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1. INTRODUCTION

carneron controls is developing and building a blowout preventer (Bop) control
system under contract to R & B Falcon Dri l l ing. The BoP is designed lor deepwater
dri l l ing operations up to 1o,0oo feet below sea level and is to be instal led on the
Deepwater Horizon. EoE was contracted by cameron to conduct a risk assessmenr
of the BoP system. The r isk assessment was developed to identi fy any rel iabi l i ty
concerns and rank the contributors to system unavailability based on their likelihood
of occurrence.

This report documents the analyses of the cameroo Bop control system lo function
properly on demand. The analyses were performed using a quantitative method, Fault
Tree Analysis.

The fault  tree analysis of the BoP control system design uses boolean logic fault

tree models which were developed for each of the various port ions of the sysrem.
The model was evaluated using the sApHlRE fault  tree computer code. The results

of this evaluation are an identi f icat ion of the combinations of eguipment fai lures.
operator errors, and/or environmental condit ions, which i f  they occur wil l  lead to
fai lure of the BoP to perform its desired function, Each of these combinations is
cal led a "cutset" and each cutset represent one minimal grouping of fai lures leading
to the undesired tai lure state.

This quantified fault tree model of the BOp control system also evaluates the
probability of f ailure on demand of the modeled system. This probability of failure is
largely site independent, although specific environmental conditions could have some

imPact on the results. In order for the rnodel to be useful. it is important that the deta;ls
of the BOP conttol system configuraton be accurately reflected. While generic data for
BoP control systems are available in the oREDA database at a high level, a fault tree

analysis performed for the specific BOP control system design provides a mofe

accurate picture of system reliability. The results also allow a more detailed exploratjon

of the system design to determine potentialweak areas in the design with respect to
reliability.

The undesired BOP fai lure states included in the r isk assessment 'r ' r 'ere dei ined and

agreed upon during discussions between Cameron and EO,E. These undesired
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events form the definition for the fault tree models developed. Thess evonrs are
detined as failure of the system in such a manner as to result in potentialry severe
environrnental damage and/or significant danger to personnel safety. The specific
events and subevents examined by the analysis are;

1. Faiture to perform the cri t ical functions of the emergency disconnect sequence
(EDS) are examined as a single event as well  as individuai ly, including:

. Fai lure to close the bl ind shear ram.

. Fai lure to close the casing shear ram (i f  casing is in the stack),

.  Fai lure to disconnect the r iser from the stack,

. Fai lure to close the upper and lower choke l ines,

. Fai lure to close the upper and lower ki l l  l ines.

2. Fai lure to adequately perform well  control operations, including:

r Fai lure to close the upper and lower annular,
.  Fai lure to close shear rams and th€ pipe rams,
. Fai lure to open the applicable upper or lower choke l ines, or
. Fai lure to open the applicable upper or lower ki l l  l ines.

The fault  tree models and FMEA were developed based on design and operational
information provided by R & B Falcon and cameron controls. The r isk assessrnent
inc ludes :

i ) the electro-hydraul ic system necessary to perform the EDS and well  control
functions up to but not including the ship's hydraul ic supply ro rhe subsea units;

the yel low and blue pod subsea electronic modules, each containing two
redundant sets of electronics which control the posit ion of the electro-hvclraul ic
valves;

the modems anc mult iplex cables used to transmit the signals from the surface
to  the  subsea e lec t ron ic  modr r les ;

4) the communication and power distr ibution cabinets;

5 l  the  Dr i l le r ' s  and Too lpusher 's  cont ro l  oane ls ;

iB. . ' ; ,E,9"'-_.,{E
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6) the CCU Workstation:

7) the uninterruptible power supply (UpS) up to but not including the ship.s supply
buses,

The electro-hydraul ic moders were deveroped at the cornponent rever of detait ,  e.g.,
solenoid operated pllot valve. hydraulic operated inner choke valve, pressure
regutators, etc- The erectronics port ions of the moders were typicai ly deverooed at
the board level of detail. All other portions of the model were developed at the
component level of detai l .  Human errors were included in the model for fai l ing to
perform various necessary actions such as initiating the emergency disconnect
sequence, switching to the backup electronics pod in the event of a fai lure of the
ac|ve pod, or actuating individual components in those cases where the EDS is not
present.

This report summarizes the development of the tault  tree model and the results
obta,ned from its evaluation. section 2 is a short summary of the fault  tree analysis
analyt ical tool.  section 3 provides a specif ic descript ion of the fault  tree modet,
including th€ top events developed, the data used to evaluate the model, and key
assumptions used in the model development. section 4 summarizes the resutts
obtained from the fault  tree model evaluation, section 5 provides a summary of
observations that can be drawn frorn the evaluation results. The graphicat printout
of the Jault tree model, the data used in the evaluation, the fai lure cutset l ist ings,
and the importance measure calculat ions are provided in the appendices in their raw
f  o rm.
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2. FAULT TREE METHODOTOGY

Fault tree anarysis is an anaryticar toor that uses deductive reasoning and a
graphical depiction of that reasoning process to detsrmin€ the various failure event
combinations, which if they occur, read to the occurrence of an undesireo event. rt
is a structured, systematic approach that can be used to evaruate a single sysrem
or rnultiple systems and account lor system interactions. Fault tree anatysis is a
tool that can be used to develop both qualitative and quantitative results.

The fault  tree model is developed from logic gates, which are graphic
tepresentations of Boolean AND and OR Operators, and basic events which are
anarogous to individuar fai lures. The graphicat symbors seen in Figure 2_1 are the
symbols most ofren used in fault  tree analysis. fhese symbols are AND Gate, Og
Gate, Transfer, and Basic Event. These symbors and their definit ions are discussed
be low.

OR GATE (SEE SYMBOL LABELEO OR.GATE)

A Boolean logic operator wjth one or more inputs which is t iue i f  any of the inputs
to the gate are true. For exampre, in the f igure below, i f  any of the basic events.
BASIC.EVENT.2. BASIC-EVENT-3, Or BASIC.FVENT-4 WhiCh ArC iNPUt tO thE OR
gate occur, the OR gate is cOnsidered to occur.

AND GATE (SEE SYMBOL LABELED AND.GATEI

A Boolean logic operator with one or more inputs which is true i f  al l  the inputs to
the gate are true. For example, in the f igure berow, i f  rhe basic event (rabered
BAS|C-EVENT-1)  and the  oR gate  occur ,  the  AND gate  is  cons idered to  occur .

15.'r3s
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Figure Z-1 - Fault Tree Graphical Symbols

TRANSFER (BOX WITH A TRIANGLE BELOW . SEE SYMBOL LABELED TRANSFER)

Convenience for the analyst which denotes that this event is described in more
detai l  in another place within the rnodei (e.g., another page).

