1970, established by President Richard Nixon.

The scope of the investigation

The EPA was charged with determining whether the explosion or fire released
hazardous material into the environment. The agency began air monitoring at the
plant ad up to four miles away in surrounding communities, arldabrmaile
downwind of the site. No dangerous chemicals were detected.

United States Occupational Safety and Health Administration (OSHA)

The United States Occupational Safety and Health Admtimnisis the agency of
the United States Department of Labor.
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The OSHA mission is to assure the safety and health of America's workers by
setting and enforcing workplace standards. Most American workers come under
OSHA jurisdiction. Investigators fisgicure the scene of a chemical plant accident,

interview employees and management and then look at the operation of the plant
and maintenance of equipment prior to the accident. By law, the team has up to six

months to complete its investigation.

Theres©O WV RI WKH DJHQF\:V LQYHVWLJDWLRQ

2Q 6HSWHPEHU QG 26+%$ DQG %3 UHDFKHG WKH D.
investigation of the accident. Under terms of the settlement, BP Marketing agreed
to:

x Pay USD 21,361,500 in penalties and abate all hazardshfatr wos cited.

x Complete a review of the ISOM unit to determine how it can be operated safely
and alert OSHA if and when a decision is made to start up the unit in the
future; retain a firm with expertise in process safety management (PSM),
including presure relief systems, safety instrumented systems, human factor
analysis and performing process safety audits, to conduct a-wafmery
comprehensive audit and analysis of the company's PSM systems.

X Hire an expert to assess and report on communicatiuin aitd between
management, supervisors, and authorized employee representatives and non
management employees and the impact of the communication on
implementation of safety practices and procedures.

X Submit to OSHA and BP Products' authorized employeseapative, every
six months for three years, logs of occupational injuries and illnesses ("OSHA

300 Logs") and all incident reports related to PSM issues.
Notify the OSHA area office of any incident or injury at the Texas City facility that

results in aremployee losing one or more workdays during the samgetiree

period

232



Texas Commission on Environmental Quality (TCEQ)

Texas Commission on Environmental Quality or TCEQ is the state's
environmental control agency, operates the most extensive npoltutitoring

network in the country. It works with the federal EPA to measure whether harmful
agents were released by the accident. A spokesman for the state agency said that
their monitoring has not detected any dangerous emissions. Runoff from the water
and foam used to fight the fire was contained within the facility and did not enter
the storm drains, said spokesman Terry Clauson. The agency also inspected for

compliance with permits at the time of the explosion.

7KH UHVXOWYV RI WkKH DIJHQF\:V LQYHVWLJDWL

The 2005 annual average benzene concentrations reported near the Texas City Ball
Park site (1.06 ppbv), and-&fnsored site (2.70 ppbv) are above thetdomg
healthbased ESL of 1 ppbv. The comparison of the 2005 and 2004 annual average
concentratins indicated an increase at both sites, with an approximate 35%
increase at the Bfponsored site. An evaluation of source identification near the
BP-sponsored site was performed using the hourly autoGC data from-the BP
sponsored site (see attachmentindlicates that higher benzene concentrations
were associated with winds blowing from the south. The 2005 annual averages
reported near both the Biponsored site and the Texas City Ball Park site were
attributed to frequent episodes of elevated benzeoent@tions stemming from

an onsite explosion on March 21st, 2005 and a power outage due to Hurricane Rita
on October 3, 2005.

BP Internal Investigation

A BP group executive was assigned to lead the initial investigation and another
three individual fronoutside of the Refining business were formed to the team.

They took over the evidences gathering on March 26, 2005.

The preliminary investigation was performed over five weeks at the BP Texas City.
The investigation included the broadest evidences @ollewiting the incident

site, reviewing whole documents, interview the witnesses, tested instruments and
assessed damage on equipment and structures of refinery and surrounding

community. Photographs were taken as supporting documents on the inwestigatio
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Electronic data from computerized control system and process information from

five years of previossartupswere also examined. Chemical analysis and trial also

taken place and collected as part of the investigation.

All preliminary evidences gatldehave been shared with four agencies team for

further investigation. The main outstanding work of publication of the report was

from:

Various process samples analysis.

X

X Process instrument and equipment testing, such as relief valves.

x Internal inspection dhe Raffinate Splitter and Blowdown Drum and Stack.

X Process and explosion modelling.

7.4 Timeline of the Disruption

A summary timeline of BP response to refinery explosion in Texas is shown in

Figure28 Timeline of BP Response to the Refinery Explosion in Texas City. In
ODUFK LV GHILQHG DV 1

WKLV VWXG\ WKH GDWH

A full timeline of BP refinery emglon is shown
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PE Time | Events
Raffinate splitter section of the ISOM unit is shut down; theurZonsecutive da
21 February 200 shift schedﬁle begins. i
Operators try to open/close the pressure contipd®d) valve from the control
26 February2003 board; valve is unresponsive.
10 March 05 A revised work order to replace leaking i§o|ation vaIV(_es is added to the list of
turnaround work so that the level transmitter can be fixed.
Operators again try to open/close thm8nd valve from the control board, but
valve is unresponsive.
22 March 2005 Supervisor A tells instrument technicians to stop checking the critical alarms
the unit is starting up and there is not enough tic@niplete the checks.
2.15 AM | The Night Lead Operator begins filling the tower with raffinate feed from the g
control room.
3.09 AM | The tower high level alasounds when the level in the tower reaches 7.6 ft in t
* This study tower (72% on the transmitter).
defined thig The redundant high level alarm switch does not sound when the tower level r
point of timg 7.9 ft (78% on transmitter).
DV TWK The Night Lead Operator fills the tower, stoppihgn the transmitter reads 99%,
in analysis| which should have been 8.95 ft (2.7 m) in the tower, but is actually 13.3 ft (4 1
5.00 AM | The Night Lead Operator leaves the refinery a little over an hour before his sg
shift leave time.
6.06 AM | The Day Boar@®perator arrives at the refinery.
6.23 AM | The Night Board Operator leaves the refinery.
7.15 AM | Supervisor A arrives for his shift.
9.27 AM | Operators open-ich NPS chain valve to remove nitrogen; the pressure in the
drops to near O psig (B&).
A verbal miscommunication occurs between operations personnel regarding 1
routing instructions.
9.40 AM | The Day Board Operator opens the tower level control valve to 70% output fo|
minutes, then closes the valve.
9.51 AM | Startup of theraffinate unit recommences and the tower begins receiving mor:
from the ARU.
The Day Board Operator observes a 97% transmitter reading (which should
been an 8.85 ft, or 2.7 m, tower level) when he starts circulation.
9.55 AM | Two burners arkt in the raffinate furnace.
10.47 AM | Supervisor A leaves the refinery due to a family emergency; no supervisor or
technically trained personnel replaces him.
11.16 AM | Two additional burners in the furnace are lit; the level transmitter reads 93%,
23 March 205 should have been a tower level of 8.65 ft (2.6 m); but is actually 67 ft. (20 m).
11.50 AM | Fuel to the furnace is increased; the actual tower level is 98 ft,raosthigter
reads 88% (8.4 ft.; 2.6 m).
12.41 PM | The tower's pressure rises to 33 psig (228 kPa); operators reduce pressure b
the 8inch NPS chain valve.
12.42 PM. | Fuel gas to the furnace is reduced; the actual tower level is 140 ft (43 m), but
transmitter reads 80% (8 ft; 2.4 m).
12.42 PM | The Day Board Operator opens the tower level control valve to 15% output, th
tries several times to increase output over the next 15 min.
12.45 PM | Approximately 25 people attend a safety meeting in the main control room un|
~13.10 PM.
12.59 PM | Heavy raffinate flow out of the unit finally begins.
13.02 PM | Heavy raffinate flow out of the tower matches the flow of raffinate into the uni
1304 PM | The actual level in the tower is 158 ft (48 m) but transmitter reading has decli
78% (a level of 7.9 ft; 2.4 m).
13.11 PM | Supervisor A and Lead Operator talk; Supervisor suggests opening a bypass
relieve tower pressure.
13.14 PM | Hydrocarbon flows out of the tower into overhead piping; tower pressure spik
63 psig (434 kPa); all threbef valves open.
The Board Operator begins troubleshooting the pressure spike; he notices th
alarm had not sounded, so he resumes moves to reduce pressure believing t
residual buildup of necombustibles in the tower.
13.15 PM | Fuel gas to the furnaceasluced.
13.16 PM | The Board Operator fully opens the heavy raffinate level control valve.
13.17 PM | The overhead reflux pump is started by outside operators.
13.19.59 | The Day Lead Operator shuts off fuel gas to the furnace from the satellite col
PM room.
13.20.04 | Vapour cloud ignites and explodes.
PM

Table 31 Timeline of BP Refinery Explosion in Texas City
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Timeline of BP Response to theRefinery Explosion in Texas City

Figure 28 Timeline of BP Response to the Refinery Explosion in Texas City
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7.5 Handling of Disruption by BP

7.5.1 Assessment of Causes

Recovery from the Texas City disaster presented BP with significant challenges on a

number of levels and on a range of time scales.

Its first response was focussed on assuring the safety of employees and contractors,
and to contain the fires that contidue burn at the plant. The immediate loss of

life was tragic but limited, with the last body recovered the same day under rubble
and the majority of injured treated. The Texas City facility was large and only

partially closed.

Notably, the first phoneall by the orsite management after the event was made to
a BP lobbyist in Washington, even before the site manager and the local executive
team were notified. Clearly, reputation risk was triggered by the event, in the

context of previous BP environmétiad safety issues.

Process safety was also of immediate concern. The facilities were in an unknown
condition with an unknown volume of hydrocarbon discharged into the sewers and
atmosphere. Immediately, all ®sssential personnel were restricted, aaugel

were implemented to address the close proximity of trailers and meeting rooms to

process equipment.

BP faced litigation from the environmental damage and loss of life. BP was already
one of the largest polluters in Texas, and the event woulderyeaany factors

the volume of toxic chemicals in the air over the nearby population. It was essential
to secure all paper and electronic records and information that would be needed for

internal and external investigation.

BP had to understand not omhe mechanics of the event but also the cultural,

policy and business factors that made the event possible. Four factors were
identified in the Internal BP investigation reporf )DWDO DFFLGHQW LQYF
UHSRUW:. ZKLFK ZDV ILQLVKHG RQ 'HFHPEHU
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X Loss of containment.
x Raffinate Splitter Starp Procedures and application of knowledge and skills.

x Control of Work and Trailer Siting.

x

Design and Engineering of the Blowdown stack.

The failure to take emergency action resulted in loss of contaimiment
hydrocarbons, leading to the explosion. The inappropriate siting of work trailers
close to the blowdown stack put hundreds of employees and contractors at grave
risk. Had a warning been sounded, more could have escaped serious harm. Well
understood sysin design and engineering would have reduced the risks of such an

event occurring, had recommended changes been implemented.

Longer term, BP faced a challenge in changing its management culture and policies,
not only to avoid such events, but also to resfaster when catastrophic failure

occurs.

7.5.2 Overview of BP Response

BP launched and completed the internal investigation that cooperated with other
DIJHQFLHVY WKDW FDUULHG RXW WKHLU RZQ LQYHVWL.
RQ &6% -V |L QdanhQ@epod BP produceédto CSB over 6,300,000 pages of
documents and made over 300 witnesses available for CSB interviews. More
importantly, BP created an Independent Panel, to assess process safety management
and safety culture (proper operation of emgeipp and handling of hazardous
PDWHULDOV DW %3:-V 86 UHILQHULHYV 7KH ,QGHSHQG
DQG LVVXHG WKHLU UHSRUW LQ -DQXDU\ $FFRUG
false confidence in its safety culture before the blag eestitt of effort put in
SURYLGLQJ SHUVRQDO VDIHW\ PHDQLQJ SUHYHQWLQ.
LV VWDWHG DV RSSRVHG WR &6%-V FRQFOXVLRQ WKI
linked to the budget costs in the 1999.

In the June 2007 BP, pnpted by the Panel, appointed an independent monitor
whose task is to oversee safety improvements. For this position, Duane Wilson, a
retired vice president of refining, marketing, supply and transportation for
ConocoPhillips was chosen.
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BP also reached agreement with OSHA. Under terms of the settlement BP
agreed to fulfil six requirements (among them: to pay more than USD 21 Million in
penalties, complete a review of the ISOM unit, retain a firm with expertise in PSM,
hire an expert to assess and reportcommunication within and between
management, supervisors, and authorized employee representativess and non
management employees and the impact of the communication on implementation
of safety practices and procedures, submit to OSHA and BP ProductiZealt
employee representative, every six months for three years, logs of occupational
injuries and illnesses, notify the OSHA area office of any incident or injury at the
Texas City facility that results in an employee losing one or more workdays during
the same thregear periotl

7.5.3 Coding and Categorisation of Data from BP Texas City

Warning 2Early warning before the event

Examples

X Assure function oélarm systertHigh-level alarm sounded two minutes late
when much igher liquid level was received).

x Viswally inspect equipmenBroken physical sight equipmenat present)

x Alert worker populationNE general alarm sounded, instead radio reports and
shouting to notify workers in the grea

X Testing of Erms which hacdhot been donas required by standarplerating
procedures.

Code: timing, warning, alarm, training, maintenance, monitoring, communication, verifi

testing

Before the explosion and the fire in March 23, 2005, BP had long history of safety
incidents, as follows, with 23 workers weledkih the 30 years prior to the ISOM

event.

In March 2004 there was a blast and fire at a BP refinery in Texas City, about 35

miles southeast of Houston. That explosion forced the evacuation of the plant for

43 OSHA (2005)
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several hours, but no one was injured. Theug@ational Safety and Health
Administration fined the refinery USD 63,000 in that blast after finding what it
called serious safety violations, including problems with the emergency shutdown
system and employee training. OSHA also fined the refinery rtiisfonsafety
violations after two employees were burned to death by superheated water in

September.

In August 2000, a fire erupted in a cooker unit at the plant, then known as BP

Amoco oil refinery. About 20 workers escaped without injury.

The fire cawed extensive damage to a unit used to make dry by products of the
gasoline refining process and turn them into éoke hard, codike substance

sold and used for fuel in industrial furnaces.

In 1992, the Occupational Safety and Health AdministragdnBé predecessor
Amoco Oil Co. for using equipment, including a splittethe same type of
machinery at the centre of the current investigétiam a manner "that allowed

toxic gases to vent to the atmosphere ... thus exposing employees to flammable or
toxic gases." The feumonth investigation was part of a broader initiative launched

by OSHA after a string of fires at industrial facifities

In 198, Amoco Oil Co. agreed to pay UBDmillion in damages to the family of
a worker who died after an A@i9192 explosion at the Texas City plant.

In July 1995, an explosion rocked the Texas City facility. No one was seriously
injured though at least 105 people were taken to local hospitals with breathing
problems and burning eyes. The incident happenedibliegan leaking from a

catalytic cracker, which produces gasoline components from oil

44 Houston Chronicl€2005)
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Modelling 2Develop scenario plan and modelling capability

Examples

X Model key process lows (Gas flow modelling)

x Perform major risk analysis (Major accidentanskysis performed in 2003,
however using limited scope and only generic industry data)

Codes: modelling, analysis and learning

Other types of testing either failed or were not implemented. Simulation for
training on disaster management was not agdtatiie process operators. In its
place, soFDOOHG 13veal@iddussiong -of hazardous operationsre
inconsistently used; either technique was recommended in 2001 but not in evidence
in 2003 and 2004.

Other typs of systemgestingwasposponed or eliminated.he level indicators,

for example, were not calibrated for the typical or extreme liquid temperature
conditions: when the splitter was full and at the high temperature (300 degrees), it
would read 78% it should have been adjustedtraining provided to indicate

100%. The datasheet, which would have been used for calibration, was more than
30 years old and never updated. Physical sight glass, which would normally allow
visual inspection of fluid levels, were too dirty for use atdl ramtube removed

until leaking valves were repaired. These levels were important for calibration of
other instruments and alarms. The same leaks prevented testing of the alarms that
failed. Finally, the blowdown drum high level alarm which failednid was

found to have material wear and would not have sodmgddg crucial 2 minutes

to evacuate the area. The test procedures used by BP were simpler than those
recommended by the manufacturer, and would not have revealed the malfunction
(Goettsche2005).

Process, knowledge, mechanical and systems testing of the production environment
could have contributed to avoidance or earlier detection of the incident. Focus on
reducing employee fatality and injuries from previous accidents contributed to a
fale sense of improvement in the robustness of the site; reduction in training and

testing budgets left a significant risk of catastrophic.failure
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Internal communication 2Shorten lines of communication

Example: BP created a new communication structigafdty related issues.

Codes: communication and safety

Lack of communication contributed directly to the accident and delayed awareness
of the growing risk. Specifically, operations personnel ori’th&N2arch failed to
communicate firstly, the readrrouting of products from the raffinate splitter and
secondly, the degree to which the splitter was filled. Normally this information is
conveyed from management and supervisors and between operations shifts during
handover. With the lack of emphasisammmunications by BP management, this
critical information was not recorded in any logbook or passed on when the day
shift arrived. The need for clearly defined roles and responsibilities regarding
communications is cited by the CSB, in particular dumegso of sensitive

operations and changes of personnel.

Often near misses and early warning signs foreshadow serious accidents, as noted

E\ WKH &&36 LQ LWV *XLGHOLQHV IRU ,QYHVWLJDWLC
Further, the CSB report cites @anReason on the organizational causes of
accidents, who states that effective safety culture, relies on the organization being
informed (Reason, 1997). BP Texas City had many incidents that went unrecorded

and unreportec? site risk management, issuefibieethe March explosion, was

WKDW "WKH VLWH ZDV QRW UHSRUWLQJ DOO LQFLGHAQ

Extensive organization changes after the Amoco merger, and continued re
organization since, had a negative impact on the vertical communicatiotigewithin

BP group. Important findings on safety, for example, were not communicated to
executives. BP's outgoing refining chief testified in a deposition in 2006 that he
first learned of serious safety concerns at the company's Texas City refinery in
March 208, after the event
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Modelling 2Develop scenario planning

ExampleProvide business planning on major risks

Codebusiness planning, risk, disrugtstintpr

Manzoni also was shown a January 2005 business plan that stated among key risks,
Texa<City "kills someone in the nextl@ months." Manzoni said part of business
planning was to articulate risks. "It is not a prediction. It is a planning

mechanisfi'.

Employee capacity 2Increase employee capacity

Examples

X Increase employee shifts tchbRrs

X Manage safety of employees (in this case, reduced physical safety buffer by
placing personnel close to production equipment).

Codesapacity, distraction, layout, labour reallocation

Ever stricter profitability targets reduced investment in glhgisint and staff over

the years. This also led to inadvertent reduction of safety zones, e.g. the siting of
trailers close to higlolume hydrocarbon production. Similarly, lax control of the
work environment led to overloaded staff V W H S S H G eesandrt6h8adatBrs

took on multiple roles without additional training. Shifts ran 12 hours on a regular
basis during the shdbwn and statip phase around the time of the accident,
leading to employee fatigue. In the control room, where numerous visual
distractions were evident and phone calls took place during monitoring, operators
could not easily detect anomalies nor react quickly. Recommendations were based
E\ WKH &6% WR LPSURY H riMiirg\stafi DrEilRfale WdsHMWWH U Y H -
more safe thrarunning equipment to failure, as was the BP practise.

45Houston Chronicl€2007)
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Relationship with governments

ExampleManagement of relationship with regulatory bodies (EPA, OSHA)

Codegovernment, regulation, relationship

BP has been in the radar of various agencies ononemital and employee
protection. As mentioned earlier, the very first management action at Texas City

was a phone call to its lobbyist in Washington.
Teamwork 2Create integrated response team

Example: Creation of cremction investigation team witlBR in first 24 hours.
Codes: team, investigation-anmcttonss

Within 24 hours, BP formed an investigation team with participation from
executives, permanent and hourly workers, and its subcontriastsiated in the

%3-V VWDWHPHQW RQ &6%-V ILQDO LQYHVWLJIJDWLRQ
6,300,000 pages of documents and made over 300 witnesses available for CSB
interviews. BP created an Independent Panel, to assess process safety management
and sgety culture (proper operation of equipment and handling of hazardous
PDWHULDOV DW %3:-V 86 UHILQHULHY 7KH ,QGHSHQG
DQRG LVVXHG WKHLU UHSRUW LQ -Ddngd) BR gained $FFRUC
false confidence itsisafety culture before the blast as the result of effort put in
SURYLGLQJ SHUVRQDO VDIHW\ PHDQLQJ SUHYHQWLQ.
LV VWDWHG DV RSSRVHG WR &6%:-V FRQFOXVLRQ WKI
linked to the budget dssn the 1999.

The Chemical Safety Board expanded on this work and provided a much more
critical external view in its final report 24 months after the event. Because of delays
by BP in implementing early recommendations, the CSB expanded its investigatio
and later a new committee chaired was formed. This panel review refinery safety

across five BP sites, and its findings echoed the CSB
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Planning 2Leverage preparedness by update procedures

Example:Updated procedures were implemented (Staff did ot fstandard

shutdown or emergency procedures)

Codegrocedures, training, emergency

As is discussed in the response, both prevention and mitigation procedures were

not adequately updated or followed in this event.

Implement Training 2 Provide training on detection and response

Example:
x Provide employee training on leading indicators

X Leverage external resources (Trained local fire fighting personnel and
ambulance services)

BP Texas City implemented and updated training programs on leading italicators
detect anomalies as well as training to external parties in the event of major

disruption.

7.5.4 Response Time at BP Texas City

D1 - Detection of the event

Since the Amoco merger, Texas City plant managers faced strict targets on
maintenance investmenargets were set on improving capital performance, to the

extent that local management fought to reverse somesohéduriled cuts

The reduction in maintenana@s visible at a technicavdl, with faulty alarm

systems, reduced training, even simjsidk liquid levelindicatorson key
equipmentEHLQJ TEODFNHQHG:- DQG X @BPHBvatedeEtteH DOUHELE
inadequatdevel of investmenthe fact remains that equipment was faulty and

process statudifficult to verify. Investment in physical plant has a parallel
requirement for human capital and equivalent shortfall; though the operating team

was fully staffed at the time of the accidentppesating personnel had minimal

training or experience.

24c



D2 2Design of a Salition

$00 WKH GLVDVWHU LQ WKH ZRUGV RI RQH %3 H[HF?
process failure took hours and the explosion occurred literally in seconds. Without
adequate warning, little could be done at the moment to avoid full scale destructio

of much of the unit. To find a longerm solution to avoid impact of the same

underlying causes, intensive investigation was warranted. It was one of the worst
industry accidents in the country; the risk of repeating such an event in a critical
energysupply chain had to be reduced.

D3 2Deployment of the Solution

Speakingo a conference on process safety, BP Senior VP John Mogford related
what they saw as key causes and lessons from the event:

“JLUVWO\ RYHU WKH \HDUV WK ldd HRobeNchdpattarized LUR QP +
by resistance to change and lack of trust, motivation and purpose. Expectations
around supervisory and management behaviour were unclear. Rules were not
followed consistently. Individuals felt disempowered from soggastnitiaing

improvements.

Secondly, process safety, operations performance and systematic risk reduction
priorities had not been set nor consistently reinforced by management. Safety
lessons from other parts of BP were not acted on.

The changes in site layout evenade permanent, increasing the safety margin
WKURXJK JUHDWHU ZRaWNer® hidh Dempdfatirey areZ iRvadliXed,

such as from welding, were also separated and controlled during critical periods.

In summary, BP found critical importance irfalewing recommendatians

X Realtime management awareness of activities taking place.

x

Capturing the right metrics on process safety.

X

Up-to-date and implemented procedures.

X

Two-way communications.
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X Investigating process incidents and loss of containment incidents and

documenting all incidents thoroughly.
x Sharing what is learned.
X Training programs.

x Keeping noressential personnel out of process areas.

BP was investigated by OSHA a number of tifters2805, and due to continued
YLRODWLRQ ZDV ILQHG D UHFRUG 86" 0 LQ "7TKH
Occupational Safety and Health Administration (OSbl#gy announced it is

issuing USDB7 Million in proposed penalties to BP Products North Aradric.

for the company's failure to correct potential hazards faced by employees. The fine

is the largest in OSHA's history.eTprior largest total penalty, USD 2illidn,

ZDV LVVXHG LQ DOVR DIJDLQVW %3 u 26+$

BP also reached an agreement ®@&HA. Under terms of the settlement BP
agreed to fulfil six gegirements (among them: paying 23Million in penalties,
complete a review of the ISOM unit, retain a firm with expertise in PSM, hire an
expert to assess and report on communication witliletween management,
supervisors, and authorized employee representatives anthnagement
employees and the impact of the communication on implementation of safety
practices and procedures, submit to OSHA and BP Products' authorized employee
represerdtive, every six months for three years, logs of occupational injuries and
illnesses, notify the OSHA area office of any incident or injury at the Texas City
facility that results in an employee losing one or more workdays during the same

threeyear periot).

In the June2007 BP, prompted by the Paraglpointed an independent monitor
whose task is to oversee safety improvements. For this position, Duane Wilson, a
retired vice president of refining, marketing, supply and transportation for

ConocoPhillipgvas chosen.

46 OSHA (2005)
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A Summary of the findings in related to tiefBamework from Texas City case in

shown ifiTable32

Tailored approaches| Examples from BP Texas Refinergxplosion

Develop advanced
warning system

X

Failed alarm systems, e.g.-teghl alarm sounded tw
minutes late when much higher liquid level was
received.

Brokenphysical sight equipment for visual inspecti
No general alarm sounded, instaaib reports and
shouting to notify workers in the area.

Alarms not tested prior as required by standard
operating procedures.

D1

AA A A

D2

D3

Conduct stress testin

No approval of facilities layout (dangerous positior
of trailers).

Lack of process reviering sensitive shut down /
start up phases.

Develop scenario pla
and modelling

Gas flow modelling.

preparedness plan

Standard emergency procedures.

o X Major Accident Risk analysis performed in 2003,
capability however using limited scope and generic industry {
Leverage x Standard shutdown procedures.

Implement training

Employee training on leading indicators to sense
possible disruptions.

Local trained emergency response services from T
City fire andambulance services.

Establish frequent
communications with
supply chain partners

Participation in congressional hearings.

Baker panel on BP refinery safety to review
implementation of recommended changes.
CSB investigations on rezuse anthanagement
background to the event.

EPA investigations on adherence to regulation and
environmental impact.

OSHA investigations on recause and employees
safety.

AA A A A

Create integrated
response team

Creation of crosfunctionalinvestigation team within
BP in first 24 hours.

Shorten lines of
communications
within the
organisation

BP created a new communication structure for saf
related issues.

Establish learning
from past events and
during the events

Independenpanel to determine critical factors.
Updated physical site layout recommendations.
Numerous recommendations on engineering, proc
management, training.

Assure management
and employee capaci

Improved safety procedures for employees.
,PSURYHG FRQWURO RYHU GD(
general operations during sensitive-gpasnd
shutdown sequence.

Increase capacity

xX X

Improved staffing to reduce employee fatigue and
improve alertness and response speed.

Reduce distractioirs control room.

Allocate time to complete testing.

Geographic reserdgreater spacing of activities for
improved Simultaneous Operations, e.g. trailer siti

Develop product or

solution extensions

Changes in system design (e.g. remoutaj-date

blowout preventor).

Table 32 A Summary of the Findings from BP Texas City Case
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Chapter 8
The Emergent Theory

8.1 Introduction

This chapter addresses the findings of the study after all data have been coded,
categorieglentified, the properties and the links between categories established and
the emerging theory has been delimited. A detailed explanation of the core concepts

and related categories is provided here.

8.2 Integrating Categories and Their Poperties

During theopen, axial and selective coding of data from interviews and data other
sources in three cases, properties of and links between the categories and sub
categories became explicit. At this stage of analysis, the focus is on integrating the
core categoriesit their sukcategories and creating suitable definition to be
applicable beyond the current data sources.

Based on this approach, four major factors can be shown to have an impact on the

time in which organizations can respond to catastrophic rislsupfe chain are:

Preparation, Partnership, @nigation, and Resefeglure29. The findings show

that the presence? or lack of 2 these factors can have a majfiuence on the

response speed for the effective management of disruption.

These factors can require significant investments anebffsade resource
allocation, and havéas discusseé varying impact during the typical phases of
response.. An evalimm of return on investment before, during and after a
catastrophic event is evident e tapproach taken by each fiBome tailored
approaches used by the firms showed interaction between multiple factors: reserve
capacity can be both internal to thigaaization, as in the mothballed Nicole
production lines at PHARMA, or externally with partners, as in the oil recovery
ships from Shell, a traditional competitor to BP. Such external partnerships, for
example, reduce the cost of holding or internallingaeserve capacity.
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Figure 29 An Overview of the Core Categories and Subategories Following Completion of the Analysis of Three Cases
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8.3 Factors Underlying Response Time

As the primary outcome of the study,-categories derived and confirmed from

the cases are depicted|Higure 3Q illustrating the tailored approach each

organizatio took to contribute to the four factors (Preparation, Partnership,

Organization, Reserve), which underlie response time.

Preparatiaoncludes approaches implemented prior to the event such as creating
advancevarning systemsstress testing, scenario planning and modelling and
training.Partnershipcludes management of the external relationships to improve
response time, such as suppliers and customers, but also other influences and even
competitorsOrganizatiarovers thesteps taken in coordination, communication,

roles and responsibilities, and learning within the border of th&k&sarceves

the full complement of resources, attributes of supply chain resources, and
techniques to improve capacity in a timelydiaskuch as flexibility, inventory,

management and employee capacity and product or production line extensions.

(DFK IDFWRU KDV D SRVLWLYH HIIHFW RQ WKH ILUP-V
turn reduces the negative impact of catastrophic tahargm the supply chain.

The characteristics and relationships of the core cedegaiexplored in detail

below (see algagure30:

1. Preparation
2. Partnership
3. Organsation
4

. Reserve
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Figure 30 Factors Underlying Companies' Response to Supply Chain Disruption

8.4 Preparation

Preparation can be considered to consitedgilored approaches made prior to
GHWHFWLRQ RI DQ HYHQW WKDW FRQWULEXWH SRVL
response. Preparation can be mandated by industry or government regulation, grow

out of experience with previous events, or come from fodustiignment with

supply chain optimization for normal operations.

Preparedness is defined here as the degree to which the organization has executed
activities and investments are identified during the cases to prepare an organization

to handle disruption
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From the data, there is a clear focus in preparation on information access and
interpretation within the organization and also extending to information gathering
partners along the supply chain. Viewed along a time dimension, this preparation
takes tb form of response review and ppst HQW OHDUQLQJ 9YOHVVR
Assessment of organizational preparedness is linked to improved avoidance and
rapid response. Having plans such as contingency (recovery) plans, business
continuity plans, and prepaneds plans in place and ready to use will shorten the
response time to different types of disruption. This can have a positive impact on

design leatime as well as reducing deploymenttiseaed

8.4.1 Develop Advanced Warning System

Early detection of impendimyents or anticipation of the impact of disruption is
implemented through one or more advanced warning systems. These systems must
help distinguish routine operational events and those that indicate elevated risk of
disruption. Event correlation is a keypability2 advanced warning of disrupted
production and sudden influx of orders, for example, would elevate priority of the
coincident data. Failure to detect deteriorating safety culture and increasing

frequency of accidents is another example oé#uefar event correlation

Advanced warning systems can take a range of forms and inputs, from automated
systems and through processes of observation and notification, using data from
monitoring internally and externally along the supply chain.
Early warmg of potential or impending events relies, on information access and
interpretation. At a most mechanical level, this is illustrated by failure of the
Deepwater Horizon to correctly monitor on the iy offshore in redime 2 the
ominous increase ineW pressure, foreshadowing an imminent blowout. Had the
crew been alert, and taken the right action to redirect the erupting mix of mud and gas
overboard, the resulting explosion could have been delayed or mitigated. Failed
monitoring processes and equeptrcontributed directly to the disaster at Texas City.