BASIC EVENT (SOX WITH A CIRCLE BELOW. SEE SYMBOLS LABELED BASIC.
EVENT.X)

This symbol represents a basic componert fairure. numan errot, o( maantenancc
unavailabi l i ty. These events are representative of the lowest lever of resolutron In
the  mode l .  Each bas ic  event  has  an  assoc ia ted  probab i l i t v  o f  fa i lu re  assocra ted
with i t  i f  quanti tat ive resulrs are desired.
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The development ot the fault tree model begins by identifying the undesired
condition to be exarnined, commonly refered to as the top event. This event may
be dafined as broadly or as narrowly as desired but this event definition sets the
bounds of the analysis so care must be taken, This event is usually defined as
lai lure to achieve a desired goal for exarnple, "Fai lure to perform an ernergency
disconnect". once the top event is detined, the analyst performs a systematic
review of each small  piece ol the system to determine how that event can happen,
either in terms of basic events (e.g., Fai lure of the upper shear ram to shear the
pipe) or in terrns of other broader events (e.g.. Fai lure of hydraul ic supply to the
upper shear ram). These broadly defined eventsare usually represented by AND or
oR logic gates which are then examined in the same manner as the top event, The
modeling process continues unti l  al l  of the broad events are defined in terms of
basic events and the associated logic gares. The tault  tree logic model is then
evaluated to deterrnine the possible combinations of basic events that will result in
oceurrence of the top event. These possible combinations are referred to as
cutsets, The cutsets may be gualitative in nature if no failure data is applied or
quanti tat ive i f  fai lure data is appl ied depending upon the desired goal of the
analvsis.

I
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3. FAULT TREE ANALYSIS

The fault tree model was developed to represent system functions that are reouired
to successfully shut-in the well and disconnect the LMRp. These functions are
included in the EDS and are intended to ensure personnel safety and isolat ion of the
well to pres€rve the environment. well control functions, including operation of
choke and kill valves and the hydraulic supplies for closure of the upper and lower

annulars and the shear and pipe rams were also modeled.

Systems, equipment and components that Ire necessary to accompli5h an EDS

wera modeled from the individual hydraul ic supplies to the Bop srack componenrc
back through the enrire system tc the ship electr ical and hydraul ic supply.
Estimated failure rates were included in the model to achieve an understanding oJ

the relative importance of failure combinations. Reliability of operators, where

human actions are necessary, was also modeled. common cause fai lures (ccFs)

are fai lures which. as the name implies, arise from common causes. Since these
events have historically been found to occur with a higher likelihood of gccurrence

than independent fai lures of sirni lar components, they tend to become important in
highly redundanr systems. In this modeling effort,  ccFs were included in the model

for fai lures of CPU boards, fuses, modems, and power supplies, These CCFs were
postulated for rnult iple identical components that are in similar environments. For

example, CCFs were included for fai lure of both CPU boards in a single pod and for

fai lure of al l  four CPU boards in the blue and yel low pods. No CCFs were included

for components which are in dit terent physical locations and environments.

Although a case may be made for some potential f  or CCFs in these cases, they are

in non-redundant sets of components within the same signal l low path and

therefore do not signif icantly atf  ect the systern rel iabi l i ty.

tn order Io focus on the equiprnent necessary rc perfo(m the EDS and Well  Control

operations, simptif ied block diagrams were developed for the electronic port ions of

the system. These block diagrams were developed from the detai led electr ical

schemarics for the Dri l ler 's Panel, the Toolpusher's panel, the CCU S/orkstat ion, the

CommunicationlPower Distr ibution Cabinets. and the Subsea Electronic Modules

and their accuracy was veri f ied by the applicable Cameron personnel. The block

dragram representations of the electronic port ion of the control system formed the
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basis for the fault tre€ model and are shown in Figures 3-1 through 3-1 l. Table 3-1
identifies the modeled configuration for solenoid/connector assurned assignments.

A description ol fault tree top logic. model assumptions, and input data are
discussed in Sections 3,'1 , 3.2, and 3.3, respectively.

3 . 1 TOP LOGIC

Top logic for the fault tree was defined based on the successful operation of an

EOS: closure of the upper or lower shear ram, r iser disconnect, opening the upper

annular, and isolat ion of the choke and ki l l  valves. Closure of the upper or lower

shear rarn will isolate the riser as well as cut the drill string for separation from the

BOP Stack. Riser disconnect wi l l  al low separation of the r iser from the stack.

Opening of the upper annular wi l l  faci l i tate separation of the r iser (and dri l l  ship)

from the stack. lsolat ion of the Choke and Kil l  l ines aiong with closure of the shear

ram wil l  isolate the well  to prevsnt the release of well  contents to the

environmental.  These same functions are also modeled in a top logic model f  or a

o[anned disconnect.

The probabil i ty of ,u""". . fr |  operation of these functions is modeled by the

fol lowing fai lure to operate 8OP fauit  tree top logic:

Fai lure to close the bl ind shear ram

Failure to close the casing shear ram if  casing is present

Fai lure to disconnect the r iser from the stack

Failure to isolate the upper and lower choke l ines

Failure to isolate the upper and lower ki l l  l ines

A separate model top logic was developed to evaluate the probabil i ty of fai lure of

the essential well  control functions and consisted of the fol lowing:

Fai lure to close the bl ind shear tam, o( fai lure to open the

upper  o r  lower  choke l ines  or  the  upper  o r  lower  k i l l  l i nes ,  o r

close the upper and lower annulars

Fa i lu re  to  c lose  the  p ipe  rams,  o r  fa i lu re  to  open the  ava i lab le

upper or lovrer choke l ines and the upper or iower ki l l  l ines, or

c lose  the  upper  and lower  annu lars

l-='=:i:js
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I3.2 ASSUMPTIONS

Generation of fault tree models in order to gain a quantitadve understanding of the
system reliability and governing failure cornbinations, required.a number of
important assumptions. Assumptions were established during development of the
model based on the fol lowino:

Definit ion of Undesired Events

System Operational Functional Description

lnputs/Outputs tor Each Component

System Design/Operational Requiremenls

Monitored Pararnete.s and Associated Instrumentation Which

ldenti fy Need for Actuation

. Maintenance/TestingPractices.Frequencies,andphilosophies

The above information was compiled based on hydraul ic, electr ical,  instrurnentation,

and control system drawings as well  as interviews with R&B Falcon and Cameron
staff. Access to information from the Cameron Project Manager and engineers
responsible for various aspects of the system was provided to the analysis tearn,

Result ing key model boundary condit ions and assumptions fol lor,v:

EDS tai lure is defined as fai lure to close bl ind shear ram or fai lure to clo.se rne

casino shear ram when casinq is in the hole or fai lure to disconnect r iser or

fai lure to ooen uooer annular or fai lure to isolate choke or fai lure to isolate ki l l .

Well  control iai lure is defined as fai lure to seal usino the bl ind shear ram or anv

one of the three oioe rarns or fai lure to ooen anv applicable choke or ki l l  oaths or

fa i lu re  to  c lose  the  uooer  and lower  annu lar .

The EDSl  and EDS2 sequences  are  taken in to  account  in  the  mode l  by

accounting for the fract ion of the t ime that casing or a tool joint is in the stack-

The human error for fai lure to init iate EDS is considered to include the proper

mode selection. An estimate of 5% of the t ime was made that the casing shear

ram is required. Tnis estimate is felt  to be conservative.
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Horizon 8Op Control stem Risk Assessment April 20OO

The casing shear ram is not considered to be a redundancy to the blind shear
ram due to its inability to seal the well in.

It is assumed that the pressure regulators do not require either an increase or
decrease signal during the period of operation of critical functions.

It  is assumed that the stack accumulator charge signal is act ive during norrnal
pod operation.

Unlock of the choke and ki l l  connectors is not required for successful r iser
disconnect.

8. closure of the inner and ourer bleed valves isnot required for successful EDS.

9. Al l  compon€nts ar€ assumed to be designed with suff icient rnargin, and of
suff icient qual i ty, (" i .e,,  "f i t  for service,, l  to f i t  their intended applications.

lo.Although retract ion of stabs is a desirable function to avoid hardware damage,
retract ion was not inctuded in the model because fai lure of retract ion would not
prBvent disconnect and there would be no significant personnel or environmental
hazard associated with fai lure.