PHARMA stated that much information was first visible in the public press, both at
the outside and at later stages of the pandemic.

8.4.2 Conduct Stress Testing

Stress testing is an exercise that helpageanidentify and prioritize potentially
vulnerability of the supply.

Creating different scenarios and rehearse simulations runs/drills is seen to enhance
WKH FRPSDQ\:V DELOLW\ WR UHVSRQG PRUH TXLFNC
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DGGUHVVHG WiKéentimeVaecobln(s o6 t@eRpreparation time to launch
the selected recovery plan, scenario planning and stress tests are effect mechanisms
IRU UHGXFH GHSOR\ OHDG WLPH p

Targeted testing of components, systems and processes in the supply chain can
reveal ulnerability before risks escalates. Where this is not feasible, live testing can

be replaced or supplemented with modelling, and this is found in each of the cases.

While PHARMA runs successful preparedness exercises each year, investigation of

BP Texa<City revealed that pressure to reduce cost had reduced frequency of fire

drills from biZHHNO\ WR PRQWKO\ 7KLV GLYLVLRQ RI %3 ZDV DOV
IDLOXUH- XVH RI LQIUDVWUXFWXUH UDWKHU WKDQ LPSOHP
systems and g@cesses. Likewise, prior to the BP Deepwater Horizon disaster, BP

Upstream failed to assure that its partner Transocean had met recommended

procedures for periodic testing of the Blowout Preventer (BOP). Transocean had a
TFRQGLWLRQ EDYV Estng BeS 8ahR Bakdtl orHexperihce of equipment

XVH DQG IDLOXUH LQ VRPH zZD\ FRUUHVSRQGLQJ WR WKH 1l
Failure to accurately predict increasing risk of failure of such components led to

elevated risk exposure.

That said, strestesting itself could elevate systemic risks, as in the case of the
Chernobyl nuclear disaster, which failed during a test procedure. Pressure testing of
the oil well prior to production triggered the immediate failure, which caused the
well blowout on B> Deepwater Horizon:

Stress testing of concrete formulation by Halliburton was not communicated in full to

the BP Horizon drill tean? only a final successful test was confirmed; previous

failures that revealed instability were not disclosed until aefteccident. Further,
PLVLQWHUSUHWHG TQHJDWLYH SUHVVXUH:- WHVW UHVXOWYV
drill team erroneously interpreted to indicate successful securing of the well, exposed

the rig to disaster during subsequent steps. This is reminisdaet nuclear

meltdown on 26 April 1986 at the Chernobyl Nuclear Power Plant in the Ukrainian

SSR which was caused by poorly designed recovery procedures during stress testing of

the reactor control systems

8.4.3 Develop Scenario Plan and Modelling Capabiit

Modelling of potential risks was used in each of the companies, both before and
after the event. As a technique for encapsulating experience and reducing the skill
burden during operations, modelling and simulation provide a useful avenue for
both disa®r avoidance and optimizing deployment of scarce human resources and
other assets.
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This tailored approach can also include development of a rigkdaapfication

of potential risks and assessment of impact. This was implemented, in the case of
PHARMA, as a twalimensional matrix, estimating event frequency and severity. In

an engineering scenario, the risk map is expressed as a fawlhéreefailure of

an element could trigger certain symptoms, and therefore such symptoms or
warnings, when preseoould be traced back to potential faults. However, these

risk map representations may not accurately express heightened risk conditions, e.g.
coincident events can elevate total risk. This is the case when safety systems fail at

the same time as protioa systems, as seen in the BP Deepwater Horizon case.

It is important to point out as well modelling, just as with stress teséinglso
increase risk or create false confidence if a false sense of security if this testing no

longer corresponds totaal conditions and system behaviour.

Given the very complex response to the BP Deepwater Horizon oil spill, in which

dozens of ships and thousands of staff were working in unprecedented proximity of

each other and thousands of barrels of explosivechybas, each operation

UHTXLUHG FORVH FRRUGLQDWLRQ DQG FRQWURO $ VLPXO
2SHUDWLRQV:- ZzDV GHYHORSHG ZKHUH WKH GHVLJQ RI SRVVL
each stage of deployment could be carefully modelled to aveéd fistster or

delay.

8.4.4 Leverage Preparedness Plan

Advanced planning, including-topdate roles and responsibilities (an approach
recorded as part of the Organization factor), are identified as being key to rapid
response. From the cases under stiodyincludes response procedures for each
geographic, organizational or functional business unit. The cuérhaveypto-

date these plans and structures aveas shown to the effectiveness of such plans

in the response process.

PHARMA observed that wé its emergency plans were correctly in place for lines of
business and physical plant locations, reorganization through a corporate efficiency
program resulted in many staff identified in the plans as having taken new roles.
Further, some newly assigrstaff who were responsible for $éteel deployment

were unaware that they had been assigned such a task. At BP Texas City, after
frequent management reorganization and the speed of possible events made it policy
to allow for any staff person to inidhe emergency response. In contrast, on the

BP Deepwater Horizon, the captain of the Deepwater Horizon scolded its young,
inexperienced shfositioning operator for taking the liberty to officially make the
Mayday distress call, despite the fact thaigtlwas very close to total destruction.

At BP Texas City, the first response by management was to call its government Public

Relations staff, secondly to inform the Business Unit Leader by ydromnesue in
corporate priorities that was highly @itaf BP during litigation against the firm.
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8.4.5 Implement Training

Training of organization staff, suppliers and customers is identified as a key element
of rapid event detection and solution implementation. Skills are shown to be
essentially for early deten of impending events, as well of course as avoiding the
underlying root cause, for example, where a trigger is found in misjudged or
erroneously executed procedures. Adequate training internally and externally,
beyond typical operational requiremealtews rapid redeployment of skills for
greater capacity reserve and flexibility. Training of staff across multiple roles and
skills could assure continuity in the event that some staff were unavailable and also
create increased capacity where resoueegechto be shifted, for example as
production was reallocated in the PHARMA case.

After the BP Deepwatdiorizon disaster, an important learning point was made
retrospectiig for the otherwise experienced operators on rige The team

erroneously belied that ilfitting datafom D {VXFFHVVIXO QHJDWLYH SUHVVXU|I

FDXVHG E\ D fEODGGHU HIIHFW:- KLJKHU SUHVVXUH GXH WR

No such effect existsthis was a propagated myth among some field endiiaeers
ultimatey cost the life of the veteran drilling enginees erroneously believed that
explanation. Sadly, he died the day beforasescheduled to leave active work and
to begin teaching at the compamvell control schooRecommendations by various
panels aér theBP Texas City also focussed on training tosteffidentifythe {HD U O\
L Q G L F DivgrBadivgiskR |

8.5 Partnership

Management of external relationships is shown to be an important dimension in the

response to disruption. They can further ttaeempact of each disruption along

the supply chain from upstream partners to downstream customers. This requires

productive relationships and communication between supply chain partners. This

requires productive relationships and communication betwpply shain

partners. Creating a common awareness of different types of disruptions and the

LPSDFW RQ ERWK SDUWLHVY FRXOG GHFUHDVH WKH

identify ways to share the information with their stghalyn partners and to get

sLPLODU LQIRUPDWLRQ IURP WKHPu 6RGKL 7DQJ
Due to the nature of complex and global supply chains, large investment in

specialized skills and capital, the firms studied here operate with extensive
partnerships. Only seven of 126 employegheoeepwater Horizon were actual

U

HPSOR\HHV RI WKH fUHVSRQVLEOH SDUW\- %3 8SVWUHDP &

disaster were from companies contracting to IBBeed the disruption to supply

FKDLQV RU LQ WKH FDVH RI 3+330 &n Wnpadt farsbeyondH WR VZLQH

each organization. Accordingly, Partnership is identified as an important category of
capabilities related to risk respoisamy companies identify potential disruptions to
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business according to their impact and likelihoodtasf peir Business Continuity
Plans.

8.5.1 Establish Frequent Communication with Supply Chain
Partners

Communication between supply chain partners is identified as a critical element of
response. As events evolve, control of communication to external iparties
prioritized, in particular where the catastrophic impact of the disruption is visible in

the public sphere. First information about events, in fact, is itself in public media.

3+$50% ZzDV DVNHG WR FRPPHQW LQ SUHVV Ilid®®dWHUYLHZV RQ |
JRXJLQJ- RI VFDUFH PHGLFLQHYVY DQG PDGH IRUFHG WR PDN
distribution policy. BP Texas City issued a number of press releases and enlisted its

micktier international executives in communications. Learning from previous failures

to communicate effectively with government, the public and its partners, BP

Upstream deployed rdgthe video feeds to show the actual, live flow of oil into the

Gulf from 5,000 feet below the surface. Direct disclosure of frequent information is

driven todayy new forms of media and a need to retain trust and brand confidence

in an increasingly online worlgkgal restrictions and litigation, however, can make

sharing of information difficult if not impossible. Facing huge fines, each party in the
DeepwaterHorizon case was reluctant to provide unfettered access to staff or

engineering data. The failed equipment, recovered from the sea floor, remained as of

this writing under close guard on US Federal government property. It is expected to

remain there to spprt litigation for several decades.

8.5.2 Establish Relationship with Governments and Agencies

Governments, local and federal, along with a plethora of government and
regulatory agencies play an increasingly important role in the allocation of resources,
protection of employees and environment, parameters of trade and license to
operate complex supply chains. In the case studied, the government plays a key
influencing role and direct role as supplier (of right to drill, for example) or
customer (for purclsa of medicines on behalf of the population). It is natural that
the relationship between the firm and various government agencies is a focal point
for response.
In a global supplghain, a humber of activities including sourcing, manufacturing,
distributon and marketing will fall under the control or influence of various local and
international governments and agencies. These external bodies have considerable
influence on the regulatory environment and can have a dramatic affect on the
operating environme of a supply chain before and after a major disruption. The
policy and operating relationship with such agencies is an explicit element of risk
responsd-or downstream partners, close coordination and information exchange was
important 2 PHARMA proactively contacted relevant organisations such as the

WHO, the CDC, the Department of Health and Human Service in the US, The
European Centre for Disease Prevention and Control and different governments
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around the world. Being in direct contact witrsaghparties helped PHARMA

understand their needs and develop estimates for manufacturing capability and the

timing of possible production as well as determine the benefit of developing

additional technology for the production of a pandemic vaeeld&MA worked

ZLWK LWV JRYHUQPHQW FXVWRPHUV WR DOORFDWH VFDUFH
The first phone call made froBP Texas City was to its lobbyist in Washington.

Lack of participation of the US President and the CEO of BP in the early stages of

the BP Deepwater Horizon dster was equally vocally ertis

8.5.3 Establish Relationship with Business Partners

The relationship with upstream and downstream business partners is by definition a
key control point in the supply chain. Management of swhatxielationships
during the response to a catastrophic event takes on new priority and new
mechanisms maybe established in the context of these relationships. In one of the
most studied supply chain cases, that of the fire at a Philips Electrofacsockip
in Arizona, Nokia has quickly moved to capitalize and extend a closer working
relationship that its rival Ericsson, enabling Nokia to secure scare inventory and
remaining production capacity. This led Ericsson Mobile to tremendous financial
and mgket share losses and eventual merger with Sony.

PHARMA has defined certain risk management processes for external suppliers.

PHARMA had a team looking at external suppliers, because a significant portion of

the supply chain is outside PHARMA and it masesured that those sites are

considered in the BCPor example, PHARMA assessed if it had any outsourcing or

external contractors in Mexico in addition to its ownMédically critical products

or revenueritical products could be affected by prtdnoor transport shutdown.

Accordingly, on 29 April 2009 PHARMA gave antiviral drugs to its employees in
Mexico to assure their safety as well as manufacturing and supply continuity.

8.5.4 Establish Relationship with Competitors

Competitors who may play an exdarial role during routine business can play a
very different role in the risk response, in particular where the event affects multiple
supply chains and can put either the entire industry or downstream customers under
stress. The nature of the relatmpswith competitors has both tactical (event
response) and strategic (masketping) aspects in the events under study. Parallel
to the shift from normal organizational design to crisis response within the
organization, each case shows the unique ciwvepetind supply chain
configuration required to accelerate response in crisis.

BP Refining and Marketing shared findings with industrial competitors. BP Upstream,

while protective of proprietary data on geologic information and drilling techniques (it
refused to provide information to medical staff that was treating injured workers, so
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as not to disclose formulation of drilling fluid), later joined a consortium of
competitors to form a dedicated,-fantprofit disaster recovery organizatfowith
investmat of more than GBP 600 Million.

BP Upstream also leveraged support from erstwhile competitor Chevron to model
and stress test cement composition, in an effort to identificauwss of the
Deepwater Horizon Disaster. BP drew on partners that it h&roeal fishermart
WKURXJK D VSHFLDO SURJUDP 9Y9HVVHOV RI 2SSRUWXQLW\-
affected fisherman for assistiing oil spill recovery. This novel approach of
supporting such a widely affected group of downstream partaessof tlousands

of individuals participated created logistic demands and administrative burden,
however capped exposure to litigation, reduced public brand damage, and provided
some capability in oil spill control. The technical mechanism, such as a purpose buil
radicrelay system, as well as lessons learned for both effective and ineffective spill
control, are a key contribution of BP to the industry initiative on protecting the Gulf
from subsequent disaster.

8.6 Organisation

Organization refers to investmentd atrategies that are directed to the structure

and internal management capabilities of the organization. In all three cases, the
companies refer extensively to their organizational structures and work culture.
Communication and decisioraking are a kepmmponent of these factors. Clarity

and speed of communication as a consequence of organizational structure are

highlighted as relevant attributes for fast response.

The lack of investment in organizational capabilities is traced to increased likelihood

andimpact of disruption.

BP was known to have a culture of austerity, acquiring many older firms with aging
equipment and under investing, as stated by its own site mandgjéARMA had

designed a new line of communications and assigned a communicasigas aftar

LW EHFDPH DZDUH RI WKH YQRLVH:- GXULQJ WKH IHZ ZHHNV F
Wassenhove (2006), effective coordination has three forms: (1) centralized
coordination by command (2) coordination by consensus and informatiorasitiring

(3) coordination by default, e.g. through routine communication. PHARMA applied
coordination by command during the design and deployment phases. According to
Sodhi and Tang (2009), these two phases need to take central command for collecting
and analysing imfmation to design a recovery plan and disseminating information
regarding the deployment of the selected recovery plan. In PHARMA's case, the
central command was the MSC pandemic team.

8.6.1 Create Integrated Response Team

After detetion of the events, eaarganization assigned an integrated team to
investigate and respond to the event, indicating that internal structures for routine
supply chain operation may not be adequate for rapid respussmtegrated

response team was supplemented by externdisexged capacity.
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PHARMA assigned working groups at each level of the organization. After initial

failures by BP Upstream to stem flow of oil into the Gulf, growing frustration with

the company prompted the US federal government to extend the midwoBazst

*XDUG:V ,QFLGHQW ODQDJHPHQW WHDP XQGHU D "8QLILHG &
managed an integrated investigation team with representation from executive,
fVDODULHG:- DQG YfKRXUO\- ZRUNHUV WR JHW D FRPSOHWH
responding téhe event.

8.6.2 Shorten Lines of Communications within the Organisation

Fast and direct communication was mentioned as a critical capability in developing
and deploying possible solutions. In the case of PHARMA, this was evident where
information would beascaded through different layers of the organization through
multiple functional groups, e.g. production, HR, etc. The delay and potential
miscommunication inherent in relayed communication forced a rapid restructuring
of communications to reduce confasiBlectronic means, such as a shared online

team room, were employed to shorten lines of communication

PHARMA mentioned the importance of collaborative techniques such as online team
rooms to support deployment. BP claimed to significantly changeetitslint
communications culture to encourage faster risk response.

8.6.3 Establish Learning from Past Events and During the
Events

While major disruption is by definition rare, explicit learning from such events
becomes even more a priority. Study of eventsdangetitors, historical events,
comparable scenarios are all part of a learning process to understand best practices.
PHARMA implemented an After event executive review; BP Texas City and BP
Deepwater Horizon triggered ongoing highly technical and dngedzational

investigation that continue to influence preparation by all industry participants.

PHARMA could leverage exence with previous typedmfiuenza in processes as

well as possible supply chain solutimtentives and rewards have angtiofluence

on internal communication and learning, according to executives at PHARMA. In
FRQWUDVW %3 'HHSZDWHU +RUL]JRQ:V RZQHU 7UDQVRFHDQ
informed of very similar events in the Northsea drilling, where the same tglbe of w
design and engineering approach resulted in loss of well control just weeks earlier.
Investigation in each case by internal and external parties can be seen to have two
components: roetause analysis, in part to prepare for litigation, and
recommendains going forward. In the case of BP Refining and Marketing, failure to
implement many recommendations made after Texas City was cause for the company
to be investigated again (Baker Commission) and heavily fined (more than GBP 50
Million).

26(



8.6.4 Clarify Roles and Responsibilities

Welldefined roles and responsibilities may be explicitly defined for each of phase
of handling disruption. The authority to manage the crisis, for example, at
PHARMA rested politically with plant and site managers, however ttiseewaesr
with specialists. Names mentioned in some plans weredate; this is an issue
of maintaining Preparation (see above).
PHARMA observed that while its emergency plans were correctly in place for lines of
business and physical plant locatie@ganization through corporate efficiency
programresulted in the prior year left many staff identified in the plans as having

taken new roles. Further, some newly assignesittsiaffiere responsible for site
level deployent were unaware that theyg haen assigned such a task

8.7 Reserve

The category of Reserves covers the affordable additional resource beyond those
required forroutine operations, which are immediately available for the firm to
mount an effective response, in detection (e.g. redundant alarm systems), in design

(e.g. scientific staff on board) or deployment.

Chopra and Sodhi (2009) discuss a range of techniques for tailoring reserves to
mitigate risk. Companies can extend their reserves by increasing capacity, acquiring
redundant suppliers, improving responsiveness, increasing inventory, increasing
flexibility, pooling or aggregating demand and increasing prodcagiahility.
However, the cost of building up a reserve must be balanced against the level of
risk. According to Chopra and Sodhi (2009), whercosof building a reserve is

low, the reserves cha decentralized. Where costs are high, the reserves should be
centrally pooled. Similarly, they state that when the level of risk is low, the strategy
should focus on cost reduction. When the risk is high, the focus should be on
mitigation to reduce thi&elihood of occurrence.

7KH\ DOVR SURSRVHGWHNEK l DFRighHAN- be used to
help managers and companies mitigate inventory risk) poalihg inventory, (2)
creating common component across product lines and (2) postponing or delaying

the last stage pfoduction.
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Figure 31 Rule of Thumb for Tailored Risk Management
Source: Chopra & Sodhi (2004)

Internal cpacity, above and beyond the mechanisms for routine supply chain
management, is shown as an important factor in risk response in the cases studied
here.

This is visible in terms of malalled production lines (PHARMA) that were quickly

activated, alsché availability of drilling rigs and support ships from Transocean

already in the Gulf of Mexico that were not otherwise scheduled. The lack of such

additional reserve is evidémére was well: specialized-tughing equipment was

weeks in transit frofkrrance, needed to safely baofinthe recovered oil where
dozens of other ships were active in close proximity.

8.7.1 Assure Management Capacity and Employee Capacity

Protection of employee and management capacity was one of the first and most
rapidly implemert steps in each case under study. Both management skill and
employee resources are seen as critical to response speed. The threat to employees
from the event could trigger a delay or reduction in ability to respond, for example
through illness, as wek @ncrease in actual demand for intermediaenar

product Rapid isolation of key skills was implemented, for example by restricting
out-of-country travel for country and site management at PHARMA. Immediate

abandonment of the BP Deepwater Horizosenged tdimit casualties.
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PHARMA required its mangers to remain in country. BP Refining and Drilling has
focussed on employee safety before and during the event, however mistakenly
neglecting to cover process safety in the same feshimh noremployes were
obviously at full risk. BP Deepwater Horizon management chose to immediately
abandon the rig; no further deaths occurred after the initial explosions. Able rig
workers who survived were immediately pressed into service to fight the explosion
from arriving support craft, and all were heavily involved in the investijatah

and technicat after the event.

8.7.2 Increase (Production) Capacity

Ramping up production capacity along the supply chain is an explicit goal in the
crisis response. This cakd on both physical dimension of goods and equipment,
but is also implemented in the greater concentration and availability of human
capital, in terms of better structuring management, expertise and skills to improve
capacity.

Geographically diverse sypphains, such as commodity oil and gas, by their nature
require distributed investment in capacity. Spare drilling rigs can be moved, albeit
slowly; fixed production equipment cannot. However, higher intermediate
products, as well as critical skillsl knowledge, can be accumulated centrally to
support faster response. PHARMA, for example, stockpiled active ingredients and
had implement procurement contracts in place for rapid acceleration of production.
In the engineeringand sciencimtensivefield of hydrocarborexploration, BP
Upstream maintains an offshore centre in Houston that has a myriad of engineers and
facilities working in frequent, often +iale, cooperation with offshore teams. This
centralized capability is a key design for reflagpensive offshore deployment, but

was also critical to rapid design, evaluation and control of the various attempts to
resolve the oil spill.

8.7.3 Develop Product or Solution Extension

Each organization studied maintained a portfolio of possible resgdatieasso

which were extended to address requirements for flexibility, speed of response, and
more rapid increase in capacity growth. These measures could be implemented for
example in simplification of production steps (PHARMA), increased flexibility of
technology or techniques (BP), changing design parameters and regulations (BP
Texas City)

Following the naturakassortmerdf viruses to form new pathogens, PHARbAN
recombine existing active ingredients, vaccines, and delivery mechanisrosito scale
and scalep production. BP Upstream had minimal experience with possible
solutions to well blowut, and other than the relief well, and strugglditidoor
develop a workable solution to feepvater conditions of the disas&&Macondo.

In fact, manyweeks and hundreds of millions of pounds was spent on adapting,
modelling, and deploying solutions that feiletiile million gallons (equating to tens

of millions of dollars in environmental damage fines) of oil flowed unhindered into
the Gulf. It beame evident that nothing in oil spill recovery had evolved since the
Exxon Valdez disaster some twenty years earlier; the same techniques were tried and
failed on a grand scale. BP Refining and Marketing identified hundreds of
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recommendationat Texas Cityhowever had failed to implement previous lessons
and recommendations on plant design and layout which could have reduced the scale
of impact2more explicitly, the number of deaths and serious injuries.

8.7.4 Acquire Additional Suppliers

Capacity constraintsm components, supplies, labour and distriqutioname a

few restrictions, can hinder rapid expansion or recovery of supply chain capacity.
Despite growing fluidity in faster, typically-lio® sourcing procurement,

protection of intellectual propertPHARMA) and regulatory control make it
HVVHQWLDO WKDW ILUPV {SUHSDUH- WR UDSLGO\ DFT

PHARMA was fortunate, in responding to the demand from China and LDCs, that it

had explored a voluntary licensing arrangement two years presnn@mts, under

WKH VDPH VWUHVV RI UDSLG JURZWK LQ GHPDQG FRUUHVSR
$IJUHHPHQWYV - rdn@g@i@dd FermfRtQacsuinduenzamedicines.

8.7.5 Increase Flexibility

An additional reserve of supply chain capacity is fomaykthflexibilityThis can

be the redeployment of production equipment or staff resources in the supply
chain, adaptable tooling (such as undersea equipmeeefparater operations,
reducing the need to resurface equipment), but also in policy sielscsdh
product allocation in PHARMA.

PHARMA could shift productior? labour resources from two different lines to
increasénfluenzamedicine availability while retaining a robust production capability
for unrelated lines. BP Upstream used a-puripose rig, the Deepwater Horizon,

for both exploration and establishing production readiness. This flexibility can come
at a cost: such a rig, for example, is at thenomf daily rates (USD 1 Million per

day for certain operations). The recovery operatso created new modes of
flexibility for its remotely operated vehicles (ROVs), which could rapidly exchange
tooling without resurfacing from the seafldsaving many hours on every step.

8.7.6 Increase Inventory

Traditional supply chain optimization®df@ VHHNVY DQ fRSWLPDO:- VWRFN
reduce working capital or increase design flexibility. Sudden spikes in demand or
GLVUXSWLRQ RI VXSSO\ WR LQYHQWRU\ FDQ REYLRX
respond. As the evolution of a disruption may peedictable, the firms studied

here sought to increase inventory to cover variance in the supply chain.
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Sharp increase in demand or sudden disruption in the supply chain will have an

immediate shift in the optimal availability of inventory. Increasimdry is an

explicit goal in this data, as part of the solving disruption remedy -itsagjf

emergency equipmenand as part of meeting existing or increased demand. Where

competitors are affected in the same disruption, increase in inventorgeoimscts

EHFRPHVY D FRPSHWLWLYH SULRULW\ :KLOH D FDUU\LQJ FR)
inventory 2as PHARMA refers to stock of key materaésshown in these cases to

support faster recovery. PHARMA, for example, reduces the dependencgdon sha

machinery with limited capacity by gueaducing secondary products in the supply

chain. BP Upstream could assemble a remarkable fleet of support ships for oil

recovery through its partnerships, though often operated at the extreme edge of

internal cpacity in many of its operations. Similarly, BP Refining and Marketing had

driven its production capacity to the lihiémployee exhaustiomduced testing,

reduced training, reduced supervision, reduced operating maximum pressure of aging
equipment,etc DOO SRLQWHG WR D ODFN RI fLQYHQWRU\:- LQ D EUF
detection and management far more difficult.

8.8 Core Categories in Rlated tothe 3-D Framework

This research has used diverse examples of catastrophic events to argue that firms
canuse a timdased risk management concept to ecthecresponse ledithe
(detection time (D1) + design leade (D2) + deploy leaime (D3)), which will

in turn reduce the impact of a disruption.

Throughan iterativgprocess of coding and categgion, eachtailored approacdk
identifiedwhich is expressed in observations of relevant actions performed by the
firm or related partiesSomeapproachsareseen as lackinigut suggested in the

subsequenbot cause analysis or aftexfactrecommendati@made by th&rm.

The fourfactorsare explainedarlier inthe previous section. These factors may
have significan@crossone or moreghase of the response lifecycle. The use of
each tailored approach in the cases is shown in therfg|lable33 across the

lifecycle of detectiondesignand deployment ledidne. Moreover, \Wile some
approaches may be uniquely effective in the contexttastragshic risk
management for example cooperation in recovery with direct competitibies
most effective approachesy have a positive effect on operational performance,

prior to an event.

Table33summarizes the observed actions in each case, indicated as follows:

x Actions were explicitly identified and taken by the firm to improve response

time.
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X Actions were identified after the event, and are considerthé fiym as
potential improvements in response for comparable events in the future.

x Actions were not taken nor identified by the firm or its partners, but might have
had a positive impact on response speed.

X Actions were not taken nor identified by the érnts partners, and would be
unlikely to have had a relevant or positive effect on response speed.

The first two are indicated by a diamond symiotlie second by a dash As

this study is in the early stages of building the framework, onlye positi
observations can be confirmed. Investigation on the effectiveness of each approach,
impact of withholding the tailored approach or possible risks for each would be
appropriate in further study of the same or new cases in management of disruption
risk.

Table34shows a summary of examples from three cases by grouping the actions

and initiatives taken by each company in detection and response to the disruption.
Data display was used in an organsmdpressed way according to Miles and
Huberman (1994) for the purpose of data reduction. The table suggest tailored
approached activities that would enable the firms to reduce the resptine:|ead
which affect the impact of supply chain disruptionseg§pmndingly, as evidenced

by investigation and retrospective recommendations, lacks of such capabilities
hinder companies in detecting and responding in a timely fashion to severe
disruption.
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Time ‘

Factors ‘

Preparation

Tailored approaches ‘ PHARMA

Develop advanced warning system
Conduct stress testing

Develop scenario plan and modelling
capability

Leverage preparedness plan
Implement training

<

<

BP
Deepwater

<
<

<

BP
Texas

<
<

<

Partnership

Establish frequent communications witt
supply chain partners

Establish relationship wiical and
international agencies, business partne
andcompetitors

Detection Time (D1)

Organisation

Create integrated response team
Shorten lines ofommunications within
the organisation

Clarify roles and responsibilities
Establish learning from past events anc
during the events

Reserve

Assure management and employee
capacity

Increase capacity

Developproduct or solution extensions
Acquire additional suppliers

Increase flexibility

Increase inventory

Preparation

Develop advanced warning system
Conduct stress testing

Develop scenario plan and modelling
capability

Leverage preparedness plan
Implement training

Partnership

Establish frequent communications witt
supply chain partners

Establish relationship witcal and
international agencies, business partne
andcompetitors

Organisation

Create integrated response team
Shorten lines of communications withir
the organisation

Clarify roles and responsibilities
EstablisHearning from past events and
during the events

Design LeadTime (D2)

Reserve

Assure management and employee
capacity

Increase capacity

Develop product or solution extensions
Acquire additional suppliers

Increase flexibility

Increase inventory
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Factors ‘ Tailored approaches

PHARMA BP

Preparation

Develop advanced warning system
Conduct stress testing

Develop scenario plan and modelling
capability

Leverage preparedness plan
Implement training

Deepwater | Texas

Partnership

Establish frequent communications witt
supply chain partners

Establish relationship wiical and
international agencies, business partne
andcompetitors

Organisation

Create integrated response team
Shorten lines of communications withir]
the organisation

Clarify roles and responsibilities
EstablisHearning from past events and
during the events

Deploy LeadTime (D3)

Reserve

Assure management and employee
capacity

Increase capacity

Develop product or solution extensions
Acquire additional suppliers

Increase flexibility

Increase inventory

Table 33 A Summary of Findings from Three Settings in Related toB Framework
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Factors
underlying

response
lead time
Preparation
(PR)

Tailored approaches

Examples from PHARMA H1N1 2009nfluenza

Pandemic

Examples from BP Response to Deepwater
Horizon Oil Spill

Examples from BP Texas Refinery
Explosion

Deve_lop advanced X Assigned staff to monitor the information and prog x Well pressure monitoring: distractions whilf x Failed alarm systems, e.g.-teghl alarm
warning system flow. working prevented early detection. sounded two minutes late when much
X  Gas detection systems for early warning higher liquid level was received.
(example: drill floor level was alarm was x  Brokenphysical sight equirent for
turned off) visual inspection.
x Lack of shift change information from nigh x No general alarm sounded, instead ra|
to day shift. reports and shouting to notify workers
X 'ULOOHU -V (Epesyeub) diffieult H the area.
to interpret, e.g. (pressure anomaly unnoti{ x Alarms not tested prior as required by
x No onshore realime monitoring facility. standard operating procedures.
Conduct stress testing| x Pandemic stress testing each year (July). x Engineering tests prior to deployment of x  No approval of facilities layout
equipment (example: BOP was not tested (dangrous positioning of trailers).
x Positivepressure tests of well integrity. X Lack of process review during sensitiy
x  Negativepressure test of well integrity. shut down / start up phases.
x  Cement testing during formulation by
Halliburton.
Develop scenario plan| x Modelling the second wave of pandemic to estimaj x Model of gas flow and explosiontba rig. x Gas flow modelling.
and modelling demand of medicines. x Cement model software at Halliburton X Major Accident Risk analysis performe
capability X Independent testing of cement formulation in 2003, however using limited scope 4
Chevron and CSI. generic industry data.
x OLGA software weflow modelling.
X Simultaneous Operations using storyboard
to coordinate operations after the event.
x  Oil spill modelling aftehe event.
x Forensic study of BOP after it was retrieve
from the sea floor (flow modelling, finite
element modelling).
Leverage pparedness| x Assessment and update site pandemic preparedng x Blow-out procedures during well completio] x Standard shutdown procedures.
plan plan. x Rig abandonment procedures. x Standard emergency procedures.
Implement training x Assure skill availability foranaging risk. x Blow out prevention school for key engineq x Employee training on leading indicator
x  Online electronic bulletins and document to sense possible disruptions.
databases. x Local trained emergency response
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Factors
underlying
response
lead time

Tailored approaches

Examples from PHARMA H1N1 2009nfluenza
Pandemic

Examples from BP Response to Deepwater
Horizon Oil Spill

Examples from BP Texas Refinery
Explosion

services from Texas City fire and
ambulance services.