1 I.Closure of the choke and ki l l  isolat ion valves are not required for successful EDS
operation.

12.The blue pod is normally in operation and the yel low pod is in standby.
Although pod operation is rotated on a weekly basis, the model was develooed
for one configuration. Due to symrnetry between the pods, the results are not
impacted with the exception of the dorninance of blue pod components. The
importance of each fai lure identi f ied associated with the blue pod components is
equivalent for the yel low pod.

l3.Fai lures associated with the cable reels are assumed to be covered in the
cab l ing .

14 .s ince  i t  i s  a l lowab le  to  cont inue dr i l l i ng  w i th  one t ra in  o i  poD e lec t ron ics

unavailable due to fai lures i t  is important to account for these part ial  tai lures.

An overal l  POD electronics train unavailabi l i ty due to prior fai lure is esttmated to
be 3 .3E-1 /dr i l l i ng  opera t ion  ( l  fa i lu re  in  3  d r i l l i ng  operar ions l  in  o rder  to  accounr

Lqr':'ilrE
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for the porential operation with one train of electronics failed within a poD.

This is est imated by a fai lure rate of 3.18E-E/hr '  21 components . 45
days/drilling operation.

15'Fai lure of the "deadman" system (DMS) is conservatively not modeled for EDS.
Spurious operation is considered to be stat ist ical ly negl igible based on the
number of required tailures necessary for spurious operation.

16.The solenoid cables to be used in the system are assumed to be ,,fit for
purpose" and are not included in the model due to low cable fai lure rates lor

appropriate cable and thB limitsd irnpact of single failures.

17'The pod bulkhead connectors are assumed to be more l ikely to leak with one or
more of the pie connector plugs disconnected due to the lower open face
pressure rat ing of the connector.

' l  I .Fai lure of an isometer in one of the communicationlpower Distr iburion panels

can only isolate one pod,

1g.The CCU workstat ion was not rnodeled in detai l  due to a lack of design
information. The communication with the CCU Workstat ion was modeled

however.

20.Both the blue and yel low hydraul ic signals for opening the blue andyellow pod

hot l ine supplies are always active.

2 l . l f  bo th  the  open and c lose  ( la rch  and un la tch)  p i lo t  s igna ls  a re  app l ied  to  a  th ree
posit ion hydraul ic operated valve, the actual posit ion is indeterrninate and the

va lve  is  assumed to  fa i l ,

?2.The hot l ines are assumed to be a

supply. Although the operation of

fr. .rnct ions can be operated and the

back  up .

redundancy to the r igid conduit lor hydraul ic

components wil l  be slower, al l  the required

largest consumers also have accurnuta(or
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23.The upper and lower annular are cornpletelv redundant for welf controf

operations,

3 .3 DATA

Fault trees were developed using the computer cod€ sApHlRE, a r isk analysis
software package developed by ldaho National Engineering Laboratory (tNEL)

contractors for probabilistic analyses of nudlear power and nuclear weapons
faci l i t ies. The result ing model includes almost 1800 logic gates and approximately
750 basic events.

Fai lure rates were assigned to the basic events based on the OREDA-92 and

oREDA-97 offshore reliability databases, a cornbination of published data camoiled
for the nuclear industry, published data compiled for military applications,

discussion with Cameron engineers, experience of the analysts, and engineering
judgment,

Where avai lable and in suff icient detai l ,  data irom the OREDA databases was
preferential ly used. ln sorne cas€s however, either the data was unavailable for

specif ic components or the data could not be broken down to the model level of

detaj l .  In these cases, other publ ished data vras used to estimate fai lure rates for

components that are similar in rype and function to standard hardware (solenoid

valves, hydraul ic valves, cable, etc.).  l t  is recognized that hardware designed for

the BoP service environment is not typical of industr ial or mil i tary grade equiprnenr.
Although the service condit ions for the subsea componenrs is severe, many design

features have been adiad to minimize the potential for environmental condit ions to
impact the rel iabi l i ty of the BOP. These data sources are theref ore considered.

Most ol the component fai lure rales used in the quanti l icat ion of the overal l  fai lure
probabil i tv are t ime-dependent. Most of the components are in the standby state

during the majori ty of the dri l l ing operation. The component fai lure probabil i t ies for

standby cornponents with periodic test ing are calculated from the fol lowing

eguat ion :

P = ' l ' | ( e l t ' r - 1 ) / ( l r )

I
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Oeepwater Horiton BOP Control System Risk Assessment

Where: I  = t ime dependent fai lure rate

I = test interval

The test intervals associated with the various components were based on an
estimate of how often the components would be demonstrated to be operable. In
general,  4 t ime periods were used. Main power supply breakers and rransformers
would be expected to be monitored continuously and are assigned a test interval of
I hour, which is conservative. components such as th€ rams are tested weekly
and are assigned a test interval of I 68 hours. Electronic com.ponents associared
with the operating and standby pod ar'e continuously monitored and are assigned a
conservative test interval of t  hour. components associated with the standby pod

which are not continuously monitored are assigned a test interval of l6g hours (l

weekl based on the expected weekly rotat ion of operational pods, componenrs
which would be tested only by an actual disconnect were assigned a looo hour
test interval, estirnating a conservative average of one planned and one unplanned

disconnect pet drilling operation. The UPS batteries are only needed if power is lost
and therefore may only be infrequently load tested. The batteries are theretore
assigned a test interval of 2920 hours (1 /3 vearl.

Experience and iudgrnent was the primary method for estimating failure rates lor
components with l imited fai lure data (such as modems, optical l ink modules,

workstat ions, and software). In such cases. conservative fai lu(e rates were enrered

to determine the overal l  effect on system rel iabi l i tv.

Failure rales for operators to take necessary actions were esrirnated based on all ol

the above, with sensit ivi ty studies performed to gain an understanding of the

importance of operator act ions. Experience, training, and system indication are key

elements to rel iable ooerator act ions.

Cornmon cause events were quanti f ied using the mult iple greek letter (MGL)

method. Based on the data in OREDA-97 for conrrol logic units, approximately 7o/.

of the fai lures were attr ibutable to common cause fai lures. This.aras used as the

beta iactor, which when rnult ipl ied by the individual component fai lure rate

es t imates  the  l i ke l ihood o f  two s imi la r  components  to  fa i l  due  to  a  common cause.
No data regarding the l ikel ihood of more than lwo cornponents to fai l  due to tne

same common cause is identi f ied in the OREDA data. Based on experience gained
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in the nuclear power industry, common cause failures of more than two

components actually have occurred and have resulted in a significant contriburion to
overall unavailability. The likelihood of failure ol a third similar component due to a

common cause given failure of two components (delta) is estimated typically to be

in the 20-30% range. For comrnon mode fai lure of four or more components, given

fai lure of three components due to a common mode (gamrna), the estimate is

typically in the 7O-80o/o range. The failure of more than four compgnents due to

cornmon causes given fai lure of lour similar components due to common causes are

typical ly assumed to be 1O0o/o. The specif ic detai ls of the developed factors are

shown in Table B-2 in Appendix B.

Basic events were named according to the convention AAA-888-CC-ZZZZZ where

AAA is the system designator, BBB is the component type, CC is the fai lure mode,

andZZZZZ is a designator assigned to uniquely identi fy each evenr. A l ist ing of

basic events along with failure rates for each event are listed in Appendix B.

- . ' -  t ! ! l -

I
;

I
t
I
I
t
I
I

I
Highly Confidential

5 3 9 6 0 4 6 4 5

cAt\/f cf\,, An.4o.AI7



DeeDlvater Horircn tJOp Control System Risk Assessment ,Aoril 2000

n
*

____8 _
@

jtlcr I f3r t:

C0nfle.ct6i
, h l n . :

J A A4 A5 )(19 1 B5 - Ullt Opr:n

2_ A A 4 AI: f] 8S - Ui l(  Clcse

A ,44 1 C EZ - LOrt Open

4 A A4 A I J 1 D 88 * LOK Close

q i\ ,44 4 ( ) i19 1 E

6 A E
, \  I V J F

7 A A R A

I A4 A5 x20 2 Lf

i,.4i!,; ::;A4 ,AG : ) : :,tr:

1 0 ,A A4 A O . :a

f1 A A 4 A0 nzu x , E :

"t?, r\4 AS. x20 z : ' : : F

T O ,:ritr r'\zl f\ c) v 4 l
N - I : C ' ' : , t \ ' : '

T"
,44

Af i : )(21 3 3 i l i i:;- lJ.A:. P14r.rent*i'- Closs

1 3 . A'i AC / V l
q

L:

i t f ,A ,a\ {l ,{rG a l - . t , 3 IJ ' 1 . : 3  -  L A  P i c ' . ; c r r r k ' r  f - l n r e

A 7 ,Ag J E 5 -  Biue:  PocJ H0tr . - ine Sr,rpnly

l:l
.'t I

:
A 7 1:

AB

/\/- |

)(23

3 f '

C . q  .  F i ) J l  l i , - 1 1 : r . r  p r l ^ :  l  - \ r ) - 1 r .

'j
2 1 /r

it \ !  
I

; i
:Y
l l o

Y.1
/\./-,:1 4

B I
__.J
^ l
L. I

t r

ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi



x
d

Deep,ra-ter fori?on B0p Contrcl System Risk Assessment April 20O0

\ l  h f r 'Ain

: : : : . r :  . . : : : l : . : i , : :  i  j , : i : : ; . . i  , , . i , ;  
i r ,  . : : : , , i , :  :

. ; l : , ; j l : i  i : :  ; . : i . : : , :  :  : .  : : .  , , ' , ,  i i , ' l ; : : : ; :  t ; , : ' . , , ,1. : :
: : : i : . : : : : : r : : .

:, .'':l3o*epti, Cnffi Foneniisisj

i a : t : i : : : l
i:j::-;:::.::

{ r i  r i i :  :Plii

A A8  .ZJ 4 D

23 A8 n c J 4 E 31 - Lil,lRP Conp. Secondary
Unlatch

a 1 A A7 AB / \ zJ 4 F

at Al ;\3 4.1.1'

,A9, x34, 5

',?l,t
r: $3):,:,,,:t:: l rA!*+ :  ,  , r  

: j , ,  . ; . : : , i : . : : : ' : . . . . : :  . . ; ;

i:,8)
: A c

IA' , i A9;

Qili!

i . :  i : : : : : $ - ;
: : : r

.... 1::,, : ' '..:;;:;ii :lT-l; .:ll
. : : .  . . . . : .  : : ,  : : : : : : :

31i t A 7 ,49: A

J.Z A , A7 A 9 x25 r ) l
: :  i : : : l
' , 8 , '

l \ 1 0 A l l x2s { o C

2 A 4 1 0 , i \J 1 o D
,:l < , \  l A 1 0  i ,4,1 -I -;;-T 0 t_

JL1 A A l C A J 1 )<:25 6 f:

";

;;

A  
I  

A l c  i  A 1 1

A  
I  

A 1 0  i  r \ 1 1

;l;;i**, -
:Y:__J
x27 |-*.-*J"

I

7

7

I
:
C

ool :-Ly i ;'rr v ! l I
D I

I

11 '1 ,q ;^  10 ir'12 " - . t
l : -  I

.[L A.i{i ' A r 2 ,X27 t-

ffi
ffi

ffi

ffi
ffi
ffi
ffi
ffi
4€C

g

; : - , , : , , i : :
L-,.'.-?:

Confidential a a l ,  / ^ t \ /  n n  {  o ^ r o



Oeeowater Horizon BOP Control Svstorn Risk Assessmenl Aoril 2000

T
l
t
m
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi

w

ffi

w
l = ; : : . , '  :

$?iFrain
OonlieCtoE
: : ' :  ' . : . 7 F . : . - ' :  j -  : : :
: :  \ & . r : ; : : : :  i :

: : : : : i i i : : : i

i : : ; : : : : ; : , : :

-i:i:;:;,ri::i
:rir:i!ll;
: : : i : : ! t i : l !

,;;r:tr

: i : : ' . , . . : : : i

:,:. , ',:,,

ilut,:::r
:airrL
No;r i ,

4sl: l in ::i:.s::::

41'j i-at

; ; l

::.A:l:6 x+:,: /\ZA:. ' :  l t : :

. i ?
: j : : : : :

lf t!4
Y" t i  ,  i :  '

t a : A. {r'1.9 A 1 2 ,\2S B F

49 A 4 1 3 A' i4 x30 A iss - '-oc op*n
, \ 4 ? 4 1 4 x30 B 96 - LOC Close

5 1 A ' t4 x30 v )7 - LIC Operr

1 t A 1 3 ,A14 x30 l8 - LIC Close

53 A 4 1 3 x30 E l9 - l - iP Casirrq Shear Close

54 A A ' t 4 )(30 I f

55 A A 1 3 A 1 4 ){31 J O A 1 - UOC OPe'r

56 A 4 1 3 A 1 4 ){3 1 I U B 12 - IJOC Close

3,1 ;{ ,ir i 'i A, i  5, x3' i : : ' t f . l C

5S ;' lA. A1r'$ A,,t:5: /i,'J l i l0 . . u

( q A A 1'5 )(31 , F .

OQ 4 1 3 A 1 5 v a i :10.'., 78, ",lvliodle Fipe R;rr:.i Clise

6,1 . , 4 4 1 3 A { A
/t\J Z

'I 1 ' l \

62 4 , . t " ! t J A:l '5 AJI . :1,:1 5

A Al r i )(32 1 1 C

A 4 1 3 , \15 /\Jt 1 1 D



$
q

&
Deepwqtgr Horilon 8Op CqLtrcl Systern Risk,qssessment Asril 20OO

g

ffi
ffi
ffi
ffi
ffi
q

ffi
ffi
ffi
ffi
ffi
ffi

ffi
ffi
q

ffi

@

l;FAln

55 A Alr i 4 1 7 'i 1 F

66 r'\ 4 1 6 417 ,\. i t 11 F f6S " She:rring Elinri Ranr #1
i{:lose

67 A i \  16 A 1 7 x34 t a

Ri F\ ta) A 1 7 xl\4 . t ' , I
i68' Lower Pipe Ranr #5 Clcst:

s9 ,q_1s A 1 Z v.t  , l
t 1 c

7A A 1 S A J 7 x34 n

7 1 A 1 0 4 1 7 4 ' E

72 A r\ 16 1 2 F 12 - Casing Shear REm #? Close

/ Lli

: t i  -

A . t . o h i : l  O : , / \ J 3 L : t  i

: , : t  ?