Partnership
(PA)

Establish frequent
communications with
supply chain partners

Proactive contact with governments to anticipate
orders and allocate stock proportional to need.
Increase frequency of press and public
communications.

Estallish direct line of communication with external
suppliers.

Improve communication with key suppliers
e.g. Halliburton communication of cement
results was incomplete.

Increased frequency of press and public
communicationdaily press briefings.
RealtiPH YLGHR FDPHUD IHH
Congressional hearings after the event.
Radio relay network for thousands of shipg
and team to coordinate response.

x Participation in congressional hearings

x Baker panel on BP refinery safety to
review implementation cfcommended
changes.

x CSB investigations on rezuse and
management background to the event

x EPA investigations on adherence to
regulation and environmental impact.

x OSHA investigations on recause and
employees safety.

Establish relationship

x Coordination with international agencies e.g. CDC Invite external experts (academic, industry| x
with govenment, WHO. assist in design.
agencies, press, x  Establish relationship with experts in the industry.
business partners and
expertise
Establistrelationship | x N/A Outsourcing key tasks (Halliburton, Chevrd x  N/A
with competitors etc.) before and after event.
Shell help BP adding capacity by provides
ships for clean up.
Marine Well company formed after event t
facilitate recovery and reduce cost ofvese
Organisation | Create integrated x Create pandemic management organisation chart. BP internal investigation team. x  Creation of crosBinctional investigation

Q)

response team

team within BP in first 24 hours.

x (VWDEOLVKHG LQWHJUDWHG U Established integrated response team callg
ODQDJHPHQW 7HDPy "8QLILHG &RPPDQGYH

x Create frequent communication with site directors.

X Set up a War room la¢adquarters.

x Established online team room for document sharin
Shorten lines of x Modify organisation hierarchy to shorten lines of N/A x BP created a new communication
communications withir] communication. structure for safety related issues.
the organisation
Clarify roles and x Revised logistics pandemic BCP angaitéemic N/A x N/A

responsibilities
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Factors
underlying

response
lead time

Tailored approaches

Examples from PHARMA H1N1 2009nfluenza
Pandemic

preparedness plan.
Revised and updated roles and responsibilities as
formally documented in RACI diagram.

Examples from BP Response to Deepwater
Horizon Oil Spill

Examples from BP Texas Refinery
Explosion

Establish learning fron
past events and during
the events

Learning from past epidemics (e.g. H5N1 Avian FI

BP investigatioream on roetause and
possible mitigation.

National Commission on BP Deepwater
Horizon Oil Spill Offshore Drilling

&KLHI &RXQVHO: .V 5HSRUYV,
Coast Guard ISPR and BOEMRE Joint
Investigation

DNV BPO Report on key equipment.
Department of Justice Investigation
potential criminal liability.

x Independent panel to determine critica
factors.

x Updated physical site layout
recommendations.

x Numerous recommendations on
engineering, process, management,
training.

Reserves (R)

Assure management
and employee capacity

Distribute HIN1 antiviral medicines to employees.
Lockdown managers-@ountry and restrict travel te g
risk areas (Mexico).

Recruiting contingency workers to cover peak peri
and move to 24/7 shifts for greater production capg
in existing sites (Nite).

Rig was abandoned relatively quickly to av
further casualty.

Leverage rig personnel in immediate fire
fighting operations.

Extensively staffed 27 hours search for
survivors.

x Improved safety procedures for
employees.

x Improved control over dangerou§ K R
work areas and general operations du
sensitive starp and shutdown sequeng

Increase capacity

Reallocate labour resources to increase capacity d
Nicole.

Leverage production load balancing by reducing Ig
production on some sites vehicrease production o
main sites.

Oil recovery and burning facilities put in plg
to reduce impact of spill.

Hire wide group of existing fishing vessels
DVVLVW LQ UHFRYHU\ 99

x Improved staffing to reduce employee
fatigue an@mprove alertness and
response speed.

X Reduce distractions in control room.

X Allocate time to complete testing.

x Geographic resensgreater spacing of
activities for improved Simultaneous
Operations, e.g. trailer siting.

Develop product or
solution extesions

Having easign-manufacture Nicole capsule inhaler
product design in place and ready to produce.
Accelerate approval process for new products e.g.
Nicole capsule inhaler and antiviral masks.

Initiate Relief Well drilling immediately.
Develop new dé&m solutions in place (Top
Hat, Oil Boom, Artificial Barrier, Top Kill,
Skimmers, Junk Shot, BOP activation)

x Changes in system design (e.g. remoy|
out-of-date blowout preventor).

Acquire additional

suppliers

Granting a production licence to a Chinese

manufacturer.

Relief well drilling using capacity from
Transocean.

x N/A
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Factors
underlying

response
lead time

Tailored approaches

Examples from PHARMA H1N1 2009nfluenza
Pandemic

Examples from BP Response to Deepwater
Horizon Oil Spill

Examples from BP Texas Refinery
Explosion

x Leasing of cleamp equipment from across
the industry.

Increase flexibility x Using generic pack (vanilla pack) instead of marke| x Design of rigs for multiple operations x NI/A

specific packaging. (exploration, drilling, production on both g3

X Shift shared Hematol manufactudagacity to Nicole and oil)

Shared same machine, labour, resources, wareho

quality insurance etc.
Increase inventory X Increase raw material by securirayallable active x Deploy remotely operated vehicle (ROV) w x N/A

pharmaceutical ingredients (API) from the supplier

X Increase strategic stock of micronised ingredients.

more flexible tooling

Table 34 A Summary of Examples from Three Settings
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Chapter 9
Conclusion

9.1 Research conclusion

This empirical study of three cases of major supply chain disruption set out to
contribute to the further development of a framework oftiased supply chain
riskmanagement and formulate propositions for further study and validation. Three
additional objectives were stated, to examine how three global corporations
perceive and manage risk, look at how companies incorporate techniques to reduce
time, and finally idéify, analyse and categorize the possible factors that underlying

time of response.

The investigation of three major supply chain disruptions demonstrates that there
are identifiable patterns to how global organizations attempt to manage time in
respondig to supply chain disruption, through action and structure in detection,

design and deployment of solutions.

Grounded Theory methodology proved effective, where a Straussian approach was
taken, using the tinmsed risk management framework as a lensigtrucd
interview questions and caéssed qualitative data collection. An adaptive
approach is used to formulate core categories of tailored approaches that can
reduce time of detection, design and deployment of solutions. The emerging

framework was furer developed using data from the second two cases.

Four propositions emerge, expressed below, stating that Preparation, Partnership,
Organization and Reserve are key factors in reducing response time. The theoretical
and management implications, and meeendations for further research are

presented as follows.

27:



9.2 Implications of the research

9.2.1 Theoretical implications

This research provides a first empirical examination of a time Isksed r

management framework using Groundsebfy method.

Based on our emrical research and review of the literature, | propose the

following relationship between response time and each of four constructs.

Proposition I Firm seeks to reduce response time to supply chain disruption
through preparation by training, preparesdmdsns, stress testing, modelling or

advance warning systems.

Proposition 2 Firm seeks to reduce response time to supply chain disruptions
through organisational development on lines of communication, roles and

responsibilities, learning or empowerment.

Proposition 3 Firm seeks to reduce response time to supply chain disruptions
through partnerships among others suppliers, customers, technical and scientific

experts, government agencies or public media.

Proposition 4 Firm seeks to reduce response time to supply chain disruptions with

appropriate reserves such as increased capacity or increased inventory.

These propositions can augment existing knowledge related-basecherisk
management but also support hypothestsg for future research in the field of

supply chain risk management.
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9.2.2 Managerial implications

The study is based on a set ofwemald cases of supply chain disruption that had
broad impact within and external to the firmsaASrect benefit fra using a
GroundedTheory methodology, the concepts derived remain close to the real
world managerial perspective of the participants in each case. @ Managers can
benefit from adapting riskitigation and riskesponse measures through
improving existingronew business continuity efforts. Investors and stakeholders
such as lenders, investors, government and industry bodies have a keen interest in
understanding risk management readiness. Improved agility and responsiveness is a
direct outcome of a tirEased risk management, benefitting overall supply chain
performance through greater awareness of primary and secondary processes and

improved communication.

Organizational factors internal and external to the organization are often
mentioned. These are dingatcessible for strategic management. The identified
tailored approaches are qualitative in nature, and should prove to be complementary

to traditional quantitative supply chain modelling and management.

The approach and framework of solutions may benefits in general supply

chain operational performance as well as improving speed of response during
disruption. For example, lines of manufacturing in PHARMA that can handle
multiple products provide supply chain scale, flexibility and reserve. CEpacity
flexibility added to equipment used at vast depths beneath the sea was essential to
develop and trial possible solutions to the BP Deepwater Horizon disaster. The
same techniqaenow greatly reduce the time and expense in handling routine

operation®n the sea floor.

This classification of factors can form the basis of a useful tool for supply chain
managers to assess and balance investment in management of disruption risk in the

supply chain.

This study used pharmaceutical industry and endugyry as examples, but the
findings can be applied in other industries, which can be useful to practitioners.
There are recent cases of disruption both natural antiadarfrom supplghains
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in the electronic, computer and automobile industries Wiereould apply, to

name a few.

For instance, in mobile phone industry, one of the most referenced cases in supply
chain disruption is the fire at the Philips microchip plant in Albuquerque, New
Mexico in March 200, which simultaneously affected both &aki&ricsson. As

the two major customers of the Philips plant, botis were notified on the same
Monday following the accident. Their very different reactions to this seemingly
minor event have highlighted the importance of managing supply chan risk t
other companies. While Ericsson took weeks to absorb the information and react,
Nokia moved swiftly at all levels in its relationship with Philips and with alternate
component suppliers, assuring continuity of product delivery towards its own
customersThe impact was faeaching? allowing Nokia to extend its market
OHDGHUVKLS WR E\ DQG FRQWULEXWLQJ WR (
business with rival Sony with loss of USD 400 million in 2000

The key lessons leathfrom this case can bstructured using the proposed

framework as follows

1. The cost of reaction grows disproportiolyateith time. The company,
which can shorten respond time can effective, reduce impact of supply
chain disruptiondgtection

2. By swiftly taking control of theupply of a critical component, Nokia
secured its manufacturing its manufacturing capacity but also effectively
blocked Ericsson from recovering in the sameftan®e 2 this show that
Nokia ha a superiorreserva term of production capacity and suwgpli
capacity.

3. Learningndorganizatiane important. Nokia had previously faced a similar
event and hasubsequentlgut in place the mechanisms to suppéastter
andmoreflexible response.
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4. A strongpartnershigth other suppliers helped Nokia secaserve capacity
at other Philips plants and every other supplier that Nokia could find.
While, Ericsson had no other component source. This costly disruption
generate nelearnintp Ericsson? as they company defined new concepts,
put in place new nteids andolansandmodellgdaction time in dealing

with the inevitable disruption event in the future.

During the primary cases were analysed, several comparable events underscored the
need for a coherent tiAvased risknanagement framework. In Magfil, an
earthquake of the coast of Japan was quickly followed by a devastating tsunami. At
least 15,000 people died and more than one million buildings were destroyed or
damaged. This virtually shut down industry for months in the region, having a

signifcant impact on expeariented industries.

Just four months later, while Japan was still wrestling with near nuclear disaster at
the damaged Fukushima power station and beginning the ciaasive effort,
catastrophic flooding hit Thailand, the woostrhore than a century. Lawst

industrial production areas just north of Bakgkere amonthe areas worst hit,
damaging production facilities in components and finished products such as
automotive components, cameras, analog and semiconductors,dadkkar

Two of the largest disk makers, Western Digital and Seagate, had a large portion of
their global manufacturing in the area and had to stop production, as did Toshiba
whose motor supplier Nidec was unable to continue manufacturing. Shipment of
disks dropped by 25% in the third quarter of 2011, causing price increase and
supply shortage in the laptop and consumer market. The Thailand flooding was the
second major natural disaster to affect Japan that year. Some 1,800 Japanese
manufacturers operatethe country and 450 Japanese businesses are located in the
flood-hit industrial parks. All major car manufacturers, for example, have
significant supply chain operations in Thailand serving the domestic and regional
PDUNHWYV “+,6 $XWRGBRAMIDYH CBEGCE Jo@DaBHid/ 1.64

million units in the fourth quarter, down from 1 PLOOLRQ XQLWV«WKHYV
affected vehicles to be exported to core market in the ASEAN region, Australia,
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-DSDQ DQG WKH OLOOH (DVW ZzZKtenbH p@rkddtloDtbt@ G-V H[SF
productiort.’ y

These dramatic events, which affected millions of citizens as well as supply chain
partners across the globe, provide a clear test of how quickly a global firm can

respond and recover from disruption.

A lessvisible but equally far reaching event was triggered by a small fire in the Marl
Chemical factory in Germany, part of Evonik Industries global manufacturing
capabilities. Sadly, although the fire was quickly extinguished, two employees died,
and there wasome concern over environmental impact to the nearby town; luckily

no major health risk faced the broader public. The plant produced a specialized
resin usedh the automotive industty make brake and fuel lines. This relatively

small event pushed WWHEMs and suppliers to mest an industrio discuss the
globalimpact: "7KH VKRUWDJH RI WKH UHVLQ PD\ LPSDFW
FRPSRQHQWY LQ WKH QH[W IHZ ZHHN 7KH VKRUWD.
possibility of production interruptions at someyaur facilitiesn the next few

weeks is highy VDL G :L O Od¢hhiftnarsf Aubin Hills, Michigabased TI

Automotive.

This latest supply chain disruptions should further companies interest in evaluating
and managing their supply chain risks.also urged the companies, for example,
to look at a greater geographical (location) spread of their supply chain for new
factories and in terms of suppliers or relocating production. The factors proposed
in this paper can be used to evaluate responga@ogle response speed. Using

this viewpoint, lessons learned from Tsunami and Thai floods include:

1. Risk factorsvere overlooked when businesses sought areas with low labour
costs such as the industrial zones north of Bangkok.

2. Business should know theupply chain inside out which includes
knowing the business partners and understanding the risks they face and

responsethey might take.

47Zhang, F. (2008)
48Trudell et al., (2012)
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3. Executives need to be aware of rittss should be built into theulture
of theorganisation. Every level in t@mpany must know about the risks
to the supply chain and any contingency and mitigation plans in place.

4. Suppliers are a critical parttioé supply chain and product development
process, the relationship and frequent communications are critical to rapid
response.

5. Visibility into key supplier performance and the ability to evaluate and
simulate disruption (preparation: scenario planning and modelling) and
constraintare asmportant asheinternal operation planning process

6. Risk mitigation and respensmanagement in the supply chain occurs at
every level in the organization.

7. Where products are highly specialized, as in the Marl fire exhenple,
supply chain requirespecific reserve capacity in the form of stock,
manufacturing, or alternatives.

8. Partneship with competitors or from exceptional relationships, such as in
the nuclear response at Fukushima, which involved worldwide resources,

can accelerate response.

9.3 Limitation s of the Study and Future Work

While the methodology proved effective forrthture of event under study, the

research has several limitations.

Only two industries are used and two casdsom derived from thesame firm,
albeit quite different divisions and business models. Applicability to other industries

could be explored thugh further study.