A a . t . o A  { : 6 : i i  ' :

76 ,q A15 ' f r  / \1S x35:' ' I  : '
.rD 2 . Stacj< Accrrrnulator Chaige

77 A ,c,,16 /X,1 I ,xll5 : l J , t i : r E

7B A:!,ij I  A lB , , X35: I J F . $ -  UOK Clase

/ : J A:'l:S l- lri r\J0
'll 7 - t-lr,lRF Connts,.itof lJnlfitcil

: 801 A: A l t i 1,.11,8 ^J l ) D

B 1 A 1 9  I  A 2 0 xal6 :_i
DIu l i\ / \  1g r\20 x^3s 1 4

A j g A?O I
I

x3 i t 4 F 3 .  i .  \ i | i " ,1 )  /A  cc l . IT : t " i lL l io i .  C l i : r le

84 A P.13 i  ; \20 x.3e ' i 4
r-

i

A , A  1 9  I  A 2 o
I

)(38 1 5  i  A

l _ . - i l ' 1E

^At\ ,  a l \ /  nnlonA,. t



T
r
!
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi

ffi

@

Aprii 2000D8ep'watet lJcriron FOP Control System Ftisk ,Assessment

w
ffi
ffi
g

B

1 S

N$r f.miai
uroovpacl
:Eoatdt,{V}

qo-nIl!
,:::|:v r F (

i : r i : . : i : :  : : i a : : : . :  :  : : : : : : . .  : i : : : : ; l : : i : : . : :  : .

;rhon : :C0rnbor:,bn l: Srr* i

A 1 9 A20 x38 1 5 H

s7 l \  t ) A?O x38 1 5 C

8B A 1 9 420 x38 1 5 n

Bg :i:'41,9 / \ J O :. '  ' . .  : : :E

vLr: i . : f i i i : j i .4+qi:.i, 1 5

.ry fl :  AL: l : : i
:::4.:

at?t::: : . A o l J J6 An,i. l:I ldir:fhia.': '  . ,: '  ::,r.:.;r, I .; . :::: ::

oal: i i : !1 :^ ; ; : ^ ' : : :
: i . i : 2 1 : l V : : i

: : l i : : i r : : : : : : : : : : : : : :
:;::::iA/ilt:: ;{::i

clzl: j : i : ; n : t t AT].'.  UiI . :f A : t i' :::
zl3 ;.Blue Po.J Conclui, S,rpply:

f v v v . i ,  . . .

U5: *l:o Ati - - ^ i
- A U J : : : l93.  UtC Open . , ,

A ,{:'19 x39: 1 6 r
l :  .  ,  . '  : . .  . :  ,  . , , . , , : '

i :94: ;916 * ,  
-

A A23 x41 1 7 A

9B A 422 423 x41 i i B

vl, A /t z,) x.l 1 1-i (l

10c A ^22 A ? L x41 1 7 D

1 0 i 42',) /\.23 )(4 1 1"1 H

c2 A22 r \2 . ) X4 1 7 F:

03 A 422 /j.23 x42 J 8

10l1 A2? / i23 ><42 ' D a

I ui) A r\22 't^24 1 q . C

^ a i t . 1 t \ /  n n { 6 A A a



t
q

Deepuraler Horizon BOP Control Systern Fisl< Assessmenl r\oril 2000

$
ffi
ffi
ffi
ffi
ffi
ffi
@

ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffil

ffi

2A
i - - ' . : - . i i a :
: = . : .  1 ' a E

::i ' i i : : l
i\l;\: Ttiih

' ; : : :  
: . : . :  : l

r*aGtel

itsoard:
j::i{X};;,:'

i : : : : : : : : : : i : : : t : : ; : : :

:l:lo-linon: ucrljFpR€n
"tfia'1.!:

. i ; : i  t r i ' i : : . : . . i :. : : f l . 4 , r . 1 . : . . . . : ;::::;x42t::::::1 t i l  , !

l f t V A:: 'Ar?i{ :
: : t . : t : : . : i i i

.r\4!. ..1R.:

tCIB ':?\ .  : , \  t t rA3$:. t c l F:

10'; B A35 A . J O ) < 1 q 85 -  UIK Open

1 1 | : ti l \ J 3 A3$ 1 \ l u 1 IJ S6 *  UIK C lose

1 1 1 B A J J ,q36 A ' J I C 87 - LOt( Open

J  1 2 D 4,35 A3S n i u 1 0 88 - LOI{ Close

1 " 1 B A35 A36 J E

4 4 . 1 AS5 f i JO 1 F

t i B A3s A,1r ) x20 2 A

1 1 B A35 /\36 2 B

1 -r7 6 A35 x20 ) C

{ 8 A35 437 , 7 D

J . J A ' r ) 435 437 x20 2- E

B Ain5 x20 2. F

121 ri iA35l M 1 J
' A , :

t1??- B A35: XZ:l 3 , , 8 l2 - iJA Pre:r+nler Closa

123 ]B a 1lq 437 X.2'..] c

i ,24 B . A35 r\:17 3 n 4:: Lq :i..irevei:itei'Cl ll _se

r i l
*J
BI
- _ t

A*"8 
|
I

I
A J Q  I

-_ -,i

h ' t Q

A 3 9 x21

. t

3

c:

t;

15 - Blue Pocj i ' - , .ror l-  ine Supply
l)p,::tt

Highly Confidential ^A I \ '  n t \ /  nn l ona2



Horizon 60P Control System Risk Assessritent April 2000

3
T
!_
g
g

ffi
ffi
ffi
ffi
x
ffi
ffi
ffi
ffi
ffi
ffi
H
ffi
ffi

ffi

@

ffi
l = > i  l ; , =

;i!*-riinia

N.i:i t ; td i l1

Piqqvbaek,
i:Bpeid:ff}:l

i :  a : : i : : j : : i i :

i1eE10r

i : : : i i : : : i , : ! : : : :
:::!:1. j:::::::

ugiti'l;:

l l i i i i i i r l i i l : l i

: : : : : J | ] : : f ; ; ; ; | : - ; ;m0itd'di-t:S$nrq!
127 A38 439 r\,ri A 49 - Pod $elect Pil$t O0en

|  / a B A*33 , T J J :\1. ij d

1 2 9 n A3t3 A J V x23

i J L LJ 433 A33 !+ U

1 3 1 B A3B f ' t JV  l J 4 31 - LMRP Conn. Secondary
Unlaich

t J l A3S A39 AZJ a

u.i..
':l iji,

't$'40 a : : : i

l - ll:f,o

:itii:i:::it:

: - ;V:t2, l l : : i : ! l . r - - :

ri:t'\$$,r

t :J 1: 6 : ,;438:;,:: : : : A  1  d ,'x2.4 ::E

:138 :438,,, l :: 440, 'x24,: ' , : F

l :u: A3B 440' ' : o ',,A

1,1( B A38 a4n x25 I B

4  f , 4  / 4 x25 € c

142 B 4 4 1 442 x25 0 i)

4  A a B 442  Z T 6 E

144 I lr4 I /\42 x:.r-5 r

I A R i

i
B A 4 1 4.42 x2 i' 7 t

' i  ̂ a B l\4 ; 7 u

1,I r- D A,4i A4

Highly Confidential



Deeo'rater Horizon BOP Control System Risk Asscssment

$
q

€

ffi
ffi
ffi
ffi
ffi
w
w

Aprjl 20O0

i - - "= , , i c :
i.F.'--i::.E

x3": i  ' i ,
- . . -  t . : :

w
ffi
ffi
ffi
ffi
ffi
ffi
@

ffi

;..::::i; i1i:i
l ; : : : : :  ! . i ' :

lU. TFiiri
YYr:ii:if:*,,':li

. 1 . : l / : J i : i , , : : :

l : } ^ ; ; :

:::tN;i i:::::
i ! , l f ' Y

, l a B 441 A4? 7 D

l4s r,:&4.j : : 1 - \ 4 f ,  t : t t t t  . .c: '

59 8-':

E 4 Bi a43 , , 4

+ E t ::,8.: 'x?R

R 443 x28 .F
C

:;,Bf: aax,, {,.a,.-, $,:

{ < q ' m . : , fr$ F: :::j:;:x?8
i : : : : i : I i : : : i : : : : :

$i t,o}:.,HP shbai,ctose

i 5 c i:i8i ::::k:::::1:

157 B 444 A45 A J I f I 95. Lt)C Operr

1 5 8 B l''44 445 B 96 - LOC Close

1 5 e B A44 A45 A,1U I c 7 - LIC Open

1S0 B A4t! rl D lB - LlC L-lose

t 6 l L] r\44 i \45 )t30 Y c S - l- lP Casinq; Shear Ll iose

62 B 4 4 4 A,ri5 x30 I
i

F i

03 B A4-l A A t r
/ \ J  I 1 0 a lc,r - r:f-rt. i-\n.:r,

e,t B l\,14 Ar:15 x3 l i 0 B i 9 2 '  U O C  C l o s e

A44:: A46 : x31 -i f\
' : :

I

C
,  i l ,

o-oi:
I

B 444 I ,{46 x31 1 0 5 175 - Uppei' Pipe, Rarr Clc$e

r ) l r i i
: i { :

B 'A4A ,Ad6 x3X 1 0 ; i
c ' i

t s '8 Ei !,41 I r\4ci /\; I 1C f -  i7 'L i  -  i l ic ic l l :  Pioe Re{r i  Cir ;s : .

. I A C s _'v__L-_11?,,x32 r'{ 1 r \ i

Highly Confidential na[n  n t \ /  nn10n64



DeeDWater Horizon BOP Control Sysiem Risk Assessment Ap;ii 20OO

T
r
t
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
ffi
g

ffi

$1i,:;;,;;tr1i'rrqFff:iilEunl'liq'i/,,S4qfqter*ESsnmgl!{$,,iilxiiiii;':::iiiii:iiixiili,iiiiili:'iili,i:i

ixd:: t :mrn
t;?nn-e.ctoc
' . ' i . :  i : f i i ; ; i  : i : i : i Flirn

; : : , ; ; ; , ; i : : : : ; , . : : : , : i i : :  j . . l : i : l ; , : : , : : j : : : : :  i  i : ; i ; i j j .  : : : i i j : : :  j . : :

: ' : : : ' i:: i ; , i . , : : : i : : i I i i i : : : I : : I i , i : : : : : , : : : : i : : : I I I i : : : :: : : : ; ' : , : I :, i : ::: : : :

i., iFr6,rmosrc+,nre"jn#i j siSdf i.:.l
:i:di ii;aB,::: ,4d f i , . , , , i:'K3? l : i :4 :

f  : : i 1il: rl

: : : : : i :

ai, ,,.A44,l. ' L X

1 7 3 A47 448 / \ ;Z 11 E

1 7 4 A47 r\48 /\J.J. 1 1 r 66 - Shearing Bl inci Ran) #1
Clcse

I ,A43 x34 12 A

17t A47 A48 x34 1 2 s 5B - Lower Prpe Ram #5 Close.

tJ A47 446 x34 12 n

1 7 9 F A47 x34 d n n

B 447 A4il v a , l 1 2 E

lBc B A47 A48 A J { } 1 2 72 - Casing Shear Ram #2 Ciose

1 B B A47 :A.f9 l o

.t.ol B: A47 449 x35 I  . 1 : : : B

)t35 I J C

1 8 4 ' ' | l A.:17 Artg 0 2 - Stadk i iccumuLaiof Ctre|ge

l:s5 :.El A+"/ / t 49  , , . t . l E J - UOK Open

,a0l
:,t:.tt lr

:449 x35 I J
. F 84, . :UQK.CicSe, :

:s7 B H/,7 xss 1 4 :
.  , i  I

,an1B A.I7 A4g x36 .l;L D : ,

1 F . B A5Q ^\5 i x36 C

1 9 C D r \50 A5 l , \  JC 1 '+ D

Highly Confidential nn1 0n4A



t
q

I
I

Dggt}/]rqtel Horizon BOP Control System Hisk Assessrnent

ffi
ffi
ffi
ffi
ffi
ffi
ffi

ffi
ffi

ffi

ffi
ffi
ffi
ffi

ffi
ffi
ffi

ffi

lV0;! Ii'?itl
Ptqovba6kl
t$ald.,(ld;:

l l : lqqtUl

I7i1i :: , ri\ \ / :  ! l l  ;
. i : : t r i ; : : : . i . .
: i ! l  lYr: i : : : i :

::::, iu-i i:;

i  '  : : : : : j  '  j  : . '  : j  : : : : : : :: . j  : . . : . '  ; '  : !

: , i : i ,  , : : , : i j  . :  
' : : : , '  ' i : : : : , . , ' . , . : : : : : : : : : r ' :  

: :  :

Cn, Cc*pqg!.+ni. Sierl' i,',.,,
1 9 1 B A50 451 Y']G, 1 4 f 23 - LjVRP Accumularor Cirsree

192 B A50 A 5 1 T

1 Q . A50 x38 I t i

1 Sj4 B A5C 4 5 1 n J o n

1S5 B A50 A51 ){3S 1 5

1 9 € B A50 A 5 1 x3s { l ' i r.l

i:.iii.ii
X$il ::i.ts:.: E. is:.,. $elibtu Fgi:. Hq r-ipl;buppry,,;

3i ien. . . ; : : . : i : .  : ' :  :  :  :  : :  ,  , : i  l  i : i r r  : :  i i
: ; l i l l : i : l : : : : i r i i  i 1 : ; : l :  : i : : : : : : :

::t::i:t:

tJ::
AS,P: : r : : l : : i

:.i:Yii:l ::45?
i , . a q n :452:, ' : 4 6 : :

90,:i"'il;tt(,,C|ose,

?01, ,i450
' .

f,\51

L'

,,;,
ASCr :Y:]Q 1S,,

, . :
,o 4l: - Slue Poc Condirit Supprly

opell

i u i I a50 Y ' i n t u E: - l .JlC:Cfpen

tl A)U f a}t ;\3!') I O F: :;UlC;rClclse

205 B / {c,J 454 x41 l 7 A

:.
D A53 A S t l ){4 1 f i B

2Q7 B A 5 3 ^\54 X.r'"'1 1 7

2rl8 I /\5ll A5.f v 4 4 ' \ - i n

3 /-i f,.i ^ r /
z\a I f i E

.1 C t;l Ab3 r ' . ; , 1
,Yr'l 1 4 - i  I

lg!:i:iq

Highly Confidential nai ,  r \ t \ /  nn.r  onET



Deepu/aier flori:cn B0P Control

T
I
I
$

H
$
$

w

ffi

ffi
H
H
ffi
ffi
ffi
ffi
ffi
ffi
g

J t : l : : - ' r  l . , , C

g

ffi

@
25 i -  r  r t : ' - '

: : . , . : : :  :  
:  