A small set of cases was used, due to the intensity of study and duration. Ideally,
this could be expanded to a larger set, where statistical and other quantitative
methods can enhance the qualitative approach used here. As maetionases

could be added, such as the 2011 Tohoku earthquake and tsunami in Japan, or

flooding in recently developed industrial areas north of Bangkok.

Firms are global and of societal importance, putting great scrutiny on external
communications and armayy These cases are particularly well studied and

scrutinized in the public eye and firms faced potential and real litigation. Legislation
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and litigation were important factor, which may bias some response in first hand

interview and availability of dataside formal testimony.

On a practical note, the use of software could facilitate the coding process for this

or a following study
This study provides a foundation for further research.

From a theoretical point of view, evaluation of the propositianbecased to
validate or explore applicability of theories that address the cause, frequency and
avoidance of disruption, in particular Normal Accident Theory versus High
Availability Theory. From this study, it is apparent that several factors umigerlie ea
detection? line of communication as well as training, for example, as well as rapid
response in total.

The second avenue for further research could empirically study the perception and
use of factors as stated above in broader set of firms in¢halagfirms who
have experienced major disruption as well as a test group who perceive their supply

chain to have maintained planned supply chain operations.

A different perspective in empirical validation would be to explore the perceived
tradeoff between factors, for example effectiveness of training and fixed
preparedness plans prior to an event versus the rapid solution development during
an event response (e.g. new or modified solutions). In the case of the BP
Deepwater Horizon oil spill, for examplestablished oil spill containment
techniques were in some cases useless (e.g. artificial berms) and even potentially
harmful (chemical dispersants). Under certain circumstances, it could be postulated
that inappropriate plans may in fact delay the dape&lopment of more effective,

new solutions, given the complex and infrequent nature of catastrophic disruption.

Lastly, further research is warranted to assess the cost / benefit aspects where the
identified factors can imply a significant investmesreate additional risk. It can

be again postulated, for example, that close cooperation with competitors to
leverage solutions or increase deployment capacity may reduce the imperative for a

firm to invest sufficiently in internal reserve.
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Data from alarger sample size of firms could be used to evaluate managerial
decisiormaking, interdependence, and perceived cost / benefit for specific factors
of response to low frequency and fingpact events.

This research examine events in two major corporasimigsa Groundedhgory
approach to identify and charactefazéors driving response lgade in the face

of significant supply chain disruption. Building on an emerging framework in time
based response, in the context of existing literature onchgiplgomplexity and

supply chain management, these factors provide a vehicle for further research.

It is a starting point to highlight a potentially rich area of empirical research in
supply bain risk using Groundedhdory. This study adds new concepts
improving response to disruption to literature that has been primarily focused on
prevention of delays and disruptions through various means rather than on
planning for posincident recovery as it focuses on response rather than the
capability to respal.

The factors are derived directly from observations and recommendations made by
the firms and their stakeholders and occur in recognizable pabietinsn their

presence with successful support to risk response and in their absence with
contributionto delay and exponentially greater impact. Although the cases are
found in different domains: a leading pharmaceutical response to a pandemic,
upstream oil exploration under extreme and unfamiliar conditions, downstream
energy refining in antiquated, profiented industrial site, the commonality of
factors in Preparation, Partnership, Organisation and Reserve between the cases
suggest that further investigation can lead to an improved mitigation of catastrophic

risk in complex supply chains.
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Appendices

Appendix 1: Acronyms PHARMA Case

AAR After Action Review

APAs Advanced Purchased Agreements

API Active Pharmaceutical Ingredient

BCP Business Continuity Plan

CCMT The Corporate Crisis Management Team
CDC Centres for Disease Control &révention
CET Corporate Executive Team

CMT Crisis Management Team

COE Centre of Excellence

Defra Department for Environment, Food and Rural Affairs
DH Department of Health.

DOD U.S. Department of Defence

ECDC European Centre for Disease PrevergiahControl
EH+P Employee Health and Performance

EHM Employee Health Management

EHS Environment, Health and Safety

EMEA European Medicines Evaluation

FAO Food and Agriculture Organisation

FDA The Food and Drug Administration

FPP Flu Pandemic Plan

GQMP Global Quality management Process in QMS
HHS U.S. Department of Health and Human Services
HPA The Health Protection Agency

IMT Incident Management Team

ITCP IT Continuity Plan

LDCs Least Developing Countries

MSC The Manufacture and Supply Chain

OIE The World Organisation for Animal Health
PAHO Pan American Health Organisation

PMT Pandemic Management Team

ROCC Risk Oversight and Compliance Council
SAGE Scientific Advisory Group for Emergency
SARS Severe Acute Respiratory Sydrome

SVP SenioVice President

USAID U.S. Agency for International Development
WHO World Health Organisation
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Appendix 2: Acronyms BP Deepwater Horizon

AFE Approval for Expenditure

AMF Automatic mode function

APB Annular pressure buildup

APD Application forpermit to drill

API American Petroleum Institute

APM Application for permit to modify

bbl Barrels

BOEMRE Bureau of Ocean Energy Management, Regulation, and Enforcement
BOP Blowout preventer

bpm Barrels per minute

BSR Blind shear ram

CMMS Compuerized Maintenance Management System
DP Dynamically positioned

DPO Dynamic positioning officers

ECD Equivalent circulating density

EDS Emergency disconnect system

ERA Efficient Reservoir Access

ESD Equivalent static density

ETP Engineering Témical Practice

FIT Formation integrity test

gal/sack Gallons per sack

gpm Gallons per minute

HSSE Health, safety, security, and the environment
LDS Lockdown sleeve

LMRP Lower marine riser package

LOT Leak off test

MC 252 Mississippi Canyordgk 252

MD Measured depth

MMS Minerals Management Service

MOC Management of change

MODU Mobile offshore drilling unit

MUX Multiplex

OIM Offshore installation manager

OMS Operating management system

PINC Potential incidents amdr-compliance

pPpg Pounds per gallon

PRV Pressure relief valve

psi Pounds per square inch

RCRA Resource Conservation and Recovery Act
RMS Rig Management System

ROV Remotely operated vehicle

SG Specific gravity

TD Total depth

TIGER Totallylntegrated Geological and Engineering Resource
TOC Top of cement

TVD Total vertical depth

UWILD Underwater Inspection in Lieu of Bagcking
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Appendix 3: Timeline of BP Deepwater Horizon QOil Spill

Date

 Date  Time |
18 March 208

| Events
BP pays US4 million for an exclusive lease to drill in Mississif
Canyon Block 252.

Source

Oil Spill

Commission

6 Ocbber 209

6SXGGHG ODFRQGR ZHOO ZLWK 7UDQV

OpenWells®

Transocean's Marianas arrives on location and begins the drilli|
theMacondo well.

Oil Spill
Commission

8 November 209

The Marianas drills for 34 days, reaching a depth of 9,090 feet
then stops drilling and moves-site to avoid Hurricane Ida.
Hurricane Ida nevertheless damages the rig badly enough that
no longer drill the well.

Oil Spill
Commission

8-27 November
2009

Pull riser and evacuated Marianas for Hurricane Ida. Marianas
subsequently damaged and moved to safe harbour for repairs.

OpenWells®

7U D Q V DEdpwefEHdrizon on location to replace Marianas

31 Janary-
6 Felvuary 200

Six days of prb maintenance and testing of blowout prevente
(BOP) followed

OpenWells®

Drilling activities recommenced on 6 February.

31 Janary 2@0

TransoceanBeepwateHorizon arrives on location.

Its first task is to lower its giant blowout preventer (BOP) onto
wellhead that the Marianas had left behind. The BOP is a stach
enormous valves that rig crews use both as a drilling tool and §
emergency safety dmviOnce it is put in place, everything neede
the welB drilling pipe, bits, casing, and riyshsses through the
BOP.

Oil Spill
Commission

10 Febuary 200

TheDeepwateHorizon resumes the drilling of the Macondo we
Drilling Terminology: Drillinchtough the seafloor does not differ
fundamentally from drilling on land. The crews on any drilling ri
rotary drill bits that they lubricate and cool with drilling3naurd
ordinary name for what is today a sophisticated blend of synth
fluids, polymes, and weightgnagents that often costs over USD
per barrel. The rig crews pump the mud down through a drill pi
that connects with and turns the bit. The mud flows out holes i
bit and then circulates back to the rig through the space bétsve
drill pipe and the sides of the well (the annulus), carrying to the
surface bits of rock called cuttings that the drill bit has removeg
the bottom of the well. When the mud returns to the rig at the
surface, the cuttings are sieved out and thésmeadt back down
the drill string. The mud thus travels in a closed loop

Oil Spill
Commission

23 Febuary- 13
March 200

Pilot valve leak of 1 gpm noticed on yellow pod of BOP, leak
reduced after switching to blue pod

OpenWells®

8 March 200

Wellcontrol event at 13,305 ft. Pipe stuck; severed pipe at 12,1

OpenWells®

Halliburton personnel send BP the results of a foam stability tg
ran in February on the cement blend it plans to use at Macond
the trained eye, the data showed Heatément slurry design was
unstable. Halliburton personnel did not comment on the eviden
the cement slurry's instability, and there is no evidence that BP
examined the foam stability data in the report at all.

Oil Spill
Commission

1222 March 200

Contingency liner utilized, a new drilling liner was added and
production casing changed to 9 7/8 in x 7 in. long string

Macondo well
plan

Minerals Management Service (MMS) approved changes

MMS
applications

56 Apiil 2010

Stripped drill pipe througlpper annular preventer from 17,146 ft
14, 937 ft. while addressing wellbore losses

OpenWells®

914 Apil 2010

Total depth of 18,360ft. reached and data collected for five day
Reservoir sands contained hydrocarbons at pressures of
approximately 1350 psi.

OpenWells®

9 April 20

After numerous instances indicating fractures in the formation

the past few weeks, BP elects to call total depth at 18,360 feet
of the 20,200 feet initially planned. BP informs its lease partne
Anadarko antMOEX that "well integrity and safety" issues requi
the rig to stop drilling further.

Drilling Terminology: The weight of the column of mud in a we
exerts pressure that counterbalances the pressure in the hydrg
formation. If the mud weight is téaw, fluids such as oil and gas
can enter the well, causing what is known as a "kick." But if the
weight is too high, it can fracture the surrounding rock, potentig
OHDGLQJ WR 3 |cakagadf thel MUX idtQ thiqiformation.
The rig crew thefere monitors and adjusts the weight (density)
the drilling mud as the well is being drillede of many sensitive,
technical tasks requiring special equipment and the interpretati
data from difficult drilling environments.

Oil Spill
Commission
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Date
11-15 Apil 2010

s

| Events

BP and its contractors spend five days logging the open hole w
sophisticated instruments. Based on the logging data, BP cond
that it has drilled into a hydrocarbon reservoir of sufficient size
least 50 million barrels) gm@ssure that it is economically worth
to install a final production casing string that BP will eventually
recover the oil and gas

Source
Oil Spill
Commission

13 Apil 2010

Halliburton personnel run a second set of tests on theligbrly
altered ement blend they plan to use at Macondo. The foam st
test showed that the cement slurry would be unstable.

Oil Spill
Commission

1415 Apil 2010

After going back and forth, BP engineers choose a "long string
production casingfor a single contimus wall of steel between th
wellhead, on the seafloor, and the oil and gas zone at the bottq
the well. The other option considered, a "liner," would result in
more compleX and theoretically more lgatone® system over the|
life of the well. But it@uld be easier to cement into place at
Macondo.

Qil Spill
Commission

14 Apil2010

Halliburton Opticem cement model review concluded zonal iso
objectives could be met using 9 7/8 in x 7 in. long string as
production casing

Halliburton 9
7/8 in. x 7in.
Production
Casing Desigr|
Report

15 Apil2010

OptiCem model updated with open hole calliper and survey da
Input included 21 centralizers and 70% standoff above the top
centralizer

Company
emails

Decision made to order 15 additional centralider placed

Company
emails

A Halliburton engineer informs BP engineers that computer
simulations suggest that the Macondo production casing would
more than six centralizers (used to keep the casing string cent
avoid channeling in tikement job. BP engineers order 15 additiq
centralizerd the most BP could transport immediately in a
helicopter.

Oil Spill
Commission

16 April 2010

11:51 AM

Fifteen slipon bow spring centralizers delivered to rig by helicog

OpenWells®

12:4812:53
PM

Mechanical integrity concerns regarding the bow spring centra
Decision made not to run bow spring centralizers.

Company
emails
Interview

A helicopter delivers 15 additional centralizers to the rig. BP
engineers decide the centralizers arerdrgy kind and do not run
them.

Oil Spill
Commission

18 April 2010

20:58 PM

Partial lab test results, a new OptiCem model report (using sev
LQOLQH FHQWUDOL]JHUV DQG +DOOLE
procedure for the Macondo well cement job preneded to BP
and Halliburton staff

Email from
Halliburton
in-house
cementing
engineer to
BP and
Halliburton
staff

Halliburton personnel run yet another set of tests on the ceme
slurry they plan to use at Macondo. The test would normally ta
hours to complete. It is unclear whether Halliburton had results
the test in hand before it pumped the job. Halliburton did not se
the results of the final test to BP until six days after the blowou

Oil Spill
Commission

1819 April 2010

TheDeepvaterHorizon crew installs the long string production

casing. The leading end of the casing, the "shoe track," began
"reamer sho€® a bulletshaped piece of metal with three holes

designed to help guide the casing down the hole. The reamer §
wasfollowed by 180 feet of sevieich-diameter steel casing. Then
came a Weatherferdanufactured "float collar," a simple
arrangement of two flapper (float) valves, spaced one after the
held open by a short "atfith tube" through which the mud ireth
well could flow. As the long string was lowered down the wellbd
the mud passed through the holes in the reamer shoe afill autq
tube that propped open the float valves, giving it a clear flow pg
upward

Oil Spill
Commission

Final Casing Run

Time

| Events

Source

19 April 2010

13:30 PM | Completed final (production) casing run to 18,304ft. (Job took § OpenWells®
hours). The shoe track included a Weatherford float collar insta
the top and a reamer shoe at the bottom.
14:30 Nine attempts made to establish circulation. Circulation establi§ OpenWells®
16:20 PM | with 3,412 psi Realtime data
16:20 Circulation pressure of 340 psi did not match modeling results | OpenWells®
19:30 PM | 570psi.
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RE

| Events

Source

19 April 2010 An explosion aboard tieepwateHorizon drilling rig in the Gulf | BBC
of Mexico, 52 miles (84km) soetist of Venice, Louisiana, kills 1
workers. Operator Transocean, under contract for BP, says it hg
warning of trouble ahead of the blast.
Cement Job
Date Time Events Source
19April 2010 In preparation for cementing, the crew attempts to convert the | Oil Spill
valves by pushing the tube downward. After nine attempts, the| Commission
establishes circulation. Circulation pressure is lower than predi
but the crew decides the pressurgeyeubroken.
The first compromise in BP's plan was to limit the circulation of| Oil Spill
drilling mud through the wellbore before cementing. Optimally, | Commission
LQ WKH ZHOOERUH ZRXOG KD YHmEardiRgQ)
the rig crew woulbdave pumped enough mud down the wellbore
bring mud originally at the bottom of the well all the way back y
the rig. There are at least two benefits to bottoms up circulatio
extensive circulation cleans the wellbore and reduces the likelil
of channeling. And circulating bottoms up allows technicians o
rig to examine mud from the bottom of the well for hydrocarbo
content before cementing. But the BP engineers feared that thg
longer the rig crew circulated mud through the casing before
cementing, the greater the risk of anotherébstns event.
Accordingly, BP circulated approximately 350 barrels of mud b
cementing, rather than the 2,760 barrels needed to do a full bg
up circulation.
20 April 2010 Thecrew pumps cement into the well for the shoe track cemen| Oil Spill
BP decides to pump the cement down at the relatively low rate| Commission
barrels or less per minute. BP also decides to limit the volume
cement pumped to approximately 60 barr@igolume that itswn
engineers recognized would provide little margin for error.
19:30 Cement job pumped as planned with full fluid returns observed OpenWells®
00:36 PM | Bottom plug burst disk ruptured at higtaerplanned pressure, Realtime data
2,900 psi
Cement job completed bumped top wiper plug at 00:3 hours. | Realtime data
20 April 2010 00:302 BP and Halliburton personnel perform a check to see whether | Oil Spill
03:00 AM | float valves are closed and holding the cement in. While itlsang Commission
how long the personnel watched for flow, they eventually concl
the float valves were holding.
0:40 AM Bled off 5 bbls of fluid to reduce drill pipe pressure from 1,150 Reaitime data
to O psi. No flow observed after bleeding 5bbls. OpenWells®
00:40 Dril-Quip seal assembly installed in subsea wellhead. Two pre4 Reailtime data
07:00 AM | tests successfully completed. Drill pipe pulled out of riser. OpenWells®
Interview
05:452 BP and Halliburton personriclare the cement job a success. § Oil Spill
7:30 AM decides to send home a team of Schlumberger technicians wh Commission
been standing by on the rig to perform a suite of cement evalu
tests.
~07:30 BP and service providers discussed running ceamehlog (CBL) | Interviews

during morning operations call.

Decision made, in accordance withgstablished BP Macondo wg¢
team decision tree, not to run CBL.

Positive-pressure and Negativepressure Tests

20 April 2010

10:43AM

BP moves on to prepare the well for temporary abandonment.

engineer sends out an "Ops Note" to the rest of the Macondo t|
listing the temporary abandonment procedure for the well. The
temporary abandonment procedure had undergone numerous

Oil Spill
Commission
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Date

Time

Events

modifications over a short period, none of which appear to hav
been subject to any formal risk assessment. The morning of A|
was the first time rig personnel had seen the procedure they wi
use that day.

The basic sequence for the procedure is asgollo

1. Perform a positiyeressure test to test the integrity of the
production casing;

2. Run the drill pipe into the well to 8,367 feet (3,300 feet below
mud line);

3. Displace 3,300 feet of mud in the well with seawater, lifting t
mud above the B®and into the riser;

4. Perform a negatipeessure test to assess the integrity of the
and bottordhole cement job to ensure outside fluids (such as
hydrocarbons) are not leaking into the well;

5. Displace the mud in the riser with seawater;

6. Sethie surface cement plug at 8,367 feet; and

7. Set the lockdown sleeve.

Source

10:55 AM
12:00 PM

Successful positipeessure test of the production casing

Realtime data
Interviews

Drill pipe run in hole to 8,367 ft. Displacenmmtedure reviewed
in preparation for mud displacement and negatgsure test.

The crew conducts a positm@ssure test to evaluate, among oth
things, the ability of the casing in the well to hold in pressure. T|
pressure inside the well ramadi steady, showing there were no I¢
in the production casing through which fluids could pass from i
the well to the outside.

Oil Spill
Commission

12:00
15:04 PM

At 13L28 hourdDeepwateHorizon started offloading mud to M/\f
Damon Bankston.

Realtime data
M/V Damon
Bankston log

12:00
15:04 PM

Mudlogger told assistant driller that pit levels could not be mon
during offloading. Assistant driller told mudlogger that notice w
be provided when offloading to M/V Damon Bankston ceased.

Interview

15:00
16:57 PM

The crew prepares to conduct a negptegsure test, and displace
mud from a depth of 8,367 feet to above the blowout preventer|
negativepressure test checks not only the integrity of the casing
also the integrity dhe bottomhole cement job. At the Macondo
well, the negatiyaressure test was the only test performed that
would have checked the integrity of the bottomhole cement job

Oil Spill
Commission

15:04
15:56 PM

Seawater pumped into boost, choke and lirbsplace mud. 1,200
psi left trapped in the kill line (i.e., not blend off).

Realtime data

15:56
16:53 PM

A total of 424 bbls of 16 ppg of freshwater pumped into well.
Displacement completed with 352 bbls of seawater, placing thg
spacer 12 ft. abotiee BOP.

Realtime data
M-I SWACO

20 April 2010

(From ~ 16:00 hours 17:50 hours, trip tank was being cleaned.
Recorded flow data unreliable during this period).

Displacement
procedure

16:54 PM

Upon shutting down pumps, drill pipe pressure w828 psi.
Pressure in kill line remained at 1,200 psi.

Realtime data

An annular preventer was closed for the negative pressure test]

Interview

16:54
16:56 PM

Drill pipe pressure bled from 2,325 psi down to 1,220 psi in ord
equalize with th&,200 psi on the kill line.

Realtime data

16:57
18:40 PM

The crew conducts a negafivessure test on the drill pipe. For a
successful negatipeessure test, the dpipe pressure must remair
at zero psi after the pressure is bled off and thesgilesed. The
crew attempts to bleed dplpe pressure down to zero three time
but each time driflipe pressure builds back up. At the end of thgq
test, drilipipe pressure is 1,400 psi. BP and Transocean person
discuss the pressure, apparentliaienpg it as a result of "the
bladder effect." BP's Well Site Leader Don Vidrine insists on ru
a second negatipeessure test, this time on the kill line.

Oil Spill
Commission

16:57
16:59 PM

Kill line opened and pressure decreased to 645 pgipdrpressure|
increased to 1,350 psi.

Realtime data
Interview

Attempt made to bleed system down to O psi. Drill pipe pressur
decreased to 273 psi. Kill line pressure decreased to 0 psi. Kill
shut in.

16:59
17:08 PM

At 16:59 hours, drill piggessure increased from 273 psi to 1,25
in 6 minutes.

Realtime data
MBI
testimony

Annular preventer closing pressure was increased from 1,500
1,900 psi to create a seal.

The riser was topped up with approximately 50 bbls of mudhieo
trip tank to replace the volume blend off through the drill pipe.
(Spacer fluid was then across the BOP.)

17:08
17:27 PM

Drill pipe pressure decreased from 1,250 psi to 1,205 psi.

Realtime data

30z




Date Time Events Source

17:17 PM | Mud offloading fronDeepwateHorizon mud pits to M/V Damon | M/V Damon

Bankston ceased. Mudlogger not notified. Bankston log
Interviews

17:27 Drill pipe pressure reduced from 1,205 psi to O psi by bleeding | Reaftime data

17:52 PM | bbls to 23 bbls of fluid to the cement unit. Interviews
Rig crew and well site leader discussed negative pressure test
procedure. Well site leader stated the negegsgure test needed {
be done on the kill line in accordance with the BP plan submittq
MMS.

17:52 Kill line opened tthe cement unit Realtime data

18:00 Interview
Cementer bled off 3 bbls to 15 bbls of seawater. A witness rep|
continuous flow from the kill line that spurted and was still flowi
when instructed to shut in the line.

18:00 Drill pipe pressurgradually increased to 1,4000 psi over 25 min| Realtime data

18:35 PM | Build profile showed distinct pressure fluctuations at fairly unifo
intervals.

Discussion ensurd about pressure anomalies and negative pre
test procedure.

18:35 Seawatguumped into the kill line to confirm it was full. Realtime data

19:55 Interviews
Opened kill line and bled 0.2 bbl to mini trip tank; flow stopped.
line opened and monitored for 30 minutes with no flow.

At 19:55 hours, the negatpressure test wasncluded and
considered a good test.
Well Monitoring and Simultaneous Operations
Date Time | Events Source
20 April 2010 20:00 PM | Internal blowout preventer (BOP) and annular preventer openg Reaitime data
pumping of seawater commenced down the drill pgispiace
mud and spacer from the riser.

20:02 PM | The crew opens the annular preventer and begins displacing nj Oil Spill
spacer from the riser. Commission

20:50 PM | Pumps slowed for the spacer arriving at surface Realtime data

~ 20:52 Calculated that the well went underbalanced and started to floy OLGA model

PM

20:58 Flow out from the well increased Realtime data

21:08 PM Calculatons
Tip tank was emptied into the fime at this time.

[Taking into account the emptyafgthe trip tank calculated a gai
of approximately 39 bbls over this period.]

21:01 PM | After steadily decreasing for much of the displacemesipdrill Oil Spill
pressure changes direction and begins increasing. This is an 8 Commission
that apparently wenhnoticed.

21:0% Drill pipe pressure increased from 1,250 psi to 1,350 psi at cor] Realtime data

21:08 PM | pump rate

21:09 PM | Spacer observed at surface Realtime data
Pumps shut down to enable sheen test to be conducted Interviews

21:08 Pumps off, drill pipe pressure increased from 1,017 psi to 1,26] Realtime data

21:14 PM | 5% minutes. Interviews

Deepwater
Horizon
P&IDs
OLGA model
20 April 2010 Overboard dump line opened during sheen test; Spearfjow

meter by passed.

Successful result from visual sheen test indicated that fluids cg

discharged overboard. [OLGA well flow modelling calculated-th

flow to the well during this periocsvapproximately 9bbls/min.]

The crew shuts down the pumps to perform a sheen test. With| Oil Spill

pumps off, the drifbipe pressure should have stayed constant of Commission

gone down. Instead, it went up by approximately 250 psi. Had

someone noticed it, he wouldéagcognized this as a significant

anomaly that warranted further investigation before turning the

pumps back on.

21:14 PM | The crew turns the pumps back on and continues the displacel Oil Spill

Commission

21:14 Pumpsestarted to continue displacement Realtime data

21:31 PM Interviews
Displaced well fluids discharged overboard.

Drill pipe pressure on continually increasing trend

21:17 PM | Pump no. 2 started ad pressure spiked to 6,000 psi. [Inferred t| Realtime data

pumplikely started against a closed valve and the pressure liftg MBI
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Date Time | Events Source
relief valve.] testimony
21:18 PM | Pumps no.2, no.3, no.4 were shut down. Pump no.1 stayed onl Reailtime data
(boost line)
The pressureelief valve on Pump Nohbws, and the driller Oil Spill
organizes a group of crewmembers to go to the pump room to| Commission
the valve.
~21:18 Toolpusher was called to rig floor Interviews
21:20 PM
~21:20 PM| Assistant driller was called to either the pit room q@utheroom Interviews
MBI
testimony
~21:20 PM| Senior Toolpusher called toolpusher and ask how the negative| MBI
pressure test had gone. Toolpusher responded that the test req testimony
JRRG DQG WKH GLVSODFHPHQW ZDV
The seniotoolpusher calls the rig floor and asks about the Oill Spill
displacement. The toolpusher responds, "It's going fine. . . . I'v{ Commission
this."
21:20 Pump no.3, and no.4 restarted. Some pressure started to build| Realtime data
21:27 PM | pump no.2, reaching 80§ at 21:27 hours
21:26 Drill pipe pressure declined by 400 psi at constant pump rate. | Realtime data
21:30 PM
21:30 PM | [Calculated that the space was fully displaced from the riser] | Realtime data
OLGA model
The driller notices add and unexpected pressure difference Qil Spill
between the drill pipe and the kill line. The crew shuts off the g Commission
to investigate.
Well Control Response
Date Time Events Source
20 April 2010 21:30 PM | Pumps shut down: first pump no.3 and}, then no.1 (boost pumj] Realtime
data
21:3% Drill pipe pressure increased from 1,210 psi to 1,766 psi. Realtime
21:34 PM | ~21:33 hours, chief mate observed Toolpusher and driller disc| data
GLITHUHQWLDO SUHVVXUHp 7RROSXV| MBI
may be delayed testimony
21:36 The driller orders a floorhand to bleed off thepipk pressure, in| Oil Spill
21:37 PM | an apparent attempt to eliminate the difference. Theiptill Commission
pressure initially dropped off as expected, but immebegaly
climbing again. Despite the mounting evidence of a kick, neith
driller nor the toolpusher performed a visual flow check or shut
the well.
21:36 Over a 90 second period, drill pipe pressure decreased fidpsil| Reaitime
21:38 PM | to 714 psi and then increased from 714 psi to 1,353 psi data
[Inferred to have been caused by opening and closing a 4 in. v| OLGA model
the standpide manifold.]
21:38 PM | [Calculated that at approximately 21:38, hydrocarbordsfpasse | OLGA model
well into riser.]
21:38 Drill pipe pressure held briefly, then decreased steadily from 1| Reaitime
21:42 PM | psito 338 psi. data
21.40- Drilling mud begins spewing from the rotary onto the rig floor. | Oil Spill
21.43 PM | crew closes orgd the annular preventers to shut in the well and] Commission
routes the flow to the meghs separator (rather than overboard i
the sea). The flow continues and quickly overwhelms tkgasiud
separator system.
~21:40 Chief electricimobserved four personnel (including the assistany MBI
21:48 PM | driller) completing repair of the pressure relief valve on pump | testimony
at the time he left the area (~21:48 hours)
~21:40 hourg Mud overflowed the flow line and onto rig floor
~21:41hours 2Mud shot up through derrick.
~21:41 hour? Diverter closed and flow routed to mud gas
separator (MGS); NOP activated (believed to be lower annular
preventer).
~21:41 hourg2 M/V Damon Bankston was adviseddsepwater
Horizon bridge to stand off 500 m because of a problem with {
well. The ship began to move away.
~21:42 hour Drill pipe pressure increased steadily from 338 p
1,200 psi over 5 minute period
~21:44 hour® Mud and water exited MGS ventsid rained down
on rig and M/V Damon Bankston as it pulled away from rig.
20 April 2010 21:40 ~21:44 hour<? Toolpusher called well site leader and stated the| Realtime
21:48PM | ZHUH "JHWWLQJ PXG EDFNp DQG WKDY data
VHSDUDW Relther €id3ed ok \e@ closing the annular Interviews
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Date Time Events Source |
preventer. MBI
testimony
~21:45 hours? Assistant driller called the senior Toolpusher to
UHSRUW WKDW “"7KH ZHOO LV EORZLQ
in now.
~21:46 hours Gas hissing noise heard andipigissure gas
discharged from MGS vents towards deck.
~21:47 hourg First gas alarm sounded. Gas rapidly dispersed,
setting off other gas alarms.
~21:47 hourg? Roaring noise heard and vibration felt.
~21:47hours 2 Drill pipe pressure started rapidly increasing fron
1,200 psi to 5,730 psi.
[This is thought to have been the BOP sealing around pipe. Pg
activation of variable bore rams [VBRs] at 21:46 hours.]
~21:48 hours* Main power generati@mgines started going into
overspeed (no.3 and no.6 were online)
Rig power lost. SperBun realime data transmission lost.
21.45 PM | The assistant driller calls the senior toolpusher and tells him th| Oil Spill
is "blowing out." Commission
21.46 PM | The crew activates a variable bore ram to shut in the well. Oil Spill
Commission
21:49 PM | First explosion occurred an estimated 5 seconds after power I Realtime
data
Interviews
MBI
testimony
Second explosion occurred an estimatedciihds after first
explosion
The first explosion occurs. On the drilling floor, the Macondo | Oil Spill
disaster claims its first victims. A short time later, a second exg Commission
occurs.
21:52 PM | Mayday call made bgepwateHorizon M/V Damon
Bankston log
~21:52 Subsea supervisor attempted to activate emergency disconne({ MBI
21:57 PM | sequence (EDS) for the BOP at the panel on the bridge. Lighty testimony
changed on panel, but no flow was observed on the flow mete| Interviews
Lowermarine riser package did not unlatch.
DeepwateHorizon master announced the activation of the EDY
21:56
~22:00 Transfer of 115 personnel including 17 injured, to M/V Damon| MBI
23:22 PM | Bankston testimony
11 people were determined tabssing, and search and rescue
activities ensued.
US. Coast Guard arrived-site at 23:22 hours.
Sometime after the first explosion, Transocean personnel on th Oil Spill
bridge attempt to activate the Emergency Disconnect System.| Commission
Although the panel indicas lit up, the rig never disconnected.
22 April 2010 10:22 PM | DeepwateHorizon Sank Unified
Command
23 April 2010 17:00 PM | The search for the 11 missing people was suspended
22 April 2011 TheDeepwateHorizon sinks to the bottom of the Gulf after BBC
burning for 36 hours, raising concerns of a catastrophic oil spil
A Coast Guard official says the Macondo well, which the rig hg
been drilling, could be releasing up to 8,000 barrels of oil per ¢
BOP Emergency Operation
Date | Time | Events Source
21-22 April 2010 18:00 Remotely operated vehicle (ROV) operations were initiated. IMT reports
01:15 PM
22 April 2010 ~02:45 ROV attempted hot stab interventions to close VBRs and blind| IMT reports
AM rams (BSRSROV attempts were ineffective.
~07:40 On the third attempt, ROV activated autoshear function. (BSR | IMT reports
AM thought to have closed) Well continued to flow.
25 April 25 May Seventeen further attempts by ROVs using sabseaulators to | IMT reports
2010 close various BOP rams and annular preventers. Well continug
flow
23 April 2010 The Coast Guard says it had no indication that oil was leaking| BBC
the well 5,000ft below the surface of the Gulf.
26 Apil2010 In a reverse, officials reveal the well is leaking an estimated 1,( BBC
barrels of oil per day and warn of environmental disaster.
Meanwhile, BP sends undersea robots to the wellhead in an
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Date

‘ Time

‘ Events

unsuccessful effort to activate the blowout preventer, a piece 0
heavy kit mounted on top of the well to stem the flow of oil.