: : r :  : :  :  :  .  : ; : .  .  . : :  : .  . : i : ; :  :  r ; l - . j ; r .a , , : , . : : , ; - . ;= : : : ; : -T

:tg,F0'F,,ffirIs.lsfi'l+++;q,,s+r+ggL+lr*'r::

N"ei
,Ei$uv.iFac$
:trlli! ;r+:'f.$rii
:.Y.,Y.,Y l:Y :.ti:l:i l:

l .:j.:: l ,: a al a, : :

Canffi
i,;No;i:,:t

::i:i:i;;1:

;:i::il i:i

r : : : :  : r / i : : : i : : : : . '  : . . . r r ' : - . . -

.r,:''.Et-o.a:Po|e,ir.Aci .rlat:

2 1 1 B A53 A54 1B A

d  \ z B A53 A54 ){42 1 8 B

rtd:t
4 5 5 tJ : ,

al;J " '  1 e

7.4:E Q Ac5 :X4*".:'" ,1Rr

Zlie ,,H, ,A?3 A55 )(42 1 8 F

Highly Confidential ea[i |  nt\ , ,  nn{onAa



I f I I I I f I T I T I I I T I T I I

Figure 3-1: General Channel - Toolpushefs panel {Tpp) to CommJpower Oist. panel A
From Pushbutton Switch to Transrnit Command Signat to CDC
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Figure 3-2: General Channel - Toolpushefs panel {Tpp} to CommJpower Dlst. panel B
From Pu3hbutton Switch to Transmit Command Signat to COC
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Figure 3-3: Gen€ral Channel . Dril|efs Pan€l (OPl to Comrn./Pow€r Dist. Panal A
From Pushbutton Switch to Transmit Command Signal to CDC
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Figure 3-{: General Channel . Drille/s Panel (DP) to CommJPow€r Dist. Panel B
From Pushbutton Switch to Transmat Command Slgna, to CDC
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Figure 3-5: General Channel - CCU Workstation to Comm./Power Oist. Panet A & I
From CCU to Transmit Command Signal to COC
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Figure 3-6: Power - Communications/Power Distribution Panet
Panel A (W5) and B (W6) to ToolpushE/s Pan6l

Panel A (W3).nd B (Wll lo Orill€/s Prn.l
Panel A (W22) and B (W23) to CCU Workstation
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Figure 3-7: Blue Power/Signal Gomm./Power Dist. Panel A&B to -W60, -W62
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Figure 3-8: Yellow Power/Signal Comm./Power oist. panel A&B to .W61, -WO3
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Horizon BOP Control System Risk Assessment

4, EVALUATION RESULTS

As discussed in the introduction, the evaluation of the fault trees by boolean
reduction results in the identification of the minimal cutsets, or the rninimurn
combinations of failures that witl result in the occurrence of the undesired event.
Each of these cutsets is cornposed ol one or more failures and each of the failures
is assigned a probability of failure as discussed in section 3. The producr of the
failure probabilities for all failure events in a cutset represents the probability of
occurrence of the cutset. The sum of the cutsets for each fault tree model
repressnts the probability of occurrence of the associated undesired event. tn
addition to these quantitative results, potential Droblem areas are often identified
during the development of the model, These are discussed in section E. Tabie 4-1
surnmarizes the probability of occurrence of each of the undesired events. The
nurnber of cutsets shown in the table are those with a probabil i ly of occurrence
gteatet than 1 E- 1 o. The overall potential lor any of the events occurring which lead
tothe fai lure to perlorm the EDSfunction is 3.12E-4 (1183 cutsets), which is tess

than the sum oJ the individual events in Table 4-1 , This is due to the fact rnar
some of the cutset combinations result in failsre of more than one of the functions

but are correctly only counted once when looking at the overall likelihood. The
list ing of the f irst 1OO cutsets (or al l  i f  less than 1OO cutsets exist above jE-lO) for
each of the functions is shown in Appendix c. The relat ive dominance of the blue
pod cornponents should not be interpreted thar the blue pod is rnore unreliable- The
model was developed for the condit ion with the blue pod in operation as
representative. This same apparent dominance also appears in the importance
measures presented in Appendix D but in fact there is no dif lerence betvreen the
blue and yel low pods. The fai lure probabil i ty f  or the well  control scenario is
approximately an order of magnitude lower than for t fre emergen;y disconnect
scenario.

The major contr ibutor to the fai lure l ikel ihood associated with the Bop control
system results {rom the selected stack configuration. With only one shear ram

capable of seal ing the well  in, i t  is extremely dif f icult  to remove al l  the single f ai lure
points from the control systern. The f inal shutt le valve, which supplies the
hydraul ics to the bl ind shear ram, represents such a single fai lure point {or the

disconnect function-
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The dominant lai lure combinations ( in terms of probabit i ty of occurrence) associated

with the fai lure of the BOP to perform the Emergency Disconnect Sequence when

required are:

. Fai lure of the f inal shutt le valve providing hydraul ic s(rpply to rhe

bl ind shear ram close port,

'  Fai lure of a pair of choke or ki l l  valves to close on demand,

. Fai lure of the indication to identi fy need to init iate EDS or operator

tai lure to init iate EDS.

. Fai lure of the f inal shutt le valve providing hydraul ic supply to the

casing shear ram close port and the presence of casing in tne

s tack ,

5 8 9 b C 4 6 6 9

Failure to perform EDS functions 3.12E-4

Failure of the shear rams

Failure to disconnect the riser from thestack 3 .61E-5

Failure to close the upper and lower choke lines

Failure to close the upper and lower ki l l  l ines 3.32E-7

Failure of well control operations

Failure of well  control using shear or pipe rams,
including choke and ki l l

2.19E-5

Failure to close upper and lower annular
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.  Common cause fai lure of al l  f  our pod modems or al l  tour

communicatio nl pow et distribution panel modems

As noted above, due to the selected stack configuration, the final shuttle valve
which supplies the bl ind shear ram represents a single fai lure point and aqcounts f or
56oh ot the failure likelihood of the system to perform an EDS.

The failure of the four choke or kill valve pairs each contribute about 5?6 of the
failure likelihood of the system for disconnect. This is a more significant
contribution than has been lound in past analyses due to their less frequent testing
schedule (i.a., once a week operation of the vahr'es rather than the daily opetation
of the valves for other systems.

The dominant failure combinations associated with well ccntrol ogerations show
that the addit ional diversity and redundancy avai lable f or well  control orovide
addit ional rel iabi l i ty. The l ikel ihood of fai lure f or the cri t ical functions for wetl
control is almost an order of magnitude below that for disconnect. The domrnanl
faults are a little wider distributed than in the disconnect case but still represent a
small  subset of the number of fai lure scenarios.

Fai lure of the indication to identi fy need to init iate well  control

act ions or operator fai lure to init iate well  control act ions,

Common cause fai lure ol al l  four pod modems or al l  four

communication and distr ibution cabinet modems.

lnadequate precharge on the pod manifold regulaior pi lot and
fai lure to switch to the inactive pod,

Software error in the pod software or communication and

distr ibution cabinei soltware, which are undetected.

Another result of t t le fault  tree evaluation is the development sf importance factors.
The lacto! 's al low the arralyst to f  egr.,r5 in on the areas of r isk which are imporianr 1o
system rel iabi l i ty. Two measures are typical ly calctr lated, the r isk reduction
measure and the r isk increase rneasure.

For the evaluation o{ the BOp in terms of emergency disconnect. the most
important factor to both r isk increase and r isk reduction is the f inal shutt le varve
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associated with the blind shear ram. Since this area of the system is a single failure
point, the importance of the shuttle valve reliability is magnified. care should be
taken to eosure the highest reliability possible from this valve. The maxirnum
improvement in reliability possible by improvernent of the shuttle valve is about a
fittle more than a factor of 2. conversety, if the reliability of the shuttle vatve is
uncierestimated either due to the limited data available or differences in the installed
shuttle valve from the generic data sample. the reliability of the system rnay be
severely impacted. The maximum increase in system unavailabi l i ty due to an
increased probability of shuttle valve failure is a factor about 3200. A specific dara
collection effort for the particular shuttle valve used in the cameron system may
remove some of the conservatism introduced by the use of geneiic data and reduce
the dorninance of this component. However care must be taken to ensure
continued high reliability of the shuttle valve since it is extremely critical to the
overal l  BoP disconnect operation. The f inal shunle valve for the casing shear ram
represents a similar potential pfoblem, but it's importance with respect to the
overall likelihood is reducad due to the smaller fraction of time that it's operability is
required for a successful disconnect. Although the impact of failure of the casing
shear ram is not as dominant. the same attention to i ts rel iabi l i ty should be oaid as
extended to the blind shear ram shuttle valve.

Beyond the bl ind ram shutt le valve, the next rnost cr idcal factor to r isk decrease for
disconnect is the ret iabi l i ty of the choke and ki l l  valves. The iddnti f ied weekly valve
exercise leads to a higher unavailability than if the valve were tested more
frequently. Addit ional test ing of the valves would lead, at most to a 5% reduction
in the risk. If the valves are acrually cycled more than once per week under the
currenr operaring phi losophy, the contr ibution would in real i tv be lower.

Beyond these i tems, the largest potential i tern for reducing the r isk ( increasing the
rel iabi l i ty) for both disconnect and well  control operations rs ro ensure that the
indicatiorr,  recognit ion, and wil l ingness of the operator to init iate the appropriate
actions or to swilch to the standby pod foi lowing fai lure in the active pod. The
indication, recognit ion, and wil l ingness of rhe operator to init iate the appropriate
actions is also the next largest factor which can potential ly increase the r isk for
fai lure to disconnect or fai lure of well  control.  Given the importance of the
operaror, i t  is essenrjai that the indication avai lable to him provides a clear picture
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Deepweter Horizon BOP Control Svstem Risk Assassment April 2000

of the status and that the guidelines for initiating a disconnect or perfotming well

control operations are cleat and concise.

The only other tactor which can potentially raise the risk by a large amount are the

postulated eommon cause failures in the rnodems, power supplies. and CPU boards.

These types of failures are difficult to reduce because they are generally drivgn [y

common maintenance errors, common environmental effects, common

manufacturing defects, or other similar factors. In general practice, the method

used to reduce the potentiol for common cause failures is to provide diversity, e.g',

use ol mult iple brands of modems, power supplies, and CPU boards. This is not

always practical nor desirable lrom a standardization point of viaw. Given the low

risk reduction potential for these i tems, care should be taken to ensure that the

equipment is qual i f ied for i ts operational environment, and care is taken in any

rnaintenanCe activities to reduce the potential for comrnon errors in an attempt to

minimize the potential for a higher common cause contribution.

The complete importance analysis results ale contained in Appendix D.
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5 . OBSERVANONS

several observations were made during the course of the analysis which have an

impact on the current and future reliability of the Cameron BOp control system.

Overal l ,  the systern has been well  designed with a large amount of redundancy in

most areas. One item was identified during the model development which has

already resulted in a design change in the system. A condition was identified in the

system, as init ial ly configured, in which the standby Fod would be unable to be

hydraul ical ly act ivated upon loss of the other pod's hydraul ics, The pi lot operated

check valve which controls the pod hot l ine supply would close upon loss of one
pod's hydraul ics. As a conseguence, the standby pod would be unable to assume

control since there would be no pi lot supply to al low the pi lot valve to be opened.

The init ial  thought had been to keep both hot l ine supply open signals active.

However. due to concerns over binding of the shutle valve in an indeterminate

position, the supply lrom the inactive pod was interlocked to be inactive via

software controls. This would have resulted in closure of the pilot operated check

valve upon loss of hydraul ics and no abi l i ty to open the alternate pod supply except

through use of an ROV. The shuttle valve supplying the pilot operated check valve

was replaced with a dif ferent shutt le valve that was designed to operate with

hydraul ic pressure with either or both hydraul ic inputs pressurized. Fai lure of the

pod hydraul ic supply under this case would result in the pi lot operated check valve

remaining open, since the pi lot supply frorn the inactive pod would be avai lable

immediately upon loss of the active pod hydraul ics.

The design of the system with two trains of redundant electronics in each pod

allows for the potential to continue operating in a safe manner even in the event o{

a card fai lure or modem fai lure. Although sorne inoeased r isk rnust be expected i f

operation continues with a fai lure in the pod. this increased r isk rnust be exarnined

lvith respect to the t ime remaining in the dri l l ing operation. Since the r isk increase

due to  the  fa i lu re  o f  a  s ing le  t ra in  o f  pod e lec t ron ics  i s  ex t remely  minor  (<1To i  even

if exposed for the entire duration of the dri l l ing operation this wil l  nor l ikely be the

governing concern. This is due to the dominance of hardware faults in the hydraul ic

port ions of the system. l f  a second train of electronics fai ls, but in a dif ferent pod,

the r isk is increased as would be expected. The increase however is not extrernely

s ign i f i can t  (<5%) ,  aga in  due tc  the  dominance o f  non-e lec t ro r r i c  fau l ts .  l f  the
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o second train of electronics is within the sarn€ pod, i.e., complete loss of pod
functionality, the risk is significantly increased lgTooh - from 3.1E-4 to 3.3E-31 if
drilling operation sqnli6ugs under thess circumstances.

several areas were identified during the course of the analysis which tend to drive
the reliability results. The most significant is the use of a single blind shear rarn in
the specified stack configuration. This is a condition imposed upon the control
system due to the selected stack configuration. control system design alterations
to improve the configuration's reliability would not be practical. Therefore, it is
more important to be cognizant of the potential vulnerability, to strive to use the
rnost reliable robust shuttle valve available, and to be aware of its importance
during the instal lat ion and any maintenance activi t ies involving the valve.

As indicated in the discussion of dominant contriburors, the weekly demonstrations
of operabiliry for the choke and kiil valves influance their reliability. More fiequent
operability testing can reduce the failure likelihood. However, porential irnpacts to
the normal drilling operation arising from such changes to testing frequency must be
also taken into consideration.

The arrangement of the solenoid cables/connectors on the pod piggyback/carrier

boards has an effect on the system rel iabi l i ty. Each train of subsea pod electronics
contains fourteen piggyback boards and seven carr ier boards. Cameron has
ensured that the circuits are assigned such that redundant functions do not ut i l ize
the same carrier board or piggyback board. l f  an entire board were to fai l ,  the fult
complement of redundant features would be maintained. Due to the overal l
redundancy designed intothe systern, this does not signif icantly impact the overal l
systern rel iabi l i ty, however i t  does ref lecr good rel iabi l i ty engineering practice.

one potential conservatism included in previous analyses of the system, which has
been removed for this analysis, is the inclusion of the requirement for the annular to
open in order for EDS to be successful.  Although desirable, opening o{the annular
is noi considered to be essential to successfui EDS.
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