Source

28 Apil2010

The US Coast Guard warns the oil leak could become the wor
spill in US history.

BBC

29 Apil2010

The US Coast Guard sets fire to patches of spilled oil in an eff
prevent the slick from reaching the vulnerable Louisiana coasts
wetlands.

President Barack Obama pledges "every single available reso
including the military, to help in the response effort.

BBC

30 Apil 2010

Oil from the leaking well begins waslaisigore in Louisiana. Soon
fragile coastal wetlands are inundated with thick, brown mud.
President Barack Obama's administration bans oil drilling in ne
areas off the US coast pending investigations into the cause 0
BP spill. Before the spill, Mr Oba had said he would allow new
offshore drilling.

BBC

2 May 2010

President Obama makes his first trip to the Gulf Coast and say
is responsible for the leak and for paying for itsgfean

"We're dealing with a massive and potentially unprecedented
environmental disaster," he says.

"The oil that is still leaking from the well could seriously damag
economy and the environment of our Gulf states. And it could
extend for a long time. It could jeopardise the livelihoods of
thousands of Americans wtell this place home."

President Obama said he would 'spare no effort' in responding
crisis

BBC

8 May 2010

BP's effort to place a giant metal box atop the leaking well to ¢
the spill fails when ice crystals accumulate inside the box and
endneers are forced to remove it.

Meanwhile, officials revise the estimate of the leak's rate upwg
5,000 barrels per day.

BBC

10 May 2010

BP officials weigh shoving debris, including golf balls and rubh
tyres, into the leaking wellhead, a manoeuvre known as the "ju
shot". They also ready a "top ha"metal dometo be placed over|
the leak.

Meanwhile, BP reveals the oil spill hastktesompaniSD 350m
(GBP233m) so far.

BBC

11 May 2010

At a series of congressional hearings, BP, Transocean and
Halliburton, the three companies involved ibesepwateHorizon
drilling operations, all blame each other for the disaster.

BBC

14 May2010

Pelicans are among the wildlife harmed by the oil
Researchers who have analysed underwater video from the le
estimate as many as 70,000 barrels of oil are leaking into the
per day, with a margin of error of plus or minus 20%, sigthjficar
higher than earlier estima®RB.tries to thread a tube into the
broken wellhead in an effort to collect some of the leaking oil i
surface shipsMeanwhile, President Obama condemns the
"ridiculous spectacle" of the companies trading blame while oi
spews from the well.

BBC

19 May 2010

Oceanographers say oil from the leak has entered an ocean c
the "loop current* that could carry it towards Florida and
potentially up the US east coast.

BBC

26 May 2010

BP prepares to plug the leaking wit heavy drilling mud, a
procedure called a "top kill". The attempt is declared a failure t
days later.

BBC

28 May 2010

Obama visits the Gulf Coast again and declares "the buck stoy
me".

BBC

30 May 2010

Carol Browner, President Barack Odsaradviser on energy policy
says the spill is the worst environmental disaster in US history,
even than the 1989 Exxon Valdez spill in Alaska.

BBC

2 June 2010

The US announces a criminal inquiry into the BP oil spill.

BBC

4 June 2010

BP places cap, called the "lower marine riser package", atop tf
leaking wellhead. The cap allows the company to pipe much o
oil and gas leaking from the well to ships on the surface.
President Obama takes a third trip to the region.

BBC

8 June 2010

Skimmes, including the giant "A Whale", are cleaning oil from t
surface

Adm Thad Allen, the commander of the US response, saygcle
of the oitstricken Gulf could take yeateanwhile, President
Obama says he has been consulting with experts so laencan le
"whose ass to kick" in the matidre US government says
underwater oil plumes have travelled as far as 40 miles from th
of the leaking well.

BBC

10 June 2010

The US Geological Survey estimates the oil flow at as many a:
barrels per dayefore a cap was put on the well on 3 June. BP

announces it is collecting 15,800 barrels per day from the well]

BBC
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12 June 2010

‘ Time

| Events
Responding to complaints in the British media of aB#@tigh tone
to his remarks, President Barack Obama tells UK Miinister
David Cameron that his criticism of BP has nothing to do with
national identity.

Source
BBC

14 June 2010

President Obama makes a fourth trip to the gulf

BBC

15 June 2010

President Obama addresses the nation from the Oval Office, V|
"We will makéBP pay for the damage their company has cause

BBC

17 June 2010

BP announces it will plad&D 20bn in a fund to compensate
victims of the oil spill and says it will not pay a shareholder div
this year.

BBC

18 June 2010

BP chief executive Torjayward receives a tondashing at a
hearing in the US Congress.

Henry Waxman, chairman of the House Committee on Energy
Commerce, says BP's "complacency" before the 20 April rig
explosion was "astonishing".

BBC

22 June 2010

Many fishermen put oaf work by the oil spill have taken jobs in
the clearup effort

A federal judge blocks the Obama administratiomtsosith
moratorium orDeepwateoil drilling in the Gulf of Mexico, saying
the ban cannot be justified.

The administration quickly issuesther moratorium with revised
terms.

Meanwhile, BP hands dayday control of the response to Bob
Dudley, replacing Chief Executive Tony Hayward, who had beg
widely criticised for his insensitive remarks on the spill.

BBC

5 July 2010

BP says the oil spill response has cost the comfar8/12bn
(GBP 2bn), including the cost of containing the spill and cleani
the oil, and the cost of drilling relief wells. The figure also inclu
USD 147m paid out in compensation to some of thffeeted by
the spill.

BBC

6 July 2010

Oil from the spill reaches Texas, meaning it has affected all five
Gulf Coast states.

But officials said it was unclear if the oil had drifted hundreds ¢
kilometres from the leak site to the Texas shore, €alleadfrom
ships taking part in the clegmoperation.

BBC

10 July 2010

BP begins a bid to place a tigfiiting cap atop the leaking
wellhead. The company warns that oil will flow freely while the
are being exchanged, but says it has brougft® oiskimming
ships to deal with the increased flow.

The BBC's Madeleine Morris says it may take days to complet
operation

BBC

14 July 2010

Adm Thad Allen says a relief well, which officials and BP have
the only way permanently to pllng well, has come within 5ft
(1.5m) of the leaking well bore.

BBC

15 July 2010

With the new cap in place, BP says it has temporarily shut off
flow in order to test the integrity of the well.
President Barack Obama hails "a positive sign".

BBC

19 July 2010

Adm Allen tells BP he is concerned about a "detected seep" o
sea floor near the well and other "undetermined anomalies". H
that if methane was found to be seeping from the sea floor, oil
also be leaking.

BBC

22 July 2010

The rig drilling a relief well was ordered to leave the spill site a
of Tropical Storm Bonnie

Dozens of vessels, including the rig drilling a relief well to
permanently block the damaged well, are ordered to leave the
Tropical Storm Bonnie ap@aches. BP warns that the final operal
to plug the well could be delayed by up to two weeks by the stq
The capped well is to remain unmonitored for several days.
Meanwhile, BP says it has been given permission to prepare fi
"static kill"- pumpingmud into the top of the well through the ne|
cap- a step viewed as an intermediate measure. The firm woul
final approval from the US to carry it out.

BBC

25 July 2010

Ships involved in BP's effort to secure the blowtroil well prepare
to resumevork after a tropical storm in the Gulf of Mexico
weakened.

Coast Guard chief Adm Thad Allen says the storm put back ef
to drill a relief well by seven to 10 days.

BBC

The BBC learns that BP's chief executive Tony Hayward, who
faced widespreaditicism over his handling of the spill, is
negotiating the terms of his exit from his post.

BBC

26 July 2010

The BBC reveals that-$8ar old BP chief executive Tony Haywd
will receive a year's salary plus benefits, together worth more t
GBP 1m,when he steps down. He will also be entitled to draw

annual pension d&6BP 600,000 once he reaches the age of 55.

BBC

27 July 2010

Mr Hayward will leave his post by October

BBC
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Date ‘ Time

‘ Events

BP confirms that chief executive Tony Hayward will leave his p
mutual agreement in October, but he is likely to retain a positig
the company. BP plans to nominate him as-@xexutive director
of its Russian joint venture, TRBE.

Mr Hayward'#&\merican colleague, Bob Dudley, who has taken
charge of the cleamp operation, will replace him.

Meanwhile, the oil giant's second quarter earnings are publish
showing losses &fSD 17bn for the three months between April
and Junea UK record.

The ®mpany says it has set aki8® 32.2bn GBP 20.8bn) to
cover the costs linked to the Gulf of Mexico spill.

Source

28 July 2010

US scientists say the oil from the well has cleared from the seg
surface faster than expected, 100 days after the disaster begal

BBC

2 August 2010

The US Environmental Protection Agency says in a study the
dispersant used after the spill is no more toxic than oil alone. T]|
had been concerns raised by congressional investigators that
dispersant may have been more widely usedhtt government
ordered.

BBC

3 August 2010

The US government says the oil spill is officially the biggest le
with 4.9 million barrels of oil leaked before the well was cappe!
month. Scientists said only a fifth of the leakingumund800,000
barrels was captured during the clegnoperation.

BBC

4 August 2010

The US government says thgearters of the oil spilled in the Gu
has been cleaned up or broken down by natural forces.
Meanwhile, BP reports "encouraging"” progressheittstatic kill"
operation to plug the well with mud and seal it with cement.

BBC

9 August 2010

BP announces that the total cost to it of the oil spill so far has
reachedJSD 6.1bn GBP 3.8bn). The total includes the cost of th
spill response, containmterelief well drilling, and cementing up
the damaged well.

It also includes grants to the Gulf states hit by the spil$Dd
319m paid out in compensation to some of those affected by tl
spill.

BBC

16 August 2010

The US announces that future application®depwateoffshore
drilling will require an environmental assessment, ending a pra
that allowed BPBeepwateHorizon rig to drill with little scrutiny.
The White House said decisioaking must be "fulipformed" by
knowledge of any potential environmental consequences.

BBC

19 August 2010

A study published in a leading scientific journal confirms the

presence of a toxic chemical residue one kilometre below the
of the Gulf of Mexico, but saysaihounts to just 0.1% of the totq
amount spilled.

BBC

3 September 2010

The blowout preventer that failed to stop the explosion on the
DeepwateHorizon rig is removed from the stricken Gulf of Mex
oil well by BP. The 3@6n device will be examined as part of the
inquiry into the leak of 206m gallons of oil into the Gulf.
Meanwhile, the cost of the oil spill has ris&D 8bn GBP
5.2bn) BP saysa rise of som&gSD 2bn in the past month alone.

BBC

5 Sepember 2010

Thad Allen, the US coastguard official overseeing theipglean
operation, says the BP oil well at the centre of the leak poses
further risk" to the environment, despite final stages of an
operation to pump concrete into a relief well remaining unfinisl

BBC

8 September 2010

In its own internal report into the Gulf of Mexico oil spiik first
to be published since the disasB spreads the blame for the 1
April explosion and resulting leak.

In a 193page report BP accepts responsibility in part for the dig
butalso blames other companies working on the well.

BBC

17 September 201,

BP pumps cement to seal the damaged well after it was interce
by a relief well.

BBC

19 September 201,

The ruptured well is finally sealed and "effectively dead", says
USfederal official overseeing the disaster, Coast Guard Adm T
Allen.

BBC

Table 35 Timeline of BP Deepwater Horizon Oil Spill

SourceBP (2010c), Deepwater horizon accident investigation report
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Appendix 4 Acronyms BP TexagLCase

ACC
AIChE
API
ARPD
ARU
AU2
BOT
BPSH
bpd
BUL
CAIB
CDP
CFHU
CCPS
CMMS
CSB
CVP
DIERS
DIH
EHS
EPA
ERP
GHSER
gph
HAZOP
HC1
HRO
HSE
HSSE
HUF
IH
IMAS
ISBL
ISOM
kPa
KPI
L&D
MAR
MAWP
MDL
MOA
MOC
mscf
NDU
NESHAP
NPRA
NPS
NTSB
OSBL
OCAM
OSHA
P&ID
PHA
PIP
pph
PPS
psi
PSM
PSS

American Chemistry Council

American Institute of Chemical Engineers
American Petroleum Institute

Amoco Refining Planning Department
Aromatics Recovery Unit

Aromatics Unit #2

Basic Operator Training

BP South Houston

barrels per day

Business Unit Leader

Columbia Accident Investigation Board
Compliance Delivery Process

Cat Feed Hydrotreating Unit

Center for Chemical Process Safety
Computerized Maintenance Mggraent Software
U.S. Chemical Safety and Hazard Investigation Board
Capital Value Process

Design Institute for Emergency Relief Systems
Deisohexanizer

Environment, Health and Safety
Environmental Protection Agency

Enterprise Resource Planning

Getting Health, Safety, and Environment Right
gallons per hour

Hazard and Operability Study

Hydrogen Chloride

High Reliability Organization

Health, Safety & Environment

Health, Safty, Security, & Environment

Heavy Ultraformate Fractionator

Industrial Hygiene

Industrial Mutual Aid System

Inside Battery Limits

Isomerization unit

kilopascal

Key Performance Indicators

Learning and Develment

Major Accident Risk

Maximum Allowable Working Pressure
Manufacturing Delivery Leader
Memorandum of Agreement

Management of Change

million standard cubic feet

Naptha Desulfurization Unit

National Emisions Standard for Hazardous Air Pollutants
National Petrochemical and Refiners Association
Nominal Pipe Size

National Transportation Safety Board

Outside Battery Limits

Operator Competency Assurance Model
Occupatinal Safety and Health Administration
Piping and Instrumentation Diagram

Process Hazard Analysis

Piping Integrity Program

pounds per hour

Amoco Petroleum Products Sector

pounds per square inch

Process Safety Managein

Process Safety Standard
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PSSR
PT
QA/QC
R&M
RCFA
RHU
RIF
RMP
SAP
SEP
SHIFT
SIS
SOl
SOPs
TCEQ
TCR
TCS
TSP
UK
uLC
UoP
Usw
uu3
uu4
Velo
VPP

PreStartup Safety Review

Process Technician

Quality Assurance/Quality Control
Refining and Marketing

Root Cause Failure Analysis
ResidHydrotreating Unit
Recordable Injury Frequey

Risk Management Program
Systems Applications and Products
Special Emphasis Program

South Houston Infrastructure for Tomorrow
Safety Instrumented System
Standard Operating Instructions
Standard Operating Peatures
Texas Commission on Environmental Quality
Texas City Refinery

Texas City Site

Traffic Safety Policy

United Kingdom

Ultracracker unit

Universal Oil Products

United Steelworkers

Ultraformer Unit #3

Ultraformer Unit #4

Volatile Organic Compounds
Variable Pay Plan

31(



311



312



